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Advancements in near-surface seismic 
refl ection acquisition
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3-D seismic refl ection methods have been established as the predominant seismic method for hydrocarbon exploration. While 
this is true for exploration scale surveys the same is not yet true for near-surface seismic refl ection investigations. While the 
benefi ts of employing 3-D methods have been documented they are yet to be fully adopted by the near-surface community. 
Th ere are a number of reasons for this; primary among them is the labor involved with planting and re-cabling large numbers 
of geophones. Th e amount of time and labor involved in these operations has been a direct hindrance for 3-D investigations of 
the near-surface. To help overcome these limitations Th e University of Kansas geophysics group has developed a portable, 
automated seismic data acquisition system, known as the autojuggie. Th e autojuggie allows for effi  cient ultra-shallow seismic 
imaging and is capable of quickly performing non-invasive, high-resolution 2-D or 3-D seismic surveys by deploying a dense 
array of geophones.
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Introduction
Th e autojuggie has seen several signifi cant design 
improvements in its on-going development. Early tests 
(Fig. 1a) involved geophones mounted to a board [1]. 
Following the success of these initial tests a linear design 
(Fig. 1b) of 72 geophones was implemented for 
automated 2-D subsurface imaging [2, 3]. Further 
development of the autojuggie allowed a 2-D array of 
geophones (Fig. 1c) to be deployed simultaneously in a 
3-D survey mode [4].

In its current confi guration (Fig. 1d) the instrumen-
tation of the autojuggie consists of a rigid steel platform 
used for positioning, planting, and transporting 
geophones; a hydraulically controlled mechanism for 
decoupling the geophones from the platform during 
seismic-data recording; and a 2-D array of geophones. 
Th e autojuggie has been designed so that it may be 
legally towed to a given research location. To meet this 
requirement the side wings of the autojuggie can be 
hydraulically raised and lowered. During transportation 
the wings are secured in an upright position and then 
lowered into place during acquisition.

A signifi cant development in the design of the autojuggie 
was a mechanism (Fig. 2) that allows the planted 
geophones to automatically decouple from the rigid 
platform, thus eliminating the interference of complex 
seismic modes generated by the planting instrumentation 
[4]. Decoupling is accomplished by hydraulically 
lowering the bottom rails of the autojuggie after the 
geophones have been planted. Automatically planted, 
stand-alone geophones were shown to be capable of 
recording the same quality of seismic data as hand-
planted geophones, for only a small fraction of the time 
and eff ort required to acquire conventional ultra-shallow 
3-D. In its current form the autojuggie is capable of 
deploying 220 geophones at 0.5 m × 0.5 m spacing over 
a 9.5 m × 5.0 m area in a matter of a few minutes.

Th e autojuggie has been successfully applied to several 
research projects within the Lawrence, Kansas area. It has 
been used in the investigation of a shallow water table 
[5] as well as adapted with metal base plates for 
conducting seismic refl ection investigations on pavement 
systems [6]. Th e autojuggie has proven itself as a method 
for performing cost eff ective and effi  cient high resolution 
seismic refl ection surveys.
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Fig. 2. Geophones decoupled from autojuggie (from Sloan, 
2008).

Prior Near Surface 3-D Acquisition Designs
Th ere have been few publications in the refereed literature 
in regards to near-surface 3-D seismic refl ection surveys. 
Th ere have been even fewer detailing attempts to 
construct an acquisition device that would allow 
geophones to be moved and planted en-masse for the 
purpose of conducting near-surface 3-D surveys. Perhaps 
the most notable is from Bachrach and Mukerji [7]. Th e 
author’s describe a non-rigid portable 2-D geophone-
mount made of inelastic material. Th e array consisted of 
72 geophones arranged in 8 rows of 9 geophones with 
a geophone spacing of 0.25 m. While the array could be 
relocated and the geophones planted quickly and 
effi  ciently it is likely that this portable array would 
become cumbersome if the number of geophones were 
increased signifi cantly.

Van der Veen et al. [8] describe a pseudo-3-D 
refl ection simulation that could be achieved using 
a towed land streamer. Th eir simulation was based upon 
a subset of data acquired by Büker et al. [9, 10]. As 
described by the authors there were several limitations 
with this simulation. Specifi cally more source points 
would be necessary with the towed streamer to have both 
adequate subsurface and azimuthal coverage. However 
their simulation indicates that their streamer would have 
signifi cantly reduced the eff ort involved in acquiring 

data. In comparison of the simulated land streamer to 
the fi eld work of Büker et al., the land streamer could 
have reduced the eff ort of acquiring data by reducing the 
number of fi eld personnel by two and the total number 
of man hours by 608 hours. Using a land streamer, the 
same area could have been surveyed with 7% the eff ort 
required by Büker et al.’s fi eld crew [8].

While the number of publications in regards to near-
surface 3-D acquisition is limited it has been shown that 
the amount of eff ort and time required for performing 
3-D near-surface refl ection surveys can be signifi cantly 
reduced by improved acquisition equipment.

Autojuggie Research Applications
Early Autojuggie Application (Case Study 1)

Th roughout its evolution the autojuggie has been used for 
research applications within the Lawrence, Kansas area. 
One of the earlier applications was documented by Tsofl ias 
et al. [4] and Czarnecki et al. [11]. In this study the 
autojuggie was used in the investigation of a shallow water 
table and paleo-channel. At this point of development 
(Fig. 3) the autojuggie consisted of a 2-D array of seventy-
two geophones spaced 20.0 cm apart in both the inline 
and cross-line directions. As can be seen in the fi gure, 
hydraulic cylinders were used to lower the bottom portion 
of the frame to decouple the geophones from the autojuggie 
and a tractor used to position the array.

In this confi guration the array was able to be moved 
and repositioned in under three minutes time and the 
shallow water table (Fig. 3) successfully imaged. Th ese 
early accomplishments showed that the autojuggie could 
signifi cantly reduce the amount of time and eff ort 
required for performing 3-D near-surface imaging.

Recent Autojuggie Application (Case Study 2)

Sloan [5] used the autojuggie in its current state (Fig. 4) 
of development to further investigate the earlier fi ndings 
of Tsofl ias et al. [4] and Czarnecki et al. [11]. During 
the course of his research Sloan was able to image the 
top of the water table, consistent with earlier fi ndings, 
two stratigraphic refl ectors and bedrock (Fig. 4).

Fig. 1. Autojuggie evolution: a) geophones mounted to a board; b) geophones mounted to a hydraulically driven metal 
bar; c) hydraulically activated 2-D geophone array; d) the current autojuggie with one wing deployed.
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Th is research marks an important step in near-surface 
3-D seismic refl ection imaging. It showed that a robust, 
cost effi  cient acquisition device could be developed and 
used to quickly image the near-surface by acquiring high 
resolution seismic refl ection data. In comparison with 
the previously acquired 3-D survey [4, 11] at the same 
test site, an 18% increase in square meters covered per 
hour, a 60–67% decrease in labor, and a 500% increase 
in fold was achieved [5].

Recent Autojuggie Application (Case Study 3)

Characterizations of near-surface material properties are 
of importance to transportation infrastructure projects 
and cost eff ective methods for bedrock and soil mapping 
are commonly the main objective. In an eff ort to address 
these considerations geophone base plates were fabricated 
allowing the autojuggie to deploy geophones on pavement 
systems. Th e results of this research project show that 
high resolution seismic refl ection profi les can be obtained 
quickly and effi  ciently over blacktopped terrain.

To adapt the autojuggie for the purpose of addressing 
transportation infrastructure investigations a method for 
deploying geophones on blacktop was devised. As an 
alternative to using traditional geophone spikes, metal 

base plates were fabricated. Several plate sizes were tested 
and a plate size of 10.0 × 15.0 × 0.6 cm size proved to 
provide adequate signal while maintaining a reasonable 
size.

Because traditional spiked geophones cannot be used 
on pavement systems a method to deploy base plates 
with mounted geophones was designed. To deploy the 
base plates a threaded rod was placed through the hole 
on the lower frame of the autojuggie, secured on the top 
with a geophone and the base plate on the other end. 
Th is allowed the plate to be raised using the lower frame 
of the autojuggie, moved into position, and lowered into 
place.

Th e seismic source was also a consideration. Several 
sources, all consisting of a sledge hammer and metal 
striking plate, were tested. A modifi ed striking plate and 
small sledge hammer proved to be the most effi  cient 
source. Th e striking plate consists of a 20.0 × 15.0 × 2.0 
cm iron base with a 90 cm length of 4.0 cm diameter 
iron rod welded to the plate. Th e modifi ed striking plate 
provided excellent signal while decreasing the amount of 
time required in moving the source to each station.

Figure 5 shows a stacked section from data collected 
over a blacktopped surface. Inspection of the stacked 

Fig. 3. a) Early autojuggie design (from Tsofl ias et al., 2006); b) top of the water table (from Czarnecki et al., 2006).

Fig. 4. a) the autojuggie deployed (from Sloan, 2008); b) 3-D diagram with interpreted refl ectors (modifi ed from Sloan, 
2009).
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section reveals continuous, relatively fl at refl ectors at 
35 ms and 70 ms. Well log records from the Kansas 
Geological Survey Water Resources [12] were used to 
correlate the CMP stacked section with known subsurface 
lithology. Depth calculations from the seismic data were 
compared to well log records. Th e lower refl ectors are 
also in agreement with well log records and record the 
cyclic nature of the Pennsylvanian age cyclothems 
characteristic of eastern Kansas [13, 14].

Th e results of this study show that the autojuggie can 
be successfully adapted for performing high resolution 
seismic refl ection surveys over paved surfaces in support 

of transportation related projects. It has also proven to 
be a quick method for determining two of the top three 
most common geophysical applications in transportation 
projects; bedrock and soil mapping.

Future Autojuggie Research
Research is currently ongoing to improve both base plate 
and survey design. During the pavement system testing 
described above it was found that coupling problems 
arose from the thin plates. Several new plate sizes have 
been tested with the current size (Fig. 6b) being 10.16 cm 

Fig. 5. Interpreted CMP stacked section. Depths correspond with well log records obtained for the area.

Fig. 6. a) Autojuggie equip with base plates; b) current base plate; c) plates attached to autojuggie.
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× 15.24 cm × 1.9 cm. Th e plates have been designed to 
support both 100 Hz and 28 Hz geophones. Th is will 
allow for simultaneous acquisition of high frequency and 
low frequency information for refl ection and surface 
wave analysis.

A new method of securing the base plates to the 
autojuggie (Fig. 6c) has also been devised. Using the 
holes in the lower frame of the autojuggie allows the base 
plates to be connected to the autojuggie using a series of 
nylon straps. Th e lower frame can then be raised to move 
the base plates and lowered when the new patch location 
is positioned. When the plates are lowered all tension is 
removed from the straps, ensuring that noise is not 
introduced from the framework of the autojuggie.

Survey designs are also being modeled with the goal 
of designing a 3-D survey that will use the least number 
of source locations while still being able to adequately 
image the target. A survey was currently conducted to 
test the adequacy of using twenty four source locations, 
at 4.0 meters in both the in-line and cross-line direction, 
per patch. Analysis is undergoing to determine if the fold 
produced by this number of locations is suffi  cient to 
image the target refl ector.
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