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3-D Seismic Examples from Southern Oklahoma

P
z

REGIONAL LOCATOR .~
3DEXAMPLES .2~

7
|
i
|

— i
. i
" _r_, 1__'_w,__‘.__ A
| CHEROKEE PLATFOR‘;A
et e,

|
i
fee

Figure 80. index map of Oklahoma showing principal structural features. Examples in Grady and Garvin Counties are indicated.

(Figure courtesy of Springman E&D.)

get data from the horizon you are exploring, then it is
unlikely that your 3-D seismic survey will work either.
The main idea to be stressed here is to keep your objec-
tives with a 3-D survey realistic.

In spite of the warning about 3-D seismic data, we
are convinced that when 3-D seismic data are viable,
they work beautifully. These data re-
duce risk and greatly improve the devel-
opment of reserves. Both of these char-
acteristics mean better profits. These
are the reasons that 3-D seismic survey-
ing should be used here in Oklahoma.
The examples discussed in the following
sections illustrate the value of 3-D seis-
mic data. Figure 80 is an index map of
Oklahoma indicating the approximate
locations of these case histories. Figure
81 shows a preliminary structure map of
the region discussed. The solid-black
areas represent oil fields. The target
horizon is the basal Qil Creek sandstone
of Middle Ordovician age.

WHITEBEAD OIL FIELD

The first example is Whitebead oil
field. The first step toward exploring an
area is to get comfortable with identify-

ing the reflectors associated with your %

exploration target. Figure 82 illustrates a
sonic log and a synthetic seismogram

dominate the reflection character of the area, as shown
on the synthetic seismogram in Figure 82, but a good
reflector is also identified within the target zone, the
basal Oil Creek sand. This reflector was used to map
the structure. In some areas of Oklahoma, the basal Oil
Creek sand reflector cannot be followed directly. In

WEST WHITEBEAD OIL FIELD

S.E. ANTIOCH OILL FIELD

N. ANTIOCH O

GOLDEN TREND
S.W. MAYSVILLE UNIT

for the area of Garvin County shown in
Figure 81. The carbonate zones tend to

Figure 81. Map for Garvin County examples; 3-D projected view of structure
map (top). Solid-black areas represent oil fields. Exploration target is basal Oil
Creek sand. (Figure courtesy of Springman E&D.)
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Well Name: CHRISTIE-STEWART BUTT "C"#1
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Figure 82. Sonic Iog and synthetic seismogram for Garvin County area. Note strong reflections at Hunton, Viola, and Arbuckle.
Exploration target is basal Oil Creek sand (B.O.C.SD.). (Figure courtesy of Springman E&D.)

these areas, the interpretation depends on adjacent re-
flectors.

Figure 83 illustrates a shot gather. A single shot is
fired, and a linear array of geophones is used to record
the signal. The recorded traces when plotted in this
fashion are referred to as a shot gather. Note that a
number of reflectors can be identified on the shot
gather without even using any seismic processing.
Some of the same reflectors observed on the synthetic
seismogram in Figure 82 can be observed on this shot
gather. When you can identify reflectors on the raw
records (very much like J. Clarence Karcher did in his
original seismic experiments), you can bet that the

quality of the data after recording and processing will
be very good. This is an indication that both 2-D and
3-D data will record good 51gnals in this area.

Figure 84 illustrates a 2-D seismic line in this area of
Garvin County. Note the clarity of the seismic response
from some of the key reflectors. Because 2-D data are
highly successful in this area, we are not expectmg any
“miracles” when we move into using 3-D seismic data.
The target interval, the basal Oil Creek sand, is 51mply a
structural play. The goal, then, is to use 3-D seismic
data to identify prospects. Figure 85 shows a 2-D
record section taken from a 3-D survey. Although there
appears to be a slight improvement in the quality of the
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signal shown in Figure 85 in comparison to Figure 84,
this simple 3-D view does not show the real advantage
of 3-D methods. ,
Figure 86 is a structure map of Whitebead oil field,
based on available well control and 2-D seismic data.
This initial picture is not very indicative of additional
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Figure 83. Shot gather collected in Garvin County. Some of the
reflectors identified are the same as those observed on the
synthetic seismogram in Figure 82. See text for further expla-
nation. (Data furnished by Morris E. Stewart Oil Company.)
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reserves. Below, we describe how 3-D seismic data
were used to find additional reserves in the field.

Figure 87 illustrates a revised structure map over a
part of Whitebead oil field that resulted from the 3-D
survey over the field. The revised structure map and
the hatched area in Figure 87 are compared with the
preliminary structure map for the field in Figure 88.
The additional potential of the field (shown hatched in
Figs. 87, 88) would not have been detected without the
benefit of the 3-D seismic study. Figure 89 illustrates a
3-D projected view of the structure and gives a clear
picture of the high position of the new well in compar-
ison to the existing wells in the area. Figure 90 shows
the suite of logs through the basal Oil Creek sand in
the successful production well, the Lario No. 4-5 West
Whitebead Unit.

In summary, 3-D seismic data were used to find ad-
ditional reserves and optimize well positioning in
Whitebead oil field. The first step in mapping the area
was to identify the reflector in the target interval, the
basal Qil Creek sand. Next, a 3-D seismic survey was
used to gain a detailed structural picture of the field.
Because 2-D methods were useful for structural map-
ping, no “miracles” were expected from the 3-D survey.
The result was a new well and improved production
from the field. Oklahoma is filled with potential ex-
amples like this one.

SOUTH BRADY OIL FIELD

The next example of a successful application of 3-D
seismic data is also in Garvin County. Figure 91 shows a
preliminary structure map of South Brady oil field,
based on available 2-D seismic data and well control.
The surprising aspect of this example is the density of
2-D data available for the field. It is tempting to believe
that a dense grid of 2-D lines is equivalent to a 3-D seis-
mic survey. This example shows that 3-D surveys can
be used to detect structures that cannot be mapped or
were not mapped using a dense array of 2-D seismic
lines.

Figure 92 illustrates a revised structure map that re-
sulted from a 3-D seismic survey over the area. Note
the revised faulting and structural changes. Figure 93
illustrates 2-D-line segments of the 3-D seismic survey
over this area. Line A (Fig. 93A) illustrates how closely
the 3-D data can be used to predict fault positions at
the basal Oil Creek sand. Line B (Fig. 93B) illustrates a
synthetic seismogram embedded in a part of the line in
comparison to the actual data around the basal Oil
Creek sand interval. Because the reflectors are dipping
in this area, a slight shift is allowed between the syn-
thetic seismogram and the actual reflectors to account
for the dip of the reflectors. Note how clearly the fault-
ing stands out on these sections.

In summary, the 3-D seismic picture improved the
interpretation of the area and actually led to some new
thinking that cannot be discussed in this publication.
However, it is clear from the maps of South Brady oil
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Figure 84. A 2-D seismic line, Cleveland County. (Data furnished by Morris E. Stewart Qil Company.)
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Figure 85. A 2-D section taken from a 3-D seismic survey in Garvin County.
(Data furnished by Morris E. Stewart Oil Company.)
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field that the 3-D data were able also to
clarify where one should not drill. What
more can one ask of a technology than
to lead to new prospects and eliminate
dry holes? Another conclusion from this
study is that a dense array of 2-D seis-
mic lines like that shown in Figure 91 is
not equivalent to a well-designed 3-D
study.

NORTH BRADY OIL FIELD

Moving slightly north of South Brady
oil field, an example from North Brady
oil field, Garvin County, is examined.
Figure 94 illustrates structure maps
made before (left side of figure) and
after (right side) a 3-D survey was con-
ducted. Some prospective areas thought
to have potential were identified
(shown hatched on the left map in Fig.
94) before the 3-D survey was shot. Note
the number of dry holes in attempts to
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Figure 86. Structure map of Whitebead oil field in Garvin County. Based on well control and 2-D seismic lines. (Data furnished
by Morris E. Stewart Oil Company. Figure courtesy of Springman E&D.)
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Figure 87. A 3-D revised structure map of part of Whitebead oil field. Hatched area represents additional oil above a nearby well.
The Lario No. 4-5 West Whitebead Unit was a successful production well that resulted from the 3-D survey. (Figure courtesy
of Springman E&D.)
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Figure 88. Comparison of structure maps of Whitebead oil field before and
after 3-D seismic studies. Revised 3-D structure contours based on 3-D
seismic data are shown in black, and original contours for preliminary map
based on 2-D seismic data and well control are in green. Revised fault inter-
pretation is in bold red, and original fault interpretation is shown in light red.
The improved potential of the field from the 3-D survey is hatched, and the
new well is spotted on the map. (Data furnished by Morris E. Stewart Qil
Company. Figure courtesy of Springman E&D.)
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Figure 89. lllustration of the improved under-
standing of the structure of Whitebead oil
field as a result of the 3-D seismic survey.
This new understanding led to optimum de-
velopment of the field. (Data furnished by
Morris E. Stewart Oil Company. Figure cour-
tesy of Springman E&D.)
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Fig.ure_QO. Suite of logs illustrating porosity and pay zone of basal Oil Creek sand in the Lario No. 4-5 West Whitebead Unit well,
which improved reserve estimates for Whitebead oil field. (Data furnished by Morris E. Stewart Oil Company. Figure courtesy
of Springman E&D.)
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\" Figure 91. Preliminary structure map of
.\ South Brady oil field, Garvin County, based
\ on available well control and 2-D seismic
N lines (shown on map). (Data furnished by
0 Morris E. Stewart Oil Company. Figure cour-
e tesy of Springman E&D.)
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Figure 92. Revised structure map of South Brady oil field, based on a 3-D seismic survey shot over the field. Note revised fault-
ing in comparison with Figure 91 as well as other structural changes. Also indicated are parts of extracted 2-D lines from the
3-D survey (see Fig. 93). (Data furnished by Morris E. Stewart Oil Company. Figure courtesy of Springman E&D.)

extend the productive area from one well in the east-
central part of the left map in Figure 94. After conduct-
ing the 3-D study, a new structural high was found in
the field (shown hatched on the right map in Fig. 94).
This area was drilled and found productive. None of
the original thinking proved to be correct in this case.
Once again, 3-D seismic data show a clear benefit over
dealing with sparse data.

IN OKLAHOMA,
“WHEN IT RAINS, IT POURS”
When drilling in Oklahoma, finding a reservoir at
one horizon often leads to the discovery of reserves at

other levels. Figure 95 is a current structure map of
North Brady oil field time-colored at the target horizon
(so that the colors indicate the structure). Note the
wells developed off the crest of the high in the western
part of the map (the same high indicated on the right
map in Fig. 94). These wells were a pleasant surprise,
with production from other zones. Hence the saying in
Oklahoma: “When it rains, it pours.” This is what
makes exploration in Oklahoma so exciting. There is
always the potential for additional pay zones associ-
ated with a target horizon. In this case, the structure
found at one depth was mirrored in the structure that
led to the discovery of producible oil in the basal Oil
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South Brady oil field. (A) A 2-D record (line A in Fig. 92) taken from the

3-D seismic survey. Note faulting and the clear separation on the seismic record between productive and nonproductive wells.
(B) Line B (see Fig. 92) and a synthetic seismogram embedded in the section (shown by traces with increased spacing). Note
faulting observed at level of basal Oil Creek sand. (Data furnished by Morris E. Stewart Oil Company.)

Creek sand. Figure 96 illustrates the log response from
the well that was drilled in North Brady oil field. Figure
97 shows a sonic log and a synthetic seismogram used
to guide the mapping of that area.

SUMMARY AND CONCLUSIONS

In summary, we have covered examples that clearly
indicate the advantages of the use of 3-D seismic data
within Oklahoma. Our advice is to keep your objectives
simple when using 3-D methods. Do not expect mira-
cles. In the area of study described in this article, 2-D
seismic methods were capable of mapping reflectors.
However, 2-D surveys do not offer the density of cover-

age that is usually required to find additional reserves.

The examples shown previously clearly illustrate that
3-D seismic surveys led to the drilling of additional pro-
ductive wells within the fields described. Besides delin-
eating the basal Oil Creek sand, the studies led to addi-
tional productlve zones at other depths. This makes
Oklahoma a prime target for infill drilling guided by
3-D seismic surveys.
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NORTH BRADY BEFORE 3-D NORTH BRADY OIL FIELD
AFTER 3-D INTERPRETATION
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Figure 94. “Before” and “after” 3-D structure maps
of North Brady oil field, Garvin County. Structure
(depth) map on left indicates preiiminary thinking
about this area using 2-D seismic lines and well
control. Hatched areas were prospective before the
3-D survey was shot. Structure (time) map on right
is based on the 3-D survey of the area. (Data fur-
nished by Morris E. Stewart Oil Company. Figure
courtesy of Springman E&D.)
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Figure 95. Map showing structure by color (time). Revised time structure based on 3-D seismic survey over
North Brady oil field. Also shown are additional wells that appear to be off the crest of the structure; these
wells are productive from deeper zones. (Data furnished by Morris E. Stewart Oil Company. Figure courtesy 1190.3
of Springman E&D.) 1188.0
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Figure 96. Log response for the productive new well in
North Brady oil field. This well was drilled as a result of
the 3-D seismic survey over the field. (Data furnished
by Morris E. Stewart Oil Company.)
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Cklahoma Geological Survey Special Publication 99-1

The Chester Formation in South Eubanks Field,
Southwestern Kansas

Ernie R, Morrison

vy

INTRODUCTION

This paper covers parts of T.29S,,R. 34 W.,and T. 30
S., R. 34 W,, in Haskell County, Kansas (Fig. 98). The
information presented here was gathered from the
records of more than 40 wells that were drilled to de-
velop Mississippian Chester reserves in south Eubanks
field.

During development of the field, two cores were
taken. The MLP No. 4-3 Black well, in sec. 3, T. 30 S., R.
34 W., was cored from 5,411 to 5,491 ft, through a part
of the Chester formation. The MLP No. 2-9 Clawson

well, in sec. 9, T.29S., R. 3¢ W., was cored from 5,389 to
5,434 ft, also through a part of the Chester formation.

In addition to describing the core, well-site geolo-
gists examined drill cuttings from all the wells. The nor-
mal evaluation of porosity and permeability of the
cores was performed by Core Laboratories. Stim-Lab,
Inc., used thin-section, scanning-electron-microscope,
and X-ray-diffraction analyses to help determine the
depositional environment.

Electric logs were run to help evaluate the wells and
determine water saturation and porosities. Acoustic
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logs were run in most of the wells to tie back to a three-
dimensional (3-D) seismic survey.

REGIONAL SETTING

The area this paper covers lies in the Hugoton em-
bayment of the Anadarko basin within the boundaries
of the Permian Hugoton gas field. Various operators
are now in the process of drilling for deeper Pennsylva-
nian and Mississippian pay zones. Eubanks field is on
the north end of the study area, and Victory field, on
the southeast end (Fig. 99). Eubanks was discovered in
1958, and Victory in 1960.

Mississippian Chester sandstones constitute some
of the main pay zones in these fields. Also productive
are the Lansing, Kansas City, Marmaton, Cherokee,
and Morrow units of Pennsylvanian age, and the St.
Louis Limestone of Mississippian (Meramecian) age
(Fig. 100).

The Chesterian Series disconformably overlies the
Ste. Genevieve Limestone, and at some places, the St.
Louis Limestone (Fig. 100). The Chester is unconform-
ably overlain by the Pennsylvanian Morrowan Series.
Kreisa (1983) and Severy (1975) conducted two infor-
mative studies of this area.

EXPLORATION EFFORTS

Early deep drilling in the study area used subsurface
information from the shallow “Hugoton” wells to pro-
ject deeper structural features. Two to three shallow
wells per section allowed for good control for the Per-
mian strata. In the 1980s, Mesa Petroleum conducted
an extensive two-dimensional (2-D) seismic shoot across
the area. This seismic survey worked well for major struc-
tures but did not depict smaller structural features or
areas where Chester sandstones may have been depos-
ited on scoured surfaces of the underlying Ste. Gene-
vieve or St. Louis Limestone. In 1994, the No. 1-9 Claw-
son, drilled in sec. 9, T. 29 S., R. 34 W,, encountered a
scour feature containing Chester sandstone. This well
site was chosen on the basis of subsurface geology.

As development drilling progressed, it was evident
that a 3-D seismic survey would be an exploration tool
that could enhance the success of delineating these
narrow channel scours. So a 26-mi? 3-D seismic survey
was shot to help define the subtle features that make
up the Chester sandstone reservoir in this area. The
shoot was designed to take advantage of the known
structural orientation. The bin size of the survey was
110 by 82.5, with the 110-y axis in a north-south direc-
tion. This design allowed for the imaging of the narrow
scour features. The 3-D interpretation indicates a re-
gional fault on the west side of the shoot and a linear
scour feature that extends from north to south through-
out the survey area (Fig. 101). Hugoton Energy Corpo-
ration drilled 14 successful wells in succession within
this major scour feature. Many of the features that are
visible on the 3-D records are small, but this seismic
method has allowed Hugoton Energy to identify and
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drill these features with a high degree of success. Mark
Grommesh was the seismic interpreter. The major
scour feature is less than 1,000 ft wide in most places
(Fig. 102A,B).

The 3-D seismic survey also indicates a series of
karst features that are visible in the Chester and deeper
strata. To date, these karst features have not been tested.

LITHOLOGY AND DEPOSITION

The total Chester section in this area ranges in thick-
ness from approximately 100 ft on the north end to al-
most 300 ft on the south end. The upper part of the
Chester consists of a limestone and shale sequence
(Fig. 103). The lower Chester is sandstone rich, and
these lower sandstones make up the reservoir rock. The
major depositional environment of the Chester ap-
pears to be a transgressive sequence with marine and
near-marine influence.

From drill cuttings, the upper limestones are de-
scribed as tan to light brown and mottled. The lime-
stones are microcrystalline, with some crystalline po-
rosity. They are slightly fossiliferous and contain oo-
lites. Several well-site geologists noted a trace of glau-
conite. According to core descriptions, the limestones
are light to dark gray, fossiliferous, and interclastic. The
clasts are typically well rounded and poorly sorted. The
fossil grains are made up of crinoid and mollusk frag-
ments. The rock is a shallow-marine limestone repre-
sentative of a marine transgressive sequence and the
deeper part of an estuary. Both cores were taken from
the deeper part of the major scour feature.

Most of the shales described from the drill cuttings
are light to medium gray, although some are black and
carbonaceous. In addition, gray-green shales were
noted. Descriptions of the shales from cores are simi-
lar; these shales were observed to be dark gray, calcar-
eous, and fissile, with interbedded mudstones. Some
thin-bedded coals were also observed in the cores.

The lower part of the Chester in this area contains
the reservoir section. The sandstones range from ab-
sent to >100 ft in thickness. The sandstones can be di-
vided into at least three separate units within the scour
feature, with the lowermost sandstone being the most
pervasive. The drill cuttings from the sandstone have
been described as clear and white to very light brown.
Some samples exhibit brown staining and scattered
shows of free oil or gas bubbles. As these sandstones
are drilled they often produce a sizable gas kick and
usually are characterized by a distinct drilling break.
The drilling break is not always noticeable, however,
and some sandstones are very hard because of carbon-
ate cementation. The sandstones are fine grained and
well sorted. Visible porosity is good to excellent, as an
abundance of loose sand grains often can be seen in
the samples.

Descriptions of the core samples vary more than
those of the drill cuttings, but for purposes of this paper
a generalized description is presented. The sandstone
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is a very fine to fine-grained quartz sandstone with minor
amounts of chert, feldspar, and heavy minerals. Illite and
smectite are the most abundant clay minerals, with
lesser amounts of kaolinite. The sandstone is cemented
by quartz overgrowths and calcite. Intergranular po-
rosity predominates, with minor amounts of secondary
porosity. Minor vertical fracturing is also present.

Neutron/density—-porosity-log cross-plot values of
11% to 14.5% porosity are seen within the reservoir
intervals. The average cross-plot value across the pay
zone is 12.3%. The Core Laboratory analyses calculated
porosities ranging from 8% to 13.7%, with an average
porosity of 9.6%. Measured permeabilities ranged from
0.39 to 141 millidarcys (md), with an average perme-
ability of 19.7 md.

The depositional environment for the Chester sand-
stone is middle to upper intertidal flat with some evi-
dence of sand-wave-tidal-bar deposition. Some evi-
dence of an estuarine channel was observed in the
MLP No. 4-3 Black core. A typical fining-upward se-
quence, overlain by a channel-bar or channel-bottom
deposit, was observed from 5,440 to 5,490 ft. Stim-Lab
interpreted the overall depositional environment for
the MLP No. 4-3 Black core to be an estuary-tidal flat.

The MLP No. 2-9 Clawson appears to have encoun-
tered more of a marine-influenced environment, as in-
dicated by skeletal fragments, coated carbonate grains,
and glauconite.

The overall depositional environment was con-
trolled by the erosional surface of the underlying Ste.
Genevieve or St. Louis rocks. The exposure of these
surfaces and their subsequent erosion allowed the
transgressing seas to deposit the sands that make up
the lower Chester reservoirs. The long scour feature
that cuts across the area is channel-like in appearance
but shows little evidence of a fluvial depositional
system.

WELL COMPLETIONS AND
RESERVOIR PRESSURES

The first Chester well that Hugoton Energy Corpora-
tion drilled was on the flanks of Eubanks field in sec. 9,
T.29S., R. 34 W. Hugoton Energy’s standard practice
was to drillstem test (DST) most sample shows of oil
and gas as the well was being drilled. A DST showed the
bottom-hole pressure (BHP) in this first well to be 838
psi. This well was drilled on the basis of 3-D seismic
records in the NEY sec. 3, T. 30 S, R. 34 W,, with a near-
original BHP of 1,506 psi. Low BHPs extend within the
main scour feature from sec. 3, T. 29 S., R. 34 W, south-
ward to sec. 28, T. 29 S., R. 3¢ W. The wells drilled in the
3-D seismic “thick” or within the main scour feature
penetrated multiple sandstone deposits. The wells out-
side the scour feature penetrated a much thinner over-
all Chester section and a thinner sandstone section but
still are characterized by economic production.

The ultimate recovery on an average per-well basis
is 100,000 barrels of oil. The secondary-recovery poten-
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Figure 100. Stratigraphic column showing subsurface Missis-
sippian and Pennsylvanian units in southwestern Kansas.
Note the disconformable relationship of Chester sandstones
with the underlying Ste. Genevieve and St. Louis Limestones,
and the unconformity at the base of the Morrowan Series.

tial for waterflooding within the scour feature is high.
Hugoton Energy engineers used a drainage area of 40
acres with a 15% recovery factor. Some of the wells pro-
duce with minimal stimulation, but after initial flush
production these wells are fracture treated to enhance
production. Some of the wells in the northern part of
the area with lower BHPs exhibited almost no shows
after an initial treatment and had to be fracture treated
to produce. The Chester reservoir does not have an ac-
tive water drive, but minor amounts of water are pro-
duced from these wells. The trapping mechanism is a
combination structural-stratigraphic trap. The lower
sandstone that lies unconformably on the Ste. Gene-
vieve or St. Louis contains an associated water portion
and can be completely wet. The sandstones above the
lowermost sandstone tend to be productive within the
dictates of porosity and limestone content.

CONCLUSION

The use of subsurface mapping and 3-D seismic
methods has led to a better understanding of the depo-
sition of the Chester formation. As drilling continues,
the knowledge base will expand for this area, and
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Hugoton Energy Corporation (Chesapeake Energy) can
apply this knowledge to other areas.
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Buying Seismic Data from a Broker

Raymon L. Brown
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INTRODUCTION

This section describes how to buy seismic data that
are for sale to the general public. Those who sell such
data are called brokers. The brokers often represent
other people or companies. As a result, once you con-
tact a broker, the broker may have to contact his/her
client in order to move forward with a deal. Once a data
broker has been selected, several viewing and selection
options are open to a potential buyer.

DATA BROKERS IN THE
MIDCONTINENT REGION

At least four seismic-data brokers operate in the
Oklahoma, Kansas, and Arkansas region, as listed be-
low. Each broker presents the data in a slightly different
manner. If you are interested in purchasing data, just
call one of the numbers; the broker will be glad to help
guide you through the process.

Mid-Con Data Services, Inc.
Mid-Con Center

3601 S. Broadway, Suite 1000
Edmond, OK 73013

Phone: (405) 478-1234

FAX: (405) 478-4442
cprather@midcondata.com
www.midcondata.com

Seismic Exchange Inc. (SEI)
5101 N. Classen, Suite 206
Oklahoma City, OK 73118
Phone: (405) 848-8005

FAX: (405) 848-8371
jbooher@seismicexchange.com

Geodata Corporation
211 S. Cheyenne St.
P.0O. Box 3476

Tulsa, OK 74101
Phone: (918) 584-3366
FAX: (918) 585-5272
geodata@iamerica.net

Michael Crouch, Inc.
1650 East 2nd St.
Wichita, KS 67214
Phone: (316) 264-4334
FAX: (316) 264-4344

SPECIFYING AN AREA OF INTEREST

Before talking with a broker, you need to have some
idea of the counties to be covered. However, if you are
interested in an area with ample seismic coverage, the
broker may be able to help you make a selection that
includes a specific area for which an abundance of
seismic data is for sale. You may want seismic data near
a particular well. Filling this order is usually more dif-
ficult, but most of the time the broker can tell you
quickly what data are available for the area. Your task
will be to specify the limits of the area of your interest.
In Oklahoma, Kansas, and Arkansas, this usually means
specifying sections, townships, and ranges.

VIEWING THE DATA

The type of viewing available depends on the limita-
tions placed on the data by the owner (not the broker)
of the data. Some data can be viewed for a limited
period (5-10 minutes) in order to determine the quality
of the data. Usually this viewing is accomplished with-
out the benefit of a base map and/or shotpoint values
(so you won’t know the actual position of the line).

VINTAGES OF DATA
“One Hundred Percent” or “Single Fold” Data

When viewing the data, you will notice that a wide
range of data is available on the market. Some of the
oldest data are called “100%” data. Another expression
is “single fold.” Essentially “100%” implies that no real
processing was done (e.g., stacking). In other words,
you are looking at the raw records recorded in the field.
These data usually are the cheapest; some consultants
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are still around who can interpret this type of data.
When 100% data were originally collected, the data
were sold in the form of single seismic traces. Today,
some companies have processed the 100% data to look
like modern data. The simplest processing makes the
100% data appear like the stacked data. This means
that the actual position of a reflector may be slightly
incorrect as viewed. Other forms of 100% data have
been migrated so that the reflectors are in the correct
positions. It is important to find out how the data have
been processed in order to use 100% data effectively.

1950s-1970s

Data shot and collected in the 1950s was primarily
“stacked” data. During this period, W. H. Mayne (1962)
developed the idea for stacking data. Data shot and
processed from the 1950s through the 1970s were
probably limited to stacking. Stacked data can depict
the formations nicely, but the actual positions of these
data are not always correct. One has to correct the pic-
ture or have the data migrated to better predict the ac-
tual location of an exploration target.

Often, the data being viewed have been reprocessed.
You need to ask your broker about this possibility.

Post-1970 Data

In 1971, Jon S. Claerbout introduced the idea of
using wave-equation migration to locate the reflectors
properly on a seismic section. As a matter of routine,
data shot in the late 1970s and later were stacked and
migrated. Thus, most data collected since the late
1970s have been migrated. The most common type of
migration is called time migration. Time migration is
cheaper and easier to accomplish, but it is subject to
some errors of position where the velocity above a re-
flector changes rapidly. [n this case, a depth migration
is needed. Probably not many data on the market today
have been depth migrated. If you suspect that you may
have problems with rapidly changing velocities, it may
be worth your effort to talk to a processing company
about depth migration.

SELECTING HARD-COPY
AND DIGITAL FORMATS

The next item for you to decide is the form in which
you want the data. You may only want a paper copy.
However, you may need mylar or some other medium
that will allow you to make multiple copies of the data.
For example, copies can be made from seismic data on
mylar at a price of approximately $10 per mile. Copies
from film versions are roughly 4 times the price of cop-
ies made from mylar. If you are really working with
your seismic data, the paper gets folded and refolded
and begins to fall apart. You may want a neat copy in
order to make a presentation of your interpretation to
potential investors. In addition, an unmarked copy is

Buying Seismic Data from a Broker

needed so that interested persons can make an inde-
pendent judgment of the interpretation.

If you want to load your data on a workstation, you
will need to get a copy of the data in a format that can
be read by your computer. CD-ROM and 8-mm tape
are popular examples.

If you want to process the data, you will want a copy
of the original field records and the field data (the data
before processing). The field data and records for data
shot before the 1980s were not often kept. However,
most recent data are available in all forms. This type of
field data can be obtained on a 9-track tape or other
formats that are used by processors.

OTHER SERVICES

In addition to the simple purchase of a single line,
active companies can subscribe to a yearly service from
the data brokers. The brokers provide a CD-ROM and the
necessary software to plot the seismic lines at different
scales. This kind of service is very nice when you want to
lay your plotted lines over your exploration map.

PURCHASING THE DATA

The final step is the decision to purchase the data.
Prices for two-dimensicnal (2-D) data may range from
$700 to $1,650 per mile. Some brokers have a minimum
mileage (e.g., a 5-mi minimum). This is not an unrea-
sonable stipulation, because an overall assessment of
faulting, for example, may require this length of data.
The prices for 3-D data range approximately from
$10,000 to $20,000 per square mile. There is not a set
minimum for 3-D seismic data. This is handled on a
per case basis per approval of the owner of the data.
Once the buyer has made a decision, the broker con-
tacts the original owner and makes arrangements to
get the data to the buyer.

The data are not actually purchased, however. Usu-
ally you are buying the right to use the data and to
show the data to potential clients under limited condi-
tions. The basic idea is that the owner of the data re-
tains ownership. Dealing with the broker is basically
purchasing the right to use the data in your exploration
efforts and to show your interpretation to potential
clients. It is important to understand the restrictions
placed on data purchased in this manner.
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When Should You Spend Extra Money
for Three-Dimensional Seismic Data?
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INTRODUCTION

Deciding which technology to purchase in pursuit of
an exploration target is one of the constantly recurring
problems facing an exploration program. The answer
depends on the size of the target and the risk associ-
ated with finding the target. Surprisingly, even some
important logging is eliminated by operators because
of the economics. This means that for some circum-
stances in which dip measurements are critical, dip-
meter logs are not available. It also means that when
sonic logs are sometimes required for correlating with
seismic data, an operator has decided to save money
by eliminating certain logs. This kind of “economy” is
difficult to justify when one considers the cost of a well.
However, saving money on seismic data is somewhat
easier to justify, because modern three-dimensional
(3-D) seismic surveys can become a significant fraction
of the cost of a well.

This article describes how to address the issue of
when to use seismic data. The ideas have been taken
from a presentation given in 1999 by Kim Head of
Veritas GeoServices Ltd. in Oklahoma City. Although
the article is focused toward the use of 3-D seismic
data, the ideas presented here can be applied to all
technologies used for exploration.

The basic issues and answers addressed by Kim in
his presentation are as follows:

» Why we need to predict the value of 3-D data.
How 3-D data influence outcomes.

¢ How we value outcomes.

» How we can estimate the value of a 3-D survey.

The approach taken by Kim Head uses risk-analysis
methods. This means assigning probabilities to events
and determining the economic values associated with
the events. Even if one is not adept initially at assigning
probabilities, one gets better with experience. For ex-
ample, someone flipping a coin may not have much of
a background in statistics, but it will not take long to
appreciate that the probability of throwing “heads” is
50%. The ability to assign probability is a skill that is

learned from practice. Published statistics and direct
experience are both contributors to our estimates of
probability. Let’s assume for the moment that you are
comfortable with assigning probabilities to events.
How then do we answer the questions listed earlier re-
garding the potential use of 3-D seismic data?

NET PRESENT VALUE

The answer depends on the net present value (NPV)
of an economically successful prospect (NPVsuyccess)
and the net present value of an economic failure
(NPVeanurs). Net present value is an expression that
accounts for the time value of money. In particular, any
inflation and/or other time-dependent effects of money
are taken into account so that the value of the project
today can be stated in terms of today’s dollars. These
two expressions then estimate the amount of money
(in terms of today’s dollars) that you could win or lose.
If you don’t think time is an issue, you can simply use
the amount of money you expect to win or lose in the
deal for these values.

EXPECTED MONETARY VALUE

Now if we can assign a probability of economic suc-
cess, Pgs, then the probability of economic failure, Pgr,
is given by the following equation:

Pgp =1~ Pgs

The criterion used to judge a prospect is called the
expected monetary value (EMV) of money. The follow-
ing equation is used to evaluate the EMV:

EMV = (Pgs x NPVsyccess) — (Per X NPVEarLure)

The above equation is a statistician’s way of evaluating
whether the prospect will make money (on average) or
lose money (on average). If the answer is positive, then
the prospect can be considered a viable prospect (as-
suming that all the statistical assumptions are correct
and the company has an infinite reserve of money that
can be used to test the statistics). If the EMV is negative,
the project is judged to be a potential failure. These
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basic ideas are used to evaluate prospects. Now let’s ex-
pand on these ideas and see how the purchase of 3-D
seismic data can affect the value of a prospect.

EVALUATION OF THE PROBABILITY
OF ECONOMIC SUCCESS

To evaluate the probability of economic success
(Pgs), it is sometimes convenient to express this as a
product of the probability of scientific success, Ps
(correctly predicting the source, migration, reservoir
trap, and seal), times the probability (Penoucn) that
if you find a working hydrocarbon system it will be
large enough to exploit economically. Thus, we can
express the probability of economic success in the
form:

Prs = Ps X Penoucr

The separation is made here because we want to iden-
tify the contribution that seismic data (3-D seismic in
this discussion) will make to our “scientific success.”
There is nothing we can do to change the value of
Penoucs. That value is determined by “Mother Nature.”
Our task in exploration is to modify Ps.

VALUE OF INFORMATION
(VALUE OF SEISMIC DATA)

To determine the value of information, a statistical
evaluation can be used that is based on the economics
of the prospect. The basic idea is a simple one. Simply
evaluate the EMV with the seismic data, and the EMV
without the seismic data. The difference is called the
Value of Information (VOI):

VOI = EMVwira seismic — EMVwirsour seismic

This equation suggests that the value of information
(3-D seismic data in this case) depends on (1) the prob-
ability of scientific success and (2) the amounts and
timing of expenditures and cash flow (the time value
of money). We will not elaborate on the time value
of money at this point. Below, we concentrate on the
value of seismic data and how these data contribute to
the evaluation of a prospect.

EFFECT OF 3-D SEISMIC DATA
ON THE EVALUATION OF A PROSPECT

As described above, the VOI depends on the prob-
ability of scientific success and the NPV of the pros-
pect. Seismic data affect both of these quantities. The
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influence of 3-D data on the probability of scientific
success is as follows:

» Reduces structural uncertainty by about 38%.

 Improves drilling success rates and prevents
dry holes by about 23%.

Seismic data also affect the NPV of a prospect in the
following manner:

» Identifies bypassed areas, increases reserves,
and may increase surface facilities.

* Increases the number of locations drilled.
+ May accelerate field development and payout.

* Optimizes well locations and can improve re-
covery factors.

¢ Increases costs.

Many large companies (e.g., Amoco and Exxon) have
reported an increased drilling success of 20% when us-
ing 3-D seismic data versus the conventional use of 2-
D seismic data. The 3-D data act to optimize the stak-
ing of well locations so they are positioned properly
from a structural and/or a stratigraphic viewpoint (a
“sweet spot”). Improving drilling locations in this man-
ner ultimately boosts the recovery factors for a field.

SUMMARY AND CONCLUSIONS

In summary, the value of 3-D seismic data to a pros-
pect can be evaluated by using the basic equation below:

VOI = EMVwrra seismic — EMVwrrrour sezsmic

Positive values for the above equation indicate that
the seismic data should be purchased and used. Nega-
tive values indicate that the use of 3-D data should not
be considered. Published industry probability data and
their anticipated impact on NPVs can be used to esti-
mate the value of 3-D seismic data. These equations
should be useful to anyone wanting to support or argue
against a proposed 3-D seismic survey.

The value of seismic data to a prospect is ultimately
a function of the additional costs of the data and other
value changes to the prospect compared to changes in
the risk of the project. Acquiring 3-D seismic data also
makes the NPVs of a prospect change because of in-
creased costs, changes in field-development scenarios,
and cash-flow timing. In addition to affecting the NPVs
of a prospect, 3-D seismic data ultimately raise the
probability of economic success and lower the prob-
ability of economic failure. What more can you ask
from a technology?
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Consultants and Workstations
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CONSULTANTS

You have purchased (or want to purchase) seismic
data that cross productive property you own, so what
do you do with these data?

Generally speaking, operators (unless they are ex-
ploration companies) do not have staff geologists or
geophysicists. Typically, consultants are used for short-
duration projects to interpret either two-dimensional
(2-D) or three-dimensional (3-D) information. It is
advisable to take a consultant with you when viewing
data at a broker's office if you are not familiar with seis-
mic information. The consultant can advise you on the
quality of the data, negotiate (to some degree) the price,
and understand how much data you need to solve your
particular stratigraphic or structural problem.

When looking for a consultant, you need to consider
several points and options:

1. Contact the nearest local geological or geophysical
society.—In the Midcontinent, local societies are pres-
ent in such major metropolitan areas as Wichita, Okla-
homa City, Tulsa, Ardmore, Amarillo, Dallas, and Fort
Smith. The officers of the local societies will know ex-
perts in their areas who can address your particular
problem.

2. Another organization to contact is SIPES.—SIPES
(the Society of Independent Professional Earth Scien-
tists) is a multidisciplinary, certifying organization
made up of small independents and consultants who
are geologists, geophysicists, and engineers. The na-
tional office is in Dallas and has a full-time administra-
tive secretary to handle calls (telephone, 214/363-
1780). The organization maintains a national data base
of members who are consultants and will answer in-
quiries by furnishing two or three names of persons
meeting the criteria you need. Local chapters of SIPES
in the Midcontinent are in Wichita, Oklahoma City,
and Dallas. These chapters also can furnish informa-
tion about interpretive consultants in their areas. SIPES
members tend to be among the “who’s who” in their
respective areas, and they adhere to high ethical stan-
dards.

3. Word of mouth.—Ask other producers in your
area if they have used seismic data to enhance their

production. If they have purchased and applied seis-
mic technology, ask about the consultants they used
and whether they were pleased with the results.

When you have found a consultant who has exper-
tise in your area, there are several steps you need to
take:

1. Establish the scope of your project early.—Write
down what tasks you need to accomplish. This may
range from the quality control of data through inter-
pretation, integration of well information, and map
generation. Be specific about the maps you want gen-
erated.

2. Get a written cost proposal in response [0 your scope
of project.—Find out if the consultant has a minimum
charge on a day rate (many have a minimum charge for
half a day even if you need only 1 hour’s work). Find
out the cost per hour, per day, or for a longer period.
Often the cost goes down the longer the project lasts. If
possible, get bids from more than one person, with a
clear understanding of the time involved in completing
the project. Ask for references, and contact those refer-
ences! You want to make sure you are getting what you
need in terms of expertise.

3. Negotiate the terms (cost) of the project, and get
it in writing.—Many consultants want to be paid a
retainer or a percentage of the bid before beginning a
project. When you are satisfied with the results (de-
pending on the length of time), then the balance of the
contract is paid. Some consultants are willing to trade
consulting time for a small overriding royalty interest
or a cash bonus (they are willing to risk their time and
expertise for more value). Be sure you have a written
contract with the consultant, especially if it is someone
with whom you are not familiar.

4. If you have purchased 3-D seismic data.—Make
sure the consultant has access to and understands the
use of a computer workstation. As stated earlier, inter-
preting 3-D data from paper is time consuming and
messy, and the interpreter is not able to compute the
seismic attributes (amplitude maps) that may enhance
drilling opportunities. It is much more efficient to in-
terpret 3-D seismic data at a workstation. Remember
that a consultant who is experienced in 3-D interpreta-
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tion has a workstation and will be more expensive than a
consultant hired to interpret one 2-D line. The 3-D con-
sultant has gone to some expense to purchase a work-
station and learn the interpretive software. There are
also increased overhead costs associated with the right
to own and use the software. This may add as much as
$75-$100/hour in costs, but the efficiency in interpre-
tation and manipulation of the data far outweighs the
cost. You will be responsible for purchasing any digital
base maps and well files needed to integrate the seis-
mic data with your productive area, but you will also
own the license to those data. Have the consultant give
you the estimated costs of providing this information.

5. If you have purchased 2-D seismic data.—The con-
sultant will need several prints of the lines, probably at
different scales, and clean base maps. You may need to
provide well-log information, production information,
formation tops, and any other geological information
for use in properly evaluating the seismic data and in-
tegrating it with the geology.

WORKSTATIONS

Two main types of interpretive software packages
are available on the open market to consultants: those
that run in the Unix Operating System, and those that
run on a standard personal computer (PC). The Unix
systems are familiar names to many in the industry—
for example, Landmark, Geoquest, Photon (although
they no longer exist under that name), and Charisma.
The PC packages are Kingdom, Seis-X, Vest, SeisVision,
and a few others. Most consultants who have their own
workstations work on the PC variety for at least two
reasons:

1. Cost.—A typical Unix hardware and software work-
station costs upward of $150,000. The same PC version

Consultants and Workstations

costs less than $30,000. This means that consultants
with Unix workstations have to charge considerably
more for their time to cover the higher cost of such
machines.

2. Maintenance.—Once a consultant has purchased
a Unix-based workstation, the software companies
(like Landmark and Geoquest) charge a maintenance
fee to use the software—usually about $30,000/year.
The maintenance fee covers new releases of the soft-
ware as well as technical support. Because the cost of
PC software is so much less, the maintenance costs are
also less. Typically, PC interpretive software costs
$6,500-$10,000, with maintenance costs running 14%
to 18% of annual costs. Again, consultants who own
Unix machines not only have to charge fees to recoup
the costs of their workstations but also have to cover
overhead costs in keeping the software. A consultant
working on a PC workstation tends to be much more
competitive in cost while having the same functionality
(in terms of software capabilities) as the Unix counter-
part.

Many people feel they are not getting an “official” or
the best possible interpretation unless it comes from a
Landmark or Geoquest machine—and that is just not
true. Great strides have been made in PC hardware and
software during the past several years—so much so
that PCs are actually faster than Unix machines, and
PC software has the same capabilities as the Unix
brands. All this is an advantage to the consultant using
a PC-based workstation and to you, because you can
get the same information at a much more competitive
price.

In the long run, the end result is what is important,
and your satisfaction with the technology and its appli-
cation to add new reserves is why we are all here!
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Glossary of Terms

(as used in this volume)

Most definitions modified from R. E. Shetiff, Encyclopedic Dictionary of Exploration Geophysics
(third edition, 1991), published by the Society of Exploration Geophysicists (SEG), Tulsa, Oklahoma.
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absorption—1. A process whereby energy is converted
into heat while passing through a medium. Absorption
for seismic waves is typically about 0.25 dB/cycle and
may be as large as 0.5 dB/cycle. 2. The process by which
radiant energy is converted into other forms of energy.
3. The penetration of the molecules or ions of a sub-
stance into the interior of a solid or liquid.

acoustic—Implies the absence of shear and of S-waves.
Usually refers to P-waves, sometimes is restricted to P-
waves in fluids (liquids and gases). Synonym: sonic.

acoustic impedance—Seismic velocity multiplied by
density. Reflection coefficient at normal incidence de-
pends on changes in acoustic impedance.

amplitude—The maximum departure of a wave from
the average value.

amplitude decay—Loss in strength of amplitude by
absorption or spreading loss as energy is reflected/re-
fracted through the subsurface.

analog—1. A continuous physical variable (such as
voltage or rotation) that bears a direct relationship
(usually linear) to another variable (such as motion
of the Earth) so that one is proportional to the other.
2. Continuous, as opposed to discrete or digital.

angle of incidence—The acute angle that a raypath
makes with the normal to an interface. This is the same
angle an approaching wavefront makes with the inter-
face in an isotropic medium. In the anisotropic case, it
is the angle between the raypath and the normal, the
raypath not necessarily being perpendicular to the
wavefront. The angle of incidence may be complex.

angle of reflection—Equal to the angle of incidence,
but as the raypath is reflected from an interface toward
the surface.

array—A group of geophones or other seismic receiv-
ers connected to a single recording channel (geophone
array) or a group of sources to be activated simulta-
neously (source array).
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automatic gain control (AGC)—A system in which the
output amplitude is used for automatic control of the
gain of an amplifier. Seismic amplifiers used to have
individual AGC for each channel, although multichan-
nel control was sometimes used. Also called automatic
volume control (AVC).

average velocity—The distance traversed by a wavelet
divided by the time required, both with respect to some
particular travel path and to a certain datum. For re-
flections, often refers to a ray reflected at normal inci-
dence, sometimes to a vertical travel path. See velocity.

band-pass filtering—Often specified by listing low-cut
and high-cut component filters.

bandwidth—1. The range of frequencies over which a
given device is designed to operate within specified
limits. 2. The differences between half-power drops to
half the peak power (3 dB). 3. The effective bandwidth
is where P(v)is the power at the frequency, v, and Pmax
is the maximum power. It is the width of a boxcar with
the same total power and the same peak power. 4. The
rate at which a computer resource can carry (accept or
deliver) data. Usually expressed in bytes per second or
bits per second.

bin—A linear distance for 2-D surveys or a rectangu-
lar area for 3-D surveys over which seismic traces are
summed together in the stacking process.

check-shot survey—A method of determining the av-
erage velocity as a function of depth by lowering a geo-
phone into a hole and recording energy from sources
on the surface.

coherence—A method of presenting 3-D seismic data
that enhances the definition of faults and other struc-
tures.

common depth point (CDP)—Also referred to as com-
mon midpoint (CMP). Having the same midpoint be-
tween source and detector. Sometimes called common
reflection point.
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common midpoint (CMP)—See common depth point.

compressional wave—A P-wave or primary wave. An
elastic body wave in which particle motion is in the di-
rection of propagation. The type of seismic wave as-
sumed in conventional seismic exploration.

critical angle—Angle of incidence, gc, for which the
refracted ray grazes the surface of contact between two
media (of velocitiesV; and V,): sin gc=V1/V..

cross-swath—A method in which seismic receivers are
laid out in parallel lines (swath) and the sources are
shot in lines perpendicular (cross) to the receivers.

digital —Representation of quantities in discrete
(quantized) units. A digital system is one in which in-
formation is contained and manipulated as a series of
discrete numbers.

direct wave—A wave that travels directly by the short-
est path. Other waves traveling by longer routes may
arrive earlier because they travel at higher velocity.

dynamic range—The ratio of the maximum reading
to the minimum reading (often noise level) that can
be recorded by and read from an instrument without
change of scale.

elastic—The ability to return to original shape after re-
moval of a distorting stress. The return of shape is com-
plete and essentially instantaneous rather than
gradual.

elastic-wave propagation—Seismic-wave movement
(including P- and S-waves) through the subsurface.

filter—A part of a system that discriminates against
some of the information entering it. The discrimination
is usually on the basis of frequency, although other
bases such as wavelength, moveout, coherence, or
amplitude may be used.

floating point—A number expressed by the significant
figures times a base raised to a power. Thus, 139,000
might be written as 1.390 x 10° to indicate four signifi-
cant figures. Writing numbers in floating-point format
prevents the loss of significant figures in case the num-
ber becomes too small or too large for a fixed register.
Computers usually use bases that are a power of 2
rather than the base 10.

fold—The number of traces that are added together in
the stacking process.

four-component (4-C) seismic survey—A three-com-
ponent (P-wave, and two directions of S-wave) seismic
survey that has been acquired in a marine environ-
ment. The fourth component is created when air guns
are used as an energy source (shear waves do not prop-
agate through water) and the shear waves are created
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by the conversion of pressure waves at rock-property
boundaries.

four-dimensional (4-D) seismic—The use of 3-D sur-
veys taken at different times to monitor the time-de-
pendent changes of a reservoir.

frequency—The repetition rate of a periodic wave-
form, measured in “per second” or hertz (Hz). The re-
ciprocal of period.

Fresnel zone—The portion of a reflector from which
reflected energy can reach a detector within one-half
wavelength of the first reflected energy.

gain control—Control for varying the amplification or
attenuation of an amplifier, used to compensate for
variations in input signal strength. Gain control is often
automatic, using a feedback loop whereby the output
level controls the gain so as to keep the output level
within certain limits.

Geograph—A Thumper, or other type of weight-drop
method. Geograph is the trade name of Mandrel Indus-
tries.

geophone—The instrument used to transform seismic
energy into an electrical voltage. A coil is suspended by
springs in a magnetic field. A seismic wave moves the
case and the magnet, but the coil remains relatively
stationary because of its inertia. The relative move-
ment of magnetic field with respect to the coil gener-
ates a voltage across the coil, the voltage being propor-
tional to the relative velocity of the coil with respect to
the magnet (when above the natural frequency of the
geophone).

ground roll—Surface-wave energy that travels along or
near the surface of the ground.

hardness—In this case, the term refers to the relative
density of various sediments and rocks (i.e., sandstone
is generally harder than clay, and limestone is generally
harder than sandstone).

Head wave—A wave characterized by entering and
leaving a high-velocity medium at the critical angle.

hertz (Hz)—The measurement of a unit of frequency,
the same as cycles per second = cps. Named after Hein-
rich Rudolph Hertz, German physicist who discovered
electromagnetic waves.

impulsive point source—A source that produces a very
sharp wave of very short duration and that somewhat
simulates the generation of an impulse. An explosion is
an example of such a source.

interval velocity—The velocity of an interval in the
subsurface measured by determining the traveltime
over a depth interval along some raypath. In sonic-log
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determinations the interval may be 1-3 ft; in well sur-

veys it may be 1,000 ft or more. Usually refers to P-wave
velocity.

Love wave—A surface seismic-channel wave associ-
ated with a surface layer that has rigidity, characterized
by horizontal motion perpendicular to the direction of
propagation with no vertical motion. Named for A. E.
H. Love, English mathematician.

low-velocity layer (LVL)—A near-surface belt of very
low-velocity material, also called weathering or weath-
ered layer. The LVL is very important in seismic inter-
pretation because it can have marked effect on the ar-
rival times of reflections.

midpoint—The point midway between a source and a
geophone.

migration—An inversion operation involving rear-
rangement of seismic-information elements so that
reflections and diffractions are plotted at their true lo-
cations. The need for this arises because variable ve-
locities and dipping horizons cause these elements to
be recorded at surface positions different from the sub-
surface positions.

multiple—Seismic energy that has been reflected more
than once.

noise—Seismic energy other than primary reflections;
includes microseisms, source-generated noise, mul-
tiples, tape-modulation noise, harmonic distortion,
etc.

normalize—Forming a ratio with respect to a standard
(the normal). A normalized value usually is dimension-
less. Normalizing often consists of scaling such that
“something equals one.”

100% shooting—Continuous coverage without redun-
dancy, as opposed to common-midpoint coverage.
Also called single-fold shooting.

polarity—The condition of being positive or negative.
A reflection indicating an increase in acoustic imped-
ance or a positive reflection coefficient begins with a
downward deflection, which by SEG standards is rep-
resented by a negative number (negative polarity).

primary wave (P-wave)—See compressional wave. An
elastic body wave in which particle motion is in the di-
rection of propagation.

radar—A system in which short electromagnetic waves
are transmitted and the energy scattered back by re-
flecting objects is detected. Ships use radar to help
“see” other ships, buoys, shorelines, etc.

Rayleigh wave—A type of seismic wave propagated
along the free surface of a semi-infinite medium. Par-
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ticle motion near the surface is elliptical and retrograde
(i.e., the particle moves opposite to the direction of
propagation at the top of its elliptical path). Named for
John William Strutt, Lord Rayleigh, English physicist.

raypath—A line everywhere perpendicular to wave-
fronts (in isotropic media).

reflection—The energy or wave from a seismic source
that has been reflected (returned) from an acoustic-
impedance contrast (reflector) or series of contrasts
within the Earth.

reflection coefficient—A ratio of resistivities, r, as de-
rived from the method of images. The difference of
hardness across the boundary of two layers divided by
the sum of the hardness of the two layers would define
the reflection coefficient at the interface.

refraction—The change in direction of a seismic ray on
passing into a medium with a different velocity.

seismic—Having to do with elastic waves. Energy may
be transmitted through the body of an elastic solid
by body waves of two kinds: P-waves (compressional
waves) or S-waves (shear waves).

seismic wave—An elastic disturbance that is propa-
gated from point to point through a medium. Seismic
waves are of two main types: (a) body waves (P- and S-
waves) and (b) boundary waves or surface waves (Love
waves, Rayleigh waves).

seismograph—A seismic recording instrument or sys-
tem.

seismology—The study of seismic waves, a branch of
geophysics. Especially refers to studies of earthquakes
or to seismic exploration for oil, gas, minerals, engi-
neering information, etc.

seismoscope—An instrument that indicates the occur-
rence of an earthquake.

shear wave (S-wave)—A body wave in which the par-
ticle motion is perpendicular to the direction of propa-
gation.

shot gather—A group of seismic traces plotted together
that are associated with the firing of a single shot.

shothole—The borehole in which an explosive is
placed for blasting.

shotpoint—The location where an explosive charge is
detonated, but also used for the location of any source
of seismic energy, such as Thumper drops, air-gun
pops, Vibroseis excitations, etc.

single-ended spread—A reflection profile that is shot
from one end. Also called end-on spread.
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single-fold shooting—See 100% shooting.

sonar—Sonic (acoustic) waves in water. Used for navi-
gation, positioning, and communications.

sonic—Pertaining to acoustic or P-waves in fluids. Some-
times includes other wave modes and hence becomes
synonymous with seismic and elastic.

soniclog—A well log of the traveltime (transit time) for
seismic waves per unit of distance, which is the recip-
rocal of the P-wave velocity. Also called acoustic- veloc-
ity log and continuous-velocity log, it is usually mea-
sured in microseconds per foot.

split spread—A method of reflection surveying in which
the source point is at (or perpendicularly offset from)
the center of the geophone spread.

spreading loss—Referring to energy loss from an ex-
panding wavefront with depth. As a seismic wave ex-
pands outward from a shot, the energy per unit area of
the wavefront is inversely proportional to the square of
the distance from the shot because the total energy has
to spread over an increasingly larger area.

stacking—The process of creating composite records
made by combining traces from different records.
Stacking involves filtering because of timing errors or
waveshape differences among the elements being
stacked.

stacking velocity—Velocity calculated from normal-
moveout measurements and a constant-velocity model,
Used to maximize events in common-midpoint stack-
ing.

surface wave—Energy that travels along (or near to)
the surface. Motion involved with the wave falls off rap-
idly with distance from the surface. In seismic explora-
tion, this is usually referred to as ground roll.

synthetic seismogram—An artificial seismic-reflection
record manufactured by assuming that some wave-
form travels through an assumed model.

three-component (3-C) seismic survey—A seismic
survey that is shot and that records the P-wave reflec-
tions in addition to S-wave energy recorded with two
directional components. The P-wave-amplitude data
supply information about depth and fluid content of
the subsurface, while the two directional components
of S-wave energy supply data pertaining to the internal
makeup of the rocks, independent of fluid content,
such as permeability, porosity, and lithology.

three-dimensional (3-D) seismic—Refers to a survey
involving collection of data over an area with the objec-
tive of determining spatial relations in three dimen-
sions, as opposed to determining components along
separated survey lines.
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Thumper—Device for dropping a weight to provide
seismic energy. Typically, a 3-ton weight is dropped 10
ft. Trade name of Geosource, Inc.

trace—A record of the data from one seismic channel,
one electromagnetic channel, etc. A line on one plane
representing the intersection with another plane, such
as a fault trace.

traveltime—The time between time break and the re-
cording of a seismic event.

two-dimensional (2-D) seismic—Having no variation
in the direction perpendicular to the plane (usually
vertical), which includes the line of measurement. A
2-D seismic line records seismic information along one
path.

variable area—A display in which the width of a
blacked-in area is roughly proportional to the signal
strength. In normal-polarity displays, the black area
represents a positive-amplitude display and tracks to
the right.

variable density—A display method wherein the pho-
tographic density is proportional to signal amplitude.

velocity—A vector quantity that indicates time rate of
change of displacement. Usually refers to the propaga-
tion rate of a seismic wave without implying any direc-
tion.

velocity survey—A series of measurements to deter-
mine average velocity as a function of depth, as in well
shooting. May also refer to running a sonic log.

Vibroseis—A seismic method in which a vibrator is
used as an energy source to generate a controlled
wavetrain. Developed by Conoco.

wavefront—The surface over which the phase of a trav-
eling wave disturbance is the same. The wavefront
moves perpendicular to itself as the disturbance travels
in an isotropic medium.

wavelet—A seismic pulse usually consisting of only a
few cycles. A basic wavelet is the time-domain reflec-
tion shape from a single positive reflector at normal
incidence.

weathered layer—A near-surface low-velocity layer,
usually the portion where air rather than water fills the
pore spaces of rocks and unconsolidated earth. The
term low- velocity layer (LVL) is often used for seismic
weathering.

weathering correction—A correction of seismic re-
flection or refraction times to remove the delay in the
weathering or low-velocity layer.

wiggle trace—A graph of amplitude against time, as on
a conventional seismic recording with mirror galva-
nometers.
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