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Calendar of Events 
 
Call for SAGEEP 2026 Abstracts 
https://www.eegs.org/sageep-2026-abstract-submission  
Deadline to submit:  Dec. 19, 2025 
 
UAVs and Drones in the Geosciences 
https://seg.org/calendar_events/uavs-and-drones-in-the-
geosciences/  
1–4 December 2025 
Virtual only 
 
Groundwater Week 2025 
https://groundwaterweek.com/  
9–11 December 2025 
New Orleans, Louisiana, USA 
 
American Geophysical Union (AGU) 2025 
https://www.agu.org/annual-meeting/  
15–19 December 2025 
New Orleans, Louisiana, USA  
 
8th International Workshop on Rock Physics 
https://www.8iwrp.auckland.ac.nz/  
23-27 February 2026 
Auckland, New Zealand 
 
 
 
 
 
 
 
 
 
 

 
GeoTHERM Expo & Congress 
https://www.geotherm-offenburg.de/en  
26-27 February 2026 
Offenburg, Germany  
 
SAGEEP 2026 
https://www.eegs.org/sageep-2026  
March 15-19, 2026 
Pittsburgh, Pennsylvania USA 
Wyndham Grand Pittsburgh Downtown 
 
European Geosciences Union (EGU) General 
Assembly 2026  
https://www.egu26.eu/  
3–8 May 2026 
Vienna, Austria & Online 
 
SEG-AGU Hydrogeophysics Workshop 
https://seg.org/calendar_events/seg-agu-
hydrogeophysics-workshop/  
20–22 July 2026 
Boise, Idaho, USA 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.eegs.org/sageep-2026-abstract-submission
https://seg.org/calendar_events/uavs-and-drones-in-the-geosciences/
https://seg.org/calendar_events/uavs-and-drones-in-the-geosciences/
https://groundwaterweek.com/
https://www.agu.org/annual-meeting/
https://www.8iwrp.auckland.ac.nz/
https://www.geotherm-offenburg.de/en
https://www.eegs.org/sageep-2026
https://www.egu26.eu/
https://seg.org/calendar_events/seg-agu-hydrogeophysics-workshop/
https://seg.org/calendar_events/seg-agu-hydrogeophysics-workshop/
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You are reading THIS! 
So are your customers and 

your competitors. 
 

FastTIMES offers you the best demographics 
available if you want to reach the Near Surface 
Geophysics community. Advertise here to get 
more return on your investment. 

Click here or email staff@eegs.org 

 

https://www.eegs.org/advertising-information
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submit an abstract 

http://clicks.memberclicks-mail.net/ls/click?upn=u001.J42XDudyIKJozAKXuvakcaTiUweqECWkBG7DKh54kYtYDo8A-2BqYABcNy0FHweS8Nuxj4XfadGO1vk6ocG-2FjHYEGNLfylNzgRDv7dh1UYTy6MrY0nrpaRFzsA2SC59oML2COY_cJ59YwLvaH3ttoLxVzRNY8dvJ28GpXvaxF3g41De-2BZaPTfOaoku7aYJqRqS-2FAYuwlGNtijNcMFfpNaHhEby6mPCCoDD2k8Pfc2AShf-2BKBLMcFnbciIsgos7uFIkKg9-2FLohrvlowz-2Bdcba4eIi55rVw5HRFZOqDIeHjOcGVEkNhiKMS4rFIcyRlBT01H87bccfL4gf1H3LgJk7P4nlSUpf7sdgd-2BafH-2BYKC3wSP7qX3Iwv3F2a7DVsaNttBnZmVVlSApiFtHnqEcLiF2wcRBtoOqEIsAACSd-2B0YXaNbW-2BVQRrKi41LQSI12Y7gvAtYfGh
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President’s Message  

 
This issue of FastTIMES showcases how near-surface 
geophysics directly serves communities and 
infrastructure. You’ll find a self-guided tour of active 
growth faults in Harris County that connects decades of 
mapping and geophysics to real-world impacts on homes 
and roads, a concise case study from Oroville Dam 
where GPR, refraction, and borehole logging supported 
urgent spillway safety decisions, and front-yard-scale 
investigations in Austin that link pavement distress to 
karst and subsurface complexity. Each contribution 
underscores our core strength, i.e., using practical, 
accessible methods to make invisible problems visible. 
 
As we celebrate this work, we also pause to 
acknowledge the passing of our colleague Brian 
Herridge, a dedicated near-surface geophysicist 
whose seismic expertise and ingenuity strengthened 
this community. Though I did not know Brian 
personally, it is clear from those who did that his 
genius inspired a generation of near-surface 
professionals. 
 
Finally, FastTIMES remains a platform for your 
projects, technologies, and services. There are 
excellent opportunities to advertise to a focused 
audience that lives and breathes environmental and 
engineering geophysics. At the same time, we need 
your very best technical work submitted to JEEG, 
including rigorous case histories, new methods, and 
quantitative assessments. If you have a strong 
project in FastTIMES form, consider developing it 
into a full JEEG manuscript. Together through 
membership, contributions, sponsorship, and  

 
 
 
 
 
 
 
 
 
 
 
 
 
publication, we keep this community visible, 
relevant, and technically sharp. 
 
— Dale Rucker, President, EEGS 

Dale Rucker, President 

Certerra Subsurface Imaging 

drucker@hgiworld.com 



10                                       FastTIMES  Vol. 27.4, 2025 
 

 

Editorial 
 

 
 
 
 
 
Over the past two years, 
serving as editor of the 
FT magazine has been  

 
 

 
 
deeply rewarding. Each issue reflected innovation and 
impact, making the role both professionally rewarding 
and personally inspiring in shaping meaningful 
narratives. I wish continued success for FT publication 
and every achievement for the next editor. 
Sincerely, 
 
Mehrez Elwaseif  
Editor-in-Chief, FastTIMES

 

New Editor-in-Chief 
Cian B. Dawson joins EEGS as the incoming 2026 
FastTIMES Editor in Chief. Cian brings a passion for 
science communication, hydrogeophysics, and fair and 
open science to his new role. 
 
“I’m excited to continue my collaborations with near-
surface geophysics colleagues by promoting and sharing 
our community’s dynamic work through timely and 
relevant news and information in FastTIMES,” said 
Cian. 
 
With experience in government, environmental 
consulting, NGOs, and environmental litigation, Cian 
has been developing science communication, training, 
and community events for scientists for almost 35 years. 
As a hydrologist at the U.S. Geological Survey (USGS) 
for 23 years, Cian worked on borehole, surface, 
waterborne, and airborne hydrogeophysical surveys at 
study sites across the US; Cian’s research evolved to 
focus on development and testing of new drone-based 
sensors and their integration into hydrologic and 
geophysical studies. At USGS and more recently at 
Berkeley National Lab, his work also focused on 
developing and promoting community building and 
information sharing among scientists. In 2022, Cian, 
along with colleagues from the (former) USGS 
Hydrogeophysics Branch, was recognized with the 
American Geophysical Union (AGU) Edward A. Flinn 
III Award for training and outreach in service to the 
hydrogeophysics professional community. Cian also  
 

 
 
received the 2023 USGS Community for Data 
Integration Leadership and Innovation Award for 
leadership and vision through USGS data communities 
of practice. 
 
Cian shared, “I have such fond memories of my first-
ever geophysics professional conference presentation at 
SAGEEP during grad school and how welcoming the 
SAGEEP/EEGS community was. I look forward to 
representing that same welcoming community in 
FastTIMES by highlighting our community’s diverse 
range of scientific applications, sectors, demographics, 
career levels, and geographies.” 
 
Planning for FastTIMES in 2026 is well underway, so 
please keep an eye out for calls for contributions to share 
your work! Reach out to Cian (pronounced (KEEˈ in/) at 
any time with suggestions for future issue themes at 
cian@cbdawson.com. 
 

Figure:  Preparing to test 
prototype payload for 
particle image 
velocimetry on the 
Sacramento River, 
California. Credit: 
Massimo 
Vespignani/NASA 

FastTIMES Editor-in-Chief  
Mehrez Elwaseif, PhD, PGp 
Jacobs 
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Call for Submissions:  March 2026 FastTIMES 
 
FastTIMES, the near-surface geophysical magazine of 
the Environmental and Engineering Geophysical Society 
(EEGS), invites technical article submissions for a 
March 2026 special edition focused on Fiber Optic 
Distributed Sensing: Recent Advancements & Future 
Directions. This issue of the magazine will feature 
applications of fiber-optic distributed sensing methods 
and tools to environmental and engineering applications. 
Short articles will focus on: 

● Examples of use of fiber optic distributed 
sensing (e.g., distributed acoustic sensing, 
distributed temperature sensing) to characterize 
or monitor the near-surface for environmental or 
engineering studies. 

● Integration of fiber-optic distributed sensing 
surveys into multi-method geophysical studies. 

● Recent advancements that have enabled current 
work. 

● Future directions, including gaps and needs for 
development of tools, software, training, or other 
resources. 

 
If you are interested in submitting a short paper to this 
edition or have further questions, please contact Cian 
Dawson, FastTIMES Editor in Chief, at 
cian@cbdawson.com 
 

Submission Timeline 
Deadline for abstracts: Friday, January 9, 2026 
Notifications of abstract acceptance: Friday, January 
16, 2026 
Submission of the full and final manuscript: Friday, 
February 13, 2026 
Publication date of the issue: March 2026 

Paper Structure and Submission Guidelines 
EEGS recommends potential authors review recent 
issues of FastTIMES at https://www.eegs.org/latest-issue 
for examples of the typical technical article style.  

Audience  
FastTIMES technical articles provide a timely overview 
of a geophysical topic, application, method, or issue to a  

 
broad science and engineering audience who may be 
interested in applying the information to their work. 
Most readers will not be detailed subject matter experts 
on your specific topic. The audience for the technical 
articles is geoscience professionals, including EEGS 
members, research scientists and engineers, policy 
makers, program managers, resource managers, and 
related science and technical professionals. FastTIMES 
is distributed to EEGS members, offered to several 
associated professional societies within and outside the 
geophysics community, and available online through the 
EEGS website. 

Length 
FastTIMES technical articles typically do not exceed 
four to six pages. Manuscripts can be longer or shorter, 
but the intent is for the manuscript to be read by a 
general geoscience audience. Please include at least 2 
high-quality figures and/or photos that add value to the 
manuscript.  

Manuscript File Format 
Manuscripts should be submitted as a Microsoft Word 
file (.docx) with text, figures, and tables included in the 
document (single column, font Times Roman 11 pt). 
Individual image files should also be provided separately 
from the document. 

● The standard FastTIMES technical article 
structure is: 

○ (1) Title; (2) Author(s)’ first name(s) and 
last name(s); (3) Affiliation for each 
author; (4) Email address for each 
author; (5) Abstract; (6) Introduction; 
(7) Data; (8) Methods; (9) Results and 
Discussion; (10) Conclusions; (11) List 
of References; and (12) Author 
Biographies. 

● Include the complete text of any table captions 
in the document. 

● Images: 
○ All figures should be embedded in the 

Word file at the appropriate location 
relative to the text. 

https://www.eegs.org/fasttimes
https://www.eegs.org/
https://www.eegs.org/
mailto:cian@cbdawson.com
https://www.eegs.org/latest-issue
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○ In addition to embedding any images in 

the Word document, please provide each 
image as a separate file, with a clear, 
human-readable file name.  

■ All image files must be a raster 
format, such as jpg, png, or tiff 
formats. 

■ Images should be at least 1800 
pixels in both dimensions with a 
minimum resolution of 300 
pixels per inch (120 pixels per 
cm).  

○ In the Word document, include a caption 
for each figure or photo. 

■ Assign each figure a number in 
the order they are referenced in 
text (e.g.,  Figure 1, Figure 2, 
etc.) 

■ Any images for which the 
authors do not hold copyright 
ownership must include credit 
and affirmation of permission to 
use by the copyright holder. 
EEGS may re-use the figures in 
FastTIMES, on the EEGS 
website, on social media, and/or 
in other organizational print or 
digital materials. 

○ At this time, FastTIMES does not accept 
animated gifs or videos. 

● You may send a PDF version of your manuscript 
in addition to the Word file and the separate 
image files. A PDF cannot be submitted in lieu 
of the Word file.  

 

Citations & References 
For citations and references, please follow this format: 
Smith, A. B., Collins, R. A., and Simpkins, T. V., 2008, 
Amazing and incredible results from time-domain EM: 
FastTIMES, v. 12, no. 3, p. 55-67. 
https://doi.org/10.9999/0000000. 
  
References such as this one should be cited in the 
manuscript text as Smith and others, 2008. 
 

Fees 
There is no charge for publishing articles in FastTIMES. 
However, voluntary contributions to EEGS are welcome. 
If you choose to contribute here, please indicate that 
your contribution is intended to support FastTIMES. 
 

Author’s Submission checklist: 
● I am submitting an original technical article or 

historical/anecdotal article that is of interest to 
near-surface geophysicists and end-users of 
near-surface geophysical products. 

● My paper is not intended as a commercial 
advertisement of a particular product or 
company, and does not endorse or recommend 
products or services. 

● All listed co-authors have reviewed and 
provided individual written approval of the final 
draft for publication.  

● I am enclosing a readable Microsoft Word file 
with text and inserted figures at their location 
where I want them in the published version. 

● I am also attaching my figures as image files 
named ‘Figure1.jpg’ to ‘FigureN.jpg’ 

● My manuscript structure is: (1) Title; (2) 
Author(s)’ first name(s) and last name(s); (3) 
Affiliation for each author; (4) Email address for 
each author; (5) Abstract; (6) Introduction; (7) 
Data; (8) Methods; (9) Results and Discussion; 
(10) Conclusions; and (11) List of References. 

● I am sending short bios and pictures of myself 
and each of my co-authors (please name picture 
files with the person’s first and last names). 

● I have the appropriate copyright permissions to 
use any images that were not created by the 
author(s). 

● I have double-checked the above list and 
verified the Editor’s email address. 

 

https://enengs.memberclicks.net/index.php?option=com_mcform&view=ngforms&id=2262616
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Brian Herridge Memorial 
Doug Crice

Brian Herridge passed away on October 18, 2025 while 
fishing on Lake of the Woods. The lake was cold and  

 
windy, like Minnesota lakes get this time of the year, and 
swells were reported at 5 to 7 feet. One swamped the 
boat as he was pulling up the stern anchor and the boat 
sank quickly. His companion survived for 20 minutes in 
the cold water before being rescued. 
 
In the geophysical community, Brian was a larger-than-
life figure, known to many of you, especially those of us 
who have been around for a while. I first met him over 
40 years ago when he was a salesman for Bison 
Instruments and I competed with him at Nimbus 
Instruments. He was a striking, suspender-clad presence 
around the SEG convention floor with his flamboyant 
personality. As a competitor, he could sell circles around 
me. 
 
While at Bison, he invented the in-hole shotgun, which 
he called the “Buffalo Gun”. The more prudent folks at 
Bison recognized the potential liability and made him 
absolve all association with it. Sue Pullan wrote the 
definitive paper describing how to assemble one.  
 
 
 

Brian had other talents, like welding for example, and if 
he had an idea he would go out to his shop and put it 
together. He built a seismic energy source which used a 
giant rubber band to accelerate a weight. Playing on the 
rubber band, he named it “the elastic wave generator”. 
Of course, his elastic wave generator evolved into many 
variations of the “accelerated weight drop” that you see 
today.  

 
His interest in sources continued to this day and he built 
an assortment of more powerful versions, including one 
pictured here with a 2000-pound mass. Brian believed 

correctly that bigger energy sources collected deeper and 
lower frequency MASW data.  
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Brian got his degree in Geology from The College of St. 
John’s in 1978 and went to work as a soil technician. Bill 
Kwasny says Brian caught on to everything they taught 
him, from testing soil in the field and in the laboratory, 
to running the pressuremeter. One of his valuable 
abilities was that he could fix any broken piece of 
equipment out in the field with some bubblegum and a 
bobby pin! 
 
He spent some time on drill rigs and SPT hammers, so 
he knew the problems in the earth and methods. He 
learned geophysics at the University of Minnesota under 
Hal Moony, the godfather of engineering geophysics. He 
went into private consulting after his days at Bison and 
developed skills in all aspects of near surface 
geophysics. As a consultant, Brian was successful, 
partially because of his skill in selling geophysics. 
 
Brian started his consulting in seismic, including 3D 
surveys for near surface applications―hence the name 
of his company, 3D geophysics. As his business grew, he 
became expert in other methods: GPR, EM, Magnetics, 
Resistivity and of course his recent passion—MASW. 
 
He was a creative genius and became both famous and 
notorious in the geophysical community. On occasion he 
would invent something that didn’t quite work, like 
when he convinced the Navy he could image DNAPL’s 
with reflection seismic. He never gave papers and 
stopped attending the conferences, which was certainly a 
loss to the younger generation of geophysicists, but he 
stayed in touch with his contemporaries. I spoke to him 
at length the day before he went fishing. We talked about 
a presentation I was giving on MASW to the local  

chapter of the AEG, using slides from some of his 
surveys. It was the heart of my talk and went 
well―geologists love case histories.  

I even included a quote from him as the last slide in the 

show, pasted in before I knew of his passing. I wasn’t 
able to keep up with every creative thing Brian did. I just 
got little snippets of information, like when he taught the 
Navy how to find UXO in the water.  

 
Brian was an avid skier. He recognized how much it cost 
to make artificial snow and he set out with Sensors & 
Software Inc. to help solve the problem. Brian took a 
GPR system, integrated it with GPS and mounted it on a 
snow grooming machine. The same system was also 
turned into a hand-held unit that could be used while 

skiing. He took these results and created snow depth 
maps of the resort. These maps could be used to focus 
snow making efforts, making the process more cost 
effective. 
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Brian sold this solution to ski resorts throughout Europe 
and North America. He worked non-stop, demonstrating 
the groomer system through the night and the handheld 
system through the day. In the process he created maps 
for resorts and helped with the snow making efforts for 
the 2002 Salt Lake City Olympics. 

 
Brian instrumented a boat to conduct all kinds of marine 
surveys including imaging, seismic and EM. It had a 
Starlink receiver used for precise RTK navigation. It was 

a strange-looking contraption that no doubt attracted 
attention from fishermen and tugboats. 
 
He invented a seismic source that vibrated the aluminum 
bottom for high resolution marine surveys. It was a step 
up from his method of banging on the bottom of the boat 

with a hammer. Andre Pugin had just processed some 
data from it. Here is some marine data from the 
Mississippi River, with Brian’s interpretation of Andre’s 
processed section. The results were confirmed by the 
drill holes. 
 

 
I get little notes from people who had experienced Brian 
Herridge. They all share my sense of loss: personal, to 
the geophysical community at large,  and even to 
science. Above all, he liked to have fun, and it infected 
the people around him. He will be missed. 
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The Active Faults of Harris County: A Self-Paced Field Guide 
 

Mustafa Saribudak 

Environmental Geophysics Associates 

Email: mbudak@pdq.net
 
 

Introduction 
Over 70% of HGS members live in Harris County, and many 
of those members are interested to learn more about the 
geology of the area. It is easy to see how geologic 
processes shape the landscape of Harris County after 
episodic events such as hurricanes or flooding, but other 
geologic processes such as faulting and subsidence are subtly at 
work over geologic timescales. This guide focuses on the surface 
and subsurface expression of selected well-documented faults 
in the Houston area to provide geologic context for the 
processes that shape our community. This reference focuses on 
four faults in the greater Houston area: 1) Long Point, 2) 
Eureka-Heights, 3) Hockley, and 4) Willow Creek. 
 
The geophysical data presented in this guide were gathered in 
the early 2000s by first author, Mustafa Saribudak, and have 
been published by Saribudak and Nieuwenhuise (2006), 
Saribudak (2011 and 2012), and Saribudak et al. (2018). 
Recently, major highway construction projects have obscured 
or remediated (e.g., asphalt patches) surface expression at some 
fault locations. But, upon close inspection, subtle fault 
deformation is visibly expressed as cracks or scarps. 
 
This guide is intended to be a self-paced study, and the 
locations listed below are intended to be easily accessible, 
making this an activity to share with small groups. Driving 
directions and GPS coordinates of each fault are provided. Note 
that participants should always wear a high-visibility safety vest 
and only park in designated parking lots. Parking along 
highways is not a safe choice. 
 

Structural Setting of Harris County 
Sheets (1971) documented faults in Harris County 
associated with salt tectonic movement and regional-scale 
growth faults associated with formation of the Gulf of Mexico.  
 

 
Growth faults are characterized by increasing displacement with  
depth. Because displacement on growth faults occurs 
contemporaneously with sedimentary deposition, the 
downthrown side of the fault typically contains a thicker 
sedimentary package. Growth fault geometries can form 
hydrocarbon traps (Shelton, 1984, Ewing, 1983). 
 
In the late 1970s, the United States Geological Survey 
(USGS) launched an extensive study of faults in Houston 
(Verbeek and Clanton, 1978; Verbeek et al., 1979; O’Neill and 
Van Siclen, 1984; Clanton and Verbeek, 1981). Based on detailed 
analysis of well logs and seismic data, Verbeek et al. (1979) 
documented an extensive fault network along the upper 
Texas Gulf Coast, including numerous faults in the Houston 
area at depths of 3,200-13,000 ft. 
 
Some of the deep-seated faults in Harris County penetrate 
depths shallower than 3000 ft (McClelland Engineers (1966), 
and dozens of faults have surface expressions. Verbeek and 
Clanton (1978) used aerial photographs to identify and map the 
surface expressions of faults. More recently, researchers from 
University of Houston, such as Engelkemeir and Khan (2008) 
and Khan et al. (2013) have used light detection and ranging 
(LiDar) to map the surface expression of faults in the greater 
Houston area. Active faults in this region are typically not discrete 
ruptures. Rather, they are expressed as zones of intensely sheared 
ground that is tens of feet wide. 
 
Some of the faults have been recently reactivated by petroleum 
production (Sheets, 1979) or groundwater withdrawal (Holzer 
and Gabyrsch, 1984). Fault movement is reported to be 0.2 -
0.8 inches per year (Shaw and Lanning-Rush, 2005). Norman 
(2005) identified some locations where displacement is more 
than one inch (3 cm) per year. Today, active faults are the source 
of damage to pavements, utilities, homes, businesses, and other 
manmade structures (Figure 1). 
 

mailto:mbudak@pdq.net
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Engelkemeir and Khan (2008) report over 300 active faults 
in the Houston area, but the most recent USGS mapping 
project compiled by Shaw and Lanning-Rush (2005) identifies 

150 active faults, including approximately 30 named faults 
(Figure 2).

 

Figure 1. A). An active growth fault beneath a foundation and B) the fault movement results in horizontal and 
vertical separations, and is the source of damage to homes, businesses utilities, and pavements. 
 

 
Figure 2. Map of well-documented faults in Harris County, based on Dhaw and Lanning-Rush (2005) and 
Engelkemeir and Khan (2008). The guidebook focuses on four faults: 1) Long Point, 2) Eureka Heights, 3) Hockley, 
and 4) Willow Creek. 
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Surficial Stratigraphy in Harris County 
The coastal plain of the Gulf of Mexico is underlain by a 
thick sequence of largely unconsolidated, lenticular 
deposits of clays, silts and sands formed in shallow water 
and marsh-dominated depositional environments. Three 
Pleistocene-age formations crop out at the surface in 
Harris County. In ascending order, these are the Willis, 
Lissie, and Beaumont formations. The Willis is primarily 
composed of clays with lesser amounts of silts and sands; 
the Lissie formation contains sands with fewer silts and 
clays, and the Beaumont contains finer clays with silt 
(Moore and Wermund, 1993). 
 

History of Near Surface Geophysical 
Work Across Growth Faults 
Common methods to identify faults include aerial 
photographs and field mapping, and subsurface 
borehole data on both the down and upthrown sides of the faults 
(Elsbury et al., 1980). In addition, geophysical methods may be 
used to define faults. A pioneering resistivity study was performed 
over some of the Houston faults by Kreitler and McKalips in 
1978. They used a resistivity meter with four electrodes, and 
manually crossed several fault locations using a Wenner array. 
Their results mostly identified anomalous resistivity values that 
correlated with the locations of the faults. 
 
Building on the work of Krietler and McKalips (1978), 
Saribudak and Nieuwenhuise (2006) used a multi-electrode 
resistivity meter and other geophysical methods (conductivity, 
magnetic, gravity and GPR) to map the Willow Creek fault. 
Engelkemeir and Khan (2008) published seismic and GPR 
work over the Long Point fault, which is one of the most active 
faults of the Houston area. Additional resistivity surveys 
were conducted over the Long Point, Katy-Hockley, 
Tomball, and Pearland faults, and results were published in 
Saribudak (2011). During the following year, integrated 
geophysical results (resistivity and GPR) were published in 
Saribudak (2012) for the Hockley fault. Khan et al., (2013) 
published geophysical results (seismic, gravity and GPR) over 
the Hockley fault along with airborne LiDar data. More 
recently. Saribudak et al., (2018) published new geophysical 
data and discussed the deformation mechanism of the Hockley 
fault. 
 

Stop 1: Long Point Fault 
Location: Coordinates of the fault location are 29° 47.515’, 
95° 32.064’, which falls in the vicinity of the intersection of 
Moorehead Drive and Westview Drive in the West part of 
Houston. The fault is located in the northeast part of the 
intersection of Sam Houston Tollway Road (Beltway 8) and 
Interstate Highway 10 (I-10) (Figure 2). 
 
Driving directions: The easiest way to reach the Long 
Point fault is to take Westview Road from I-10 and drive 
to the East until reaching the intersection of Moorehead 
Drive and Westview Drive. Then, proceed North along 
Moorehead Drive at the intersection. The fault is located 
about 140 feet from this intersection. There is a three-
foot fault scarp that is highly visible and hard to miss. 
 
Geologic overview: The Long Point Fault extends 
approximately 11 miles to the West-southwest from US 
290, through the Beltway/I-10 Interchange, and close to 
Eldridge Parkway in West Houston (Figure 2). It is a typical Gulf 
Coast growth fault that slips slowly about 0.25 - 1 inch per year. 
The fault strikes through many neighborhoods and is 
responsible for deformation of residential and commercial 
buildings. The location of the resistivity profile that was 
collected across the Long Point fault is shown in Figures 3 and 4. 
 

Figure 3. Schematic map of Long Point fault at 
Moorehead Drive. The fault location is about 140 
feet from the intersection of Moorehead and 
Westview Drives. Note the deformation on the 
fence line and the presence of two small faults in the 
upthrown part of the Long Point fault. The position of 
a resistivity profile is shown with a red line. There are 
houses in this neighborhood that have had continuous 
foundation repairs since 1970s up to now due to the 
creeping fault movement. 
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Figure 4. Picture showing coordinates of the Long 
Point fault scarp on the road and the location of 
resistivity profile. The view is to the north. 
 
The resistivity data collected along Moorehead Drive is shown in 
Figure 5. A fence-line break and the driveway of a nearby 
house are reference markers. The fault juxtaposes low 
resistivity soil layers (clay as displayed by the blue) against 
moderately resistive units (sand as displayed by green color) thus 
creating an anomaly. The Long Point fault location observed at 
the site is superimposed on the resistivity imaging data, which 
shows south-dipping clay layers on the South part of the fault 
trace. The northwest part of this anomaly is limited by a high 
resistivity layer shown by the red color. 
 

Figure 5. Resistivity imaging data taken along 
Moorehead Drive across the Long Point fault. Note 
the fault offset in the southeast direction which 
juxtaposes the sand and clay layers. 
 
The resistivity anomaly can be caused by any change in the soil 
properties, such as change in moisture, clay content, and porosity 
ratio across the fault. In general, in the absence of tectonic 
activity, the soil layers should present horizontal layers. In the 
case of a growth fault, the different soil layers are juxtaposed 
across the fault, which creates a visible resistivity anomaly. 

Ground Penetrating Radar (GPR) surveys were performed across 
the fault (Figure 6). The 400-MHz antenna was used with 
a cart system to collect GPR data. The ability of a GPR 
system to work successfully depends upon two electrical 
properties of the subsurface, electrical conductivity and relative 
dielectric constant. The value of dielectric constant ranges 
between 1 (for air) and 81 (for water). The dielectric constant for 
sandy soils, depending on its moisture content, varies 6 to 20. 
However, the dielectric constant of clay is much higher than 
sandy soil and ranges between 10 and 40. For this reason, the 
presence of clay absorbs the electromagnetic signals of GPR 
and limits its exploration depth. 
 

Figure 6. GPR survey. 
 
The GPR data is shown in Figure 7. The GPR data is displayed 
in a black-white amplitude format. The high amplitude values 
are shown by the white color, which are mostly caused by the 
presence of rebar in the subsurface and the underlying clay. Rebar  

Figure 7. The GPR data across the Long Point fault. 
The deformation caused by the fault is visible 
between 7 and 25 feet. Hyperbolic anomalies are due 
to rebar reflections. 
 
was likely placed within the pavement to minimize the effect 
of faulting across the road. Despite the heavy presence of 
rebar and high conductivity soil layer (high dielectric 
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constant) the GPR profile clearly indicates the downthrown 
section of the fault. 
 
The surface expression of the Long Point fault has 
generally remained consistent since the photos were taken. The 
prominent fault scarp is visible despite repairs. Some of the 
houses in the downthrown side of the fault have been repaired 
intermittently. Trip takers are encouraged to observe the 
extension of the fault along Westview Drive, to the East of the 
intersection of Westview and Moorehead Drives. The fault 
scarp is also visible at this location. 
 

Stop 2: Eureka Heights Fault 
Location: Coordinates of the fault location are 29° 48.914’, 
95° 25.036’, which is near the intersection of West 31st 
Street and Dunsmere Road. The fault strikes northeast to 
southwest and crosses the NW section of N Loop W Freeway, 
I-10, and Highway 290. The fault tips out before Interstate 45 
(Figure 2). 
 
Driving Direction: The easiest way to reach the fault location 
is to take the N. Durham exit from N. Loop W Freeway, and 
drive until reaching West 34th Street. Turn to the West (to your 
left) on West 34th Street and drive about 400 feet to the West. 
Then, turn South (left) on Randal Street. After driving about 
800 feet, turn West (right) onto West 31st Street. Drive 
approximately 900 feet on West 31st Street until arriving at the 
intersection of Dunsmere Road. 
 
Geologic overview: The fault crosses West 31st Street 
and Dunsmere Road (Figure 8). Fault deformation is 
expressed as cracks on West 31st street that extend 75 
feet across the intersection. The fault is about seven miles 
long. It crossesmany residential places and commercial 
buildings. 
 
Resistivity and GPR were conducted along the North edge 
of West 31st Street (Figures 8 and 9). Collecting these data 
were challenging due to the location of utilities, and insufficient 
contact between electrodes and fill material in driveways (see 
Figure 8). However, the resistivity data indicates a significant 
fault anomaly (Figure 10). In Figure 10, the blue color is 
interpreted to represent clay lithology and the shape of the blue 
anomaly is interpreted to represent fault offset. 
 

A GPR survey was also conducted across the fault to map 
the subsurface deformation. The GPR data shown in Figure 
11 is interpreted to represent a fault zone between stations 10 
and 37 feet. The fault location marked on the data coincides 
with the location of fault scarp observed on ground. 

Figure 8. Site map showing the approximate location 
of the Eureka fault crossing West 31st Street and 
Dunsmere Road. Fault deformation is highly visible 
on the asphaltic pavement of West 31 Street. The 
yellow line indicates the location of geophysical 
profiles. 
 

Figure 9. Picture showing the approximate fault 
location during the collection of the resistivity data in 
2008. 



21                                       FastTIMES  Vol. 27.4, 2025 
 

 

Figure 10. Resistivity data collected along West 31st 
Street across the Eureka fault. Note the fault offset in 
the East direction which juxtaposes the interpreted 
sand and clay layers. 
 

Figure 11. GPR data across the Eureka fault. The 
deformation caused by the fault is visible between 
stations at 10 and 37 feet. Hyperbolic anomalies are 
due to utility lines. 
 

Stop 3: Hockley Fault System 
Location: There are two fault locations (A and B) to visit 
at this site. Coordinates of Location A are 29° 56.617’, 
95°45.241’. Coordinates for Location B are 29° 57.581, 
95° 45.283’. The Hockley fault system crosses Highway 290 
near the location of the Premium Outlet Shopping Center. 
 
Driving directions: The easiest way to locate the Hockley fault 
is to drive West on Highway 290 from the Houston area and exit 
at Fairfield Falls Way. Proceed on the westbound feeder road 
until you reach Fairfield Falls Way. 
 
Geologic overview: The fault A is evidenced by zones of intensely 
sheared and cracked ground at this location. The Hockley Fault 
system continues as a discrete rupture across Highway 290. 
The uneven highway surface, most obvious in East-bound 
lanes, is caused by the movement of the fault (Figures 12 and 
13). 
 

The second fault location (B) is located across from the 
highway on the East-bound feeder road (Figure 13). The 
Location of B does not align with the strike of Location A; it is 
shifted approximately 130 feet to the West. There is a discrete 
rupture of the feeder road. There are smaller cracks in the 
vicinity of this fault indicating that the deformation is 
diffusive. 
 
Visits during April and August 2010 to the Hockley fault 
site provide additional evidence in the rate of fault 
deformation (Figure 14). Small cracks in the pavement over 
the main fault trace photographed in April 2010 and had 
extended and widened significantly by August 2010. Note that 
the cracks in Figure 14 have been filled with asphalt. A site 
visit to the Hockley fault in 2022 showed that cracks were 
covered with an asphaltic patch. 
 

Figure 12. Photo showing the location of Hockley 
fault (Location A) at the intersection of westbound 
feeder road and Fairfield Falls, where the Premium 
Outlets shopping mall is located. The fault is 
evidenced by the cracks across the feeder road. These 
cracks are regularly fixed and are sometimes covered 
with asphalt patches. Look for deformation to the 
foundation of the store visible in the background. The 
fault crosses the West and the East-bound lanes of 
Highway 290. The yellow line indicates the location of 
the resistivity profile. 
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Figure 13. Photo showing the location of Fault B on 
the East-bound feeder road. Note that the fault is 
expressed as a discrete, linear rupture, which has been 
filled with asphalt. Resistivity and GPR data are 
collected along the yellow line. 
 

Figure 14. Recent pictures of Hockley fault at Highway 
290 Frontage and Fairfield Falls Way roads: (a) taken 
in April 2010 and (b) taken in August 2010. Note the 
development of the tiny cracks in (a) into significant 
cracks in (b). 
 
Fieldwork for geophysical surveys was conducted in 2004 
and 2005, before the shopping mall was constructed and 
before the expansion of Highway 290. There was a grass-
covered median between the East- and West-bound lanes of the 
Highway (Figure 15) where more geophysical data were 

collected. For simplicity, only two geophysical profiles (L1 and 
L2) are discussed in this work. 
 
The resistivity data collected along L1 is provided in Figure 16. 
A major fault anomaly is located at a station of 440 feet. The 
fault dips to the southeast but there is no rupture visible in 
sandy and clayey layers at the surface. 
 
The resistivity data collected along Line 2 (L2) is given in 
Figure 17, which is interpreted to shows a fault anomaly 
across the discrete rupture observed in Figure 13. The fault 
juxtaposes high-resistivity sand and low-resistivity sand and 
clay layers. 
 

Figure 15. Schematic map of the Hockley fault at 
Highway 290 and Fairfield Village during 2004 and 
2005. The shopping mall was not yet built, and 
Highway 290 had a grass-covered median between the 
East and West bounds. Locations of resistivity 
profiles (L1 and L2) are shown with a red color. GPR 
data were also collected along Line 2 (L2) on the 
feeder road of eastbound. Not to scale. 
 
 

Figure 16. Resistivity data collected along profile L1 
located in the northern section of the grass-covered 
median in the year 2005. The fault occurs where the 
scarp is observed on the ground. 
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Figure 17. Resistivity data collected along profile L2 on 
the southern section of the East-bound feeder road. 
The fault anomaly is located where the scarp is 
located and is well-correlated with the resistivity data. 
 
A GPR survey was also conducted along Line 2 (L2) at 
the southern edge of the East-bound feeder road. The 400-MHz 
GPR data is displayed in a color-amplitude format, and a color 
assigned to a specific positive or negative value of the recorded 
signal (Figure 18). The GPR data shows a significant anomaly at 
station 302 feet. The data are interpreted to show juxtaposition 
and offset of sedimentary layers down to the southeast. 
 

Figure 18. GPR data along profile L2. A significant 
GPR anomaly was observed across the fault scarp 
between stations 300 and 305 feet. Down-to-the-
southeast drag is interpreted at depths of 6 and 8 feet 
below ground level. There is also a minor fault 
anomaly at station 315 feet. The interpreted offset of 
sedimentary layers at this location is in the northwest 
direction. 
 

Stop 4: Willow Creek Fault 
Location: Coordinates of the Willow Creek fault are 30° 
3.857’, 95° 37.282’. It is located on Highway 249 (Tomball 
Parkway) between Willow Creek and Holderrieth Road 
(Figure 19). The fault location is about 4,800 ft to the North 
of Grand Parkway (Highway 99). In 2003, a discrete rupture 
was visible on both bounds of the highway (Figure 20). 
 

Figure 19. Site map showing the location of Willow 
Creek fault, which is located between Willow Creek 
and Holderrieth Road. Note that Willow Creek makes 
a sharp turn across the interpreted fault location. 
There were also asphalt patches to the south of the 
creek and on the bridge. It is interesting to note that 
the farmland to the northeast (where the farmhouse 
is located) is undeveloped. 
 

Figure 20. Picture of Willow Creek fault taken in 2003. 
 
Driving Directions: The easiest way to drive from 
downtown Houston to the fault location is to take I-10 
West until reaching Loop 610. At this intersection, take 
Loop 610 North to drive about 1.5 miles to get to Highway 
290 exit. Take Highway 290 North and drive about 8 
miles to reach Sam Houston Parkway (Belt 8). Then take 
Sam Houston Parkway (SHP) north. SHP bends to the west 
to meet Highway 249. At this intersection, take 
Highway 249 North, pass under Grand Parkway (99). 
Slow down to drive over the Willow Creek bridge. The 
fault location is about 300 feet to the North of the bridge. 
Immediately, there is a driveway to a farmhouse to the 
East, which may be a good parking location. 
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Geologic Overview: The Willow Creek fault is located 
about 300 feet north of the Willow Creek Bridge, strikes in a 
NE-SW direction, and dips to the north (Figure 3). This 
fault is antithetical to the South-dipping regional Tomball 
fault that is located about 3 km north. A discrete pavement 
break crossing both South- and North-bounds of Highway 249 
clearly marks the presence of the fault (Figure 20). 
 
When the photo in Figure 20 was taken, Highway 249 had 
a grass-covered median between the East- and West- bound 
lanes. Multiple geophysical surveys were conducted across the 
fault (Figure 21). Two geophysical profiles will be discussed 
in this study. 
 

 
Figure 21. Schematic map of Willow Creek fault at 
Highway 249 during the year 2003. Highway 290 had 
a grass-covered median between the East- and West-
bound lanes. Locations of resistivity profiles (L1 and 
L2) are shown with a red color. GPR data were also 
collected along Line 1 (L1) on the edge of northbound. 
Not to scale. 
 
Two resistivity profiles across the fault are provided in Figure 
22. They both indicate a sharp resistivity contrast over the 
fault scarp. The resistivity contrast is interpreted to be caused 
by the juxtaposition of high resistivity sandy and low resistivity 
clayey sediments. 
 
A GPR survey profile collected across the fault scarp 
along profile L2 and is provided in Figure 23. The GPR data 
indicates discontinuous layers beneath the scarp at a depth of 
2 feet that are interpreted to result from deformation. In 
addition, the published GPR data (Saribudak and  

Figure 22. Resistivity data collected across the fault 
along profiles L1 and L2. Note that the downthrown 
side is to the north and juxtaposition of low-resistivity 
layers along the fault plane is obvious. 

Figure 23. The GPR data across the scarp of the 
Willow Creek fault. The data are interpreted to show 
minor deformation that is less significant than 
observed at the Long Point, Eureka Heights or 
Hockley faults. However, the disruption of 
sedimentary layers is interpreted to be visible. 
Hyperbolic anomalies could be due to buried pipes. 

 
Nieuwenhuise, 2006) detected differential subsidence and a 
deformation zone between the bridge and the footing of the 
bridge. The Willow Creek fault movement is a possible cause 
for this deformation. 
 

Concluding Remarks 
Active faults in Harris County are usually not discrete rupture 
planes, but zones of sheared ground tens of feet, which 
are described as fault zones as shown in this study. 
Geophysical methods discussed here do not provide a fault 
offset, except with seismic reflection. Common methods used to 
identify these faults, in addition to geophysical techniques, 
include analysis of aerial photographs and field mapping and 
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drilling borehole data on both the down- and upthrown sides of the 
faults. Gamma rays electrical logging used in boreholes give the 
precise fault offset between the borehole locations. 
 
It is important to know that pavement cracks and offset can 
be caused by subsidence of ground due to the excess 
withdrawal of ground water. In addition, the Beaumont 
Formation, which underlies a significant part of Harris County, 
contains swelling clays. These clays are also known as “shrink-
swell soils.” When wet or dry, these clays swell or shrink, 
respectively, which cause significant fault-like deformation to 
roads, houses, and utility lines. 
 

Questions for Field Trip Participants 
 

• Is the surface expression of the fault easy to identify? 
What do you see? 

• Why is the surface expression of the Long Point fault 
easier to identify than other faults in the area? 

• What are indications that this fault is connected to a 
deeper fault system v. restricted to the shallow surface? 

• What do you think is the impact of this fault on 
surficial processes, e.g. runoff/drainage? 

• What are other geologic processes that could have 
caused the apparent resistivity anomalies? 

• Which fault(s) is antithetical? Why do you think 
this structural orientation is present? Why is it present 
at this location? 

 

Safety Tips to Keep in Mind While in 
the Field 
Note that participants should always wear a high-visibility safety 
vest, and only park in designated parking lots. Parking along 
highways is not a safe choice. They should be alert by being aware 
of their surroundings. A sun-protective hat and drinking water 
would be helpful. It is recommended that participants should be 
cordial and socialize with the people when they are, especially 
in neighborhoods. 
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Abstract 
In February 2017, failure of the Oroville Dam Main Spillway, and near failure of the Emergency Spillway, resulted in 
the precautionary emergency evacuation of nearly 200,000 people downstream of the facility. Response and recovery 
efforts for the disaster were far-ranging and geophysical investigations were included as part of those efforts. Both 
state government and private consultant resources were deployed for those tasks. Ground penetrating radar, 
refraction tomography and borehole geophysical logging were used to assist with determining condition of the 
remaining Main Spillway, the variability of the bedrock weathering profile, and rock velocity at critical locations 
across the facility. The data assisted the facility engineering team regarding operational decisions immediately post-
failure and longer term with design of the replacement structures. 
 

Introduction
Lake Oroville is the second largest artificial reservoir in 
California (Figure 1). Completed in 1967, the dam at 
Oroville is the tallest in the United States, impounding 
up to 3.5 million acre-feet of water. After several years 
of drought, 2017 produced the second wettest winter 
on record in California at that time. On the morning of 
February 7, 2017, a significant portion of the Main 
Spillway failed during routine discharge of the 
reservoir. The resulting crisis forced the dam operators 
to quickly make critical and difficult decisions, where 
neither the risk trade-offs nor the results of those 
decisions could be predicted with complete confidence. 
The chain of events that ultimately occurred resulted in 
the overtopping of the Emergency Spillway for the first 
time in its history. This caused extensive erosion, with 
head-cutting migrating upstream to the base of the 
Emergency Spillway, jeopardizing its integrity. The risk 
of failure was sufficient to warrant emergency 
evacuation of nearly 200,000 people downstream until 
the crisis could be contained. 
 

The emergency response to the failure was far-ranging, 
and although geophysical surveys were only a small 
part of the total effort, the information from those 
surveys was important to key decisions in the repairs for 
the damaged structures. Both state and contract 
resources were employed to acquire condition data on 
the surviving portion of the Main Spillway, and contract 
services were deployed to acquire seismic tomography, 
borehole televiewer and downhole velocity data in 
support of the foundation repair for the Emergency 
Spillway. Time-critical deadlines for information 
required rapid turnaround of the geophysical data as it 
was collected. Many users of that data were not 
regular consumers of geophysics. That, combined with 
the need for rapid dissemination, focused data 
presentation on graphic and visual representations that 
could quickly convey the most important pieces of 
information needed to assist the engineers and geologists 
responsible for making time-critical decisions. 
.
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Figure 1. Lake Oroville Dam and Reservoir, circa 2015 (before spillway failure). Outflows from the reservoir are 
controlled from the three locations: 1) power plant, 2) Main Spillway, and 3) Emergency Spillway.
 

Prologue 
2017 was the second wettest winter on record in 
California. Heavy January rains in the Oroville drainage 
basin were causing the reservoir to quickly rise. Under 
normal operations, this was a manageable situation, and 
spillway releases at that time were well within design 
limits. That changed on the morning of February 7, 
when shortly after 10:00 AM, employees reported a 
substantial disturbance in water flow at the lower half 
of the spillway (Figure 2). The trunnion gates were 
closed by 12:25 pm, and inspection revealed that a 
significant portion of the spillway slab had washed 

 
away, forming a large erosion hole where the slab 
sections were now missing. As inspections continued, 
lake waters continued to rise. The damaged Main 
Spillway had to be reopened, but outflows were 
reduced to minimize further damage. Operators knew 
further damage was certain, but the extent could not be 
predicted, and further erosion of the foundation rock 
and loss of additional slab sections occurred during this 
period. By that time, the majority of discharge flow was 
no longer confined to the spillway and was now 
channelized to the southeast, causing rapid and severe 
erosion of soil and rock south of the spillway (Figure 3).
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Figure 2. The Main Spillway at time of first damage (A), February 7. and (B) shortly after shutdown showing 
initial damage. 

Figure 3. Views of the Main Spillway (A) during post-failure managed emergency discharge in February 2017, 
and (B) shortly after shutdown for emergency repairs in March 2017. Note the extreme erosional damage from 
flow channelization at the right (southeast) side of the image. 
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Figure 4. Views at the Emergency Spillway (A) during overtopping on February 11, (B) downstream view from the 
crest during peak flows, showing washout of the access road ( arrow indicates relative location), (C) post-flow, near 
the former access road, showing extent of downstream erosion and channelization (Photo by author; note the 
human inspector in the background (circled for scale).
 
By February 10, reservoir inflows exceeded the 
established combined discharge capacities of the power 
plant and the crippled Main Spillway. On February 11, 
the Emergency Spillway at Oroville was activated for 
the first time in its history. Although erosion was 
anticipated downstream of the Emergency Spillway, the 
extent could not be fully predicted. The uncontrolled 
discharge caused erosion and channelization as it flowed 
down the unprotected natural terrain, with head-cutting 

regressing upstream rapidly toward the base of the  
spillway (Figure 4). This threatened the stability of 
 
the Emergency Spillway structure itself, so at 3:44 pm 
on February 12, an evacuation order was issued for 
about 188,000 downstream residents. Although 
reservoir drawdown ultimately succeeded and the 
evacuation order was lifted on February 14, the area 
remained under an evacuation warning for an additional 
five weeks. On February 27, the spillway gates were 
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closed and on-site investigations and recovery actions 
commenced. During that time, investigations and 

remedial actions were interrupted occasionally for Main  
Spillway releases to manage the reservoir. 

 

Geophysics Efforts 
State government geophysicists and private consultants 
were used to acquire geophysical data during the 
recovery efforts. State resources were limited to the 
Main Spillway, consultant efforts were broader in 
scope and included the Main and Emergency spillways 
and adjacent areas. We limit our discussion to the state 
efforts at the Main Spillway and the consultant work on 
the Emergency Spillway. 
 
Main Spillway 
Under Mutual Aid agreements established and 
administered by the Governor’s Office and the 
California Office of Emergency Services, all agencies 
of the state must provide emergency management 
personnel and technical specialists to support disaster 
operations. On March 2, 2017, the Office of Emergency 
Services requested assistance from the Geophysics and 
Geology Branch at the California Department of 
Transportation (Caltrans). A Caltrans crew arrived on 
site the same day to perform ground penetrating radar 
(GPR) investigations on the remaining portion of the 
undamaged Main Spillway. Over the course of eight 
days, Caltrans personnel acquired a linear equivalent of 
27.2 miles of GPR data in support of the repair efforts. 
 
Investigation goals for the Caltrans GPR work required 
us to: 1) evaluate the location and distribution of the 
drainage gallery beneath the undamaged portion of the 
spillway, 2) provide estimates of concrete thickness 
within the undamaged spillway, 3) identify any potential 
voids at the base of concrete within the undamaged 
spillway, and if possible, 4) identify the distribution of 
any rock discontinuities beneath the undamaged 

spillway. 
 
Our work was complicated by the nature of the 
emergency response. Due to the extremely short  
response time frame, the investigation plan had to be 
developed literally overnight. We didn’t know how 
much time we had to complete work. Reservoir levels 
were not yet stable and emergency evacuation of the 
spillway could occur at a moment’s notice. If that 
happened, all equipment would be abandoned. We also 
had to share space with other crews who were 
frantically racing to make repairs ahead of planned 
spillway reactivation, which required work staging to 
accommodate changing priorities. 
 
Initial information available for investigation planning 
were: 

1. Minimum design concrete thickness was 15 
inches, 

2. Concrete reinforcement was a single layer of #5 
rebar on a 12”x12” grid, 

3. The spillway slabs were secured by rock anchors 
embedded five feet into rock and spaced at 
roughly ten-foot intervals (Figure 5), 

4. 4’x4’ reinforcing mesh was embedded within the 
concrete, about 4 inches above rock surface and 
placed at the base of each rock anchor, 

5. At the base of concrete, a sub-drain gallery of 6-
inch vitreous clay pipe (VCP; the same material 
used in clay pots) with gravel filter was arranged 
in a herringbone pattern spaced at about 25-foot 
intervals (Figure 5). Drainage relied on passive 
gravity flow, so pipe elevation decreased from the 
center of the spillway toward collector pipes 
outside the Main Spillway.
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Figure 5. Construction details for the concrete slab, anchors and subdrains for the Main Spillway. (A) Anchor 
details showing welded wire mesh fabric above top of rock. (B) Cross-section showing vitreous clay pipe (VCP) 
drain with gravel filter pack at the base of concrete. From DWR (1965).
 
The spillway foundation is located within the Smartville 
Ophiolite Complex (Cole and McJunkin, 1978; Saucedo 
and Wagner, 1992). Rock here consists of steeply-
dipping, foliated, metamorphosed volcaniclastics, 
pillow basalts, breccia, and diabase dikes and sills. 
Rock is blue-grey on fresh surfaces, grading to dark 
brown where weathered. It is very hard where fresh but 
is strongly foliated and exhibits steeply dipping tight to 
open joints. The thickness of the weathering profile is 
quite variable, on the order of 10-100 feet. The 
dielectric properties of the Oroville bedrock proved to 
be very advantageous for GPR acquisition. With a 500 
MHz transducer, depth of investigation was at least 6 
feet, with reflections from 8 feet or greater observed at 
many locations. We observed reflections from joints or 
fractures in the underlying rock. Many of those 
reflections were good enough to measure joint attitudes. 
 
We generated multiple maps with different data views of 
the entire undamaged spillway section.  

 
We used Google Earth 2016 aerial imagery for the base 
map. Those images were pre-failure and were the best 
available at that time. Using Google Earth imagery for 
base maps provided a common file format with easily 
understood visual references. “Rubber-sheeting” of the 
imagery was accurate to about six inches, more than 
sufficient for data presentation. Image resolution was 
good enough to recover project stationing from visible 
concrete joints and known landmarks. 
 
The subdrains were conspicuous on the GPR profiles 
(Figure 6), and the herringbone pattern of the drains 
and gravel filter were readily visible in plan view 
(Figure 7A). These features are artificially induced 
voids, so they gave us some idea of how a void beyond 
the drains should appear. We also observed reflections 
from the lower reinforcing mesh (Figure 7A), and 
ringing off the vertical rebar of the rock anchors was 
seen at most locations (Figure 6). 
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Figure 6. GPR data views in the vicinity of Station 28-29. (A) Profile view. (B) 3D cutaway view (composite from 
successive 2D profiles). Examples of interpreted features labeled as shown. Note lack of consistent reflection from 
base of concrete. VCP drains and anchor mesh served as proxies for estimating concrete thickness. From Owen and 
Mallah (2017).
 
Conspicuously absent in the data was any consistent 
reflection from the base of the concrete. We simply did 
not find any strong evidence of voids or delamination 
between the base of concrete and the top of rock along 
the remaining spillway, with the exception of an area in 
the vicinity of Station 26 (Figure 7D). That observation 
was consistent with an area of “significant clay fines” at 
the top of the rock surface noted during construction,  
 

and confirmed during demolition of the spillway during 
replacement the following year (IFT, 2018). Figure 7D 
includes the extent of clay fines observed during 
spillway demolition overlaid on the GPR 
interpretations. Figure 8B includes a photo taken of 
that exposed rock surface during demolition. 

 
 
 



34                                       FastTIMES  Vol. 27.4, 2025 
 

 

Figure 7. Plan View GPR maps produced for the Main Spillway. (A) Distribution of VCP drains and anchor mesh 
mats. (B). Discontinuities in bedrock below concrete. (C) Concrete thickness estimates. (D) Interpreted defects. 
Yellow arrows indicate project stationing. From Owen and Mallah (2017). See text for additional discussion.
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Figure 8. Results from destructive testing acquired during emergency response at the Main Spillway. (A) Thin 
concrete cover above a VCP drain in the vicinity of Station 26 (note lack of gravel filter blanket). (B) Sand and silt 
deposits above the bedrock surface in the vicinity of Station 26. (C) Results of video inspection of VCP drains at 
Station 22. From IFT (2018)., Appendix D and Appendix I.
 
The ability to observe reflections several feet into rock 
allowed us to collect some information on the rock 
discontinuities immediately beneath the spillway. It 
was even possible to get attitudes from many of the 
rock features observed on the profiles. 
 
Although the rock discontinuities were a low-priority 
target for our investigation, we could produce a rapid, 
qualitative assessment of the distribution of observed 
discontinuities by plotting high-contrast images of the 
rock reflections, creating a composite image of 
reflections from the rock joints and fractures beneath 
the spillway slab (Figure 7B). Although it doesn’t 
provide orientation data for the discontinuities, we 
believed that the distribution of the observable features 
could assist with identification of probable shear zones 
or other regions of potential rock instability that might 
affect any preservation plans for the remaining spillway. 
 
The lack of consistent reflection from the base of 
concrete complicated any effort to measure concrete 
thickness. However, with the information we had at 
hand regarding the placement of the base mesh at the 
rock anchors and the construction of the VCP drains, we 
could attempt to use those details as a proxy for the 
actual top of rock. Using depth estimates derived from 
the VCP drains and the anchor mesh, we produced a 
contour map of concrete thickness for the undamaged 
spillway (Figure 7C). Though we didn’t expect high 
accuracy with this approach, the GPR depth estimates 
nonetheless were useful in developing a general picture  

 
for concrete thickness distribution across the spillway,  
and yielded some interesting trends. We noted a zone of 
increased thickness approximately within the area 
between Station 19 and Station 23+50. 
 
That conclusion is supported by comparison of average 
concrete core thicknesses recovered during the 
emergency work (IFT, 2018, p. D-20). That information 
generally agrees with what we observe on the GPR data. 

 
Caltrans’ final work product for this investigation was 
the summary interpretation of potentially significant 
anomalies (Figure 7D). Our interpretations centered on 
three general categories: regions of anomalously thin 
concrete, suspected fouled drains, and potential voids or 
delaminations between the base of the concrete and the 
top of rock. 

 
Results indicated that most of the anomalously thin 
concrete cover is clustered below Station 24, where 
cores and GPR data indicate concrete is thinnest overall 
(Figure 8A). Corroboration of our most significant 
finding is that no voids were discovered beneath the 
spillway slab during destructive testing, consistent with 
what we saw on the GPR data. At Station 26, inspection 
of the rock surface where we identified a potential 
delaminated zone revealed a layer of fine-grained sand 
and silt between the slab and the top of rock (Figure 8B), 
confirming lack of bonding between concrete and 
bedrock at that location. Video inspection of the VCP 
drains at Station 22 revealed drain fouling at one 
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location near the area where we interpreted potential 
fouling, but no significant sediment buildup in the 
drains was noted at the locations that we identified 
(Figure 8D). 
 
Emergency Spillway 
At the Emergency Spillway, a secant (cutoff) wall and 
concrete splashpad were to be constructed at the 
spillway base to attenuate flow energy and mitigate 
future headcutting in the event of activation. GEOVision 
Geophysical Services was contracted to provide 
geophysical support for the design of that repair. 
 

P-wave seismic refraction was chosen to delineate depth 
to competent bedrock and provide seismic velocities for  
qualitative evaluation of rock hardness. 
 
Line placement was completed “on-the-fly”, and final 
locations were dictated by on-site conditions at the 
time of data collection. P-wave seismic refraction was 
acquired along 20 profiles, each with 1 to 4 overlapping 
spreads of 48 geophones. Geophone spacing ranged 
from 4.5 to 10 ft and total line lengths were 211.5 to 
1,125 ft. A 20-lb. sledgehammer or a truck-mounted 
240-lb. accelerated weight drop (AWD) were used as 
the seismic sources. All lines were collected outside of 
the damaged spillway (Figure 9).

 

Figure 9. Locations of P-wave seismic refraction profiles and borehole geophysical logs. Highlighted locations 
(in yellow) shown in Figures 10-12. From Dalrymple (2017).
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All profiles were processed using both unconstrained 
and constrained starting models using a local inversion 
tomography program. Unconstrained models were 
generated from 1D velocity profiles, and the 
constrained models were generated from time-term 
velocity sections. Both initial models were converted to 
20-layer models and run for a minimum of 30 
iterations. From the preliminary assessments of the 
subsurface conditions at the dam, it was expected that 
the geology consisted of variable weathered rock over 
competent rock. Tomography modeling was chosen for 
processing to allow for the variable weathering profiles 
to be more accurately rendered. Layer-based starting 

models were used to constrain initial conditions to 
preserve subsurface layering, if present. In all cases, 
the unconstrained models and the constrained models 
were similar, confirming that velocity contrasts at the 
project site are derived from the observed deep and 
variable rock weathering, rather than well-defined 
bedding. The processed tomography models provided 
sections that showed the highly variable weathering 
profile as it transitions to more competent rock across 
the site. All P-wave velocity profiles showed similar 
results with variations in weathering thickness. An 
example time-term tomography section is shown as 
Figure 10.

 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. SRT-SL-01 and -02: Time-Term P-wave seismic tomography model, near the secant wall. Locations 
shown in Figure 9. View oriented looking downslope. Note that the weathered rock is thicker toward the northwest, 
with competent rock approaching the surface near the center and southeast of SL-01 and the northwest end of SL-
02. From Dalrymple (2017).
 
Available geophysical and borehole logs from B-23, B-
36, and B-81 were used to estimate the comparable 
velocity contours of the weathered rock and competent 
rock in the tomography models. Velocities of weathered 
rock were assumed to be in the range of about 5,000 ft/s 
to 7,000 ft/s and competent rock is assumed to be in the 
range of 9,000 to 11,000 ft/s. However, due to the 
gradational nature of the velocities of weathered and 
competent rock, alternate interpretations of the assumed 
velocity ranges are possible. Although no seismic lines 
were collected within the spillway, it was expected that 
the variable nature of the weathered section would have 
continued underneath the spillway, at least prior to 
construction. 
 
 

 
Borehole geophysical logs were acquired at 95 locations 
across the project site. Boreholes were logged using a 
combination of Acoustic and Optical Televiewer and 3-
Arm Mechanical Caliper logs. In situ velocity data 
were acquired at seven of the locations using a PS 
Suspension probe. Borehole logs were acquired as the 
drilling completed at each hole, and up to 10 drill rigs 
were simultaneously operated on site. That created a 
fast-paced, and dynamic geophysical logging schedule. 
To meet the demanding schedule, a logging crew 
remained on 24-hour standby at the site for 
approximately two months. 
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Interpretation of televiewer features was aided using 
core logs and other geophysical logs where available. 
Generally, televiewer feature interpretations aided by 
core data are more accurate than those derived from 
televiewer images alone. An example of an Acoustic 
Televiewer log with feature picks is provided as Figure 
11. 
 
PS Suspension logging provided depth and velocity 
correlations to observed geologic conditions and other 
geophysical observations. An example PS Suspension 
log is provided as Figure 12. In the examples presented 
here, both the televiewer and PS log were from the 
same borehole located at the Emergency Spillway and 

coincident with a nearby seismic refraction line.  
 
Instances like this allowed for more detailed comparison 
and correlation between the geophysical observations 
and geologic logs. 
 
The borehole geophysical logging, along with the 
seismic refraction surveys, provided rock depth, 
correlated rock types, and general conditions 
surrounding the spillway. Borehole logs that were in 
close proximity to the seismic refraction data showed 
good agreement, revealing a highly variable, weathered, 
and fractured rock profile throughout the site.

Figure 11. Borehole B-04, acoustic televiewer, 35 to 45 ft depth range. From Diehl (2018). 
 
 
 
 



39                                       FastTIMES  Vol. 27.4, 2025 
 

 

Figure 12. Borehole B-04, PS suspension log. Location shown in Figure 9. From Diehl (2018).
 

Conclusion 
Safety is a long game, and no one can become 
complacent where it involves ensuring the integrity of 
the nation’s civil infrastructure. So, how did geophysics 
contribute to understanding the spillway incident? The 
contributions can be summarized in four key points: 
 

1. It provided a better understanding of the as-built 
service condition of the spillway, including 
concrete thickness, drain placement, and anchor 
placement. 

2. It provided a better understanding of the 
variability of rock discontinuities at the Main 
Spillway and the Emergency Spillway. 

3. It provided data to assist with the design of both 
the Main Spillway and Emergency Spillway  
 

 
 
repair. 

4. It illustrated the important benefit of detailed, 
non-destructive testing for supplementing 
standard inspections and destructive testing for 
evaluating the characteristics and conditions of 
the spillways and their foundations. 

 
The geophysical information provided additional 
confidence that allowed DWR engineers to 
determine that the remaining undamaged portion of 
the Main Spillway could be kept temporarily in 
service with high probability of success. The results 
also allowed DWR to proceed with immediate, 
initial construction and material removal in the 
Emergency Spillway area to prepare for final 
construction and repairs. 
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Epilogue 
DWR contractors began rebuilding the Main and 
Emergency spillways in May 2017. Emergency repairs 
on the Main Spillway were completed in November 2017 
to allow controlled discharges as needed to maintain safe 
reservoir levels. In 2018, the secant cutoff wall and  
 

 
splashpad were completed at the Emergency Spillway 
to mitigate future headcutting and erosion in the event of 
activation. By 2019, reconstruction of the Main 
Spillway to current design standards was completed 
(Figure 13). Grading of the eroded areas was 
completed in 2020. Revegetation of the damaged areas 
is ongoing.

 

Figure 13. Oroville Dam Main Spillway and Emergency Spillway in 2020, after completion of reconstruction 
efforts.
 

Disclaimer 
The California Department of Water Resources (DWR) 
did not participate in this article. All opinions presented 
herein are those of the authors. All supporting 
information presented herein is public-domain and 
available for independent review. Unless otherwise 
noted, all photos herein are reproduced courtesy of 
DWR and are available on their website at  

 
 
https://water.ca.gov/Programs/State-Water-Project/SWP- 
Facilities/Oroville/Oroville-Spillways. 
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Introduction
Unusual road cracks and several road patches exist on a 
circle road located north of Austin. A Google map of the 
area shows the peculiar geometry of the cracks and some 
of the asphalt patches. The first question that comes to 
mind is what is causing the cracks and the second is if 
their existence I ins some way related to the road 
patches.  
 
A chat with a neighbor indicated that the cracks have 
been there as long as she remembers (~20years), and the 
patches on the road were due to the “sinkhole repairs.” 
The last repair, according to the neighbor, was 
approximately done two years ago. This circle road and 
its vicinity is located in the geological formation of the 
Austin Chalk. 
 

Geology 
The Austin Chalk is an upper Cretaceous geologic 
formation in the Coast region of the United States. It is 
named after type section outcrops near Austin, Texas. 
The Austin Chalk consists of recrystallized, fossiliferous, 
interbedded chalks and marls. The Austin Chalk crops 
out in a wide belt almost through the center of the city of 
Austin, extending from south of Onion Creek all the way 
past Pflugerville. Interstate Highway 35 is constructed 
on the high ground that represents the Austin Chalk 
escarpment. The study area is shown in Figure 1 with a 
red/yellow star on the geologic map of Austin. 
 
 

Figure 1. Geology map of the Austin area showing the 
study area in the Austin Chalk. 
 

Geophysical Surveys—Field Survey 
Design 
To determine what is causing the cracks and/or to 
understand the extent of the sinkhole(s), resistivity, 
natural potential (NP) and ground penetrating radar 
(GPR) surveys were performed at the study area. 
 
First, as a reconnaissance work, I collected NP data 
along both sides of the front yards of the houses 
encircling the road (blue lines in Figure 2). The station 
spacing was 10 feet, but where anomalous NP values 
were observed the data were collected with a tighter 
spacing of 5 feet. The total number of NP data points  
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was 58. I collected the NP data after a rain shower in the 
vicinity of the site. The NP values were tied to a near-by 
base station and corrected for diurnal variations. The NP 
unit is measured in millivolt (mV). The rule of thumb in 
NP interpretation is that sinkholes generate a negative 
anomaly whereas an air-filled cave forms a positive NP 
anomaly. 
 

Figure 2. Site map showing locations of geophysical 
surveys. 
 
Secondly, I performed GPR surveys along the road 
crossing the asphalt patches on the road. North-south 
GPR profiles G1and G2 are shown with a yellow 
colored line in Figure 2. Note that I did run a few E-W 
GPR lines on the road; however, they did not indicate 
any significant anomalies. For this reason, I will not 
discuss the results from the E-W profiles. Lengths of 
both GPR profiles were 200 feet. The depth of 
exploration with the GPR survey was about 8 feet. 
 
Finally, based on the NP results, I chose two 
resistivity locations and collected resistivity data 
along the lines L1 and L2. These profiles are 
shown with a red colored line in Figure 2. The 
location of the profile L1 was chosen along NP 
values that did not show any anomalies, whereas 
the location of the profile L2 showed extremely 
significant NP values. Although I wanted to collect 
two more resistivity profiles across some negative 
NP anomalies, it was not possible logistically due 
to moving traffic in and out of the drive ways. 

 

Interpretation of NP Data 
All the NP data collected along the front yards of the 
houses across the study area are plotted on a site map 
and shown in Figure 3. The NP data points are shown 
with a red/yellow circle and the NP values are shown 
with white numbers. The NP map indicates zero and/or 
background values in the southeastern part of the site. 
Negative values appear to show further west on either 
side of the front yards. However, a very significant 
positive NP anomaly (~115mV) is observed on the 
eastern flank of a front yard where the street makes a 
turn to the north. 
 

Figure 3. Location of NP stations. 
 

Interpretation of Resistivity and NP 
Data 
The resistivity imaging and NP data taken along line L1 
are shown in Figure 4. The resistivity profile indicates 
horizontal layers of resistivity ranging between 20 and 
200 Ohm-meter, which correspond to marl and limestone 
units, respectively. The NP data also show no significant 
anomalies along the profile. 
 
The resistivity imaging and NP data taken along 
profile L2 are given in Figure 5. The resistivity data 
show a significant subsidence between stations 20 
and 50 feet. The resistivity layers range between 7 
and 180 Ohm-meter, which may be indicative of 
clay and weathered limestone. The NP data also  
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indicate a quite significant NP anomaly (positive) 
over the resistivity anomaly. 
 

Figure 4. Resistivity inversion (top) and NP (bottom) 
results for line L1. 
 

Figure 5. Resistivity inversion (top) and NP (bottom) 
results for line L2. 
 

Interpretation of GPR Data 
Two GPR profiles (G1 and G2) were processed and 
interpreted (Figure 6). The first pair of the profiles 
(Figure 6a and b) are chosen between stations zero 
(0) and 25 feet where both data sets indicate 
subsiding subsurface soil layers. Locations of these 
subsidence anomalies are correlative with the 
locations of the repair patches in the northern part 
of the site. 

 
The second pair of the GPR profiles (Figure 6c and d) 
are chosen between stations 175 and 200 feet where both 
data sets indicate subsiding subsurface soil layers. 
Locations of these subsidence GPR anomalies are 

Figure 6. GPR profiles G1 and G2. a) Distance 0 to 25 
ft. b) Distance 175 to 200 ft. 
 
correlative with the locations of the repair patches in the 
southern part of the site. 
 

Conclusions 
Areas of negative NP (yellow-dashed line), positive 
NP (white-dashed line) are approximately defined 
on a site map below. The significant high NP 
anomaly location and resistivity anomaly indicating 
subsidence are also shown with a green circle on 
the eastern part of the circled road. Locations of 
GPR anomalies are shown with blue lines and their 
subsidence directions with white arrows in Figure 
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7. The presence of all these geophysical anomalies 
indicate subsidence, sinkholes, and caves in the 
subsurface. Their tectonic 
interactions could be 
responsible for the peculiar 
geometry of the surface 
fractures that are present at 
the site. 

 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 7. Locations of positive 
and negative NP values. 
 
 
 
 
 
 
 
 
 
 
 
 
.
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