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ABSTRACT

Regional velocity study of the middle Cretaceous
stratigraphic interval in the northern Denver basin of
Colorado indicates anomalous varjations. The strafi-
graphic section of interest in this study is the interval
from the top of the Dakota J-sandstone to the top of the
Niobrara formation. Velocity increase coincidevwith axes
of isopach thinning of the stratigraphic intervalsalong
northeast-southwest trends. Greatest interval velocity
anomaly increase of 6% exists in the area of the Watten-
berg gas field which was located on an ancient paleohigh
named thé Wattenberg paleohigh. Positive velocity
anomalies of six percent occur along other northeast-
southwest paleostructural trends. The velocity anomalies
may be due to the influence of the Transcontinental
arch on the Cretaceous strata by allowing more compaction,
uplifting the strata in a significant magnitude, or con-
trolling sedimentation patterns thereby creating lateral
Tithologic variations. Whatever the cause of variation,
velocity patterns appear to reflect paleostructural trends
in the basin. These trends should be of significance to

the petroleum explorationist.
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INTRODUCTION

Most of the geo]ogic investigations in the Denver
basin related tectonics and sedimentation, defined facies,
and thickness changes on a regional pasis; for example:
Hoyt (1963); Martin (1974); Clark (1978); Land (1972);
MacMillan (1974); Volk (1971); Suryanto (1979); and others.
Tweto (1980) dnﬁ Tweto and Sims (1963) and Weimer (1978)
reported that most of the fault systems and shear zones in
Colorado originated during the Precambrian time. When the
crust in later times was subjected to stresses, movement
occurred along the pre-existing zones of weakness (Weimer,
1980). Major fault systems and shear zones in Colorado
fall into four trends: north-northwest, northeast, west-
northwest, and east-west (Sonnenberg, 1981). In the north-
ern Denver basin, rQCUrrent movement occurred primarily
along northeast trends during the Phanerozic time, where
‘the Cambrian, Ordovician, and Silurian rocks are not widely
distributed in this area (Sonnenberg, 1981). Absence of
Cambrian, Ordovician, and Silurian rocks across the north-
east trend, which forms a portion of Colorado lineament
(Warner, 1980) have been related to a major structural
feature extending from the State of Minnesota to the Grand

Canyon region, and named the Transcontinental arch (Fig. 1)
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(Weimer, 1980). The arch was positive throughout much of
the Paleozoic time.

In the Denver basin Weimer (1978, 1982), documented
tha{the Transcontinental arch influenced Cretaceous
strata, where uncdnformities, thickness changes, and
facies changes occured across the flank of the paleo-
structures. Weimer (1978, 1980, 1982) and Sonnenberg
(1981), mapped an isopach of the Niobrara formation
(Fig. 2) in the Denver basin and related a northeast-
thinning trend on the isopach to the influence of the arch.
The arch was active during early Cretaceous Dakota J-
sandstone deposition, controlling distribution of the
J-sandstone, Weimer (1978). Weimer suggested that the
Wattenberg J-sandstone gas field is located on a paleo-
structural element named the Wattenberg paleohigh (Fig. 3).
The paleohigh subsequently was downwarped into the present
low setting. Weimer (1980) suggested that the arch in-
fluenced unconformity presence at the top of the J-
sandstone and at the top and the base of the Niobrara
formation (Figs. 8 and 9).

In this study, velocity data was derived from about
80 sonic logs and 25 check-shot velocity surveys in order
to examine the effect of the paleostructure on the velo-

city of the middle Cretaceous stratigraphic interval from
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the top of the Dakota J-sandstone to the top of the
Niobrara formation, and to depict the velocity anomaly
present within the stratigraphic interval. Velocity-depth
relations were used to calculate and map regional velocity
anomalies throughout the study area in the northern Denver
basin and to examine these anomalies with respect to known
paleostructure trends within the study méa.VelocityAdepth
relations used in this study conform to those used by
others; for example: Faust (1951, 1953); Acheson (1959,
1963, 1981); Hosking (1966); Lask (1967); Janowsky (1970);
-and Sarmiento (1961).

Faust (1951) proposed that the p-wave velocity of the
sedimentary rocks is proportional to the one-sixth power of
the product of the depth of burial (Z) in feet and the

176 14 1953,

geologic age (T) in years: V = 125,3 (ZT)
Faust included the lithological factor (L), derived from
the resistivity logs in the above relation:

1/6

V = 1948 (ZTL) Acheson (1959) proposed general velocity

depth relation for Cretaceous rocks in South-Central
Alberta: t = b + ¢ Z]_n, where t = time in millisecond and
Z = depth in feet, (1); V = aZ", where V = velocity in
ft/sec. Acheson (1963, 1981) reported that p-wave veloc-

ities in both the Western Canada basin and the Arctic

Islands obey the same velocity-depth relation, but differ
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in some specifications depending on the 1ithological vari-
ation and basin position. For example, in the Artic
Islands, the value n approaches the theoretical value 1/6,
and it is found to be close to 0.1 in the western part of
the western Canada basin. Acheson suggested that the
deviation in the value of n from the theoretical value in
the western Canada basin is due to the fact that the
effective stress (Ap) at certain depths (Z) is a function
not only of present overburden, but also of the other
forces of orogenic movements, and suggested in computing
the value n, it is logical to use information gathered at
an old surface some distance d above the present datum, so
the effective stress is proportional to the depth (Z + d),
and therefore: V = a(Z + d)l/s.

Davis (1972) used the velocity depth relation proposed
by Acheson (1963), in studying velocity variations around
Leduc reefs in Alberta. Wyrobeck (1959) investigated
seismic velocity of Triassic and Permian sedimentary rocks
in England and reported the same relation proposed by
Acheson (1963), but concluded the value n varies from 1/6
to 1/4. Jankowsky (1970) studied velicities of carbonate
rocks in west Germany, and related the scattering in the
velocity values on the velocity-depth plot to IithO]ogica]

variations, where he derived a lithological factor for the
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shale-carbonate ratio from the velocity Togs. Velocity

of sedimentary rocks depends on many factors in addition
to depth of burial, such as: geologic age, effective
pressure (overburden pressure-fluid pressure) and litho-
logy. Statistical relation between the velocity (v) and
the porosity (P) as proposed by Pickett (1970). According
to Pickett.% = A + BPp where A and B are constants depend-
ing on the Tithology, effective stress and grain structure.
It is difficult to assess the variation in the velocity
for single factors but since all those factors are closely
related, the investigation of the velocity in terms of the

depth of burial will include the effect of some of the

others.
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PURPOSE OF STUDY

The main purpose of this investigation is to examine
the velocity as a function of depth in Cretaceous strati-
graphic interval from the top of the Dakota J-sandstone to
the top of the Niobrara formation in the northern Denver
basin, and to map velocity anomalies which may exist due

to the effect of the Transcontinental arch.
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AREA OF STUDY

The study area in the Denver basin in northeastern
Colorado involves subsurface velocity data covering an
area of approximately 9000 square miles (Fig. 4). The
study area extends from T5S to TI10N, and from R54W to
R72W (Fig. 5). The well-control map of the study area
(Fig. 5) shows the locations of wells selected for this
study. Circles represent those wells having continuous
velocity logs; open squares represent the wells having
check-shot velocities; and closed squares represent those
wells having both the check-shot survey and the continuous
velocity logs. (Fig. 6) is a structure contour map on the

top of the Niobrara formation.
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STRATIGRAPHIC DESCRIPTION

Stratigraphic section of study is from the top of
the Niobrara formation of "early time of late Cretaceous"”
to the top of the Dakota J-sandstone of "late time of early
Cretaceous" (Fig. 7). Average thickness of the section
in the study area is approximately 850 feet. In an ascend-
ing order, the strata described in this study are: Dakota
D-sandstone and/or Mowry shale; Graneros; Greenhorn;

Carlile; and Niobrara.

I. Dakota Group

1) Dakota-J: J-sandstone is the top of the Dakota
group (Fig. 8). Isopach map of this member (Fig. 10),
mapped by Haun (1963), shows thinning trends in areas
where the Niobrara formation is thin, and it is thick where
the Niobrara is thick in the area of the Morgon County low,
Colorado. The J-sandstone is recognized on the velocity
logs by its high velocity (Fig. 7). Because of few pene-
tration of wells for this member no complete velocity
study has been done.

2) D-sandstone and/or Mowry shale: In the study
area, both the D-sandstone and the Mowry shaie vary in the
thickness from wedge-edge to about 40 feet thick (Fig. 11

and 12). The southern desposition 1limit of the organic
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siliceous Mowry shale (Fig. 12) is in Central Colorado

(Haun, 1959).

II. Benton Group -- This group consists of Graneros,

“Greenhorn, and Carlile (Fig. 8). These units are consid-
ered as formations since each one of them consists of a
distinctive 1ithology. This group is regarded as the
source for the(oi] accumulation in the lower Cretaceous
rock in the Denver basin (b]ayton and Swetland, 1980).

1) Graneros: Graneros is a black, marine shale of
rather uniform 1ithology (McGooky, 1972), and is recognized
on the logs by its low velocity nature (Fig. 7). The top
of this formation is the X-Bentonite, a wide-spread
bentonite member (Weimer, 1972). The base of this interval
is the top of the D-sandstone or the Mowry shale (Fig. 8).

2) Greenhorn: This formation is easily distinguished
on the velocity logs from the underlying and the overlying
units by its high-velocity values (Fig. 7). The base of
the Greenhorn is placed at the top of the X-Bentonite and
the upper boundary is placed at the top of the first lime-
stone member below the Carlile formation (Fig. 8).

3) Carlile: The base of the Carlile formation is on
the top of the Greenhorn formation and the top boundary of

the Carlile is placed at the top of the Codell sandstone.
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This formation is easily recognized on the logs from the
overlying and the underlying limestones (Fig. 8).

Niobrara: The dominant lithologies of the Niobrara
formation are limestones "chalks" and interbedded shales
(Weimer, 1978). The formation consists of four limstone
intervals and three intervening shale intervals (Fig. 9).
These seven intervals are easily recognized on velocity
logs (Fig. 7). The lower limestone is named the Fort Hays
member, the six overlying units are grouped together and
named the Smoky Hill member (Fig. 9). The lower boundary
of the Niobrara formation is placed at the base of the
Fort Hays member or the top of the Carlile formation.

The upper boundary of the Niobrara formation is the contact
of the Niobrara upper chalk and the overlying noncalcareous

black shales of the Pierre formation (Fig. 9).
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FIGURE 10.

J-SANDSTONE ISOPACH MAP (AFTER HAUN, 1963)
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INVESTIGATION PROCEDURE

The data used in this study has been.deriVed from 80
sonic logs and 25 check-shot velocity surveys. The data
is derived from wells scattered throughout the wide area
within and off the trends of the paleostructures reported
by Weimer (1978, 1982). Due to the quantity of the data
involved with this study, a file containing all the sonic
logs and check-shot velocity surveys used in this study
has been established in the Geophysics Department in
addition to the velocity and depth data derived from those

logs listed in Appendix II, page 33.

Stratigraphic Interval of Study

The stratigraphic interval of study is from the top
of the Dakota J-sandstone to the top of the Niobrara and
distinct 1lithologic formations within this interval, are
mapped based on the well log character on some regional
logs available at the Geology Department (well-log 1ﬁbrary).
The stratigraphic interval is divided into stratigraphic
components and the interval velocity and the vertical
travel time are computed for each of the stratigraphic

intervals selected.
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Conventional and Continuous Velocity Surveys

Interval velocities derjved from the continous
velocity survey are found to be higher than the velocities
derived from the conventional check-shot survey in the
same well. By examining these discrepancies in nine wells,
where both velocity surveys exist, the magnitude of the
discrepancies varied from 1% to about 6% of the continuous
log velocity values (Table 1). The average magnitude was
found to be approximately 4% of the velocity values.
Gretener (1961) related the discreépancy between both sur-
veyé to the anisotropy and the ray path curvature associ-
ated with the conventional check-shot survey. Gretner
concluded that the amount of discrepancy decreased with the
depth, where he reported a systematic deviation between the
two sﬁrveys for shallow depths (below 4,000 feet) of
2 msec/1,000' and for depths greater than 4,000' of 1.5
msec/1,000'. In this investigation the velocity data
derived from the continuous velocity logs are adjusted to
the velocity data from the check-shot survey by subtracting
the average amount of discrepancy from the interval veloc-
ities of all the sonic logs involved. The argument for
this procedure is that the conventional velocity survey

simulates more closely the conditions encountered in the
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TABLE 1. THE DISCREPANCY BETWEEN THE CONVENTIONAL AND
CONTINUOUS VELOCITY SURVEY OF THE STRATIGRAPHIC
INTERVAL (TOP NIOBRARA TO TOP J-SANDSTONE)

Well Conventional Continuous Discrepancy
# Velocity Survey Velocity Survey AV/
Ft/Sec Ft/Sec V- cont%
Cl 10560 10983 3.85
c2 11232 11855 5.26
C3 10944 11583 5.52
C5 12096 12392 2.38
Cé 12000 12326 2.64
c7 12096 12400 2.45
c8 12048 12351 2.45
C9 ' 11856 12150 2.42
Cc10 11796 12010 1.78

The average magnitude of discrepancy between the
continuous and the conventionali velocity surveys
based on the above results is estimated to be
approximately 4% of the continuous velocity value.
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seismic velocity shooting (Gretener, 1961). The data de-
rived from the velocity surveys are presented in the form
of maps, plots, and tables. In addition all the well
names, locations, and the information derived from them

have been tabulated in the appendix.

Velocity Function

In order to examine the effect of the depth of burial
on siesmic velocity, a logarithmic relationship has been
used to relate the interval velocity and the mean depth of
burial. The Togarithmic relation chosen for this statis-
tical investigation has been proposed by many workers
worldwide; fbr example: Faust (1951, 1953); Wybrobek
(1959); Acheson (1959, 1963, 1981); Fennebak (1968);
Jankowsky (1970); and others. The logarithmic relation-
ship between the velocity and the mean depth of burial is:
V = az"™ (1). The parameters a and n depend mainly on the
lithology and the basin position (the state of rock com-
paction). By taking the logarithm of both sjdes, the
relation becomes: log V = log a + n log Z (2); a relation-
ship between the log of the inteval velocity and the log
of the mean depth, where the velocity distribution with
the depth of burial in the study area can be examined.

Faust (1953) and Acheson (1963) suggest thickness of the
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studied section should be not less than 1,500 feet to
obtain a reliable values of the slope and thé intercept
of the above relation, since the average thickness of
the stratigraphic interval of study is about 850 feet,

a and n values can't be mapped for each individual well
used in this study, but an average value for a and n can
be established regionally for the stratigraphic interval
and for each one of the formations within the interval.
Empirical relationships established "as an average ve-
locity-depth relation" represent the whole area for those

intervals.

Residual Velocity

Values of velocity deviation (velocity anomalies)
were computed and mapped throughout the study area on a
percentage basis. These are computed by dividing the value
of the velocity deviat%on (Av) by the interval velocity
value from the empirical relationship at the same depth.

Residual Velocity % = VAX—— 100%

emp.
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RESULTS AND DISCUSSION

The data derived from the velocity surveys are
presented in the form of six isopach maps, six interval
velocity maps, ten velocity-depth plots, and six

residual velocity maps.

1. Top J-Sandstone to Top Niobrara

1.1) Isopach Map:

An isopach map of the top J-sandstone to top Niobrara
stratigraphic interval (Fig. 13) shows major northeast-
southwest thinning trends along the Wattenberg paleohigh.
Another northeast-southwest thinning trend in the south-
vest part of the area of study has been dipicted in this
investigation. The thickness of the interval varies from
less than 700 feet to more than 950 feet in the study area.
The thinning and thickening trends are explained by
Weimer (1978) as a result of peleohighs and paleolows
respectively.

1.2) Interval Velocity Map:

After the velocity data of the compensated sonic logs
has been adjusted to the seismic velocity data derived
from the conventional check-shot survey, interval velocity
map has been compiled and mapped for the stratigraphic

section of study from the top of the Niobrara formation
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-

to the top of the Dakota J-sandstone. Interval velocity
map (Fig. 14) shows northeast-southwest trends of increas-
ing velocity values. These trends of increased velocity
coincide with the thin trends on the isopach map of this
interval (Fig. 13). The velocity value of the strati-
graphic interval varies from 10,000'/sec (in the areas of
thickening on the isopach map) to about 12,500'/sec (in
the areas of thinning on the isopach). This correspondence
may reveal that paleostructures influenced the seismic
velocity of the Cretaceous stratigraphic intervals in the
study area. The increase in the velocity value from
10,000"'/sec to 12,500'/sec (Fig. 14) is considered to be
abnormally high if compared with the increase of the mean
depth from 4,000' to 8,000' in the study area (Fig. 6).
Since the velocity is subjected to other factors, such as
the 1ithologic variation (shale, carbonate, and sandstone)
with different matrix velocity values and may be predom-
inantly to the state of compaction of the rock, obviously
it is illogical to relate any increase in the velocity
value to the paleostructure without correction of the
lithologic factor. By examining the degree of radiation
of gamma ray logs the shale carbonate ratio is variable
over the study area. From the logs involved in the study,

the 1ithology of this stratigrapnic interval along
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east-west cross section (Fig. 15) is found to be non-
uniform through the area of study (Fig. 16). So the
increase in the velocity values is not attributable to
the effect of the paleostructures only, but to the 1ith-
ologic variation too, which may be associated with the
paleostructural elements as well. In the eastern part of
the mapped area "low velocity region" (Fig. 14), the
Niobrara formation which represents about 50% of the
thickness of the whole stratigraphic interval, is pre-
dominantly shale (Fig. 16). This variation in the 1ith-
ology of the studied interval requires a systematic

correction througnout the area of study.

1.3). Velocity-Depth Relationship

In terms of normal Titho]ogy and depth associated with
basin deposition, velocity may be expected to vary system-
atically in the region. From the previous discussion of
the interval velocity map, a significant increase in the
velocity exists along northeast-southwest trends coin-
ciding with paleostructures. To examine the effect of
depth of burial on the seismic velocity, the interval
velocity is plotted against the mean depth according to
logarithmic relationship: log V = log a + n log Z. (1) The

plot of the log of the interval velocity against the log
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of the mean depth of the stratigraphic interval of study
from Top J-sandstone to Top Niobrara (Fig. 17) shows a gen-
eral increase in the velocity with depth. As discussed the
lithology of this stratigraphic¢ interval is not uniform
throughout the study area which tends to obscure the true
relationship of the velocity to depth for the whole area.
The study area can be divided into three regions based on
the shale-carbonate ratio (Fig. 18) of a considerable uni-
form 1Tithology by examining the log character, where a veloc-
ity-depth line-segment for each region has been established.
The low-velocity region (in the eastern part of the study
area) line-segment (Fig, 19); the medium-velocity region (in
the central part of the study area) line-segment (Fig. .20);
and the high velocity region (in the western part of the
study area) line-segment (Fig. 21). The parameters log a
and n "the intercept and the slope respectively" of the
power-law relationship are computed for each line-segment,
where the slopes of the best fit line segments are found to
be approximately .181, .172, .134 for the low velocity,
medium velocity and high velocity region respectively (Figs.
19, 20, 21), and Fhe intercept values are: 2591, 2677, and
2765, respectively. By examining the basic relation

the quantity n is more directly related to the -pressure
applied in the case of uniform. 1ithology. From

the basic relation v =faZn,
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VELOCITY — DEPTH RELATION FOR THE
STRATIGRAPHIC INTERVAL OF STUDY

4:301') .

,.
]
w

1

FT./Sl

b

1] IN

4.01

(1]

1

/ELOCITY " V
3.91

1

>
5
3.81

L

LOG TIHil

71

3

FIGURE 17.

3.60

" 367 = 374 381
LOG THE DEPTH " Z " IN

3.88

[

I

EE

3.95

T)

36

VELOCITY-DEPTH RELATION FOR THE STRATIGRAPHIC

INTERVAL OF STUDY



37

T-2748

RS4W

8l 1

e
T
R

R56W

B B

52

AT

o,

RS8W

1
!

LR
1

By

>

.

13
+3 L3
1 .
AlAIU — lH b4 -1 o
A 44 14 1 H
1
2 B \
2 REEEREd
Tt 0 HH R EENs
e HA I t {H
w npan ! mawEp NN
R HH "
-H re Cep, S8 N
it : ﬁ i §
bt T I I ~
8 a =
M I ! | v IT :
z T ; jEss
H ; i - T, A HH
H o . 1 T o
NaN = " H SHRTE
aei] - TN e
g aEEEmaE . T <
FH {aws \ :
m H- JEA N BEATEE =
Hmu . TH1 H
-y I
N ] j ]
.lLllr __ HAH] IJ. Y m.l.\JMﬁ
- ll HH: A 1
., wen m H m mmm
mx Ha [+ B “H
WA b1 - u_nm
5 4 V] A m wnanss
1 B 3 N
i) i s
: : 1 R
H hun
& ] =
i v M =]
FL i HH s
o i P s
u H 2
m . ’ T ¥ -
£ B ; : a8s,
5]
oy i F————_ 5

S

STUDY AREA DIVIDED INTO THREE VELOCITY REGIONS

FIGURE 13.



T-2748
VELOCITY — DEPTH RELATION FOR
THE LOW VELOCITY REGION

2 _
22

<
~
é -
7«@
p—t . [ @L——-—/—%M/
= ’,’-’ﬂ-,,,éwf>1”’?
>S——--’;”"u CE)
_ -+
;'>-' R
58
OL")
3
=
>
=%
5
Onm
a®

362 3.66 3.70 3.74 78 3.82 3.86

3.
LOG THE DEPTH “ Z " IN ( FEET )

FIGURE 19. VELOCITY-DEPTH RELATION FOR THE LOW VELOCITY
REGION

38



T-2748 39

VELOCITY — DEPTH RELATION FOR THE
MIDDLE VELOCITY REGION
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t = cZ]'n + b or t - b = cZ]'n, where t is time in m.sec,
by differentiating with respect to Z and setting %% =y

interval velocity) and % = V (average velocity) .

(1 = n) (1 - %), as first approximation b = 0;

(
v
v
V=1(1-n)V, as n decreases average velocity (V) ap-
proaches interval velocity (V), where in the more compacted
section the interval velocity should be nearly equal the
average velocity (Acheson, 1981). One-sixth power of the
depth is found to be proportional to the interval velocity
Faust (1951, 1953) and Acheson (1981), but strictly under
two restrictive conditions:

1) The rock comes from a normally compacting sequence
in shich all fluids have always been free to
escape (Anstey, 1977, p. 2.19).

2) There has been nejther uplift, erosion nor struc-
tural movement, so deposition has been continous
since the beginning and the present depth 'Z' is
the greatest depth at which the rock has ever been
buried (Acheson, 1981).

From the slope values of the three velocity regions, it is
clear that fhey have subtle variations around the theoret-
ical 1/6 value and the average slope value representing the

whole study area is approximaté]y 1/6. The change in the
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slope value (n) reveals change in lithology or as a
result of compaction. Therefore, to establish an average
velocity-depth relationship for the whole study area, the
relationship can be written in the form: V = az”6 (3)
or: log V = log a + 1/6 log Z (4). Since the intercept
value of this relation "log a" which usually indicates
change in gross lithology is found to vary greatly for

each region, the value of "log a" is computed for each
individual well involved in this study by using the above
relationship and an average value of the parameter a is
computed regiona]ly for the stratigraphic interval of study
from the top of Niobrara formation to the top of
J-sandstone representing the whole area of study. Veloci-
ty-depth plot for the interval from the top of the Niobrara
formation to the top of the Dakota J-sandstone (Fig. 22)
with average velocity depth relationship for depths from
4370-8830 feet.

v = 2670.2 7'/8 (5)

From the plot (Fig. 22), a negative velocity anomalies
exist at shallow depths in the eastern part of the study
area (Fig. 18), are contributed to the higher percent of
shale within the interval of study (Fig. 16), and may be

also due to possible presence of fracturing "in the carbon-

ate rocks". Positive velocity anamalies exist in the
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western part of the study area (Fig. 18). Since the veloc-
ity of sedimentary rocks corresponds to their maximum depth
of burialrather than by present depth (Jankowsky,.1970) the
increase in vé]ocity values in these areas coincide with
paleostructural trends (Fig. 1) may result from large
magnitude of compaction, uplift, and/or erosion where at
that time the top of the stratigraphic interval of study
was. in different position from that which is in now. The
approximate amount of uplift or eroded strata d in feet
"which depends on the basin position" between the maximum
‘depth of burial and the present depth, is the amount
necessary to make the interval velocity to fit the average
approximation curve of the velocity-depth relation, as an
example the approximate amount of uplift and/or eroded
strata of the stratigraphic interval from top Niobrara to
the J-sandstone at well #15 (Fig. 23) found to be approx-
imately equal to 2780 feet. Therefore, the interval

velocity is porportional to (Z + d) to the power of 1/6.

1.4) Residual Velocity Maps
By using the empirical relationship of the strati-

1/6, the values of

graphic interval of study V = 2670.2 Z
the velocity deviations from the average velocity function

are measured and mapped for the stratigraphic interval of
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study. The residual velocity values are mapped on a
percentage basis, by dividing the amount of the velocity
deviation (av) by the corresponding velocity value from
the average velocity-depth curve at the same depth. The
residual velocity map of this interval (Fig. 24) shows a
percéhtage of anomalies in ranges from less than -6% to
‘about +6% of the average velocity value. The anomaly map
shows that a positive anomaly trend coincides with the
northeast-southwest trend of velocity increase (Fig. 14)
and of the isopach thinning (Fig. 13) of this interval.
Because depth effect has been excluded, this positive
anomaly increase maybe related to the lithologic variations
and perhaps to the effect of abnormal compaction, uplift,
and/or erosion due to paleostructural influence in the
region of the anomaly increase. The negative anomaly
values in the eastern part of the area of study may be
related to the predominantly shale occurrence and/or
related to fracturing in the section. To minimize the
effect of the 1lithologic variation in the study area the
stratigraphic interval of study is divided into district
stratigraphic formations, to examine the velocity benavior
with each formation. These units discussed in an ascending

order.
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2. D-sandstone and/or Mowry Shale Interval

2.1) Isopach Map:

The isopach map of the D-sandstone and/or Mowry
shale (Fig. 25) in the study area shows the thickness
varies from less than 50 feet in the western part of the
area, where the predominant unit is the Mowry shale, to
more than 80 feet toward the eastern part, where both

Mowry shale and D-sandstone exist.

2.2) Interval Velocity Map:

The interval velocity of the D-sandstone and/or Mowry
shale (Fig. 26) shows an increase in the velocity along
the northeast-southwest trends in the west part of the
mapped area. The velocity of this unit variesvfrom less
than 10,000'/sec in the northeast and southeast part of the
study area to more than 11,500'/sec in the western part of
the area. The isopach map for the D-sandstone (Fig. 11),
mapped by Haun (1963), shows that the D-sandstone thickness
varies from a wedge edge near the center to about 40' thick
toward the eastern part of the study area. Isopach map of
the Mowry shale in the study area (Fig. 12) has been mapped
by Haun (1963) and shows that the thickness varies from
zero in the southeast to about 50' thick in the northwest

corner of the area. Highest velocity values of D-sandstone
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and/or Mowry interval are mapped along the northeast-
southwest trends in the west part of the study area

(Fig. 26). As the interval is mainly shale, the increase
in the velocity values is due to the effect of the
overburden, and may be to the influence of the paleo-

structures.

2.3) Interval Velocity - Debth Relation:

From relation (4) a numerical value for the parameter
(a) is computed. Average velocity function of the D-sand-
stone and/or Mowry shale interval in the area of study
(Fig. 27) for depths from 4735 to 8655 feet is:
v = 2511.6 2'/© (6)

2.4) Residual Velocity Map:
The residual velocity map (Fig. 28) shows that the

velocity anomaly varies from less than -6% to about +6%

of the velocity value. The negative anomaly in the south
and in the north part of the mapped area is associated
with the regions where the unit mainly consists of Mowry
shale. The positive anomaly in the northeastern part of
the study area are associated with the deposition of a
thick D-sandstone unit which has higher matrix velocity
than the Mowry shale, The highest positive anomaly values

in the northwestern part of the area may be related to the
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effect of the paleostructure, since in this area,

interval is mainly shale.

the

54
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3. Graneros "Bentonite" Formation

3.1) Isopach Map:

The isopach map of the Graneros formation (Fig. 29)
shows general northwest thickening in the study area.
Weimer (1978) exﬁlained the thickening toward the north-
west as a result of a higher rate of deposition. The
thickness ranges from 80 feet to more than 160 feet toward

the northwest.

3.2) Interval Velocity Map:

The interval velocity map of Graneros formation
(Fig. 30) shows that the velocity varies from less than
8,500'/sec in the eastern part of the mapped area to
more than 10,500'/sec in the western part. The highest
increase in the velocity is found along the northeast-
southwest trends. Since the 1ithology of the formation
is extremely uniform throughout the study area "organic
marine shale" the velocity anomaly map of this formation
will be considered as the key map in the interpretation
of the effect of the paleostructures on the velocity of

the Cretaceous formations.
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3.3) Velocity-Depth Relationship:
The average velocity function of Graneros interval
(Fig. 31) for depths from 4650 to 8590 feet is:

Vv = 2185.9 7'/8 (7)

3.4) Residual Velocity:

The residual velocity map of the Graneros "Bentonite"
formation (Fig. 32) shows positive anomaly values increase
along the paleostructure trends. Since the 1ithology of
this formation is extremely uniform throughout the study
area "by examining the gamma-log curve," the possible
interpretation of positive anomaly values along these
trends is that the formation has been subjected to more
compaction, uplifting, and/or erosion of pre-existing load
therefore decreasing of the porosity values and increasing
both density and velocity values and may be subjected to
significant magnitude of uplifting from the maximum depth
of burial. Therefore, this stratigraphic unit may be
used as a key unit in the interpretation of the effect of
the paleostructure on the velocity of the Cretaceous marine

sediments in the study area.
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4. Greenhorn Formation

4.1) Isopach Map:

The isopach map of the Greenhorn formation (Fig. 33)
Shows general northward thickening, where the thickness
ranges from less than 200 feet to more than 260 feet toward
the north. Sonnenberg (1981) reported that the thickening
trend foward the north coincides with an axes of a paleo-
structure feature in Colorado named the Morgan County Tlow.
In the surface cross section in the west part of the study
area (in Golden, Boulder, and Fort Collins) Sonnenberg
reported a thickness of about 150 feet for the Greenhorn

formation.

4.2) Interval Velocity Map:

The interval velocity of the Greenhorn formation
(Fig. 34) shows that the velocity varies from less than
10,000'/sec to more than 12,000'/sec in the study area.
Lithology of this formation consists of shales, and carbo-
nates with different ratios within the formation through-
out the study area. General patterns of the interval
velocity map of the Greenhorn formation are similar to the

general patterns of the other formations discussed earlier.
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4.3) Interval Velocity-Depth Relationship:
The empirical relationship of Greenhorn formation
(Fig. 35) for depths from 4505 to 8450 feet is:

v = 2590.5 z'/6

4.4) Residual Ve]ocity‘Map:

The residual velocity map (Fig. 36) of this inter-
val shows velocity anomaly varies from less than -8% to
about +6% of the velocity value in the study area. In
general the residual map follows the same patterns of the

anomaly distribution noticed on the previous residual maps.
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5. Carlile Formation

5.1). Isopach Map:

The isopach map of the Carlile formation (Fig. 37)
shows reverse patterns of thickening and thinning from the
underlaying Greenhorn formation along the Morgan County
low. In the western part of the mapped area two thinning
northeast-southwest trends are mapped. ‘Weimer (1978)
related the thinning in the Carlile to the Laramie Range
uplift, where apparently strata were uplifted and eroded
during and/or after Carlile deposition, Thickness of the
Carlile in the mapped area ranges from less than 40 feet
thick in the Wattenberg gasfield area, to more than 200
feet thick in the northeastern part of the érea. Two
thinning trends of the Carlile formation mapped in the
area seem to coincide with the thinning northeast-southwest
thinning trends of the Niobrara formation, which Weimer
(1978) related that to the Transcontinental arch uplift.
From the isopach of this interval, it is reasonable to
believe that second-order fault blocks superimposed on the
top of the Transcontinental arch have been active after the

deposition of the Carlile formation.
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5.2) Interval Velocity Map:

The interval velocity map of the Carlile formation
(Fig. 38) shows that the velocity varies from less than
10,000'/sec to more than 13,000'/sec in the mapped area.
The velocity map shows similar patterns to the other
formations. Velocity increases along the axes of thinning
on the isopach map of this interval (Fig. 37). By
examining the character of the gamma logs used, the
lithology of the Carlile formation (mainly shale) is con-
sidered to be uniform throughout the study area. Increase
in the velocity along the northeast-southwest trends is
interpreted to result from the effect of the overburden
and maybe to associated forces, due to block movements
along these trends.

5.3) Interval Velocity-Depth Relationship:

The average velocity function of the Carlile (Fig. 39)
for depths from 4340 to 8315 feet is:

v = 2643 71/6 (9)

5.4) Residual Velocity Map:

The residual velocity map (Fig. 40) of the Carlile
shows velocity anomaly varies from -8% to about +10% of the
velocity value. The positive anomaly values increase along

a major northeast-southwest trend. The Carlile is



70

MAP

0CITY

t
i

RVAL VEL

INTE

T-2748

H = N
- -
2 : HA.
; E
i
s
?
o
z
8
©
=826 ;
z Mo H T :
al NN/ (wn R L gt
g 5 1
1 T
= n
A L; .w e N
z s
2 | 4
1T ¥ -+ NErI NN 4
,_ T =1 SN AN I 1 L ©
u uw A ~H 7
2 A W - %1 3 HH
B A T i
v H TS TR H Ho sew
H b HH 8 I T HHY
M FONTNT el I =
H NI H - inih -
e NN PN R i m q
4
§ B
5 it 9§
~ -
3 ] s HW
e H
1o .=
e Pt
=
3 e
~ el
. 4 ]
i 4

CARLILE

FIGURE 38.

18 mi



T-2748

THE INTERVAL VELOCITY — DEPTH RELATION
FOR CARLILE INTERVAL

3.96

S
N
~
=
= WELL NO.| I5
o (/
E @ o oo
>g o —-m‘—"'—’a_’%_‘ o °ae
- d'/";‘;'”ﬁc; :o @
IR B
58 °
o
=
>
=3
=
o
Oo
—~%2 T T T T T 1 T T T
360 _  3.66 3.72 3.78 3.84 3,90
LOG THE DEPTH " Z " IN ( FEET )
FIGURE 39. THE INTERVAL VELOCITY-DEPTH RELATION FOR

CARLILE INTERVAL

71



72

T-2748

RS8W

RS58W

REOW

RE2W

R7OW RE8W

R72w

!
i
1
1 - TN \ S T
Ay tr i1 X T RN S NI P R - AL
{ ! . !
v N T e R A T
= X ) .| Ho -
. 3 i o ! 4 [
N - -
RN } N - h ]
s ° ] R 3
N 1111 1+ S 111 < I 1..1.[. as 1.
0 T ITiT "1 \° )]
! - |
1
N- '\ T “ o 4N “ o 444
1 _ ] e bt L
CENCH | T
= H
h myd N NN L] Hl.
3 T
T K| | =l 8A i)
= )
X
\1 1 » i
 wwnn | -
n.. <@ A
AN R m H
3 HA - (11 A 1 . L 110
, pre=stiEead, i =N
it Lo iy
IPIT ]
R u ey H 1 nun f T
+ : - - ! . 1 ——
¥ ; i1 i FL HHH -5
oy TN H 1 : jaas xagn il £
; s : ° s
i Seu .
F H HHE - a8
3k T } > A.m s
' H 28 g L Sy .
= M =
H- A“ o= SSzEsgssEecta .unuu
8 — L
u“ T_ e J—H
il t T SO
e - -o oo oo

CARLILE RESIDUAL VELOCITY MAP IN PERCENTAGES

FIGURE 490.



T-2748 73

considered to be of uniform lithology to a certain degree,
"mainly shale," considering the amount of the gamma-1log
radiation of the well logs involved in this study. There-
fore, the increase in the velocity anomaly along the
northeast-southwest trend which coincides with the
paleostructure trend may be explained that the Trans-
continental arch uplift influenced the Cretaceous forma-

tions by increasing the velocity of these formations.
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6. Niobrara Formation

6.1) Isopach Map:

The isopach map of the Niobrara formation shows areas
of thinning and thickening (Fig. 41). The thickness in
the study area varies from less than 250 feet thick to
more than 500 feet thick. A major trend of thinning is a
northeast-southwest trend "Wattenberg paleohign". Another
thinning northeast-southwest trend is depicted in the
southwest part of the mapped area. An unconformity at the
Niobrara-Pierre shale contact was reported by Leroy and
Schieltz (1958). In the west-central part of the study
area, Weimer (1980) reported that the upper chalk member
of the Niobrara formation and part of the underlying shale
‘unit was removed by erosion or bevelling due to the un-
conformity event. Weimer (1978, 1980), mapped the paleo-
structure trends in the area, where he concluded that the
thinning in the Nijobrara is related to the Transcontinental
arch. This thinning is also believed to be a result of
convergence and onlap onto the broad structure, Weimer

(1982).

6.2) Interval Map:
The interval velocity of this formation (Fig. 42)

shows an increase of the velocity values along the



75

T-2748

REOW

R82W

RE4W

RESW

R88wW

R7OW

R72W

T

TTLT

I

1T

TITTTT

LT
T

- .
. ! ]
H-fr I : Pt ] LS
O TN 4 - | ¥ 171
ENCHT J1H HLT Aham iy - we
H %wlﬁu SN A x{ynumpn A 5 ) mmu
N i S H
i Sl PR i
B m v 3 s
S Aaw s =
En NS H I O
N i =HEE:
REpe O o] 3 H
il R 2=
- o v R L
! e R I R e ol v I
i H s ﬁix- - .‘ﬂwl, I H
-2z - ez P S

NIOBRARA ISOPACH MAP

FIGURE 41.



76

T-2748

R7OW Resw ReewW RE4W

R72wW

T 1 H | HH FH
hd [l 1] “lL °
: N - pradifangy
T A 4 ¥ RS-
I £ N TN & NG H
NN NN <
AT = TV 1A DA UN S 28 \
e B NN
ol - Y Hd nus 8
N N TN AT N ! t
» ] A NG ;L Ema -
D us nia man\ RATEELTRS
o T - u TN m - e
§ o | 1
HY JNE «wf 1 | mu
u 1 - H
Nl D . M
- = 4
n m [mmsu:
: | [ - O
2 . HHHR-H 9 1
H SnEm O 4
H m el 0 H
= o
i O M - ]
T T = L] 1
I el ™ T
T 31 o0
] M1 B 2 .
- & ¥ Mhl 17
H > ! e
: 11
LA i 1 ey i 1 1 na)
-on - w0 on

I8 m

NIOBRARA INTERVAL VELOCITY MAP

FIGURE 42.



T-2748 717

northeast-southwest trends, which coincide with the axes

of thinning on the isopach map of this formation (Fig. 41).
Velocity values vary from less than 10,000'/sec in the
eastern part of the map area, where the Niobrara formation
is predominantly shale (Fig. 16), to more than 14,500'/sec
in the western part. Upon examining the interval velocity
maps of each individual formation within the stratigraphic
interval of study (Figs. 14, 26, 30, 34, 38, 42), it is
concluded that all these maps show the same basic pattern
of interval velocity variation as that of the whole strati-
graphic interval., The interval velocity maps of the
stratigraphic interval, Niobrara formation, and Carlile
formafion, show that the trends of the velocity increase
coincide with the trends of thinning in the isopachs of
these intervals. Since the lithology of the Carlile for-
mation is uniférm to a certain degree throughout the area
of study, velocity anomalies may be a result of the

paleostructure effect.

6.3) Interval Velocity-Depth Relationship

The average velocity function of Niobrara formation
in the study area (Fig. 43) for depths from 4110 to 8115
feet is:

1/6

V = 2950.3 Z (10)
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6.4) Residual Velocity Map:

The residual velocity map of this interval (Fig. 44)
shows that a percentage velocity anomaly varies from less
than -16% in the east part of the mapped area where the for-
mation is predominantly shale "about 75%" (Fig. 16) to
about 10% in the west part of the study area. The positive
anomaly values increase along the northeast-southwest
trends and coincide with the axes of thinning in the iso-
pach map of the Niobrara formation (Fig. 41).

From the discussidn of the residual velocity maps,
one may conclude that the increase in the velocity anomaly
values along northeast-southwest trends in the study area,
which coincide with the trends of paleostructures document-
ed by Weimer (1982), reflect the effect of these paleo-
structures on the velocity of Cretaceous marine sediments
in the study area. Porosity is one of the most dominant
factors controlling velocity, since the velocity depends on
rock porosity for an uniform lithology, uplift may cause
more compaction, less porosity and therefore more density.
Regional density studies may be warranted. Velocity vari-
ations may also be caused by lateral variations in litho-
ogy. These lithologic variations may in term be caused by

paleostructural features in the basin during time of

deposition or subsequent erosion.



80

T-2748

RSEW

RS8W

REOW

RE82W

Re4wW

RE8W

RB8W

R7OW

I

1T
Iay

I

RT2W

10

j e HRed 7
TN AT + A N
g YRR Rz dﬁu‘ m H
N - 1 ane
HTH-—TTR TR S| N 1
™ Al B n S=5
- |
i @ N H H 4 (11 _luTm
H . . HT $
re - W 1

H % =S ! T3 "1
» - . = ausREgE +
i ﬁ\o H 1T rmn o H
] .. N tH e H

T 3 e

- . r —

T ru : s ¢

s R Mo - [3] e

; I t © - e

- g + ! |u~ 4 | 2y T
PR : B85S
T whmin : T

1 I REBH i : i )
-o 2 W 2 5 5 51 19 W Wi " h
o L] -0

I8 mi

NIOBRARA RESIDUAL VELOCITY MAP IN PERCENTAGES

FIGURE 44.



T-2748 81

CONCLUSIONS

From this study the following conclusions may be
drawn:

1. Analysis of well velocity surveys in the northern
Denver basin has demonstrated the presence of lateral
velocity variations in the middle Cretaceous stratigraphic
interval. These variations may be due to the lTithology
variations or differential compaction or differential
uplift and erosion of the stratigraphic interval of
study due to the influence of the Transcontinental arcn on
Cretaceous strata.

2. Positive interval velocity anomalies occur along
northeast-southwest paleostructure trends. Largest
deviation in the velocity values found in the Niobrara
formation; ranging from -16% to +10% of the average
velocity value (Fig. 44). This large deviation is
related to a significant change in Tithology by
depositional and erosional processes controlled by the

paleostructure features in the basin.
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RECOMMENDATION FOR FUTURE STUDIES

1) Regional porosity and density study of the strati-
graphic interval from top Dakota J-sandstone to
top Niobrara formation to examine the effect of
the paleostructure on the porosity and density.
Ve]dcity-depth relation will be more meaningful
if we include a variable such as porosity.

2) Regional velocity study of the noncalcareous
black shales of the Pierre formation.

3) Study into derivation of a Tlithological factor
for the different constituents (shale, sand, and
carbqnate) based on their existence ratio within
the studied interval. This study would have to
be conducted by using a combination of more
reliable Tithological identification tools; for
example: resistivity Togs, s.p. logs, formation

density logs, etc.
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WELL
#

WELL NAME

11
27

49

16
72
68
12

26

67
32
59
50
33

58

Cc3
41

60
21

46

42
64

‘c1s
59

W.A. Rolland #1

State #1

sanders-Cedar Creek #1

Fedral #1-5
Higbe #1

Fraizar #1-A

UPRR-Frasier Farms #l

Fedral #1-4
Henry Weber #1
#1

Kauffman

Union Pacific

ar
~

State #15-1
Causey #1-3
J.E.Kester #1
Hoozee RBjolin #3
Downing #1

Orth Jimerson #1

Nicklas #1
State #1-14

Hopsetail Creek #1-36

Flader #1
Christensen i1
wWadleigh #34-21
Midcap &1
Dixonetal #128

Xroh #1-A

Gerstenberger

LIST OF WELLS

DEPTH TO
SURVEY X.B. TOP NIOBRARA

WELL LOCATION COUNTY DATE IN FT. BELOW K.B. FT.
NW NW 27 Washington 6/25/71 4383 3940
3 N., 54 W.

C NW NW 22 Logan 12/20/67 4161 4016
6 N., 54 W.

NE/4 NE/4 35 Logan 6/18/77 4106 4042
10N., 54 W.

NE NE 5 Morgan 12/21/80 4463 4114
2 N., 35 W.

C NW SW 4 Washington 4/7/63 4499 4120
4 N., 54 W.

SW SW 22 Washinrngton 53/25/70 5070 4082
S 5., 56 W

SE NW 35 Arapahce 4/22/67 4832 4135
4 s., 57 W.

NW NE 4 Morgan 6/18/71 4351 4210
3 N., 33 W.

NE NE 25 Larimer 5/21/65 4926.5 4350
5 N., 69 W.

SW SW SwW 18 Morgan €/29/55 4516 4363
1 N., 56 W.

NE NE 9 Arapahoe 3/20/67 4975 4430
4 3., 57 W

SE SE 15 Logan 9/23/81 4398 4532
7 M., 55 W.

SA SW 15 Adams 11/4/72 4707 45853
2 5., 57 W.

C 3W SE 21 Logan 11/24/65 4341 4634
10 N., 36 W.

SW NE 23 Weld 2/22/82 4646 4980
7 N., 36 W.

NW SE 20 Adams 4/22/82 5116 5008
1 5., 538 W.

SE NE 20 Mergan 5/4/67 4606 5114
2 N., 38 W.

10 6 N., 56W. Morgan 1/13/54 4616 5129
SW/4 NW/4 14 Weld 1/15/81 4509 5208
8 M., 37 W.

C NW NW 36 Weld 2/3/80 4710 5264
10 N., 37 W.

SW SW 26 Adams 6/6/70 5054 5366
2 8., 59 W.

Sw NE 18 Morgan 5/19/81 4732 5440
5 N., 38 W.

C SW SE 21 Larimer 11/20/77 5073 5544
8 N., 68 W.

C SW NW 27 Morgan 6/6/78 4672 5554
2 N., 60 W.

SE SE 23 Weld 9/11/81 4778 5578
8 M., 58 W.

C NE NE 22 Adams 3/15/70 5113 5564
3 s., 60 W.

17 9 N., 63W. 12/2/36 5298 3565
SW NW 20 Arapance 2/28/71 5166

4 S., 60 W.
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LIST OF WELLS (CONT'D.)

9

1

DEPTH TO
WELL SURVEY K.B. TOP NIOBRARA
# WELIL NAME WELL LOCATION COUNTY DATE IN FT. BELOW K.B. FT.
55 Amoco UPRR Kalceoic #1 W/2 W/2 31 Adams 10/2/77 4891 5642
73 J.A. Bennett #5 SW/4 SE/4 6 Arapahoe 12/29/70 5337 5726
5 S., 60 W.
17 Litter #1 SE SE SW 35 11/8/79 4562 5890
4 N., 62 W.
34 Lundock #3 NE SW 33 Weld 2/8/82 4836 5854
7 N., 59 W.
30 Suedman #1 C NW/4 SE/4 Larimer 4/21/78 4821 5866
14 6 N., 68 W.
28 Hendershot State #1 SW NW 36 Weld 9/13/81 4665 5920
6 N., 61 W.
7 Lottie Ferguson NE NE 14 Weld 9/21/81 4820 6082
State #1 2 N., 62 W.
48 Copeland #7-2 SW NE 2 Larimer 3/6/75 5450 6069
9 N., 68 W.
18 Ronald #1-B E/2 SE/2 3 Weld 2/3/81 4567 6233
4 N., 63 W.
35 Weitzel #30-1 30 7 N., 60W. Weld 5/19/78 4397 6210
22 Peterson #1 NE SE 20 Weld 3/7/70 4567 6242
5 N., 63 W.
1 Reid Cooksey #1 SE SE 10 Weld 3/3/78 4952 6210
1 N., 62 W.
C2  Roloc #1 C NE SE 14  Adams 6/6/56 5175 6248
2 Ss., 62 W.
8 Cuykendall #1-F SE NE 23 Weld 6/7/75 47717 6312
2 N., 63 W.
61 Habelfee "C" #1- SW NW NW 26 Adams 2/24/78 5155 6318
2 S., 62 W.
70 Champlin 353 Amoco SW NW 25 Arapahoe 12/21/77 5439 6420
C #1 4 S., 62 W.
56 Beltz #1A NE NE 10 Adams 5/20/70 5017 6458
1 sS., 63 wW.
65 Champlin 287 Amoco NW Nw 21 Adams 3/10/80 5317 6514
#2 3 S., 62 W.
c22 24 8 N., 62W. 8/2/56 5003 6500
36 Henry Bender #1 NW NE 11 Weld 1/30/67 4849 6586
7 N., 63 W.
c24 35 4 N., 61W. 11/4/52 5539 6579
43 Grace Marathon NE/4 NW/4 3 Weld 4/5/81 4991 6594
Dalton #31 8 N., 62 W.
c23 32 4 N., 61W. 7/27/54 5561 6588
C13 32 6 N., 64W. 6/27/55 4660 6691
62 Antelope Frams #32~28 SW NE 23 Adams 12/19/80 5256 6610
2 8., 63 W.
25 Koening #1-19 SW SW 19 Weld 4/7/81 4814 6664
. 5 N., 67 W.
74 Roth #32-9 NE SW 32 Arapahoe 7/18/80 5725 6680
5 8., 62 W.
15 Elmer Hergenreder #1 C NW sSW 28 Weld 1/23/73 4960 6770
3 N., 68 W.
c6 Ball #16-14 SW NW SW 14 Weld 9/27/55 4960 6715

8 N., 63 W.
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WELL

# WELL NAME
Cl4
C9 UPRR #1
37 McCrory #1
Cl2
c21

2 Burnner #2
45 State #4
14 Nick Sekich #2

9 UPRR 53 PanAm #1
c1s8
38 Calue #1 Wells 12-22
57 Thomas C. #1
CS UPRR #1 Frech
c8 Hashland #1
44 UPRR #27-1
39 Severin and Company
c17
19 Nelson #1-X
Cll Amoco Champlin
47 Amoco Champlin
10 Roy Dutcher #1
c7 Osmund Dir. #1
Cc1l9
63 Box Elder #2-G
Cl0 R.M. AR. #1
66 Grimm #16-25
75 State AB #2
76 Coal Butte State
c4 Meyer #1
Clé
c20
Cc25

92
LIST OF WELLS (CONT'D.)
DEPTH TO
SURVEY K.B. TOP NIOBRARA

WELL LOCATICN COUNTY DATE IN FT. BELOW X.B. FT.
18 7 N., 67W. 11/13/57 5057 6750
31 8 N., 66W. Weld 12/25/53 5117.5 6752
SE NE 32 Weld 4/18/70 4828 6798
7 N., 64 W.

3 2 N., 65W. 6/5/55 4829 6828
13 6 N., 66W. 4/13/57 4864 6815
26 7 N., 67W. 4928 6818
NE NE 36 Weld 11/18/68 5137 6836
8 N., 67 W.

NE SW SW 17 Weld 7/7/73 4874 6892
3 N., 67 W.

NE SW SW 7 Weld 11/9/73 4949 6908
2 N., 64 W.

36 8 N., 66W. 5035 6904
SW NW 22 Weld 5/6/81 4843 6928
7 N., 65 W.

C SW SE 20 Adams 1/27/79 5140 6900
1 S., 64 W.

SE SE NE 27 Weld 9/28/586 5050 6935
8 N., 66 W.

C SW SW 24 Wald 12/1/75 4993 7000
7 N., 67 W.

SW SE 22 Weld 2/5/81 4941 7060
8 N., 65 W.

28 7 N., 66W. Weld 1/8/82 4894 7090
31 8 N., 66W. 8/25/53 5096 7090
NW SW 34 10/12/66 5156 7156
4 N., 68 W.

SE NW 31 Weld 6/30/77 5230 7103
9 N., 66 W. )

SE NW 31 Weld 6/30/77 5230 7120
9 N., 66 W.

NE SW SW 24 Weld 10/27/73 4924 7216
2 N., 67 W.

C NE SE 8 Weld 4/2/55 4951 7242
2 N., 67 W.

6 8 N., 65W. 5055 7221
N NE SW 24 Adams 3/13/73 5300 7232
2 S., 65 W.

C NW NW 26 Adams 9/4/61 5203 7710
2 S., 67 W.

SE SE 25 Adams 5497 7746
3 8., 66 W.

C NE NE 7 Arapahoe 4/12/74 5996 7800
5 S., 65 W.

NE NE 34 Arapahoe 2/6/73 6050 7958
#1-34

C SE SW 19 Larimer 3/7/53 5133 3625
8 N., 68 W,

10 9 N., 61W. 3/30/53 5006 6460
30 10 N., 62W. 2/28/56 5069 6785
18 8 N., 68W. Larimer 3/7/53 5136 3631
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APPENDIX II
VELOCITY AND DEPTH DATA
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THE STRATIGRAPHIC INTERVAL FROM THE TOP
OF THE NIOBRARA TO THE TOP OF THE DAKOTA J-SANDSTONE
INTERVAL REGIONAL -
MEAN THICKNESS INTERVAL INTERVAL VELOCITY RESIDUAL

WELL DEPTH [AW4 VELOCITY VELOCITY DEVIATION VELOCITY

# (FEET) (FEET) (FEET/SZC) (FEET/SEC) (FEET/SEC) PERCENTAGE
11 - 4369 - 870 10334 10796 ~462 -4.28
27 4483 952 10103 10843 ~740 -6.82
49 4492 922 10583 10846 -263 -2.43

4 4510 810 9881 10853 ~972 -8.96
16 4544 868 9885 10867 -982 -9.04
72 4544 942 10548 10867 -319 ~2.94
68 4611 970 10164 10893 -729 -6.69
12 4624 840 10037 10899 -862 -7.91
26 4760 840 11613 10951 662 6.04
C1 4843 887 10560 10953 © =423 -3.85
67 4891 940 10543 11002 -459 -4.17
32 4980 814 10713 11035 -322 -2.92
59 4991 882 10739 11039 -300 -2.72
50 5087 928 10626 11073 -447 -4.04
33 5422 904 10873 11192 -317 -2.83
58 5459 924 10818 11204 -386 -3.45

5 5529.5 847 10840 11228 -388 -3.46
Cc3 5572 885 10544 il233 -299 -2.66
41 5628 842 11116 11262 -146 -1.29
51 5693 914 10911 11283 -372 -3.30
60 5766 818 11296 11334 - 38 -0.33
21 5835 804 11159 11335 -176 -1.51
46 5953 840 11852 113867 485 4.26

6 5961 834 10931 11371 -440 -3.87
42 5974 812 11162 11374 -212 -1.87
64 5998 888 11040 11382 -342 -3.00
C1s5 6000 870 11856 11382 474 4.16
69 6036 872 11158 11394 -236 ~2.07
55 6083 902 11515 11408 107 0.94
73 6148 860 11516 11429 87 0.76
17 6237 716 11525 11456 693 0.60
34 6253 818 11392 11461 - 69 -0.60
30 6254 790 11897 11461 436 3.80
28 6309 7980 11427 11478 - 51 -0.45

7 6458 764 11309 11523 -214 -1.86
48 6494 871 12043 11533 510 4.42
18 6580.5 727 11725 11559 166 1.44
35 6586 768 11927 11561 366 3.17
22 6596 730 11966 11563 403 3.48

1 6621 826 11505 11571 - 66 -0.57
c2 6676 851 11232 11587 -355 -3.06

8 6685 758 11757 11589 1638 1.45
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THE STRATIGRAPHIC INTERVAL FROM THE TOP
OF THE NIOBRARA TO THE TOP OF THE DAKOTA J-SANDSTONE

(CONT'D.)
INTERVAL REGIONAL

MEAN THICKNESS INTERVAL INTERVAL VELOCITY RESIDUAL

WELL DEPTH Lz VELOCITY VELOCITY DEVIATION VELOCITY

# (FEET) (FEET) (FEET/SEC) (FEET/SEC) (FEET/SEC) PERCENTAGE
61 6696 778 11137 11593 ~456 -3.93
70 6816 812 11731 11627 104 0.90
56 6879 862 11491 11645 -154 -1.32
65 6891 776 11914 11649 265 2.28
c22 6900 800 11808 11651 157 1.35
36 6946 742 11974 11664 210 2.66
cz24 6980 802 11520i 11673 -153 -1.31
43 €988 812 11204 11675 -371 -3.18
c23 6990 8C6 11635 11676 - 41 -0.35
Cl13 7026 591 11886 11686 200 1.71
62 7035 854 11710 lle88 22 0.19
25 7049 794 11935 11693 242 2.07
74 7066.5 795 11815 11697 118 1.01
15 7110 702 12371 11709 662 5.65
C6 7115 7%9 " 12000 11710 290 0.47
Cl4 7146 791 12192 11718 473 4.04
Cc9 7149 814 11856 11720 136 1.16
27 7163 756 12054 11724 330 2.82
c12 7173 685 11808 11726 82 0.79
c21 7200 765 12192 11734 458 3.91
7221 786 11952 11739 213 1.81
45 7227 814 11879 11741 138 1.18
14 7234 704 12196 11743 453 3.86
7247.5 699 11733 11746 - 13 -0.11
Cis 7300 795 12162 11760 402 3.41
38 7303 770 12167 11761 406 3.45-
57 7339 880 11932 11769 163 1.39
Ccs 7340 810 12096 11771 325 2.76
cs8 7396 792 12048 11786 262 2.22
44 7452 805 12145 11801 344 2.91
39 7457 758 12324 11802 522 4.42
C17 7500 g10 11808 11814 - 6 ~0.05
19 7519 748 12348 11e18 530 4.48
Cil 7527 847 11760 11821 - 61 -0.51
47 7531 843 11731 11822 - 91 -0.77
10 756€ 724 12057 11831 226 1.91
c7 7568 652 12096 11832 264 2.24
C19 7622 802 11904 11846 58 0.49
€3 7633 822 12136 11848 288 2.43
Cclo 8099 775 11796 11966 -170 -1.42
66 8108 742 12720 11968 752 6.28
75 8146 714 12583 1197¢ 605 5.05

76 8330 726 12396 12023 373 2.11
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NIOBRARA STRATIGPAPHIC INTERVAL,

INTERVAL " REGIONAL

MEAN  THICKNESS INTERVAL INTERVAL VRLOCITY RESIDUAL

WELL DEPTH Az VELOCITY VELOCITY DEVIATION VELOCITY

# {FEET) (FEET) {FEET/SEC) (FEET/SEC) (FEET/SEC) PERCENTAGE
11 4108 348 10319 11808 -1489 -12.6
27 4208 402 10466 11854 -1388 ~11.7
49 4213.5 365 10938 11857 - 919 - 7.75
16 4270 320 10072 11883 -1811 -15.2
4 4272 336 10207 11885 -1678 -14.12
72 4321 496 10963 11907 - 944 - 7.93
12 4371 334 10392 11930 -1538 -12.89
68 4380.5 507 10604 11934 -133¢ -11.14
26 1520 360 12602 11997 605 5.05
c1 4613 490 11246 12037 - 791 - 6.57
67 4671 500 11077 12062 - 985 - 8.17
32 4738 330 11655 12091 - 436 - 3.8
59 4761 422 11120 12101 - 981 - 8.11
50 4799 352 11561 12117 - 356 - 4.59
33 5150 260 11848 12260 - 412 - 3.36
58 5234 474 11578 12294 - 716 - 5.82
5 5292.5 373 11756 12316 - 560 - 4.55
c3 5311 364 11904 12323 - 419 - 3.40
41 5363 312 12601 12243 258 2.09
51 5404 336 12276 12360 - 84 - 0.68
60 5554 394 12211 12415 - 204 - 1.65
21 5598 330 12166 12432 - 266 - 2.14
46 5698 330 13296 12469 827 6.64
42 5717 293 12448 12475 - 27 - 0.22
6 5726 364 11631 12479 - 848 - 6.79
64 5773 438 11744 12496 - 752 - 6.02
62 5812 424 12172 12510 - 238 - 2.70
55 5849 434 12485 12524 - 39 - 0.31
73 5928.5 421 12548 12551 - 3 - 0.03
34 5997 306 12607 12575 32 0.25
17 6019 280 13027 12583 444 3.53
30 6019.5 321 13118 12583 535 4.25
28 6070 320 12931 12601 330 2.62
7 6228 304 12533 12655 - 122 - 0.96
43 6230.5 343 13471 12656 815 6.44
35 6345 286 13858 12695 1163 9.16
18 6348 262 13380 12696 684 5.39
22 6370 278 13565 12703 862 6.79
1 6398 380 12508 12712 - 204 - 1.60
c2 6446 396 12000 12728 - 728 - 5.72
8 6455 298 13175 12731 444 3.49
61 6480 346 12198 12739 - 541 - 4.25

70 6575 330 13055 12770 285 2.23
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NIOBRARA STRATIGRAPHIC INTERVAL (CONT'D.)
INTERVAL REGIONAL
MEAN THICKNESS INTERVAL INTERVAL VELOCITY RESIDUAL
WELL DEPTH FaW4 VELOCITY VELOCITY DEVIATION VELOCITY
3 (FEET) (FEET) (FEET/SEC) (FEET/SEC) (FEET/SEC) PERCENTAGE
56 6653 414 12502 12795 - 293 - 2.29
65 6690 374 13039 12807 232 1.81
36 6733 316 13488 12820 668 5.21
43 6737 310 12605 12822 - 217 - 1.69
62 6817 418 12840 12847 - 7 - 0.05
25 6821.5 339 13171 12848 323 2.51
74 6859 380 13007 12860 147 1.14
15 6891.5 265 14105 12870 1235 9.60
c9 6919 13440 12879 561 4.36
37 6929 288 13541 12882 659 5.12
45 6979 318 13490 12897 593 4.59
2 6446 312 13646 12898 748 5.80
14 7018 272 13904 12910 994 7.70
9 7020 244 13400 12910 490 3.79
g 7067 298 13725 12924 801 6.20
cs 7090 310 13723 12931 792 6.12
57 7108 - 436 13124 12937 197 1.52
cs 7157 313 13728 12952 776 5.99
44 7212 326 13706 12968 738 5.69
39 7214 272 14266 12969 1297 10.0
47 7272 324 13298 12986 312 2.40
19 7292 294 14289 12992 1297 9.98
c7 7344 203 14016 13007 1009 7.75
10 7346 284 13867 13008 859 6.61
63 7419 394 13535 13029 506 3.88
c1o 7895 268 12864 13165 - 301 - 2.29
66 7901 328 14582 13166 1416 10.75
75 7951.5 325 13998 13181 817 6.20
76 8113 328 13611 13225 386 2.92
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CARLILE STRATIGRAPHIC INTERVAL
INTERVAL REGIONAL

MEAN THICKNESS INTERVAL INTERVAL VELOCITY  RESIDUAL

WELL DEPTH VELOCITY VELOCITY  DEVIATION  VELOCITY
3 (FEET) __(FEET) (FEET/SEC) (FEET/SEC)  (FEET/SEC) PERCENTAGE
1 4349 117 10000 10675 -675 -6.33
4 4485 90 10214 10734 -520 -4.84
27 4500 182 10552 10740 -188 -1.75
16 4501 142 9998 10740 -742 -6.91
49 4504.5 217 11035 10742 293 2.73
12 4592 108 10550 10776 -226 -2.10
72 4617 96 10214 10786 -572 -5.30
68 4688 96 9600 10814 -1214 -11.23
26 4790 80 11707 10853 854 7.87
c1 4883 50 10176 10888 -712 -6.54
32 4954.5 103 10666 10914 -248 -2.28
67 4961 80 10325 10917 -592 -5.42
59 5012 80 10786 10935 -149 -1.37
51 5049 154 10910 10948 - 38 -0.35
.50 5076 202 10665 10959 -293 -2.67
33 5398 136 11035 11071 - 36 - .32
5 5515.5 73 10435 11111 -676 -6.08
58 5516 91 10666 11111 " -a4s -4.01
a1 5581 124 10666 11133 ~467 -4.20
60 5790 78 11035 11201 -166 -1.48
21 sgos 90 10788 11209 -421 -3.76
a6 5904 82 12000 11238 762 6.78
42 5925 118 11294 11244 50 0.46
6 5942 68 11165 11250 - 85 -0.75
64 6035 86 10786 11279 -493 -4.37
69 6073 98 10910 11290 -380 -3.37
55 6100 68 10910 11299 -339 -3.44
73 6185.5 93 11035 11325 -290 -2.56
17 6189 60 11294 11326 - 32 -0.28
34 6194 88 11294 11327 - 33 -0.29
30 6222.5 85 12154 11337 817 7.21
28 6266 72 11568 11350 218 1.92
7 6415 70 11035 11394 -359 -3.15
48 6438 70 12470 11401 1069 9.38

18 6506.5 55 11707 11421 286 2.5
35 6521 66 12000 11425 575 5.03
22 6534 50 11707 11429 278 2.43
1 6621 66 11165 11450 -290 2.53
c2 6678 68 10944 11471 -527 -4.59
8 6689 70 11568 11474 94 .82
61 6691 76 10786 11475 -689 -6.00
70 6809 138 11294 11508 -214 -1.86
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. VELOCITY
DEVIATION

(FEET/SEC)

-238
615
30
=245
737
1224
~-285
-290
410
699
242
856
564
371
47
800
181
313
777
608
775
-28
462
-152

T-2748
CARLILE STRATIGRAPHIC INTERVAL (CONT'D.)

INTERVAL REGIONAL

MEAN THICKNESS INTERVAL INTERVAL

WELL DEPTH AZ VELOCITY VELOCITY

# (FEET) (FEET) (FEET/SEC) (FEET/SEC)
56 6898 72 11294 11532
36 6913 44 12152 11537
43 6918 52 11568 11538
65 6921.5 89 11294 11539
25 7031.5 81 12307 11570
15 7058.5 69 12802 11578
62 7066 80 11294 11579
74 7086.5 75 11294 11584
- 37 7107 68 12000 11590
45 7174 72 12307 11608
9 7176 72 11851 11609
14 7178 48 12466 11610
2 7245 12192 11678
38 7252 72 12000 11629
57 7366 80 11707 11669
39 7389 78 12466 11666
44 7407 64 11851 11670
47 7470 72 12000 11637
19 7477 76 12466 11689
10 7516 56 12307 11639
c? 7540 12480 11705
63 7655 78 11707 11735
66 8099 68 12307 11845
75 8154 80 11707 11859
- 76 8312 70 11897

11568

-329

RESIDUAL
VELOCITY

PERCENTAGE

-2.07
5.33
0.26

-2.12
6.37

10.58

-2.46

-2.51
3.53
6.02
2.09
7.37
4.85
3.19
0.41
6.86
1.55
2.68
6.65
5.20
6.62

-0.23
3.90

-1.28

~-2.76
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GREENHORN STRATIGRAPHIC INTERVAL
INTERVAL REGIONAL

MEAN THICKNESS INTERVAL INTERVAL VELOCITY RESIDUAL

WELL DEPTH AZ VELOCITY VELOCITY DEVIATION VELOCITY
# (FEET) (FEET) (FEET/SEC) (FEET/SEC) (FEET/SEC)  PERCENTAGE
11 4504.5 211 9974 10527 -553 -5.26

4 4642 224 9322 10581 -1259 -11.9
27 4685 188 9780 10597 -817 -7.71
49 4687 148 10254 10598 -344 -3.24
12 4761 230 10036 10625 -589 -5.55
72 4770 210 10575 10628 - 53 -0.50
68 4848 244 10272 10657 -385 -3.62
26 4930 200 11397 10687 710 6.64
32 5093 175 10104 10745 -641 -5.97
67 5109 216 10563 10751 -188 ~1.75
59 5161 218 10692 10769 - 77 -0.71
50 5264 174 10243 10804 -561 -5.20
33 5576 220 10570 10909 -339 -3.11
5 5666 228 10865 10938 - 73 -0.66
58 5670.5 217 10726 10939 -213 -1.95
16 5685 226 100190 ©10944 -934 -8.54
41 5752 213 1092 - 10966 - 44 -0.40
51 5840 228 10675 10993 -318 -2.90
60 5930 202 "11045 11022 24 .22
21 5956.5 207 10979 11030 - 51 -0.46
46 7046 202 11651 11057 594 5.37
6 6090 228 10921 11070 -149 -1.35
42 6091 214 10756 11070 -314 -2.83
64 6186 216 10947 11099 -152 -1.37
69 6226 208 10982 11111 -129 -1.16
55 6248 228 10981 11117 -136 -1.23
17 6324 192 11131 11140 - 9 -0.08
73 6334 204 11226 11143 83 0.75
34 6357 238 11100 11150 - 50 -0.45
30 6360.5 191 11640 11151 489 4.39
28 6416 228 10874 11167 -293 -2.62
7 6561 222 11151 11208 - 57 -0.51
48 6585 224 11808 11215 593 5.28
18 6651.5 235 11548 11234 314 2.79
35 6673 238 11402 11240 162 1.44
22 6675 232 11647 11241 406 3.61
1 6762 216 11339 11266 73 0.65
c2 6819 214 10771 11281 -510 -4.52
61 6832 206 10857 11285 -428 -3.79
8 6833 218 11468 11283 183 1.63
70 6979 202 11572 11325 247 2.13
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GREENHORN STRATIGRAPHIC INTERVAL (CONT'D.)
INTERVAL REGIONAL
MEAN THICKNESS INTERVAL INTERVAL VELOCITY RESIDUAL

WELL DEPTH A2 VELOCITY VELOCITY DEVIATION VELOCITY

# {(FEET) (FEET) (FEET/SEC) (FEET/SEC) {FEET/SEC) PERCENTAGE.
56 7039 210 11059 11341 -282 -2.48
36 7048 226 11592 11343 249 2.19
65- 7064 197 11337 11348 - 11 -0.10
43 7074 260 11063 11350 -287 -2.53
25 7168 192 11748 11376 372 3.27
15 7187 188 12015 11380 635 5.58
62 7207 202 11329 11385 - 56 -0.50
74 7224 200 11580 11389 191 1.67
37 7252 222 11653 11398 255 2.24
14 7308 212 11943 11412 531 4.66

9 7319 210 11491 11415 76 .67
45 7320 220 11686 11415 271 2.37

2 7386 11808 11432 376 3.29
38 7394 212 11955 11434 521 2.24
57 7508 204 11419 11463 - 44 -0.39
39 7535 214 12057 11471 586 5.11
44 7555 228 11914 11476 438 3.82
19 7612 194 11726 11489 237 2.06
47 7627 242 11448 11433 - 45 -0.40
10 7658 228 11969 J1501 468 4.07
c7 7680 12000 11507 493 4.29
63 7793 198 11638 11535 103 0.90
66 8236 206 12209 11641 568 4.88
75 8291. 195 12285 11654 631 5.41
76 8446 198 12213 11690 523 4.47
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GRANROS STRATIGRAPHIC INTERVAL
INTERVAL REGIONAL
MEAN THICKNESS INTERVAL INTERVAL VELOCITY RESIDUAL
WELL  DEPTH Az VELOCITY - VELOCITY DEVIATION VELOCITY
# (FEET) (FEET) (FEET/SEC) (FEET/SEC) (FEET/SEC)  PERCENTAGE
11 4654 88 8726 8931 -205 -2.3
4 4787 66 8496 8974 -478 -5.32
49 4805 88 8890 8980 - 90 -1.0
27 4826 94 8496 8986 -490 -5.45
16 4846 96 8563 8992 -429 -4.77
72 4923 96 9058 9016 42 0.47
12 4924 96 8496 9016 -520 -5.77
68 5004 88 8572 9039 -467 -5.17
26 5108 156 10104 9071 1033 11.38
32 5226 90 8726 9105 -379 ~-4.17
67 5264 94 8726 9116 -390 -4.28
59 5316 92 8890 9132 -242 -2.65
50 5402 106 8808 9156 -348 -3.80
33 5735 98 9057 9248 -191 -2.07
58 5824 90 9144 9272 -128 -1.39
5 5829.5 99 . 8573 9237 ~700 -7.55
41 5913 104 8890 9296 ~406 -4.36
51 6012 116 8890 9321 -431 ~4.63
60 6075 CE] 9048 9337 -289 -3.10
21 6109.5 99 9144 9346 -202 -2.16
46 6234 174 9998 9377 621 6.62
42 6249 102 9144 9381 -237 -2.53
6 6253 98 8890 9383 -493 ~5.25
64 6341 94 9144 9404 -260 -2.77
69 6377 94 9322 9411 - 91 -1.0
55 6409 94 9144 9421 -277 -2.94
17 6481 104 9600 9438 162 1.71
73 6485 98 9504 9439 65 0.68
34 6528 104 9321 9449 -128 -1.36
30 6531 150 10003 9450 553 5.85
28 6582 104 9230 9462 -232 -2.46
7 6724 104 9322 9497 -17s -1.84
48 6784 174 10214 9510 704 7.40
18 6824.5 o111 9696 9520 176 1.85
35 6845 106 9600 9525 75 .79
22 6846 110 9998 9525 473 4.97
1 6919 98 9413 9542 -129 -1.35
c2 6974 95 9024 9554 -530 -5.55
61 6981 92 9144 9556 -412 -4.31
8 6995 106 9600 9559 41 0.43
70 7126 92 9600 9589 11 0.12
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GRANROS STRATIGRAPHIC INTERVAL

INTERVAL REGIONAL

MEAN THICKNESS INTERVAL INTERVAL VELOCITY RESIDUAL

WELL DEPTH Az VELOCITY VELOCITY DEVIATION . VELOCITY
# {(FEET) _ (FEET) (FEET/SEC) (FEET/SEC) (FEET/SEC) PERCENTAGE
56 7193 98 9321 9604 -283 -2.95
65 7194 62 9797 9604 193 2.01
36 7222 122 9898 9611 287 2.99
" 43 7266 124 19600 9620 - 20 -0.21
25 7335 142 10003 9635, 368 3.82
15 7348 134 10435 9638 797 8.27
62 7357 98 9413 9640 -227 -2.36
74 7371.5 95 9600 9643 - 43 -0.45
37 7423 120 10325 9655 670 6.94
14 7472 112 10104 9665 439 4,54
9 7479.5 111 9600 9667 - 67 -0.69
45 7508 156 9797 9673 124 1.28
8 7566 132 10325 9685 640 6.61
57 7661 102 9600 9705 -105 -1.08
39 7718 152 10325 9717 608 6.25
44 7732 126 10104 9720 384 3.95
19 7780 142 10435 9730 705 7.25
47 7825 154 9898 9740 158 1.62
10 7827 110 10104 9740 364 3.74
63 7943 102 9797 9764 33 0.34
66 8387 96 10104 9853 251 2.55
75 8429 80 10435 9861 574 5.82

76 8591 92 10325 9893 432 4.37
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D-SANDSTONE AND/OR MOWRY SHALE STRATIGRAPHIC INTERVAL
INTERVAL REGIONAL
MEAN THICKNESS INTERVAL INTERVAL VELOCITY RESIDUAL
WELL DEPTH Lz VELOCITY VELOCITY DEVIATION VELOCITY
# (FEET) (FEET) (FEET/SEC) (FEET/SEC) (FEET/SEC) PERCENTAGE
11 4736 76 10483 10292 191 1.35
4 4867 94 10876 10340 536 5.19
49 4901 104 10666 10352 314 3.03
27 4916 86 10381 10356 25 .24
16 4936 84 10435 10364 71 .69
72 4993 44 10440 10384 56 0.54
12 5008 72 10104 10389 -285 -2.74
68 5074.5 53 9879 10411 -532 -5.11
26 5208 44 11163 10457 706 6.75
32 5329 1lle 11181 10497 684 6.52
67 5336 50 ~9893 10499 -606 -5.78
50 5504 94 10526 10553 - 27 -0.26
33 5829 920 10745 10655 90 .85
58 5895 52 *8986 10675 -1689 -15.83
5 5916 74 10763 10682 81 0.76
41 6007 84' 10867 10708 159 1.48
51 6110 80 10175 10739 -564 -5.25
60 6147 56 10666 10750 - 84 -0.78
21 6198 78 11294 10764 530 4.92
6 634Q 76 10841 10805 36 0.33
42 6340 80 10941 10805 136 1.26
46 - 6347 52 11294 10807 487 4.51
64 6415 54 10477 10826 -349 -3.22
69 6453 58 10917 10837 80 0.74
535 6495 78 12000 10849 1151 10.61
73 6556 44 10435 10866 -431 ~3.96
17 6564 62 11006 10868 138 1.27
34 6621 82 11486 10883 603 5.54
30 6627.5 43 10927 10886 41 0.38
28 6671 74 -11165 10898 267 2.45
7 6808 64 10824 10934 -110 -1.01
48 6900 58 11337 10959 378 3.45
18 6912 64 11050 10962 88 .80
22 6931 60 11292 10967 325 2.97
35 6934 72 11362 10968 394 3.59
1 7001 66 10923 ‘10985 - 62 -0.57
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D-SANDSTONE AND/OR MOWRY SHALE STRATIGRAPEIC INTERVAL

INTERVAL REGIONAL
MEAN THICKNESS INTERVAL INTERVAL VELOCITY  RESIDUAL
WELL  DEPTH Az VELOCITY VELOCITY  DEVIATION  VELOCITY
# (FEET) (FEET) (FEET/SEC) (FEET/SEC)  (FEET/SEC) DPERCENTAGE
61 7056 58 10728 11000 -272 -2.47
c2 7062 82 10560 11001 -441 -4.01
.8 7081 66 11479 11004 473 4.29
70 7179 50 10666 11032 -366 -3.32
65 7252 54 11097 11050 47 0.42
56 7276 68 11294 11056 238 2.16
36 7300 34 10982 11062 - 80 -0.72
43 7361 66 10433 11077 -644 -5.82
59 7397 70 11610 11086 524 4.72
25 7425 40 10891 11094 -203 -1.83
62 7434 56 11088 11096 - 8 -0.07
15 7438 46 11265 11097 168 1.51
74 7441 45 10550 11097 -547 -4.93
37 7512 58 11358 11115 243 2.18
14 7560 69 10958 11124 -169 -1.51
9 7565 60 11002 11129 -127 -1.14
45 7610 48 10998 11139 -141 -1.27
38 7660 56 11129 11151 - 22 - .20
57 7741 58 11078 11170 - 92 -0.83
39 7815 42 11325 11188 137 1.22
44 7825.5 61 11111 11191 - 80 -0.72
19 7872 42 11199 11202 -3 -0.03
10 7910 56 11015 11211 -196 -1.75
47 7927 50 11168 11215 - 47 -0.42
63 8019 50 11035 11236 -201 -1.79
66 8457 44 11174 11336 -162 -1.43
75 8486 34 10780 11343 -563 -4.97

76 8656 38 11522 11381 141 1.24



