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In this issue: Greetings to all, as we migrate 
toward the end of 2006.  It’s 
been an interesting year—
commodity prices have seen 
some moderate to significant 
swings and the winter season is 
just around the corner.   
 
The Annual SEG Convention 
has just been completed and  
my thanks to Rick Miller, our  
Editor and my stand-in for  
the official business of the  
Society / Section. Which brings 
me to an important ‘plug’—that 
of encouraging any of you out 
there to give serious thought to 
potentially contributing a  
Technical Paper at the Mid-
Continent AAPG Convention, 
to be held here in August 2007.  
Abstracts are due January 12, 
2007, and this would be an 
excellent opportunity to dem-
onstrate the integration of geo-

sciences hard at work in illumi-
nating the subsurface. 
 
Also, thanks to Rick Miller,  
we add a new feature to this 
issue—Investigations. 
 
This election season and I want 
to encourage all our members 
to participate in this vital pro- 
cess of moving and shaping our 
political world.  We have two 
choices: either constructively 
participate, or be overtaken by 
apathy and non-participation. 
The choice is yours and deci-
sions will be made with or 
without you. 
 
The Kansas Independent Oil & 
Gas Association (KIOGA) does 
an excellent job of representing 
many of our industry interests, 
and publishes regular reports on 
legislative issues that have a 

direct bearing on our efforts.   
Look them up on the web and 
become aware of what you can 
do to participate. Our members 
in Colorado, Oklahoma, and 
Texas have similarly aligned 
organizations, and I encourage 
you to get involved in whatever 
way you can. 
 
We have two very interesting 
Technical Programs just ahead, 
as Rick Saenger reports below.  
Multi-component recording 
applications will be the focus of 
the November session (Steve 
Roche), and attribute analysis 
will follow as the focal point of 
the December session (David 
Brumbaugh). Both talks will be 
very high quality and you will 
definitely be sorry if you miss 
either presentation.  
 

Dennis Hedke   

PRESIDENT’S MESSAGE 

Geophysical 
Society of Kansas 

H T T P : / / G S K S . S E G . O R G  November-December 2006 

Volume 2, Issue 6 

On September 15 we began our 2006-2007 session with the Society of Exploration Geophysicists / 
American Association of Petroleum Geologists (SEG/AAPG) Fall Distinguished lecture “DHI/AVO 
Best Practices Methodology and Applications” by Bill Fahmy, of Exxon-Mobil Corp. This was a very 
fine paper and Mr. Fahmy is an interesting and outstanding speaker.  
 
On November 2 we will host Dr. Steven Roche of Veritas DGC. Dr. Roche will present “Harvest 
3C3D; Delineating a sandstone reservoir using PP and PS data.”  This paper should be another good 
discussion on the use of shear wave data used in conjunction with compressional wave data to deter-
mine lithological properties of a geologic objective. 
 

Continued on p. 2 

Upcoming GSKS 
Lecture  

• David Brumbaugh  to 
present “Stratigraphic 
Analysis Using Wave-
form Matching Tech-
niques Via the Simi-
larity Factor.” See 
more details inside.  

• Web Address: 
http://gsks.seg.org 

       



On December 7 we are pleased to host Mr. David Brumbaugh, Pogo Producing Company, who will 
present “A Stratigraphic Analysis Using Waveform Matching Techniques Via the Similarity Factor.”  
You can find an abstract of Mr. Brumbaugh’s talk and a short biography starting below. 
 
 
The Kansas Geological Society has scheduled the following talks for November and December: 
 
November 8 Todd Aikins, A Geological View of Evolution. 
November 29 Mike Dealy, What’s So Important About the Equus Beds? 
December 6 Dr. HongsHeng Cao, Wichita State University, Geochemical Techniques in Petro-

leum Exploration. 
December 13 Dr. Rolfe Mandel, Kansas Geological Survey, Kanorado Revisited: Results of Geo-

archaeological Investigations in Northwestern Kansas. 
December 20 Larry Skelton, Gemstones. 
 
For additional information, please contact KGS Program Chairman Bob Cowdery at 
sbc@southwind.net 
 
 
The Geophysical Society of Oklahoma City has the following presentations scheduled: 
 
November 20 Satinder Chopra, ARCIS, Seismic Attributes–A Definite Aid in Seismic Interpretation. 
December 18 Christmas Party (no speaker). 
January 15 Steve Roche, Veritas, Multi-component seismic presentation (no title yet). 
February 19 C. Ed Helsing, ExxonMobil, A New Approach to Seismic Interpretation in Challeng-

ing Imaging Environments. 
 
For additional information, please contact GSOC’s Program Chairman 
Mark_Fortuna@eogresources.com. 
 
 
We are continuing to recruit speakers for the coming year for technical presentations. If you have any 
recommendations for papers or would care to provide feedback, please email to me at 
rsaenger@mulldrlg.com. 
 
Please support our professional societies with your attendance and appreciation! 
 

Rick Saenger    

David Brum-
baugh, Pogo 
Producing 
Company. 
The similar-
ity factor, 
developed 
during a time 
of transition, 
combines a 

measure of waveform shape and 

amplitude similarity.  Although 
a unique measurement of wave-
form matching, the techniques 
using this measurement are com-
mon in the industry and produce 
comparable results.  These tech-
niques include measuring the 
quality of matching a single 
waveform to the trace window in 
a seismic volume or model, 
matching multiple waveforms to 

the trace window in a seismic 
volume or model, or measuring 
the quality of the local match in 
a seismic volume.  In addition, 
the similarity factor can be used 
as a weight to enhance strati-
graphic features. 

Testing concepts, such as the 
similarity factor, does not  
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Technical Program Abstract 
“A Stratigraphic Analysis Using Waveform Matching Techniques 
Via the Similarity Factor” 
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Program Chairman’s Column—cont’d 

    

“… These techniques  
include measuring the 
quality of matching a 
single waveform …” 

Shear Wave Data 
Western Kansas 



Note from the Editor 
In this issue of your newsletter we are introducing a new sec-
tion called Investigations.  In this section (which we will run 
occasionally throughout the year) we hope to bring you papers 
that are a bit off the beaten path for those in the hydrocarbon 
exploration side of geophysics, but nonetheless, ones that you 
should find both interesting and fascinating to read.   
 
Our first in the Investigations series is an article by Dr. Jiang-
hai Xia, a research geophysicist at the Kansas Geological  
Survey at the University of Kansas.  Dr. Xia took on a project 
for the City of Salina that required a detective-like workflow 
and geophysical savvy.  The mystery was why is the 16th green 
at the City’s golf course slowly sinking?  Golf course staff  
identified several possible ways to tackle this problem:  fill the 
depressions and re-seed the green every year, ignore the prob-
lem and just keep changing the par for the 16th hole each year, 
or find the root of the problem and move the green to a location 
that would not sink.  Unlike the movie “Caddy Shack,” the golf 
course management chose not to go after this problem with 
brute force and their maintenance staff (not drawing any  
analogy between Salina’s golf course staff and Bill Murray).  
They chose geophysics as the tool to get to the root of the prob-
lem.  This paper is an excellent example of the application of a 
variety of non-seismic geophysical tools where the utility of 
coincident interpretation becomes obvious.  Much to the delight 
of Salina’s weekend warriors of the links, Dr. Xia was able to 
identify the culprit using an excellent set of geophysical clues.  
With Dr. Xia’s findings the golf course staff moved the 16th 
green to a safe, stable location making that dog leg to the right  
a dog leg to the left. 
 
With the other members of the GSK Council busy juggling 
obligations here in Kansas during the first week in September,  
I had the honor of being your representative at the SEG annual 
meeting in New Orleans.  For those of our members who could 
not attend, I thought an overview might provide a flavor of the 
meeting.  The conference was surprisingly well attended and 
boasted a regular cornucopia of technical sessions (26 poster 
and 67 oral) providing the technical meat explorationists have 
all come to expect from the annual meeting.  Several topical 
areas seemed active this year including seismic theory with six 
sessions, rock properties with five sessions, and time lapse with 
four sessions.  Meeting rooms for these sessions seemed to 
consistently have a full complement of listeners.  The meeting 
was well attended, considering the apprehension many felt 
about going to New Orleans during hurricane season, not to 
mention it had only been one year since Katrina hit the city and 
recovery there is far from complete.  The official attendance 
number I heard was 7,280.  Clearly the price of oil had a big 
impact on the general optimism evident from discussions on the 
convention floor about current exploration trends and activities, 
not to mention the hospitality rooms, hors d’oeuvres, and a 
bounty of booth baubles.  Without a doubt this is a good time to 
be a geophysicist. 
 

Rick Miller      

TECHNICAL PROGRAMS Rick Saenger 
PUBLICITY Kirk Rundle 
MEMBERSHIP Mike Crouch 
NEWSLETTER Rick Miller 
ADVERTISING Dennis Hedke 
WEBPAGE Open 
CONTINUING EDUCATION Rick Saenger 
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Membership in GSK 
Joining GSK can be accomplished either by requesting an 
application form from Membership chairman Mike Crouch at 
segmike@mlcinc.kscoxmail.com, or 316-264-4334, or by down-
loading an electronic form at http://gsks.seg.org and submitting 
the form according to instructions provided on the form. 

Membership Classifications      Annual Fees 
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Associate      $25 

Student       No Charge 
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Provided by Acquisition Company Representatives 
 
Acquisition Company Location (County/Parish) Instruments 
Lockhart Geophysical – Crew 1 Trego, KS  GDAPS 4 
Lockhart Geophysical – Crew 2 Graham, KS ARAM/ARIES 
Lockhart Geophysical – Crew 3 Clark, KS  ARAM/ARIES 
Lockhart Geophysical – Crew 4 Russell, KS ARAM/ARIES 
Lockhart Geophysical – Crew 5 Golden Valley, MT GDAPS 4 
Global Geophysical – Crew 444 Hill, TX Sercel 408 
Global Geophysical – Crew 445 Moffat, CO Sercel 428 
Global Geophysical – Crew 446 Kern, CA Sercel 428 
Global Geophysical – Crew 448 Sweetwater, WY I/O FireflyTM 
Paragon Geophysical – Crew 205 Pratt, KS System II 
Paragon Geophysical – Crew 206 Decatur, KS System IV 
Paragon Geophysical – Crew 207 Imperial, CA System IV 
PGS Onshore – Crew 159 Uintah, UT Sercel 408 
PGS Onshore – Crew 300 Wheeler, TX Sercel 408 
PGS Onshore – Crew 320 Iberia, LA I/O RSR 
PGS Onshore – Crew 330 Leon, TX Sercel 408 
SECO – Party 42 Hardeman, TX SECO-Image 
SECO – Party 43 Elko, NV ARAM/ARIES 
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Investigations 
Integrated Geophysical Surveying to Define Subsidence Features on Salina’s Golf Course 
Jianghai Xia and Richard D. Miller  
Kansas Geological Survey, The University of Kansas, Lawrence, Kansas  
Introduction 
 Delineating or mapping a landfill has long been a challenge for 
near-surface geophysicists due to the complexity in the composition 
of subsurface materials. No single geophysical tool can fully and 
effectively characterize a landfill. Iterative and integrated data col-
lection and interpretation using multiple geophysical methods pro-
vides for a more complete interpretation of data, often resulting in a 
more accurate model of the complex structures and processes of the 
subsurface. 
 Subsidence was observed at Green 16 of the Salina Municipal 
Golf Course in Salina, Kansas, which was built over a landfill with 
very few details concerning use and closure (Figure 1a). High-
resolution magnetic survey, electrical resistivity profiling (ERP), 
and microgravity profiling were used to delineate the subsidence 
around Green 16 (Figure 1b). Geophysical data were acquired and 
analyzed to obtain subsurface information on magnetic property, 
resistivity, and density. 
 A high-resolution magnetic survey was performed in the area 
measuring approximately 57,900 ft2 focusing on Green 16 and an 
area where Green 16 could potentially be moved. Magnetic anoma-
lies horizontally delineated natural materials from the landfill resi-
dence. Magnetic gradient anomalies that defined Green 16 subsid-
ence were used to predict other spots with similar magnetic proper-
ties. 
 Twenty-three microgravity-station values were measured along 
a line of 440 ft crossing Green 16. Microgravity anomalies sug-
gested a density deficiency (–0.14 g/cm3) in the area of Green 16. 
This density deficiency was used to estimate possible future subsi-
dence due to compaction by utilization of results from ERP and an 
assumption based on the density of natural materials. 
 The purpose of two-dimensional (2D) electrical resistivity pro-
filing is to determine the subsurface electric resistivity distribution 
by taking measurements along a survey line at the surface. A mea-
surement is normally composed of injecting electrical current into 
the ground through two current-
carrying electrodes and measuring the 
resulting voltage difference at two 
potential electrodes. The apparent re-
sistivity is calculated using the injected 
current, the voltage measured, and a 
geometric factor related to the arrange-
ment of the four electrodes. The inves-
tigation depth of electrical resistivity 
depends generally on the spacing be-
tween the electrodes that inject electri-
cal current. Therefore, sampling at 
different depths can be done by chang-
ing the spacing between the electrodes. 
Measurements are repeated along a 
survey line with various combinations 
of electrodes and spacing to produce 
an apparent resistivity cross-section. 

 Apparent resistivity data are then inverted to generate a model 
of the subsurface structure and stratigraphy based on its electrical 
properties. Many geological/environmental or cultural factors affect 
or control the resistivity of the subsurface such as composition of 
the subsurface materials, amount of water in the subsurface, and 
ionic concentration of the pore fluid. A resistivity model can be 
used to identify, delineate, and map subsurface features such as 
electrically conductive contamination plumes, bedrock fracture 
zones, the saltwater/freshwater interface, the vadose zone, electri-
cally conductive lithologic units such as clay, and sediment size 
distribution. 
 The ERP survey was performed along three 504-ft lines. Two 
of three lines crossed Green 16, one in the west-east and one in the 
south-north direction. A third line was located 100 ft west of Green 
16 in the south-north direction. Measured apparent resistivity data 
were inverted into resistivity models. From these models and land-
fill’s history, we were able to define bodies of landfill materials and 
the bottom limits of the landfill.  
 
Data Acquisition 
Grids and lines 
 We used a CST/Berger electronic digital theodolite to define 
the survey area (x, y), three survey lines, and elevation (z) of line 1 
(Figure 1b). High-resolution magnetic data were acquired in an area 
measuring 57,900 ft2. The survey area was divided into 2 grids: the 
first was 270 ft x 170 ft and the second 120 ft x 100 ft (Figure 1b). 
Electrical resistivity profiling was performed along three 504-ft 
lines. Line 1 was laid out in the east-west direction on the top of the 
landfill; lines 2 and 3 were perpendicular to line 1 (Figure 1b). A 
microgravity survey was also performed along line 1 (Figure 1b). 
 
Magnetic survey 
 A Geometrics G858 portable cesium gradiometer was used to 
perform a high-resolution magnetic survey by measuring the total 

Figure 1. a) The geographic location of the study site. Site map of the study area. b) A high-resolution magnetic 
survey was performed in the area outlined by dashed lines. Electric resistivity profiling was performed along three 
lines. Microgravity was measured along line 1.  

a b 
 

Continued on p. 9 
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Professional Directory 

Smile for the Camera! 
 

Mr. Fahmy (third from left) and some of our membership at 
the occasion of our Fall Distinguished lecture.  
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component of the geomagnetic field and the vertical gradient of the 
geomagnetic field. The bottom and top sensor heights were 16 in 
and 36 in above the ground surface, respectively, over the entire 
survey area. The magnetic data were acquired along lines at 3-ft 
spacing and an average measurement density of 2.3 measure-
ments/ft. During the magnetic data acquisition, the other Geometrics 
G856 Proton magnetometer was used to measure the diurnal 
changes of the earth field every 10 minutes on a fixed station around 
200 ft away from the survey area. The maximum diurnal change 
during the survey period of time was around 12 nT. The normal 
geomagnetic field in Salina was 53,540 nT. We expected the high-
resolution magnetic survey could provide data with sufficient reso-
lution to define horizontal boundaries between the landfill and natu-
ral materials.  
 
Resistivity survey 
 Electrical resistivity profiling (ERP) was performed along three 
504-ft lines using a Jilin University GeopenTM E60C multi-electrode 
resistivity meter with 64 electrodes with an 8-ft interval. The main 
purpose of the ERP survey was to delineate the bottom of the land-
fill. Line 1 was laid out in the east-west direction on the top of the 
landfill (Figure 1b). Two other lines were perpendicular to line 1. 
The Wenner array was used in the ERP. The resistivity meter  
systematically and automatically selects current electrodes and 
measurement electrodes to sample. The investigation depth in-
creases with increasing distance between electrodes. The maximum 
investigation depth for this array was around 80 ft to 100 ft (1/6 to 
1/5 of the profile length). 
 
Microgravity survey  
 The microgravity survey was conducted along line 1 with a 
station spacing of 20 ft using the LaCoste & Romberge D-71 meter 
at 23 stations in hopes of determining density differences between 

the landfill and natural materials. The first station (at 60 ft) was 
designated as the base station. All gravity readings started and 
ended at the base station.  
 
Data Processing 
Magnetic data 
 Magnetic data were processed using the following procedure. 
1) Assignment of field geometry and heading corrections. 
2) Correction for the sensor locations based on shapes of linear 

anomalies due to ridges in the survey area by shifting odd num-
bered lines by 0.5 ft – 1.4 ft. 

3) The diurnal correction was applied based on the base station 
readings. 

4) Merging data of two grids into one file. 
5) Gridding data by a linear Kriging method with a search radius 

of 6 ft. Measurements were then gridded into 1 ft x 1 ft grids. 
Three data sets were generated: the total field component of 
magnetic anomaly from the bottom sensor, the top sensor, and 
the pseudo-vertical gradient of magnetic anomaly (= readings 
from the bottom sensor – readings from the top sensor). 

6) Display of high-resolution magnetic data using Surfer® in a 
color scale to enhance anomalies. 

 The pseudo-vertical gradient of magnetic anomaly (= readings 
from the bottom sensor – readings from the top sensor) are 
shown in Figure 2. 

 
Resistivity data 
 Relative elevation change in the site is around 3 feet so topo-
graphical correction was not applied to resistivity data. Measured 
apparent resistivity data were inverted using EarthImagerTM. We 
selected the smooth model inversion algorithm. The measured ap-
parent resistivity data were in the range of 1 to 30 Ohm-m except 
for measurements around station 144 ft of line 3 where readings 
were over 2,700 Ohm-m. These higher readings were due to a pipe 
in the sprinkler system. To invert the measured apparent resistivity 
data of line 3 for the subsurface model, we removed data that were 
over 50 Ohm-m before inversion. Figures 3a, 4a, and 5a are meas-
ured apparent resistivity data used as inputs for the inversion. Fig-
ures 3b, 4b, and 5b are calculated apparent resistivity data based on 
the inverted resistivity models shown in Figures 3c, 4c, and 5c,  
respectively. Calculated apparent resistivity data generally fit the 
measured apparent resistivity data. 
 
Microgravity data 
 Microgravity data were processed using the following pro-
cedure. 
1) The meter drift correction and the tidal correction were per-

formed by linear distribution of the difference between two base 
station readings. 

2) The elevation correction and the Bouguer correction were calcu-
lated using the following formula 
  f = (0.3086 – 0.0419r ) h 
where r is the average density of surface materials and in g/cm3, 
and h is the elevation relative to the base station and in meters. 
Since the net effect is negative, i.e., higher station has lower 
gravity, the correction is positive, and the higher the station, the 
greater the correction to be added. Values of f are in mGal and 

Investigations—cont’d 

Figure 2. The pseudo-vertical gradient of magnetic anomaly.  

Continued on p. 10 
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depend on values of density r. We used 1.8 g/cm3 in 
our corrections. 

3) A regional gravity anomaly was assumed to be linear 
and modeled by a linear fitting algorithm. 

4) A residual anomaly was calculated by subtracting the 
regional anomaly from corrected data and smoothed by 
a three-point-moving-average filter (0.25, 0.5, 0.25). 

 
Data Interpretation 
Magnetic data 
 In the following discussion, we define Grid East as the 
x-axis and Grid North as the y-axis. Two linear trends of 
magnetic highs (dashed lines) around lines y = 200 ft and y 
= 300 ft in the east-west direction from the pseudo-vertical 
gradient of the magnetic anomaly (Figure 6 clearly define 
two ridges (natural materials). The magnetic highs are in-
terpreted here as characteristic of the natural materials. The 
linear magnetic high along y = 300 ft stops (C in Figure 6 
from x = 220 ft to x = 270 ft, which indicate possible loca-
tions of fill materials. 
 Besides two linear anomalies, the pseudo-vertical gra-
dient of the magnetic anomaly shows values of -100 to -200 
nT at the southeast corner of Green 16 (* in Figure 6 where 
the ground is unsettled. We identified another spot along 
line 1 that possesses the same magnetic characteristics as * 
on Green 16: x = 120 ft (A in Figure 6. We have also deter-
mined another location, x = 145 ft and y = 365 ft (B in Fig-
ure 6, where the magnetic characteristics are very similar to 
those observed at location * on Green 16. 
 
Resistivity data 
 Line 1 crossed Green 16 in the east-west direction with 
the center of the line located at the center of the green. In-
formation on the landfill suggested that it was around 60 ft 
deep. The maximum gradient of geophysical properties 
often occurs at an interface be-tween different materials. 
Based on this information and geophysical characteristics, 
we delineated the bottom limit of the landfill along the line 
1 (Figure 7). 
 A low resistivity body beneath Green 16 indicated that 
the over-all volume containing landfill materials possesses 
a relatively low resistivity compared with the natural or 
native materials. This could be due to landfill materials or 

Investigations—cont’d 

Continued on p. 13 
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Figure 3. ERP results of line 1. (a) Measured apparent resistivity. Solid 
squares represent electrodes and dots are data points.  (b) Calculated 
apparent resistivity data based on the inverted resistivity models shown 
in (c). (c) The inverted resistivity model. 
 
Figure 4. ERP results of line 2. (a) Measured apparent resistivity. Solid 
squares represent electrodes and dots are data points. (b) Calculated 
apparent resistivity data based on the inverted resistivity models shown 
in (c). (c) The inverted resistivity model.  
 
Figure 5. ERP results of line 3. (a) Measured apparent resistivity with 
removal of readings over 2,700 Ohm-m. Solid squares represent elec-
trodes and dots are data points. (b) Calculated apparent resistivity data 
based on the inverted resistivity models shown in (c). (c) The inverted 
resistivity model. 
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CALL FOR PAPERS 
 

American Association of Petroleum Geologists 
MID-CONTINENT SECTION MEETING 2007 

New Ideas – More Oil and Gas 
 

September 9-11, 2007 
Wichita, Kansas 
Airport Hilton 

 
 
 
 
 
 
 
 
 

American Association of Petroleum Geologists 
 
                    Mid-Continent Section 
 

 

No Web page for Midcontinent Section available to link to: 
aapg.org/sections/midcontinent.cfm 

 
Hosted by 

Kansas Geological Society 
212 North Market Street, Suite 100 

Wichita, Kansas 67202 
www.kgslibrary.com 

 
Students are encouraged to participate in meeting to get feedback 
on their research, publish some facet of the work, and meet poten-
tial employers.   Abstracts due Monday, January 8, 2007. 
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high water content in these spaces because 
of the relatively low density (high porosity) 
these materials possess. Several potential 
landfill bodies are outlined with dashed 
lines. Because of the measurement charac-
teristic of this method, the apparent discon-
tinuous nature of these bodies could be mis-
leading. The discontinuous bodies of the 
landfill interpreted based on the resistivity 
model may be due to the resolution of the 
method. The landfill materials could be 
continuous along the section of line 1 in the 
real world. Nevertheless, the outlined spots 
possess low resistivity and less compacted 
materials and a high likelihood of subsi-
dence prone areas in the future. 
 The interpreted sections of lines 2 and 
3 are shown in Figures 7b and 7c. The cen-
ters (252 ft) of lines 2 and 3 were tied at 130 
ft and 230 ft of line 1. The bottom limits of 
the landfill at the tie points agree extremely 
well and provide the reference for extrapo-
lations between these two lines. 
 Several possible landfill bodies are 
outlined by dashed lines based on their rela-
tively low resistivity (in blue). They possess 
the same magnetic characteristics. Two are 
along line 1. The first is around station 288 
(* in Figure 6) where the ground is unset-
tled. The second is at around station 96 (A 
in Figure 6). Two bodies along line 2 are at 
around stations 250 and 365 (A and B in 
Figure 6). Rela-tively high resistivity cen-
tered at station 60, 184, 308, and 410 at the 

surface along line 2 (Figure 7b) was determined to be due to natural 
materials (ridges). Line 3 (Figure 7c), parallel to line 2, possesses 
similar characteristics as line 2 except there is no resistivity high 
around station 300. Values of resistivity around station 300 support 
the suggestion by the magnetic results that there could be landfill 
materials at that location (the same as C in Figure 6). 
 
Microgravity data 
 The general shape of the residual anomaly approximately mim-
ics the interpreted bottom limit of the landfill along line 1 inter-
preted from the resistivity model (Figure 7a). This suggests that the 
residual anomaly is mainly due to the landfill and it is reasonable to 
model the regional gravity field with a linear trend analysis. The 
residual anomaly from stations 260 ft to 340 ft shows the maximum 
negative anomaly is approximately 0.04 mGal. The gravity low is 
associated with the unsettled location (* in Figure 6). 
 Based on the bottom limit of the landfill along line 1 (Figure 
7a), an average depth between stations 240 ft and 280 ft is approxi-
mately 70 ft. A spherical model with a diameter of 70 ft and a  
density contrast of –0.14 g/cm3 possesses a maximum negative 
anomaly of 0.041 mGal. The density deficiency (–0.14 g/cm3) can 
be used to estimate the maximum future subsidence due purely to 

Investigations—cont’d 

Figure 6. The pseudo-vertical gradient of magnetic anomaly with interpretation.  

 

Continued on p. 14 

Figure 7. Inverted resistivity models with interpretation. (a) Results of line 1. Dashed lines outline bodies of 
landfill materials and a solid line delineates the bottom limit of the landfill. (b) Results of line 2. (c) Results 
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require elaborate software.  Although the techniques now use com-
puter programs, written in QBasic, to do this analysis, its initial 
development started with Excel spreadsheets but rapidly evolved 
due to limitations with Excel and to address residual flattening 
needed to provide correct waveforms for the analysis. 

Other uses for the similarity factor have been formulated but 
yet to be developed.  Developing and testing concepts are limit-
less.  You only need to recognize your resources and be open to 
expanding your horizons.  Just remember, these are tools, not 
“silver bullets.”  Without geologic thought and data integration, 
the interpretation of the patterns or results is incomplete. 
 
Biography 
 
David Brumbaugh received a B.S. in Geology from the University 
of Nebraska in Lincoln, Nebraska in 1974 and is a member of the 
Geoscience Alumni Advisory Board.  He is an inventor and inno-

vator with a US patenet (US Patent 6,804,609) involving reservoir 
property prediction using multiple seismic attributes.  His career  
began with Phillips Petroleum Company in November 1974 until  
December 2002 with a hiatus in 1988 involving seismic processing, 
computer mapping, computer software support of both geophysical 
and geological programs, seismic interpretation, basin analysis, and 
training geoscientists and engineers.  Following a time of transition 
during which the formulation of the similarity factor occurred, he 
joined Latigo Petroleum, Inc. in September 2004 following contract 
work done for Latigo. 

He is now working for Pogo Producing Company since April 2006 
due to their purchase of Latigo.  He is past-president of GST and an 
active member of both SEG and AAPG as well as a member of TGS.  
He is also active under various leadership roles in Boy Scouts and was 
active in the Osage Hills Gem and Mineral Society.  His love of pale-
ontology has also helped him lead fossil collecting trips and fossil 
identification classes in his community.  

Technical Program Abstract—cont’d 

compaction. The density of natural materials is assumed to be  
1.8 g/cm3 so the maximum subsidence would be 7.7% (0.14/1.8) of 
70 ft or 5.4 ft. Obvious changes in the density of natural materials 
will change the estimation of the maximum subsidence. For exam-
ple, if the density of natural materials is assumed to be 1.6 g/cm3 or 
2.0 g/cm3, the maximum subsidence would be 6.1 ft or 4.9 ft, re-
spectively. The maximum theoretical subsidence in the future, 
therefore, should be in the range of 5 to 6 ft. 
 
Conclusions and Recommendations 
 The geophysical characteristics at the unsettled spot of Green 
16 (* in Figure 6) are relatively low in magnetic susceptibility and 
the pseudo-vertical gradient of -100 to -200 nT, relatively low in 
resistivity, and –0.14 g/cm3 in the density deficiency. Estimation 
based on a spherical model suggests that a maximum theoretical 
subsidence of 5 to 6 ft is possible at Green 16 in the future due 
purely to gradually nature compaction. In practice, a most likely 

Investigations—cont’d 

scenario is about one half of this maximum subsidence (2 to 3 ft) 
would occur if there is no subsurface erosion (landfill materials 
washed away by ground water). Based on the observation of sur-
face-water movement, subsurface erosion could occur at the south-
east corner of Green 16 (* in Figure 6), which could increase both a 
rate and a magnitude of the future subsidence. 
 A candidate for replacement of Green 16 should possess geo-
physical characteristics opposite of Green 16. A dashed ellipse in 
Figure 9 outlines a potential candidate for replacement of Green 16. 
This spot possesses relative high resistivity (station 312 ft on line 
2), high magnetic susceptibility, and over 1,000 nT of the pseudo-
vertical gradient (Figure 6). 
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New Members 
The Geophysical Society of Kansas is pleased to welcome the following new members:  
 
Name Affiliation Location 
John Aguilar Paragon Geophysical Services, Inc. Wichita, KS 

Jeff Logan Paragon Geophysical Services, Inc. Wichita, KS 

 

Geophysical Society of Kansas 
OUR MISSION: 
To provide our members a quality venue for disseminating geo-
physically focused information pertinent to Kansas and surround-
ing regions. 

We also seek to advance the geosciences by providing members 
opportunities to increase the understanding of geophysical prin-
ciples and practice. 

If you are aware of speakers / topics which would benefit mem-
bers, let us know, and we’ll pursue. 

Additionally, we are actively seeking research papers and results 
to share with our audience.  If you are interested in publishing 
your work, please contact Editor Rick Miller. 

P.O. Box 48069 
Wichita, KS  67201 

We’re on the web. Check us out at 
http://gsks.seg.org 
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GSK ADVERTISING 
 
GSK is seeking subscribers to fill space in future newsletters. Our publishing cycle is  
bi-monthly, January-February, March-April, etc. 
 
Preferred formats for electronic files are typical Word document (.doc), .jpg, .pdf, etc.     
Please check with us if you have questions. 

 

Expand your exposure—
Advertise in the GSK 
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