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FOREWORD

This report consists of four sections dealing with progress in evaluat-
ing geologic geochemical, and geophysical aspects of geopressured-
geothermal energy resources in South Louisiana under U. S. Department of
Energy contract with Louisiana State University number DE-AC08-79ET27019.
At the end of the contract work was transferred to contract number
DE-AS05-78ET2702, so that this report is actually an interim report on
Louisiana State University investigations of the energy resource.

Rex H, Pilger, Jr.

Project Director

INTRODUCTION

As part of previous work on Geopressured-Geothermal Energy re-
sources in Louisiana, the Louisiana State University Petroleum Engineer-
ing Department, under contract to the Department of Energy, identified a
number of prospects in Louisiana, based on various empirical criteria,
(Bassiouni,, 1978). Based on these selections, personnel of the LSU
Geology Department (under contract number DE-AC08-79ET27019) selected
several of the prospects for in-depth analysis. These prospects includ-
ed LaFourche Crossing, Atchafalaya Bay, Southeast Pecan Island, and
Kaplan., The in-depth site-specific analysis was to include detailed
subsurface geology (structure, stratigraphy, lithology) and the fluid
environment (temperature, pressure, salinity), using all available well
logs and accessible seismic reflection data. Additional work outlined
for the project included (1) analysis of a data bank of subsurface
parameters in an effort to evaluate computergraphics approaches to
prospect selection and (2) geochemical-petrographic analysis of dia-

genesis of geopressured reservoir sandstones.



Under the original contract, work was begun of LaFourche Crossing,
Atchafalaya Bay, and Southeast Pecan Island prospects; computer~graphics
analysis; and the geochemical-diagenesis work. Work was completed on
the initial study of LaFourche Crossing prospect by Franklin Snyder, as
part of his master's thesis in geology at LSU, and Leigh Anne Flournoy
completed a study of the diagenesis of geopressured reservoir sands in
Lirette oil field as part of her master's thesis. Dr. Donald Kupfer
completed his study of computer-graphics mapping as well. At the
request of the Department of ENergy, continuation and completion of work
on the other projects was shifted to an umbrella contract of DOE with
LSU through the Energy Programs Office (EPO) and Louisiana Geological
Survey (LGS) (contract number DE-AC08-81NV10174). Under the first
contract it was decided that adequate data were not available for
detailed evaluation of Atchafalaya Bay prospect, so the individual
involved was shifted to the analysis of Kaplan prospect. Work on
Southeast Pecan Island and Kaplan prospects was then shifted to the
EPO-LGS contract,

As a byproduct of the LaFourche Crossing prospect study, it become
desirable to undertake more detailed analysis by running new seismic
lines over the prospect, since considerable interest in the area as a
potential design test well site had been generated. Work on acquisition
of the data was undertaken under an extension of the original Department
of Geology contract, while interpretation was to be completed under the
EPO-LSU contract.

This report consists of three sections dealing with completed work.
They include (1) site-specific studies, LaFourche Crossing Prospect;
(2) computergraphics approach to gropressured-geothermal prospecting,

and (3) Diagenesis of geopressured reservoirs, Lirette Field.



SITE-SPECIFIC STUDIES:
LaFourche Crossing Prospect
by
FRANKLIN C. SNYDER

REX H. PILGER, JR.

INTRODUCTION
The purpose of this study was to evaluate various subsurface

parameters in northern LaFourche and Terrebonne Parishes, Louisiana, in
order to evaluate the geopressuféd—geothermal potential and to delineate
potential fluid migration routes in the area. Relationships between
these fluid migration routes and hydrocarbon migration in the northern
Gulf Coast Basin as it relates to both geopressured~geothermal resources
as well as o0il and gas accumulations.

The subsurface parameters which were evaluated include structure,
stratigraphy, temperature, water salinity, and fluid pressure. These
parameters normally vary systematically within the basin depending upon
depth and stratigraphy. Therefore, water which has moved within the
basin should have maintained characteristics of its points of origin
over some period of time. The geologic controls on these parameters, if
identifiable, will assist in geopressured-geothermal resource eval-

uation.

GENERAL GEOLOGIC BACKGROUND

Location and Regional Miocene Stratigraphy

The area of study is in northern LaFourche and Terrebonne Parishes of

Southeast Louisiana (Fig. 1). The sediments studied are composed of a



predominantly regressive fluvio-deltaic sequence of Tertiary Miocene
clastic sediments (McClean, 1957). Seaward from this is an interbedded
sandstone-shale sequence containing neritic to inner-neritic sandstones
interbedded with interdistributary bay deposits and marine shales.
Continual switching of individual deltaic depocenters produced a complex
intermixing of these various deposits. The most seaward lithofacies
contains marine outer neritic t6 bathyal clays and silts, intermixed
with limited massive sandstones, attributable to up-dip slumping and
possible turbidity currents (Coleman & Prior, 1980). Due to continual
subsidence and progradation of the deltaic complexes during the deposi~
tion of the Miocene of South Louisiana, the lithofacies are usually
deposited in an off-lap sequence from basal massive shales to upper

massive sandstones.

Structural Elements

The Miocene of South Louisiana is dominated by three basic struc-
tural elements; these include 1) growth faulting, 2) deep seated domal
structures and associated faulting, and 3) piercement salt domes and
associated faulting. All of these structural features have contributed
to the development of the study area. The growth faults, particularly

define the limits of potential geopressured-geothermal reservoir.

Abnormal pressures

Intimately related to the structure, stratigraphy, and occurrence
of economic petroleum accumulations in the Gulf Coast Miocene has been
attributed to (1) rapid deposition with limited fluid escape after
burial due to low hydraulic conductivity of the sediments (Dickinson,

1953), (2) aquithermal pressuring of a confined fluid volume (Barker,



1972), (3) the formation of a high density, clay 'seal', (4) clay dewa-
tering associated with a diagenetic alteration of smectite to illite
(Powers, 1967; Burst, 1969), and (5) from the generation of hydrocar-
bons, especially methane, within the source rocks.

Within the abnormally pressured zone a distinct increase in porosi-
ty occurs, a higher geothermal temperature gradient exists, and lower
salinities within the abnormally pressured sandstones are observed
(Schmidt, 1973).

METHODS

The data used in this study were obtained from available wireline
surveys run in wells drilled in the area, scout reports, and seismic
surveys. Primarily, spontaneous potential-induction electric logs rumn
in the bore holes were used (Appendix A). Other wireline well surveys
incorporated to a limited extent were sonic logs, density logs, and
dipmeter logs. Scouting reports were used as sources for reservoir

production data such as pressures, oil/gas ratios, and production zones.

Structure and Stratigraphy

Interpretation of the structure and stratigraphy was made through
correlations of spontaneous potential and resistivity patterns on
electric logs between each bore hole. Confidential interpretations from
selected wells were used to aid in correlations where significant
stratigraphic variations occurred, particularly across major growth
faults. These data were integrated with interpretations of available
processed seismic data through use of downhole velocity surveys obtained
for several wells. Structure maps (Plates 4-8) and cross sections
(Plates 9, 11-20) were then constructed for selected horizons using all

these data.



Expansion indicies (Thorsen, 1963) were calculated for the major

growth faults and domal uplifts within the area. All the stratigraphic
intervals chosen were of approximately the same thickness, within the
upthrown block. The same method was used to delineate domal growth by
using off-structure and on-structure thicknesses. The growth indicies
were then used to interpret the periods of maximum growth movement and

uplift for the various structural features.

Temperature

Maximum temperatures recorded at the bottom of logging runs (BHT)
were used to construct maps of selected isotherms. The empirical
relationship of Kehle (1971) was used to estimate the equilibrium
BHT (Fig,2). Assuming a surface temperature of 75°F, linear
interpolation between the corrected BHT data was used to calculate the
depths to the 200, 250, and 300° isotherms for each well.
Extrapolations, not exceeding 15°F, were used to estimate the depths to
various isotherms when those temperatures were not reached in the bore
hole. Each isotherm was usually calculated from different BHT d;ta
points within each well, so that each isotherm surface is
semi-independent.

Maps were constructed for the 206 and 250° isotherm surfaces
(Plates 1 and 22). Not enough data points were available to comnstruct a
300°F map so these depth points were displayed only on the cross

sections.



Salinities

Estimated salinities were calculated using a computer program of
the Schlumberger method of salinity determination from spontaneous
potential (SP) and mud filtrate resistivity (Rmf) measurements (Schlum-
berger, 1972a, 1972b). Salinities were calculated for all non-producing
sandstone aquifers over 20 feet in thickness, below the Texularia
stapperi horizon, in which the SP deflection appeared to reach a maximum
static potential and were then used to construct regional salinity
variation maps (Plates 23 and 24). The UL-5 and McCulla marker sand-
stones were used for these maps since they exhibited the best developed
SP sandstone character in their depositional areas.

Variations in the calculated salinity values are felt to adequately
portray differences between the actual salinities within the sandstone
aquifers. However, comparison of calculated SP salinity values with more
accurate salinity determinations using density and sonic logs showed
that the SP salinity values are usually lower than these other salinity
determinations (D. G. Bebout, personal communication, 1980).

Pressure

An evaluation of shale resistivity patterns in the area was under-
taken prior to attempting construction of regional isopleth maps (Appen-
dix B). It showed that short-normal shale resistivities were not
constant, reliable values from which absolute pressure gradients could

be estimated using various empirical relatiomships.
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Because the shale resistivity-depth plots for adjacent wells do
follow similar trends, these plots can be used to approximate the
present tops of 'seals' across which there are dramatic pressure
changes. Such a seal is seen in the Mosbacher Ledet #2 well at approxi-
mately 12,900 feet where the shale resistivity abruptly decreases from
1.4 OHM-M/M to .7 OHM-M/M (Fig. 3). Regionally these 'seals' appear to
follow specific stratigraphic intervals within different fault blocks.,
Based on available shut in bottom hole pressures (S~I-BHP) from
drill-stem tests in productive sands above and below these 'seals',
these pressure barriers correspond to an abrupt pressure increase from
near hydrostatic (.465 psi/ft) to approximately .7 psi/ft. Shale
resistivity plots for each individual well along with the available S I
BHP data were used to approximate the top of the ‘hard' abnormal pres-
sure (.7 psi/ft). These data are displayed on the cross sections. A
transition pressure zone (.466 psi/ft to .69 psi/ft) usually exists
between the hydro-pressured zone and 'hard' abnormally pressured zone.
However, this transition zone is variable in thickness and difficult to
precisely define using the shale resistivity method of pressure gradient
estimation discussed in Appendix B. Therefore, no specific reference is

made to the transition zone in this study.
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GEOLOGY OF THE STUDY AREA

Stratigraphy

The statigraphically deepest well in the area (Hassie Hunt Trusts
#1 Bilello-Martinez, T15S, RI7E Section 61) penetrated Lower Miocene

Cristellaria 'A' (Robulus chambersi) to possible Marginulina ascencionesis

age sediments. This interval consists of massive marine shales and was
not extensively studied due to the limited well control. The main
sequence of sediments studied extend from the upper Lower Miocene

Operculinoides (Camerina) section upward to the lower Upper Miocene

Textularia stapperi horizon (Plate 2 and 3). The Operculinoides to

Bigenerina humblei sequence consists of alternating sandstones and
shales deposited primarily by prograding deltaic sequences interbedded

with more marine shales. The sequence above Bigenerina humblei consists

of massive upper alluvial plain sandstones interrupted by thin, region-
ally extensive marine transgressive shales, such as the Textularia

stapperi and Bigenerina '2' intervals.

Numerous stratigraphic variations occur throughout the study area
in relationship to structural movements. Sandstone intervals above the
UL-8 horizon are regionally developed across the entire study area.
Although variations in thickness of individual sandstone bodies occur,
discrete sandstone intervals constituting depositional packages do not
significantly vary across the area. Sandstone intervals below and
including UL-8 horizon were strongly affected by structural development

in the area during their deposition. In particular the UL-8 sand,



12

Barnhart sand, McCulla sands, and Robulus (43) L shale exhibit radical
facies changes over relatively short distances (3,000-5,000 feet) which
were primarily controlled by contemporaneous growth faulting and domal

uplifts. The Operculinoides Ridgefield sands were also highly affected

by structural development. However, except in the most southerly areas,
these sandstones do appear to have been deposited throughout the study

area,

Structural Development

The study area is bounded on the north and south by two long-lived
south~dipping regional growth faults (Plate 4). The northern fault (T)
extends from the northeast flank of the Chacahoula salt dome eastward in
an arcuate trend across the northern flanks of Thibodaux, Rousseau, and
Melodia fields, It dips to the south at 37 within the drilled section

and has a throw greater than 1800 feet at the Regional Operculinoides

marker horizon in Melodia field. Hydrocarbon entrapment in the three
fields is controlled extensively by this fault. Growth indices (Fig. 4)
constructed along the length of this fault show that growth, already

active in the upper Lower Miocene Operculinoides section, reached a

maximum during Robulus (43) L time. Since then growth and movement

continued at an ever slowing rate until approximately Textularia stapperi

time when movement ceased. Fault L, forming the southern boundary,
extends west-southwest from the Lake Boeuf field to LaFourche Crossing
where it bifurcates. One branch of the fault extends south-southwest

from LaFourche Crossing while the larger, second segment extends west-



13

ward into the East Donner field area. Fault L dips to the south at 40
in the drilled section and has a throw that probably exceeds 2000 feet

at the Regional Operculinoides Marker horizon. Maximum growth occurred

during the deposition of the Barnhart Sand and Cibicides opima intervals

(Fig. 8) which was at a later time than the northern bounding Fault T.
Fault L also underwent rapid growth, similar to Fault T, in the
south-southeast portion of T15S, R17E, This area and farther to the

south was probably a small Operculinoides and Robulus (43) L

slope-graben basin bounded on the north by fault L and on the south by a
down-to-the-north growth fault of similar wagnitude. The north-dipping
Fault O cuts the Humble LL&E EE-1 well in T16S, R17E,‘Section 77 (Plate
20). Fault L also extends farther upsection into the massive sandstones
(above Bigenerina '2') than the north-bounding fault.

The structural development of the study area bounded by the two
regional growth faults (T and L), is dominated by deep-seated domal
uplifts and extensive regional growth faulting. The area had three
distinct episodes of growth faulting and structural readjustment within
the drilled portio of the sediment column. These structural episode
correspond to the deposition of the Plater sands, upper Robulus (43) L

sands, and the UL-8 Cibicides opima sands (plate 3). Each of these

sandstone packages constituted a distinct depositional pulse which
prograded the shelf edge farther south into the Gulf of Mexico.. A
fourth minor deposition package in this area was the UL-to-UL-3 Cristell-

aria T sands.
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The major structural features produced were the Rousseéu anticline,
the Southwest LAKE Boeuf dome, and the Thibodaux dome (Fig.l). The
Rousseau feature is the most pronounced of these uplifts as can be seen
on the shallower UL-3 and UL-8 structure maps (Plates 4 and 5). The
Southwest Lake Boeuf dome can be divided into an eastern and western
segment. The western segment is located in the east central one-third
of T15S, R17E, while the eastern segment is centered in Sections 24 and
46 of T15S, RIBE (Plate 7). The Melodia high is most likely a northern
extension of the Southwest Lake Boeuf uplift., The Thibodaux dome is
centered to the south of Fault T in Sections 35 and 36 of T15S, RI16E.
Neither the Thibodaux nor the Southwest Lake Boeuf feature extends a
significant distance above the abnormally pressured zome.

During deposition of the Ridgefield and Plater sands, growth
faulting appears to have been very active throughout the area. All of
the long lived faults (T, L. Q, B, and R) offset this interval, as do
numerous other smaller displacement faults. Structure maps (Plates 8

and 7) of the Regional Opeculinoides I sand (Operc) show extensive

faulting during these intervals. Maximum growth and sandstone develop-
ment within this interval appears to have occurred across the large,
north-bounding fault in Thibodaux field, along fault Q in the southern
portion of Rousseau field, and in a probable rim syncline of the east-
northeast flank of the Chacahoula Salt Dome. These expansions are
reflected in the growth indices for Faults Q and T (Fig. 4 and 6), in

the nbrth—south cross sections for the Thibodaux and Rousseau fields
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(Plates 11 and 12), and in the Chacahoula strike section (Plate 19). The
Plater and Ridgefield sands mainly developed on the downthrown block of
Fault Q; they did not, however, develop as well to the south and east of
the Rousseau anticline. This is confirmed both by SP log responses from
available well control and the loss of coherent events in a dip seismic
line (Plate 10) located on the flank of the dome. Paleobathymetric-
interpretations indicate that, within this area, the Plater and Ridge-
field sands were probably deposited in local basin on the upper conti-
nental slope. The most likely process of deposition could have been
slumping of material from an up-dip position. As previously stated,
noticeable growth also appears to have occurred along Fault L in an area
south of the Southwest Lake Boeuf field as seem in the Melodia dip cross
section (Plate 14). The effect of Fault L upon this interval in other
portions of the study area, however, is vague due to very limited well
control in the downthrown fault block at these depths. Uplift was also
active in the Rousseau and Southwest Lake Boeuf structures as shown by
the development of graben features in both areas (Plates 11, 13, 15, and
16).

The deposition of the Operculinoides I sand interval marked the end

of the first major phase of structural development within the area.

Many of the smaller faults existing in the Operculinoides section ceased

movement shortly after the deposition of the Operculinoides I sands.

All of the graben faulting on the Southwest Lake Boeuf anticline stopped

during this interval (Plates 15 and 16). This sandstone is regionally
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well developed and showed some effects of growth~fault movement. The
very uniform electric-log character and thickness of the interval from

above the Operculinoides I sand to just below the Bourgeois sand indi-

cates that the shelf area was very 'stable' during deposition. Movement
on the major northern faults (R, T, and B) was continuing but at a much
slower rate (Fig. 7 and 9); Movement on Faults M and Q along the
southern edge of the Rousseau anticline was extensive. This is shown by
the expanded section in the Texas Pacific Coal and 0il #1 Martinez well
in the Rousseau dip cross section (Plate 11) and by the growth index for
Fault Q (Fig. 9). This growth was compounded since the southern nose of
Rousseau dome had probably been very near the shelf edge of hinge line

since Operculinoides deposition. This hinge line is suggested by the

upper slope paleobathymetry of the Ridgefield shale faunas (Fig. 6),
change in dip of these beds across this area (Plated 11 and 12), rapid
thickening of the interval since Ridgefield sand deposition, and the

marked 'shale out' of most of the Operculinoides sandstone bodies to the

south of the anticline.

During the deposition of the Robulus (43) L and McCulla sand-
McCulla marker intervals, substantial movement on faults T and R to the
north was coupled with accelerated uplift of all the domal features
(Rousseau, Southwest Lake Boeuf, and Chacahoula). This structural
episode was by far the most pronounced in the area. Uplift on a
broader-based Chacahoula Dome produced an erosional unconformity with a
maximum relief of 600 feet extending from the east flank of the current

dome, approximately four miles to the east, as now seen in the



Chacahoula strike cross section (PLate 19). This ridge appears to merge
with a concurrently developed uplift in southern Thibodaux Field.

Growth indicies on Fault B (Fig. 6) indicate substantial thinning in the
Robulus (43) L interval. Hintze (1967b) concluded that since the domal
structure of the deep Plater and Ridgefield Sand intervals coincided
with a gravity anomaly minimum, these structures were formed by a
deep-seated salt uplift in Tﬁibodaux field. Extensive uplift also
occurred on Rousseau and Southwest LAKE Boeuf anticlings producing
substantial thinning and a probébie unconformity at Rousseau. Domal
growth indices for these two areas show this substantial thinning (Fig.
7). Movement of these two uplifts slowed before Chacahoula dome move-
ment.

Deposition of Bourgeois and Robulus I sand intervals was primarily
confined to an east-west trough existing north of the domal structures
and south of Fault T. As previously noted, maximum growth occurred
along Fault T during this interval. Thinning across these uplifts can be
seen in all the north-south cross sections but it is most pronounced in
the two Thibodaux dip sections (Plated 12 and 17) and the Southwest Lake
Boeuf dip cross section (Plate 15). The Thibodaux cross sections show
rapid thinning and decreasing sandstone percentages in the Robulus (43)
L interval to the south across the Thibodaux Field towards the Chacah-
oula ridge. Well developed sandstones also exist on the crest of

Rousseau anticline due to continued growth within the central graben.
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The Alliance Robichaux #1 (T15S R17E Section 11§0 in the Rousseau strike
cross section (Plate 13) shows extensive Robulus I and Bourgeois sand
development while the wells flanking the dome exhibit a probable uncon-
formity in this interval.

McCulla sand and McCulla marker deposition prograded farther to the
south but was also deposited in a trough, south of Faults T, B, and R.
Both sandstones shaled out very rapidly to the south of these faults.
Movement on Faults Q (Fig.9), Q', M, and N all ceased during this
interval or shortly thereafter, Fault C, which had developed on the

Thibodaux uplift during Operculinoides time, also died out. Growth of

Rousseau and Southwest Lake Boeuf anticlines slowed dramatically after
McCulla sand deposition. During this interval, radial faulting appears
to have started on Chacahoula dome. The fault patterns at Chacahoula
were different than those existing prior to the Robulus (43) L unconfor-
mity. This marked the end of the second major phase of structural
development within the area.

The Barnhart sand to Cibicides opima depocenters moved much farther

to the south. Deposition was primarily controlled by Fault L which
exhibited its maximum growth during this interval. The Barnhart and
UL-8 intervals developed into thick sandstones downthrown to this fault
(Plates 11 and 12). North of Fault L, the section exhibits a uniform
electric-log character indicating stable conditions between Fault L and
north bounding Fault T. Movement on all the northern faults (T, R, and

B) slowed markedly (Fig. 4 and 7). 1In the area of northern Rousseau,
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Fault R appears to have completely died out but movement continued along
it to the west for sometime.
The outer continental shelf and upper slope had most likely shifted

southward to the Houma embayment area by Cibicides opima time (Sloan,

1966). As previously noted, the Hollywood sands within the Houma

embayment underwent rapid development at the end of Cibicid opima time.

Paleobathymetric data in the northern Rousseau area indicated a shallow-
ing of deposition there to a middle shelf environment. Southwest Lake
Boeuf domal movement had ceased by Barnhart sand deposition time while
uplift in the Chacahoula énd Rousseau areas continued at a slower rate
(Fig. 10). Radial faulting and stratigraphic thinning occurred within
this interval adjacent to Chacahoula uplift (Plate 19).

Following UL-8 deposition, the Cibicides opima transgression

resulted in the deposition of a thick (600 to 700 feet) shale section in
the area. This shale section was interrupted only by a thin (20 to 40
feet thick) blanket UL-7 sand. Directly below the UL-7 sand, however, a
well-developed sandstone was deposited west of the Thibodaux field area
and east of Chacahoula dome. Movement on the remaining northern faults
(T, B, and the western end of R) continued at a slow rate. Rapid Growth
was still occurring along fault L to the south., Growth of Rousseau
anticline appears to have accelerated slightly during deposition of the

lower portion of the Cibicides opima interval (Fig. 7). Substantial

thinning and radial faulting continue to occur adjacent to the dome at

Chacahoula as the salt stock became more centralized.
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Rapid deltaic deposition again began with the deposition of UL-5 to
UL-3 sands and has continued since then except for thin, regionally well

developed trangressions such as Cristellaria T, Bigenerina humblei, and

Textularia stapperi. Maximum development and growth within the Cristel-

laria T to Bigenerian humblei stratigraphic interval was centered

within the Houma embayment, to the south., After the Textularia stapperi

transgression, only upper deltaic plain massive sandstones were deposit-
ed within the area. Paleobathymetric data indicate that the Textularia
stapperi interval was deposited in an upper-shelf position (Fig. 3).
Movement on the two bounding Faults L and T showed a minor increase
in growth while movement on Faults B and R died out during UL-5 to UL-3

deposition (Fig. 9). Fault T ceased movement by the Textularia stapperi

transgression (Fig.7) while fault L, to the south, continued movement
farther upsection (Fig. 5).
Significant 'rollover' was produced in LaFourche Crossing and

Thibodaux fields during the Cibicides opima to Textularia stapperi

deposition. Radial faulting which was initialized during McCulla Sand
deposition at Chacahoula Dome continued movement throughout this.inter-
val. During and following the UL-5 deposition a large salt overhang
developed on the east-northeast flank of Chacahoula dome (Plate 19).
The two large salt withdrawal faults (H and Hl) on the northeast flank
of Chacahoula continued to move long after the deposition of Middle
Miocene sandstones ended (Plate 18). One of these faults extends to

within 2500 feet of the surface.
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Hydrocarbon Accumulations
Hydrocarbons within the study area can be divided into groups

depending upon their composition and mode of structural entrapment.
Hydrocarbons within the 'hard' abnormally pressured section consist
entirely of gas and gas condensate. The most prolific producing hori-
zons are the Plater and Ridgefield sands. Condensate production from
the abnormally pressured intervals is much higher than the hydrostati-
cally pressured section which consists of condensate-poor gas and heavy
oil (A PIGravity 32 to 37). The only reservoirs producing oil from this
zone are in the LaFourche Crossing and Chacahoula fields. These liquid
0il reservoirs usually have a discrete gas cap. Discussion of the
hydrocarbons contained within the different fields will help to deline-

ate these relationships further.

Southwest Lake Boeuf Field

Most of the accumulations within Southwest Lake Boeuf field (Plate
1) are confined to the abnormally pressured section (.72 to .92 psi/ft)
below the top of the Robulus (43) L paleozone. The abnormally pressured
accumulations consist of gas and condensate trapped in the Plater,
Ridgefield, and Robulus (43) #3 Sands (Plates 15 and 16). Condensate
production of A PI Gravity 47 to 52 oils within these intervals is
extremely high with gas/oil (G/0) ratios ranging from 2000/1 to 9000/1.

The Robulus (43) #3 accumulation is in a combined structural-
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stratigraphic trap within a small anticlinal closure above the dome.
The lower Plater Sand and Ridgefield sand accumulations are primarily

structural traps associated with the Operculinoides graben-faulting over

the uplift. No structural clpsure is seem above the Robulus (43) L zone
in which hydrocarbons coul& be trapped. Southeast of the main Lake
Boeuf uplift in T15S, R18E, Section 46 three Bradco wells also produce
from the gas and condensate (Ridgefield and Plater) trapped on the south
flank of a north dipping fault which developed over the eastern portion
of the Southwest Lake Bouef uplift. The only hydrostatically pressured
hydrocarbons in the area are contained by a 'rollover' structure along
fault L, within the UL-8 sand (T15S, RI8E, Sections 48 and 49 ) (Plate

5).

Melodia Field

Accumulations in the Melodia field (Plate 1) occur in the northern
end of Southwest Lake Boeuf uplift and are trapped by the north bounding
fault T. Gas and gas condensate occurs within all the sandstones below
the Bourgeois sand interval, The structural trap is a reverse-dip
closure on the northern upthrown side of Fault T (PLate 7). These
accumulations occur both above and below the top of the 'hard' abnormal
pressure, but hydrocarbons within the 'hard' pressure zone contain
appreciably more condensate. As in Southwest Lake Boeuf field, no
significant closure occurs in higher stratigraphic intervals, as is

apparent on the (Plate 6).
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LaFourche Crossing

All accumulations in LaFourche Crossing field (Plate 1) are trapped
in a simple 'rollover' closure on the south side of faults L and L',
which cut the southern nose of the Rousseau anticline (PLate 20). The
structural closures developed during the accelerated movement of these

faults from Cibicides opima to Bigenerina humblei time. Hydrocarbon

reservoirs include the UL-4 to UL-2 sands and some Textularia stapperi

sands. No accumulations have been found in the UL-8 to UL-5 sands
despite good sandstone developméhﬁ and 'rollover' closure. These
hydrocarbons all occur within the hydro-statically pressured section
having fluid pressures of .43 to .45 psi/ft. They consist exclusively
of dry gas with minor condensate in the UL-4 to UL-2 sands and heavier

0il accumulation in the Textularia stapperi sands.

Rousseau Field

The Rousseau field (Plate 1) area may be divided into northern and
southern structures. The northern structures are dominated by the
regionally developed growth Faults T, B, and R. Hydrocarbons are
primarily trapped in abnormally pressured reverse dip structures on the

north flank of Fault T within Operculinoides I, Plater, and Ridgefield

sands (Plate 11). Significant accumulations also exist in the normally
pressured McCulla sands in both reverse dip and 'rollover' traps along

Faults T and R.
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The structure in southern Rousseau, above the Barnhart sand is a
simple unfaulted anticline whose axis extends north-northwest to south-
southeast across the western edge of T15S, R17E, The structural axis
shifts to the northeast in successively stratigraphically shallower
sections. Shallow hydropressured hydrocarbons, as in LaFourche Cross-

ing, are trapped in the UL-5 to UL~2 Cristellaria T sands. A signifi-

cant reservoir also exists in the UL-8 sand (Plate 11). These reser-
voirs contain only gas with minor condensate.

Deep hydrocarbons in southern Rousseau are trapped by a complex
graben fault system below the top of the abnormal pressure zone within
Robulus (43) L and older deposits. These deeper accumulations are
trapped in Plater and Ridgefield sand reverse dip closures on the
northern flank of the graben, upthrown to Faults Q and R. One south

flank accumulation exists in the Operculinoides I (1300 foot) sand south

of Fault Q in the Alliance #1 Robichaux well.

Recovery from the normally pressured UL-2 to UL-8 sands averages
1.65 million cubic feet per acre foot (MMCF/acre ft) with 20 barrels
(BBL) of condensate per MMCF gas (Hintze, 1967a). Here difference in
the hydrocarbons produced above and below the top of the abnormally

pressured zone.

Northeast Chacahoula Field

Chacahoula dome is a mature piercement salt stock extending to

within 2000 feet of the surface. Nearly all the sandstones abutting the
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salt below Bigenerina humblei contain hydrocarbons in commercial

quantities. The primary shallow, normally pressured reservoirs are the
UL-5 (Pure), UL-7 (Lyric), and UL-8 (Mire) sands (Plates 18 and 19).

The UL-7 and UL-8 reservoirs contain heavy oil (A PI Gravity 32-37) with
a significant gas cap while the UL-5 sand contains gas and condensate.
All these wedge-shaped reservoirs are bounded on two sides by radial
faults with an updip sandstone pinchout as the seal. Above Bingeerina
humblei additional gas and oil reservoirs occur in the massive sand-
stones especially on the éouthern flanks of the dome. The top of the
'hard' abnormal pressure varies greatly across stratigraphic intervals
on the east flank of the dome (Plate 18). 1In Section 69 the high
pressure is encountered just below the McCulla sand zone but becomes
increasingly stratigraphically deeper to the north. Upthrown to the two
large salt withdrawal faults, the abnormal pressure is encountered just

above the Regional Operculinoides marker. The abnormal pressure is not

reached in the downthrown blocks within the withdrawal basin. Below the
erosional unconformity, significant gas condensate is trapped in the
remaining Robulus (43) L Sand. Thesé accumulations extend some distance
to the northwest of the current dome and are trapped in apparent
structural highs. Additional gas condensate production is found in the

Plater and Ridgefield Sands within extremely complex fault segments.
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SALINITY AND TEMPERATURE PATTERNS

Temperatures

Examination of the regional isotherm maps (Plates 21 and 22) for
the 250°F and 200°F surfaces indicate significant variations within the
area. Depth-temperature plots of the corrected BHT for numerous wells
in the different fields are shown in figures 10 through 12. The
corrected BHT data points are overlain by gradient lines depicting.the
average of the temperature gradients within the hydropressured and
abnormally pressured zones for the individual wells plotted. Averaged
of the temperature gradients for the hydrostatically pressured section
range from 1.16°F/100 ft to 1.24°F/100 ft. These values agree with
values calculated by Moses (1961). Averages of the temperature
gradients within the upper abnormally pressured section vary from
2.25°F/100 ft for Southwest Lake Boeuf (Fig.ll) to 2.98°F/100 ft for
Thibodaux field (Fig. 12). Since heat transfer by water migration
during compaction has been limited within the abnormally pressured zone
these higher gradients should be expected. These very high temperature
gradients, however, appear to decrease after an indeterminant distance
below the top of the 'hard' abnormally pressured zone. The resulting
dog-leg temperature gradient, which can be seen in numerous wells in the
area, is illustrated by the Stanolind #1 Ridgefield sand Unit 3 in

Thibodaux field (Fig. 12). Considering the BHT data for this well,
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points A and B were used to determine the temperature gradient in the
hydropressured zone while points C, D, and E delineate the very high
temperature gradient in the upper abnormally pressured zonme. A decrease
in the abnormally pressured gradient is delineated by points C, F, and G
which fall below this high temperature gradient. The exact value of the
very deep temperature gradients is difficult to determine because of
limited BHT data. The numerous BHT values that fall below the vary high
temperature gradient in the abnormally pressured temperature zone
reflect the dog-leg effect.

The 200°F isothermal surface map (Plate 21) shows a maximum relief
of approximately 4500 feet. The shallowest occurrence of this tempera-
ture is around 7000 feet in LaFourche Crossing and northeast Chacahoula
fields, while the deepest occurrence is approximately 11,500 feet in
numerous other locations.

For aid in describing the anomalies in the 200°F isothermal map,
areas in which this temperature was reached above 900 feet are shaded on
the map (Plate 21). This 9000 foot depth, indicating a relief of 2500
feet for the isotherm, is felt to adequately describe anomalously
shallow occurrences of 200°F isothermal surface considering the expected
error in BHT measurements. Using this criterium nine anomalies are

displayed on the 200°F isothermal surface map.
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The 250°F isothermal surface map (Plate 22) indicates a relief of
5000 feet on this surface, ranging from a high of 10,000 feet to a low
of approximately 15,000 feet. Depths shallower that 12,000 feet,
showing 3000 feet of relief, were used to indicate anomalies on this
surface. Several other aréas, extending to shallow depths may alsoc be
anomalies but are not indicated in the map using this criterium.
Consequently, only four anomalies are shown on the 250F isothermal
surface map.

For easier reference, anomalies on both the 200°F and 250°F
isothermal surface maps are distinguished by the same letter designation
where they occur in the same general location. Further, the number of

wells delineating each anomaly is shown in Table 1.
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TABLE 1.
D Well Delineation Of Various Anomalies.
Thermal Anomalies
# Wells Delineating # Wells Delineating
Designation 200°F (9500'") 250°F (12,500")
A 2 0
B 1 3
C 1 3
D 10 7
E 3 0
F 2 0
G 1 0
H 5 2
1 2 2
UL - 5 Sand Salinity Anomalies
# Wells Delineating
Anomals ' (80,000 ppm)
A 1
B 1
C 2
D 1
E 2
F 2
McMulla Marker Sand Salinity Anomalies
# Wells Delineating
Designation (55,000 ppm)

A 1
B 7
C 4
D 5
E 3
F 1

Several isothermal anomalies appear along the trace of the southern
bounding Fault L. Three anomalies (A, B, and C) occurring in the
eastern part of the area in T15S, RI8E are shown on the 200°F map (Plate
21). Anomaly B is delineated in the Southwest Lake Boeuf dip cross
section (Plate 15) by the sharp rise in the 200 and 250° isothermal

surfaces south of Fault L. Lack of well control at the depth of the

250° isotherm makes a verification of the A anomaly at this level

impossible
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(Plate 22). These anomalies are elongated within a general high extend-
ing in an east-west direction along Fault L. The LaFourche Crossing
cross section just comes to the edge of the anomaly (Plate 20). The
bifurcation of Fault L can be seen of the UL-3, UL-5, and McCulla sands
structure maps (Plates 4,5, and 6 respectively). Anomaly D is the best
documented and most extensively developed anomaly in the area. Farther
to the west, in T15S, R16E, Section 74, a single well marks the occur-
rence of anomaly G on the 200°F map along this same fault. Again, lack
of deep well control prevents a 250°F verificationm.

Several anomalies also extend along the regionally developed growth
Fault R south of Thibodaux and in the northern area of Rousseau field.
Anomaly E is located on the north flank of the southern Rousseau
anticline while anomaly F extends north~northeast to south-southwest
along Fault R in Sections 81, 93, and 142 of T15S, RI6E (Plate 21).
Anomalies E and F are only shown as anomalies on the 200°F map but
distinct highs in the same areas also exist on the 150°F map. Although
not shown as anomalies, thermal highs exist in northern Rousseau near
the junction of Faults B and R with the north bounding Fault T (Plates
21 and 22). These highs extend the anomalies of E and F farther to the
northeast along the same trend.

Two anomalies (H and I) are developed on both isothermal surface
maps adjacent to Chacahoula salt stock. These two anomalies show very
extensive relief similar to that seen in the LaFourche Crossing area.
Very extensive faulting of the flank of the come combined with the high
thermal conductivity of the salt makes analysis of these areas
difficult. The occurrence of thermal troughs (lows) on both isothermal

surface maps to the east of these lighs is similar to temperature
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patterns observed by Oden (1980). This pattern may result from the salt
stock conducting heat from deeper flank sediments to the upper portion
of the sedimentary column adjacent to the salt due to the high thermal
conductivity of the salt, or from fluid movement up the flanks of the
dome through fault zones. Both anomalies H and I occur adjacent to the
actual salt stock,

Salinity maps for the UL-5 and McCulla Marker sand horizons were
used to illustrate salinity variations within the study area (plates 23
and 24). As previously noted, these two sandstones were chosen because
they exhibit limited strafigraphic variation within their depositional
areas and contain negligible hydrocarbon accumulations. Zones contain-
ing hydrocarbons or poorly developed sandstones within each of these
intervals are noted on the perspective maps. The UL-5 sand occurs
entirely within the hydrostatically pressured section throughout the
study area while the equivalent to the McCulla Marker sand (shale
section) is abnormally pressured south of fault L. Calculated salinity
values within the UL-5 sandstones vary from a maximum of approximately
175,000 parts per million (ppm) to a low of approximately 50,000 ppm.
For visual display, areas exhibiting salinities less than 75,000 were
congidered anomalous (Plate 23). Hydrocarbon production from this
interval in Chacahoula and southern Rousseau prohibited calculations of
salinities in these two areas as shown. Also, this sandstone was not
well developed in an elongated zone south of the southern bounding Fault
L in T16S, R16 & 1l7E.

The UL-5 sandstone thus exhibits six significant salinity anomalies
(Plate 23). Salinity anomalies A and B in T15S, RI8BE correspond with

the thermal anomalies A and C and Extend north-northwest to
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east-southeast along the trace of Fault L. To the southeast of salinity
anomaly B, two other zones exhibit salinities with less than 100,000 ppm
and correspond to the thermal anomaly B. Salinity anomaly C occurs in
the LaFourche Crossing Field in the same location as thermal anomaly D.
A zone of less than 100,000 ppm extends to the east and southwest along
faults L and L' respectively.., Lower salinities do not, however, appear
to the west of the bifurcation. Salinity anomalies D, in the northwest-
ern part of Thibodeaux field, and E, in northeast Chacahoula field, do
not correspond to previously noted thermal anomalies. However, amromaly
D occurs very close to the north bounding Thibodaux Fault T, Anomaly E
is significant in that it is surrounded by an extensive 100,000 ppm
salinity zone which is verified by six wells and does not seem to
correspond to any fault offsetting This interval. Anomaly F occurs on
the northeast flank of the Chacahoula dome downdip from significant oil
and gas production in the Mire sand. It closely corresponds to the
thermal anomaly H. Two zones of salinities less than 100,000 ppm along
R in T15S8, R16E, Sections 77 and 39 correspond with the E and F thermal
anomalies.

The McCulla marker sand salinity map only covers the upper half of
the study area (Plate 24)., McCulla marker and McCulla sand deposition
was controlled by growth faulting along Faults T, B, and R and all the
domal uplifts. These sandstone intervals rapidly change to shale south
of the faults and the Chacahoula Dome as indicated on the McCulla Marker
salinity map (Plate 24). Salinity changes in this horizon range from
approximately 160,000 ppm to 45,000 ppm. Areas showing water salinities
less than 50,000 were considered anomalies and designated on the map.

Seven zones are shown as anomalies on the McCulla Marker salinity
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map (Plate 24)., Anomalies A and B located in the eastern pértion of the
study area both occur along the north bounding Fault T but also adjacent
to the zone in which the McCulla marker ‘'shales out'. Anomaly C occurs
in the northern area of Rousseau field, south of Fault T, near the
junction with Fault R. Anomaly D extends over a broad zone between
Faults B and R along the north boundary between T15E, R16 & 17E. This
anomaly may be two separate low salinity zones existing along each .

fault, but the lack of well control prohibits adequate resolution.

. Farther to the southwest in Sections 77 and 80, anomaly F also occurs

between the two faults. Salinity anomalies C, D, and F are probably

related to thermal anomalies E and F extending along Fault R. Directly
over the central portion of Rousseau dome is anomaly E. This anomaly,
as well as anomalies A, B, and G, occurs very close to the depositional
edge of the McCulla marker sand.

Salinity profiles for several wells in the LaFourche Crossing and
Thibodaux areas (Figures 13 and 14) illustrate the salinity variations
which can occur in the shallow hydropressured sandstones. Wells used
for comparison in these profiles were chosen based on the similarity of
sandstone development and maximum deviation in the salinity values. The
Thibodaux profile (Fig. 13) corresponds to the McCulla marker sand
salinity anomaly D while the LaFourche Crossing profile (Figure 14)
corresponds to the UL-5 sand salinity anomaly C. The calculated
salinities within the hydropressured sandstomes vary by as much as
75,000 ppm while the deeper abnormally pressured sandstones have

essentially the same salinity values.
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Water Migration

Comparison of the anomaly patterns for temperatures and salinities
on the selected mapping horizons has shown that these two parameters
bear definite relationships to each other. Low salinity and high
temperature anomalies usually occur along major regional growth faults
in the same locations (Fig; 15.)., Further, all the faults (T, R, B, and
L) along which these anomalies occur had the longest growth histories in
the area and extend a significant distance above the 'hard' abnormally
pressured zone., These relationships suggest that the anomalies resulted
from the movement of hot, low-salinity (approximately 50,000 ppm) waters
from the abnormally pressured zone up permeable zomes along the faults
to hydropressured aquifer systems containing cooler, high-salinity
(approximately 150,000 ppm) waters. Numerous authors, including Jones
(1975) and Weber et al. (1978), reached similar conclusions concerning
fluid migration routes from abnormally pressured zones. Further,
similar studies in south Louisiana conducted at Louisiana State
University by Gatemby (1979), Harrison (1979), and others reach the same
conclusion.

The permeability of growth faults during migration seems probable,
since many fault zones contain a significant gouge zone composed of
formational debris assimilated during fault movement. Smith (1980)
discussed several published examples of gouge zones existing in Gulf
Coast growth faults. Further, in studying hydrocarbon reservoir charac-
teristics, Smith also concluded that many Gulf Coast growth faults are
not necessarily barriers to lateral fluid migrétions. The fluid
conduction properties of a growth fault would be best developed in the

abnormally pressured zone where fault movement has been the greatest and
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higher pressures tend to 'prop open' the faults (Hubbert & Rubey, 1959).
All the faults within the study area, along which fluids migrated, have
throws in excess of 400 feet at depth. The more limited fault movement
within the upper hydropressure zone is less likely to have produced a
substantial gouge zone.

Examination of a hypothetical model for salinity anomalies within
the hydropressured zone (see Appendix C) indicates that the low
salinities produced by a migration of abnormally pressured water could
remain for significant periods of geological time. The uncertainty of
sodium chloride (NaCl) diffusion rates used in the model make the
absolute time needed to reach a salinity equilibrium uncertain. Since
many of the calculated salinity values within the upper hydropressured
sandstones are in the range of 40,000-50,000 ppm, the water movements
necessary to produce these salinity contracts must have recurred over an
extended period of time. Several of these anomalies, most particularly
LaFourche Crossing, must have had some flushing in the last few million
years. Temperature anomalies in the hydropressure zone probably would
also be relatively short-lived due to continual convective water move-
ment caused by compaction.

Several salinity anomalies such as E, occurring in the UL-5 sand-
stone, between Thibodaux and northeast Chacahoula fields (Plate 23) do
not correspond to fault trends or thermal highs. Due to the nature of
the salinity and temperature data sets, anomalies for each parameter may
not coincide in a planar map view. Figure 16 shows a situation where
the thermal anomalies produced by the flow of hot, low-salinity waters
along a fault zone are substantially offset from the salinity anomalies

within a sandstone of the hydropressured zone. The specific
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migration routes of water within the fault and aquifer systems are much
too complex to delineate adequately with the methods used here. However,
it can be said that significant vertical movements of water have occurred
along Faults R, T, and L, as noted by the coexistence of salinity and
temperature anomalies. The most pronounced of these anomalies occurs in
LaFourche Crossing.

Several of the salinity anomalies on both maps may be due to causes
other than extended vertical fluid migration. Salinity anomalies A, B,
E, and G, adjacent to the 'shale out' on the McCulla marker sand map
(Plate 24), may be due to a lateral migration of less saline shale pore
waters within the same stratigraphic interval into the updip sandstone
aquifers (Schmidt, 1973). Depth salinity plots for several wells in
Rousseau Field (Fig. 17), which did not exhibit salinity values indicat-
ing flushes, suggest that the zone below the UL-5 sand is undergoing the
second stage of smectite dehydration as proposed by Burst (1969).
Temperatures within this stratigraphic interval fall well within the
temperatures needed to initiate this dehydration (180 to 230F). It
should be noted that this zone of smectite to illite conversion if
occurring approximately 1,500 feet above the top of the 'hard' abnormal

pressure.

Hydrocarbon Migration

Significant, shallow, hydropressured, hydrocarbon accumulations of
oil and dry gas described previously for the individual fields, occur in
conjunction with the areas of proposed vertical fluid migration. The
most notable of these are the LaFourche Crossing UL-2 to UL-4 and

Textularia stapperi accumulations, the shallow Rousseau dome UL-2 to
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UL-8 accumulations, the UL-8 'rollover' accumulation in T15S, RI18E,
Sections 48 and 49, and the abundant oil and gas accumulations on
Chacahoula dome. Several noticeable exceptions to this apparent rela-
tionship are the hydropressured Barnmhart and McCulla sand accumulations
in Thibodaux and the lack of hydrocarbon accumulations occurring in
conjunction with thermal anomalies A and B. If hydrocarbon migration is
related to vertical water movement from the abnormally pressured section,
then later migration of hrdrocarbons up dip within the reservoirs due to
bouyancy could account for the offsets of current accumulations from
zones of vertical flush. ‘The elongation of temperature anomaly D in
LaFourche Crossing to the north-northwest over southern Rousseau anticl-
ing might indicate such a lateral fluid movement. It should also be
noted that most of the deep, abnormally pressured, condensate-rich gas

accumulations within the Operulinoides and Ridgefield Sand horizons have

no significant temperature anomalies assoclated with then. One excep-
tion to this in the accumulation southwest of Lake Boeuf in T15S, RIS8E

Section 46 (Plate 15).

Fluid-Structural RElationships

Since a noticeable number of the proposed areas of vertical water
movement are located along growth faults where 'rollover' structures
have developed, a relationship between the structural development and
water migration may exist. 'Rollover' structures have developed only
along Fault L in LaFourche Crossing and south of Lake Boeuf where
vertical water migration has occurred. Both of these structures also
occur where Fault L bifurcates, as seen in the UL-3 and UL-8 structure

maps (Plates 4 and 5). This occurrence possibly represents a condi-
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tion where vertical fluid movements, along a structurally weak zone of
the fault, produced additional downthrown subsidence due to compaction
resulting from the water escape at epth. This could lead to the devel-
opment of a local depositional pod and structural 'rollover'. Fluid
migration could thus enhance structural development and fault movement
which could, in turn, be favorable for further fluid movement up the
permeable fault may also exist in Thibodaux field and the northern area
of Rousseau field, although, the salinity and temperature anomalies are
not as well developed in these fields. The northern area of Rousseau
field has both temperature and salinity anomalies which coincide but
Thibodaux field lacks evidence of such relationships. These poorly
delineated relationships were probably produced by several factors
including 1) limited availability of data, 2) timing of fluid migration,
and 3) complexity of migration paths.

Chacahoula salt dome might also fit a model of structural develop-
ment occurring in conjunction with vertical fluid migrations. Adjacent
to the prominent salt overhang of northeast Chacahoula dome substantial
salinity and thermal anomalies are apparent (Plates 18 and 19). The
structures adjacent to the dome were obviously produced by the salt
uplift but fluid migration around the dome may have had a 'lubricating'
effect upon the salt-sediment interaction. As previously produced by
the salt uplift but fluid migrations around the dome may have had a
"lubricating' effect upon the salt-sediment interaction. As previously
stated, however, these anomalies may be due to the heat conduction
properties of the salt stock or fluid movement up the flanks of the

dome.
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DISCUSSION

Conclusions as to the exact mechanisms by which hydrocarbons
migrate within the basin are very speculative considering the data used
within the study. However, several relevant observations may be made as
to the nature of the migration, First, the current hydrocarbon profile
within the sediment column, as discussed within the hydrocarbon section,
conforms to the stratification expected during the normal maturation
staged of kerogen with increasing temperatures (Fig. 18; Hart, 1980).
The temperature used in this chart are the maximum temperatures that the
source rock has been Subjected too and thus cannot necessarily be
applied to temperature gradients currently existing in the geologic
section. But with increasing temperature, petroleum generated from
source rocks consists first of heavier weight liquid hydrocarbons from
approximately 150°F to 250°F, followed by condensate rich gas from
approximately 225°F to 300°F, and finally dry gas from 250°F to 350°F.
It should be noted that these temperature zones delineating the
generation of different hydrocarbons are overlapping. Further, the type
of hydrocarbon generated is highly dependent upon the nature of the
original organic material., Liquid hydrocarbons formed at shallow depths
having lower temperatures would be pfogressively broken down into
lighter hydrocarboné with increased burial to depths having higher
temperatures (Tissot et at., 1974; Rice, 1980)

Second, the most commonly proposed mechanism for significant
vertical hydrocarbon migration, which consists of a true solution in
water, has several inadequacies which would indicate that it is not an
important primary migration mechanism. Price (1976) indicated that

significant hydrocarbons could be dissolved in fresh waters at tempera-
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tures higher than 180C (356F) to account for molecular-solution as a
primary petroleum migration mechanism. However, the paleo-temperature
ranges for hydrocarbon maturation (Fig. 18; Hart, 1980), indicate that
at temperatures greater than 356°F, né liquid hydrocarbons would be left
in the source beds to be moved by this mechanism. Jones (1980) stated
that at temperatures above‘206°C (392°F), there is usually a drastic
drop in the ratio of the weight percent bitumen to the total organic
carbon (TOC) found in potential source rocks. Thus, the available
butumens in the rocks at temperatures greater than 200°C are probably
not significant enough to produce significant enough to produce
commercial oil accumulations. Also studies of liquid hydrocarbon
accumulations indicate that variations in the solubilities of different
molecular weights and types of liquid hydrocarbons are not reflected in
these crude oil compositions (McAuliffe, 1979). Further, by modeling
fluid migrations, Bonham (1980) concluded that insufficient water had
moved up permeable fault systems to account for the origin of known oil
accumulations within the hydropressured zones of the Gulf Coast; there-
fore, liquid hydrocarbon accumulations, such as in LaFourche Crossing
and northeast Chacahoula fields, could not have come from the very deep
abnormally pressured shale sections with temperatures in excess of 356°F
which occur below the base of the drilled section in the study area.?
The reported solubilities of lighter hydrocarbons (Price, 1976) and
methane (Bonham, 1980) appear high enough to account for their migration
from the deep abnormally pressured zone in solutions. Secondary migra-
tion up the permeable fault zones would have to be accomplished, in

part, as a separate hydrocarbon phase due to the drop in temperatures

and pressures with decreasing depth. But even then gas and
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condensate accumulations within the 'hard' abnormally pressured section
of the study area are still difficult to explain using Price's solution
migration.,

Third, the total organic carbon (TOC) content of the shale source
rocks in tertiary delta systems in substantially below the values for
most other known source rocks. TOC in the Niger and Mississippi delta
systems range from only .3 to 1.0 weight percent. Most other source
rocks from other parts of the world contain TOC ranges from 2.5 weight
percent to over 10 weight percent (Jones, 1980). With the exception of
the Tertiary delta systems, such as in the Gulf Coast, rocks with low
TOC are not the sources of major oil accumulations. Jones concluded
that the low TOC in the Gulf Coast sediments made primary migration of

0oil in a continuous phase highly unlikely.

Conclusions
Due to the occurrences of probable vertical water migration from
the 'hard' abnormally pressured section as delineated by thermal and
salinity anomalies, it seems likely that petroleum accumulation and
structural development were facilitated by the water movements. A deep,
long distance transport of most of the hydrocarbons in solution, along

permeable fault zones as proposed by Price (1976) seems unlikely. But

‘substantial redistribution of hydrocarbons, particularly gases, from the

'hard' abnormally pressured zone during times of vertical water flushes
probable. These hydrocarbons would have moved as a separate phase
within the water in response=se to bouyancy. Hydrocarbons within the
'hard' abnormally pressured section, which occur throughout the study

area, probably also moved in response to water leaving this zone but
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were not transported over extensive distances. Abmormally pressured
fields such a Southwest Lake Boeuf may have experienced negligible
vertical hydrocarbon migration and significant lateral migration.
Shallow, normally pressured hydrocarbon accumulations such as those in
LaFourche Crossing and northeast Chacahoula fields are most likely
related to higration from the 'hard' abnormally pressured zones. The
shallow accumulations in southern Rousseau are probably related to
vertical fluid migration in LaFourche Crossing to the south and along
Fault R to the north of the anticline. Absence of salinity and thermal
anomalies over the Rousseau Dome indicate that the shallow accumulations
did not come from the extensive graben system developed in the abnormal-
ly pressured zone. This is easily understood, since none of the graben
faults (Fault Q. Q', N, or P) continued movement for a significant time
after the current top of the 'hard' abnormally pressured zone (Robulus
(43) L) was deposited.

It must be remembered that the sediment deposition, structural
development, and fluid migration within the Miocene of the study area
constitute a dynamic and continually changing system. The changes in
sedimentation and structural development as described in this study can
be readily documented since they leave a permanent record within the
drilled stratigraphic column. Fluid movements, on the other hand, must
be short-lived events which may persist in the same location over a
significant geologic time. A record of these fluid movements is neither
simple nor permanent. Later structural movements and fluid migrations
may completely destroy the evidence of past hydrocarbon accumulations or
vertical fluid migrations. The hydrocarbons ultimately found in reser-

voirs may thus have had a long history of secondary migration and may
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have been generated in innumerable source rocks within the basin.
Recommendations

Due to the quantity and quality of data used, a study of this
nature can only give a generalized picture of fluid migration within a
basin. The parameters of salinity, temperature, and pressure were all
derived through indirect measuring methods involving numerous assumptions.
A much more precise model of fluid migration could be developed if
direct measurements could be obtained. Such data would consist of 1)
temperature, sonic, and density logs, 2) detailed reservoir production
data, 3) cores, and 4) fluid samples. Such data could give precise
values for temperatures, pressures, porosities, rock matrices, and fluid
composition within the basin. If a significant amount of data of this
could be obtained, then a more detailed model of fluid migration could
be developed. This model could combine methods such as those used by
Bonham (1980) and Bredehoeft and Hanshaw (1968). Problems such as
mechanisms of primary and secondary migration, development and mainten-
ance of abnormal pressures, and volumes of water moved could then be
properly evaluated. Such a model would have to involve substantial
computer techniques.

Significant planning and background research would be involved in
locating an appropriate study area. Such an area would have to be 1)
structurally simple, 2) not actively under hydrocarbon exploration, and

3) data-rich as described above.
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Fig. 1 - Location map of the study area in northern
Lafourche and Terrebonne Parishes, Louisiana.
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T14S,R16E
No. Sec.
1 37
2 41

3 44
4 47

5 90
T14S,R17E
No. Sec.
275 6
276 20

6 33
T15S,R15E
No. Sec.
7 42
8 43

9 43
10 45
11 56
12 56
13 56
14 56
15 56
16 56
17 56
18 56
19 57
20 57
21 57
22 57
23 57
24 57
25 57
26 57
27 57
28 57
29 57
30 57
31 66
32 66
33 66
34 66

APPENDIX A
List of Wells

Operator

McCulloch
Davis 0il Co.
Pruet Pord. Co.
Pan-Am. Petr.
Barnhart

Operator

Texas Pacific
P. R. Bass
Aztec 0 & G

Operator

Humble O & R
Humble O & R
Birdwell & Brady
Texas Gas Explor.
The Texas Co.

The Texas Co.
Humble
Humble
Humble
Humble
Humble
Humble
Humble
Humble
Glasswell
Humble O & R
Humble O & R
Sun & Humble
Humble O & R
Markley
Humble O & R
Sun 0il
Magna 0il Co.
Markley

Sun 0il Co.
Sun 0il Co.
Sun 0il Co.
Sun 0il Co.

COO0OO0OO0OOO0O
PR R R
AP X ™

Lease

Leche et al.

Caldwell et

#1
al #1

J. B. Levert Land #1

R. Hurd #1

C. Bourgeois #1

Lease

Bowie Lumber 6 #lA

Laurel Valley Plant. #1

Laurel Valley #1

Lease

Rob 1 Sd. Un. 2 #1

Mire #1

A. Guillot #1
Chac. Gas Un. #2
R. B. Howell #l
R. B. Howell #2

A. G. Frost

et al. #1

C. J. Coulon et al. #5

C. J. Coulon et al, #6
C. J. Coulon et al. #7
C. J. Coulon et al. #8

Humble Un.

9

i#l

Chac. 0il Un. 10 #1

Adams st al.

Rogers i1
Coulon #10
C. Adams et

#3

al, B-1

Robers Un. Well #1

Adams et al.

Guillot #1
A. G. Frost
Levert Land
Levert Lank
Mire #1
Lyric Rlty.
Lyric Rilty.
Lyric Rlty.
Lyric Rlty.

Un. #1

et at. B-1
A-1
C-1

& Park. #1
& Park. #2
& Park. #5
& Park. #6

T.D.

13,560
10,587
10,760dev
14,405
13,572

13,215
12,187
13,343

T.D.

13,000
12,841
12,784
12,777
13,444
12,930
13,2258T
12,757
12,750
13,122
12,543
12,742
22,717
12,7178T
13,230
12,656
13,360
12,9148T
13,314
13,022
13,133
13,714
16,214
11,414
11,131
10,213
11,133
12,005






35 66
36 66
37 66
38 66
39 66
40 66
41 66
42 66
43 67
9,699ST
44 67
45 67
46 67
47 67
48 67
49 67
50 67
51 68
52 68
53 69
54 69
55 69
56 69
57 69
58 69
59 78
60 79
T15S,R16E
No. Sec.
61 9
62 9
63 14
64 16
65 20
66 21
4,2508T
67 25
68 29
69 30
70 30
71 31&32
72 34
73 35
74 36
75 36
76 36
77 37
78 39
79 42
80 47
81 48
82 50
83 50

Sun 0il Co.
Sun 0il Co.
Sun 0il Co.
Sun 0il Co.
Sun 0il Co.
Sun 0il Co.
Pure 0il Co.
Union 0il Co.

Sun 0il Co.
Sun 0il Co.
Sun 0il Co.
Humble 0 & R
Humble O & R
Humble O & R
Humble O & R
Humble O & R
Sun 0il Co.

Union 0il Co.
Union 0il Co.
Pure 0il Co.
Magna 0il
Sun 0il Co.
Sun 0il Co.
Magna 0il
Sun 0il Co.
Sun 0il Co.

Operator

Howell, Hol.& How.
Howell, Hol.& How.
Howell, Hol.& How.
Stanolind O & G
Stanolind O & G
Stanolind O & G

Pan-Am Petr. Co.
Humble O & R
Stanolind O & G
Pan-Am. Petr. Co.
Humble O & R
Pan-Am. Petr. Co.
Humble O & R
Humble O & R
Humble O & R

E. L. Cox

Humble O & R
Humble O & R

Sick & Mott

Texas Gas Expl. Co.
Texas Gas Expl. Co.
Howell, Hol.& How.
Howell, Hol.& How.

Rob., 3 Sd. Un. 4 & #9
Rob. 3 Sd. 4 #9

Lyric Rlty. Park. #10
Lyric Rlty. & Park. #11
Lyric Rlty. & Park. #12
Lyric Drexler #1

Pure Fee #1

Lyric Rlty. Park. #1
Lyric Tlty. & Park. #3

Lyric RLty. & Park. #4
Lyric Rlty. & Park, #8
C. J. Coulon #1
J. Coulon #2
. J. Coulon #3
J. Coulon #4
C. J. Coulon #9
Polmer #2
Ducros Plantation #1
Pure Fee #2
Pure Fee #2
Pure 0il #3
J. L. Pool #1
0. J. Mire et al. #1
Pure 0il Fee #1
Dibert C-1
Polmer #1

Lease

Energy Rlty. B-2
Energy Rlty. B~1
Tregre #1

Knight #1
Ridgefield #1
Nicholls #11

Ridgefield Sd. Un. 2, #1
Ridgefield Sd. Un. 4, #1
Ridgefield St. Un. 3, #1
Plater B SU C:McCulla #1

Plater #3

Plater A SU C:Plater #1
Plater #1

Plater #2

Plater #5

Plater #1

Plater #4

Ridgefield Sd. GU 8-1
Plater #1

Chaco. GU i1
DeGravelles #1

Energy Rlty. #4
Energy Rlty. #5

93

13,010
13,010
11,800
10,500

9,515
12,000
12,642

9,705

9,707
12,873
11,409
10,519
10,045

9,669
13,100
13,030
15,040
10,300

9,128

9,940
10,442
10,025
14,050
11,514
14,750ST

T.D.

13,095
13,068
14,566
14,300
12,535

14,500
14,3508T
14,552
13,800
15,800
13,880
14,880
14,275
14,095
14,292
14,242
15,250
15,020
12,806
12,800
12,720
12,703



94

84 50 Howell, Hol.& How. Energy Rlty. #6 12,945
@ 85 55 Howell, Hol.& How. Energy Rlty. #2 12,717




86
87
88
89
S0
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

T15S,RI17E

No.

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

58
61
65
65
65
65
66
67
70
74
77
78
79
81
93
93
96
101
101
105
106
108
111
112
115
131
137
141
143
152
155

Sec.

Stanolind O & G
Pan-Am. Petr. Co.
Howell, Hol.& How.
Howell. Hol.& How.
Nortcott Explé&Czar
Spooner Petr. Co.
Am. Quasar Petr.
Geol-Geoph. Assoc.
Howell, Hol.& How.
Birthright 0il Co.
Placid 0il Co.
Placid 0il Co.
Placid 0il Co.
Wainoco

Patrick Petr. Co.
Placid 0il Co.
Humble O & RR.

H. L. Hunt

Fla. Gas Expl.
Pan-Am. Patr. Co.
Paul Barmhart

NFC Petr. Co.

Paul Barnhart
Paul Barnhart

Paul Barnhart

Lea Expl, Inc.
Humble O & R
Placid 0il Co.
Exchange 0 & G

C. Glasscock
Placid 0il Co.

Operator

Bradco O & G
Humble O & R
Bradco 0 & G

Pure 0il Co,
Bradco O & G

Cox & Anache 01l
Alliance Expl. Co.
Humble O & R
Humble O & R
Humble O & R
Humble O & R(Hunt)
Union 0il Co.
Humble O & R
Humble O & R
Humble O & R
Humble O & S
Callery Inc.
Ruther, & Sinclair
Fifteen 0il Co.

M. Tegre #1

H. R. Aaron #1

Energy Rlty. El
Energy Rlty. #3
Energy Rlty. #1
Energy Rlty. #1
Energy Rlty. #1
F. LeJune #1

Diebert, Stark, & Brown #1

A. Eustis #1

H. Daigle Un. B-1
Roth #1

E. Boudreaux #l
Polmer #1

Plomer Bros. El
Ducros Plantation
C. Plater B-1

R, C. Plater #1
* H. Bernard #l

Laurel Valley Plant. #l
Bokenfohr SU 2, #1

E. Nicholls Gas SU 1

J. Bokenfohr A-1
Barnhart Sand Comb Un #1
J. Levert #1

E. Corbin #1

Plater B #3

Ridgefield; Williams #1A
Polmer Bros. #1

R. Plater #1

Ridgefield #1

Lease

A, Boudreaux #1

J. Aucoin #1

C. Toups #1

Bouterie #1

Richard #1

N. Verdin #1

D. Robichaux #1

D. Robichaux #1

D. Robichaux #2

Lefort A-2

Rousseau Un. 2, #1
Altmont #1

Borne #1

Borne #2

Rousseau GU 1, #1

B. Teriot #1

E. Bouvier #1; UL-8 SU #4
L. Melancon #1
Humble~Bergeron Un2, #1

95

14,836
14,436
14,148
15,9448T
12,700
12,663
14,522
13,050
13,328
12,405
14,473
14,700
14,464
15,114
15,068
15,500
16,100
16,814S8T
17,126ST
12,500
14,700
12,500
13,384
10,645
13,028
11,100
15,900
14,350ST
16,300
11,010
14,479ST

T.D.

13,440
15,800
13,436
12,105
15,630
15,184
15,945
11,911
16,050
10,600
10,500
16,148
16,000

9,800
10,560
11,501
10,584
16,175

8,220



é%ﬁ%

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

16
16
17
17
17
17
17
16
19
20
22
23
25
30
32
38

5,8758T

152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187

38
42
43
44
45
45
45
46
47
47
48
49
49
51
54
57
58
59
59
60
61
61
61
61
62
62
62
62
62
64
64
64
65
65
65
69

Fifteen 0il Co.
Drew O & G

Grubb & Hawkins
Carter-Stern
Mikton 0il Co.
Mikton & Mosbacher
Mikton 0il Co.
McClain Forman
Sohio Petr.

Humble O & R
Callery

Birdwell & Brady
Stick.-Hawké&Signal
Wainoco

Mesa Petr. Co.

P Oreille U Mosbach

Sinclair O & G
Mosbach.~Hurté&Benin
R. Mosbacher
Quintana Petr. Co.
Pend Oreille O & G
Pend Oreille O & G
P. Oreille & Bradco
P. Oreille & Bradco
R. Mosbacher
Enterprise 01il Co.
Pend Oreille O & G
Forman Expl. Co.

R. L. Burans Co.

R. L. Burns Co.
Entex Inc.

Hassie Hunt Trust
Goldking Prod. Co.
Hassie Hunt Trust
Hassie Hunt Trust
H. Brown

Hassie Hunt Trust
Bintliff & McCormic
Hassie Hunt Trust
Solio Petr. Co.
Alliance Expl. Co.
McMoran Expl. Co.
Sohio Petr. Co.
Alliance Expl. Co.
Emerald Petr. Co.
Hassie Hunt Trust
Hassie Hunt Trust
Sohio Petr. Co.
Birthright 0il Co.
Alliance Expl. Co.
Hassie Hunt Trust
Hassie Hunt Trust

Humble-Bergeron #1
J. Thibodeaux #1
Thibodeaux #2
Thibodeaux #1
Ledet #1
Boudreaux-Thibodeaux #1
Boudreaux #2

L. Boudreaux #1
Lafourche GU 1, #1
Lafourche GU 1

J. Bourgeois #1

J. Bourgeois #1
Lagrade #1

Scott i1

L. Pertuit #1

E. Zeringue #1

Salvadore SEgratto #1
H. Templet #1

A. Lorio #1

J. Blouin #1

J. Blouin #1
Boudreaux #1

E. Ledet #1

P. Zeringue i1

Ledet #2

L. Richard #1

St. Charles Cath. Ch. #1
Libby & Blouin #l1
Libby & Blouin #1
Laurel Valley Plant. #l1
L. Devillier #1

E. Bouvier #1

E. Binnings #1

E. Binnings #1
Marcello #1

Marcello

M. Moore #1

Billello #1
Billelle-Martinez #1
M. Moore il

Caudet #1

P. Martinez #1

D. Martinez #1
Martinez #1

P. Martinez #1

Verdin Parro Unl; #1-A
T. Verdin #1

T. Verdin #2

R Parro #1

R. Parr #1

R. Parro #1

A. Angellette Unl; #1
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8,225
10,415
10,184

8,154
10,347

8,214

8,140
10,705
10,926
10,504
10,225
10,528
10,302
15,039
19,045

15,010
14,727
10,823
6,220
16,091
16,150
16,300
16,232ST
15,530
16,010
16,231
16,305
16,020
16,055
12,470
10,563
14,840
12,869
13,202
10,510
10,880
14,850
16,514
14,400
12,715
12,800dev
13,672
13,505
10,600
14,618
12,693
13,524
12,587
12,564
15,415
13,802



188 78
189 81

Sohio Petr. Co. B. Marcello #1
Circle Drilling Co. Verdin #l; Un. #1
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12,750
13,675



190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225

T15S,R18E

No.

226
227
228
228
229
230
231
232
233
234
235
236
237
238

81
83
84
86
89
94
95
97
97
98
98
98
99
106
108
108
108
111
116
116
127
129
132
132
132
132
132
132
133
133
134
134
135
135
135
136

Sec.

3

32
36
26
36
37
37
38
39
39
41
44
46
46

Solatex Petr. Co.
Kelsey Petr., Co.
J. M. Huber Co.
Bradco O & G

Pacer O & G

Anson Corp.

Mobil & Mosbacher
R. Mosbacher
Mosbach & Continen
R. Mosbacher

R. Mosbacher

R. Mosbacher

R. Mosbacher

Ada 0il & LVO Co.
Solotex Petr. Co.
Edwin Cox

Sick & Mott
Magnolia & MOsbach.
R. Mosbacher
Graubb & Hawkins
Texaw Pacific C & O
South La.Prol-Burns
Emerald-Bint.-Mesa
Phillips Petr. Co.
Edwin Cox

Mikton 0il Co.
Mikton 0il Co.
Mikton 0il Co.
Mikton 0il Co.
Mikton 0il Co.
Offshore Expl.
Goldking Prol.
Goldking Prod.
Texas Pacific C&0
Texas Pacific C&O
Mikton 0il Co.

Operator

Watson
McMoran Expl.
Southern Prod.
Bruner
Southern Prod.
Pioneer O & G
Southern Prod
Miss. River Fuel
Franks Petr.
Southern Prod.
Emerald Petr.
Bradco O & G
Bradco 0 & G
Bradco O & G

E. Verdin #1
Martinez #1
Billello #1
Binnings #1
Blanchard #1
Libby~Blouin #1A
Libby~-Blouin #2
Libby-Blouin #3
Libby-Blouin #1
L. Ledet #1

L. Ledet #3

L. Ledet#é4

A. Boudreaux #2
Ariel #1

Laurel Valley Plant. #1
Laurel Valley Plant. #1
Laurel Valley PLant., #1

A, Boudreaux #1
L. Legendre #1
Gaubert #1

L. Martinez #3
L. Martinez #2
D. Robichaux #1
Martinez #1

D. Robichaux #1
Martinez #1
Martinez #2
Martinez #4
Martinez #5
Martinez #3

D. Robicheaux #1
D. Robicheaux #1
L. Martinez #1
L. Martinez #2
L. Martinez #1
Martinez #6

Lease

A. Theriot #1

T. B. Ayo #1
Godchaux Sugars #1
Godchaux Sugars il
Godchaux Sugars #3
Gulf States Land #1
Godchaux Sugars #4
Gulf States Land
Peltier Farms #1
Peltier Farms #l
A. Foret #1

R. Knobloch #1
Libby & Blouin #1
Libby & Blouin #2
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13,450
12,600
12,742
14,841
13,060
14,700
13,092
13,106
13,048ST
14,860
13,830
15,451
13,060
16,600
13,185
13,210
14,316
13,671
10,517
12,055
10,820
16,346S8T
16,910
14,258
12,035
10,511
11,000
11,472ST
10,707
10,160
12,207
10,571
10,156
10,520

17,200

11,080

T.D.

18,529
16,118
11,494
10,0128T
10,354
9,969
11,632
13,700ST
16,891
10,289
12,529
16,4408T
16,893
15,850



o

239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257

46
48
49
50
50
58
58
59
59
59
59
68
69
69
79
106
110
177
199

T16S,R15E

No.

258

Sec.

71

T16S,R16E

No.

259
260
261
262
263
264

Sec.

~N SO OO WU;m

6
7

T16S,R17E

No.

265
266
267
268
269
270
271

Sec.

4

6

72
73
75
77
77

T16,R18E

No.,

272
273
274

Sec.

8
8
28

T17S,R18E

No.

Sec.

Bradco O & G
Coastal States
Davis 0il

Miss. River Fuel
Southern Prod.
Lacal Petr & Cyprus
Calco

Texaco

Pan-Amer. 0il
General Amer. Oil
Miss. River Fuel
Cox

Frankfort 0il
Gulf

Sinclair 0 & G
So. La. Prod.
Ballard & Cordell
Davis 0il Co.
Emerald Petr.

Operator
Kern Land Co.
Operator

Placid 0il Co.
Caroline Hunt Sands
Bering 0il Co.
Placid 0il Co.
Eason 0il Co.

Andar 0il Co.

Operator

Pengo Petr.
Texaco

Austral 0il
Midwest 0il
McCormick O & G
La. Prospect Co.
Humble O & R

Operator
Forest 0il Co.
Forest 0il Co.

Amerada Petr,

Operator

Libby & Blouin #3
Libby & Blouin #1
Libby & Blouin #1
Gulf States Land #2
Godchaux Sugars #2
Libby & Blouin
Libby & Blouin #1
Gulf States Land #1
Gulf States Land #1
Gulf States Land #1
Gulf States Land #1
Bowie Lumber Co. #1
J. Rathborne #1
Bowie Lumber Co. 1-B
Ariel #1

Ariel #1

Zeringue Estate #!
Knobloch #1

Gulf States Lank #1

Lease
E. W. Brown et at. #l
Lease

R. Robichaux #1
Caldwell #1

W. Land #1

Prentice 0 & G

C. B. Pennington f#1
R. C. Plater #1

Lease

R. Robichaux #1
P. Prejean #1
E. Kahn
Martinez #1

D. Robichaux #1
L, L, U E #A-1
L, L, & #EE-1

Lease
Waterford #1
Waterford #2

Waterford #3

Lease

99

15,651
16,650
11,604
13,455
10,013
13,239ST
13,200
13,154
13,250
15,030
14,171
13,121
13,020
12,512
13,175
14,920
13,085
11,600
11,450

T.D.
16,463
T.D.

15,503
12,081
10,522
18,682
11,720
12,524

T.D.

12,500
12,788
12,531
12,040
11,525
12,513
18,327ST

T.D.

13,535
18,092
16,300

T.D.
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Ser & Forest

Guidry 7-p3
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17,275
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APPENDIX B
EVALUATION OF A SHALE-RESISTIVITY METHOD
OF PRESSURE DETERMINATION

Using one inch SP-resistivity electric logs, short-normal
resistivity measurements taken in clean shales (20' minimum thicknesses)
were plotted against the log depths for various wells in Rousseau and
Thibodaux fields. Comparison of these plots were made between very
closely spaced wells and between original hole and side track log rums
for the same wells. These plots (Fig. B~1 to B-3) show good similarity
between the overall trend of shale resistivity and depth, but differ
significantly in the actual measured resistivity values for specific
depth-stratigraphic shale intervals. Variations of as much as .40 Ohms
meter square per meter (OHM-M/M) were observed in the Humble Ridgefield
Unit 4 and Pan American Plater 'B' wells in Thibodaux field (Fig. B-2.
Further, the difference between the resistivity values for specific
depth-stratigraphic intervals does not remain constant with depth as can
be seen in Fig. B-1.

Variations in the observed shale resistivities may be due to
several factors. First, minor lithologic changes between the bore holes
such as porosity, cementation, clay composition, and fluid content may
give different resistivities in the same stratigraphic interval. By
using closely spaced drill holes for comparisons it was hoped to minimize
these effects. Second, changes in the shale fluid composition and/or
pressures between the time the two holes were drilled may have an effect
(Fertl and Timko, 1971). Of the wells compared, only the Placid Ridge-
field #1 side tracked original hole (Fig. B-3) show no significant
changes in measured shale resistivity for correlative horizons., These

two holes were both drilled in the Fall of 1956 whereas all the other
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holes compared were drilled several years apart. Pressure and fluid
changes observed in the later wells may have been brought about by
production of hydrocarbons from the first well drilled. Third, differ-
ences in measured shale resistivities may be affected by the conditions
in the drill hole during logging operations. The primary factors,
applicable to shale intervals, would be the type of drilling mud in the
hole, hole size, and bed thickness (Hammack and Fertl, 1974). After
correction for temperature, significant differences in mud resistivities
existed between holes used for comparison An exception was Placid
Williams #1 and Pan Am Williams #1 (Fig. B-3) which had mud resistivities
of .90 OHM-M/M and .86 OHM-M/M at 75°F respectively. It is not clear
whether hole conditions or fluid-pressﬁre changes are the main causes of
differences in measured shale resistivity. Detailed analysis is needed
for more clarification.

These observations thus make the usage of shale resistivities to
calculate an absolute measure of the pressure gradient (psi/ft) (George,
1959) speculative. The differences in the calculated pressure gradients
are noted on the shale resistivity graphs. These calculated pressure
gradients varied as much as .25 psi/ft for specific shale intervals

(Fig. B-2).
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the same stratigraphic interval vary re-
sulting in different calculated pressure
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equal while in the upper graph little simi-
larity is seen in the resitivity measure-

ments,
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APPENDIX C
SALINITY DIFFUSION MODEL

Figure C-1 illustrates the result of a simplistic model derived to
estimate diffusion rates for NaCl solutions in aquifer systems. The
model is a one dimensional diffusion problem based on a procedure used
by Krom and Berner (1980) to estimate diffusion rates of sulfate,
ammonuim, and phosphate ions in marine sediments. Their laboratory
procedure simulated the condition seen in Figure C-2 where Cl and C are
initial concentrations of the ions across a permeable interface at time
zero. C is the concentration a£ some distance x away from the initial
interface after a period of time t, and Dz; the diffusion coefficient
for the solute in the sediment. A measured bulk diffusion coefficient
for a two molal sodium chloride (NaCl) solution at 30°C was used for one
model,

The diffusion rate at a more realistic temperature of 100°C was
extrapolated from available measurements for use in another model. The
diffusion coefficient Dzs in a sediment is a function of the sediment
porosity and the tortuosity of the diffusion path. Tortuosity depends
ultimately upon the sediment porosity. Experimental data have shown
that the diffusion coefficient Dzs for NaCl within the sediment can be

estimated by
202 .1
D =D “(cm*sec )
s 0

where Dzs is the diffusion coefficient in a bulk solution (Lerman,

1979). Porosities calculated from available density and
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sonic logs indicated porosity values ranging from 20-257 in the shallow
hydropressured UL-3 to UL-5 deltaic sandstones. A value of 257 was used
to calculate Dzs. Values for Dzs vary by almost an order of magnitude
for a NaCl solution at 25C and 100C.

This model ignores diffusion due to temperature differences (Soret
effect) and segregation of solutions with different concentrations due
to density differences. The Soret effect would act to diffuse cations
in a direction opposite to that shown in the model since the higher
temperature solution would have tﬁe lowest concentration. This effect
would thus oppose an equilibrium condition and prolong the concentration

differences.
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Fig. C-~1 - Graphs showing salinity changes (C), with
time (t), at varying distances (x) away
from an initial interface between two
solutions having concentrations of 150,000
ppm and 50,000 ppm sodium chloride (NaCl).
A different difusion coefficient (D) for
(NaCl solutions was assumed for each graph.

Note that the salinity within the 50,000
ppm solution (shown in graphs) changes very
.rapidly until 2 my, where the rate of
‘change decreases.
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Fig.C-2 - Diffusion model used to estimate the length of time a salinity
contrast could exist within a sandstone aquifer. Concentration
(C), after time (t), at a distance (x) away from the initial
interface between two solutions of concentration (C, and C,) is
given by the equation. D_ is the difusion coefficient Yor a sodium
chloride (NaCl) solution.
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APPENDIX D

List of Abbreviations

Big 2 Bigenerina '2'

Tex W Tuxtulariaa Stapperi
Big H Bigenerina humblei
UL-1 UL-1 Sand

UL-2 UL~2 Sand

Crist 1 Cristellaria T

UL=-3 UL~3 Sand

UL~5 UL-5 Sand

UL-7 UL-7 Sand

Cib Op Cibicides opima

UL-8 UL-8 Sand

BHS Barnhart Sand

MS McCulla Sand

MM McCulla Marker

ROB Robulus I Sand

BS Bourgeois Sand

Z (distinctive resistivity marker)
OPE Operculinoides I Sand
ROM Regional Operculinoides Marker
PC Plater C Sand

RFS Ridgefield Sand

BFS Bokenfohr Sand

CRIST 'A' Cristellaria 'A'
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LAFOURCHE CROSSING SEISMIC SURVEY DESCRIPTION
BY

Rex, H. Pilger, Jr.

INTRODUCTION

The Department of Geology at Louisiana State University has been

conducting a detailed study of the LaFourche Crossing geopressured-

geothermal prospect under contract to the U.S. Department of Energy.

The earlier study by Snyder and Pilger (this report) used all available

well log information and limited seismic data to define the subsurface

relationships present in this area. To further define these relation-

ships, LSU contracted for three twenty-four-fold common depth point

reflection seismic lines in August of 1981 over the LaFourche crossing

prospect in LaFourche and Terrebonne Parishes. These lines, labeled B.

C. and D. are shown on the accompanying shotpoint map (Plate 1).

Interpretation of these lines is reported by Beckman and Pilger in the

final report for DOE contract number DE-AS05-78ET2702 with LSU.

SHOOTING AND RECORDING SPECIFICATIONS

1.

2.

Paladin Geophysical Corp. Contractor
Vibroseis energy source used a.sweep length of 20 secs and a 3.
Frequency band of 10 -~ 40 Hz
Split spread geophone arrangement:
8580 ft - 990 ft " 0 - 990 ft - 8580 ft
Both the geophone group interval and shotpoint interval were 330 ft
MDS 10 48 channel recorder
Record length of 6 secs

Sample rate of 4 msecs
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PROCESSING SPECIFICATIONS

All line types followed this initial sequence of steps:
1. Demultiplex
2, CDP gather assuming a weathering layer velocity of 5500
ft/sec
3. Deconvolution
4. Filter using a low cut of 10/12 Hz and a high cut of 40/42
Hz
5, Velocity analysis - constant velocity stack
6. Normal movement cofrections
7. Mute
8. Automatic residual dual statics - 11 trace pilot over
window of 0.6000 - 3,6000 secs
9. Stack
10, Filter using a low cut of 10/12 Hz and a high cut of 36/40

Hz

From this point in the processing sequence, six different

processing sequences were followed, creating six different

displays.
(1) Relative amplitude (4) AGC 500 msec window
(2) Relative amplitude Depth conversion
Depth conversion (5) AGC 500 msec window
(3) AGC # 500 msec window Wave equation migration

(6) AGC 500 msec window

Depth Conversion

1 ¥4



1. Shot
2. Line
a.

4. Line

LAFOURCHE CROSSING REFLECTION SEISMIC SURVEY, 1981
PLATES
Point Location Map
B:
Relative amplitude
Relative ampliltude, depth conversion
AGC
AGD, depth conversion
AGC, wave-equation migration

AGC, wave-equation migration, depth conversion

Relative amplitude

Relative amplitude, depth conversion

AGC

AGC, depth conversion

AGC, wave-equation migration

AGC, wave-equation migration, depth conversion

D:

Relative amplitude

Relative amplitude, depth conversion
AGC

AGC, depth conversion

AGC, wave-equation migration

AGC, wave—-equation migration, depth conversion
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SHOT POINT MAP, LAFOURCHE CROSSING
SEISMIC SURVEY, 1981. 114
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STACK

STACK
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¢ It - LINE B
" I LAFOURCHE CROSSING
{
\J

LAFOURCHE PARISH. LOUIS IR

oo—H . &l B

TEXREBGSE PARISH, LOUISIANR
2-FOLD VIBROSEIS

.- .
S.P. 10 tet S.P. 1S St
- S - ee
L.S.U.
*— .-
RECORDING INFORMATION
(X ) .
T4 SHOT BY: PALADIN GEOPHYSICAL CORP.
e v . SMEEP LEMGTH: 20 SEC.
PLLOT FREQUENCT: 10-40 N2,
GROUP [NTERVAL. 330 FT,
3 e S.P. INTERVAL: 330 FT
5 SPREAC. 8500-990-0-990-8580 FT.
. - INSTRENTS . MOS- 10 YO-CHMEL
i RECORD LENGTh: § SEC,
SAPLE RRTE: \ w5
11— 13 1z DATE RECOROEQ: RUGUST. 1961
3 3 PROCESSING IWFORMATION
e e L oA TIMER
2. COMON DEPTR PO GRIER
DATUY; SER LEVEL
e Ve TORR. VELOCITT: 5500 #7. /3.
3. DECONVOLLTION: 200 WS, BPEAEYOR
' C e TAPERED WINOON: 1.150-3.600 SEC
N. FICTER: 10/12-40/42 M,
S VELOCITY AMLISIS
s 4 CONSTANT VELOCITT STRCK
6. NORMWAL MOVEOUT CORRECTIONS
1 . 7
8. AUTOMRTIC RESIDUAL STRTICS
11 TRACE PILOT
* te MINOOH: ©.600-3.000 SEC
9, STA(R
2 26 10, FLIER. 1812 e r2
. L nGC: SO0 NS, M0
21— 21
& -2z VELOCITY FUNCTION
L 2.3 Time VELOCITY
0.000 ss0e
2.a- 2.4 0.550 5000
1.000 6375
1309 5000
2 zs 1,625 7000
200 oo
2.5%8 7800
re-— .
e 11w eso
170 w600
2 -2 4.350 o95¢
6.00¢ 900
z.e - aE
B PHOTOGRAPHY
2 - 2.9
® TRRCES/ 1k S IRHES/SECONO
2 e CLIENT W0, 136 eEEL NC. 3 1330
SErrEnER, 1901 POLARITT. O
) QALITY CONTROLLED B7: #.0
33 o B 2t
ar e .- 3z PROFESSIONAL GEOPHYSICS. INC.
NEW ORLERNS, LOUISIANR
22 a3
20 - 3
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. B
>
> 28
- as
..
o

— %2

- 5.4

-

* | Plate 2¢

.




ELEVATION

STACK

21

22

>

23]

2

18—

22

<

.

[ ¥}

(¥}

135

it

140 145 150

[)
ELEVATION

STACK

S
TR
e
s

1.4 4900

4.9 18,000

[X}

s

.

1154

LINE B
LAFOURCHE CROSSING

LAFOURCE PAR IS, LOUTS [ANR

TERREDONME PRRISH. LOUIS IR
24-FOLD ¥ DROSE TS
S.P. 108 5.P. 156 3¢

L.S.U.

RECORDING INFORMATION

Q7 BY: PRLADIN GEOPHTSICAL CORP.,
SWEEP LEMGTM. 20 SEC.

PILOT FREQUENCT: (940 MZ.

GROUP (NTERVAL. 330 €T, -
S.P. INTERVAL: 330 FT.

SPREAD: 8580-9%0-0-990-6500 F1
INSTRUPENTS. HDS- 10 48-CHANMEL

ORTE RECORDED: AGuST, 1961

PROCESSING INFORMATION

OEMATIREY
COMPON DEPYx POINT GATHER

s

3. DECOVWDLUTION: 200 #S. OPEWMTOR
TRPERED WIMDOW. §.(50-5.600 SEC,
FILTER: 18/12-40/42 M2,
VELOCLTT AALTSIS
CONSTANT VELDC[TT STACR
6. MU MOVEQUT CORRECT [0S

0. AITDRATIC RESIDUAL STATICS
11 TRRCE P07

WINDOM: 0.800-3,000 SEC
8. sTACR
10 FILTER: 10/12-36/u8 h2.

: 500 MS. WINODW
12, DEPTH COMVERS Q%

VELOCITY FUNCTION

T vELOCITT

0.00 5500

0.5 6000

Loe 637

130 60

1625 7000

2.000 w00

2550 1800

EN I

5.70 0600

u.3se 8950

s.oc 870

PHOTDGRAPHY

© TANCES. (NCH 5 [NCHES/SECOND
CLIENT NG, 136 RECC MO X 1426
SEPTENRER. 1901 FOLARITY, HORMAL

QUALITT CONTROLLED B7: RUG

PROFESSIONAL GEOPHYSICS, INC.
MEM ORLERNS, LOUISIANA
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30
STACK
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115e

UTHERST

LINE B
LAFQURCHE CROSSING

LAFOURCIE PARISH, LOUISIANA

w0
TERREPONME PRRISH, LOUISIANR
24-FOLD V1BAOSE (S
DX S.P. 156 SE

L.S.U.

RECORDING INFORMATION

SHOT BY: PALADIN GEOMYSICAL CoRe.
SMEEP LEWGTH: 20 SEC,

PILOT FREDUENCT: 10-40 HE.

GROUP INTERYAL: 330 FT.

S8 NTERwRL: 330 F1,

SPRERD: 8560-990-0-990-0500 F1,
INSTRUMENTS FOS-10 48-CHANNEL
RECORD LENGTH: § SEC,

SALE RATE: 4 S.

ORYE RECORDED: AUGUST, 1981

PROCESSING INFORMATION

L. DEMLTIPLEN
2. COWOM DEFTH POINT GATHER
OATUN: SEA LEVEL

OECONVOLUY (ON: 200 5, OPERATOR
TAPERED WIMDOM: 1. 1%0-3.500 SEC,
FILYER: 10/12-90/42 M2,
VELOCITY AALTSIS
CONSTANT YELOCITY STRCK
WORNR. MOVEOLT CORRECTIONS

“

Bne o

RUTORRTIC RESIOUAC STATICS
1L TRACE PILOT
WINDOW: 8.607-3.000 SEC.

ACR
. FILTER: 18/12-38/40 HZ.
", Wil

[E=-9"3

L
. WAYE EQUATLOW MIGRAT (O

VELOCITY FUNCTIONS

> 123 sP e

TIE VELOCITT  TIE YELOGTIY
0.000 S0  0.000 5580
07 600 0.75¢ 6050
L25a e85 1m0 6350
1908 5800 1200 s
L7o 7100 w00 6650
2025 NGO 1750 6%%0
230 7700 205 %0
2750 e 2500 7¢O
3.650  B50  3.200 1%
N-600 0900 4.200 8600
€000 w0 6000 w00

PHOTOGRAPHY

® TRACES/(NCH S INCHES/SECOND

CLIENT w0. 136 REEL NO. X 1359

SEPTEvBER, 1381 POLARTIT: WORwAL

QUAL(TT CONTROLLED 8Y: RO

PROFESSIONAL GEOPHYSICS. INC.
NEW ORLEANS, LOUISIANR
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- LINE B
. Hied Ji ¥ * LAFOURCHE CROSSING
i . LAFOURCHE PRRISH, LOUISIFNR
G TERREBOMNE PAR[SH. LOUISIANA
. s 24-FOLD VIBROSEIS
AL S.P. 0N M 5.P 196 ST
o . L.S.U.
e : RECORDING INFORMATION
.’e-— ot S0t BT PALADIN GEOPMTSICAL CORP.
; . oy ety
PILOT FREQUENCY. (0-4O M2.
) CROUP INTERYAL. 1N FT,
> SPREAD. B500-990-0-990-9580 FT,
o s INGTRUMENTS: MOS-10 MO_-DﬂI(L
RECORD LENGTN: 6 SEC.
St e
e 1.2 DRTE RECORDED: AUGUST. 1981

13 PROCESSING INFORMATION

- DEMATIPLEN

. COWON DEPTH POINT GATHER
OATWN: SER LEVEL

. s CORR. vELOCITY, 5500 FT,/SEC,

DECOMVOLUT (0N, 200 M5, DPERATOR
TRPERED MINOOW: }.1%0-3.600 SEC.

. FILTER: 10/12-48/42 HZ,

VELOCITT R TSIS

1.7~ [ CONSTANT VELOCITY STACK

6. MIBW ROVEQUT CORRECTIONS
mTE

|
)
)

1. i
8. AUTORRTIC RESIOUR. STRTICS
11 e Py
1.9- ; 1. 00w C. 500,008 SEC
stace
°. : - 28 buu §17 FITER: 10/12-% 40 H2.
> i. RGL: 508
WAVE EQUATION RIGRAT IO
I h( b - 0EPTH CONVERS 1M
3¢y
" W
e ) ; [ VELOCITY FUNCTION
»)
i N TIME VELOCITT
e } o a.00c 5500
0 o 0550 6000
28, |3 JEE 1000 6375
¢ 1L3e 6700
625 7000
re— " it 26 2.0 00
? )'} 2,550 00
23 2 3150 8250
' 3 370 8600
) . 10 8950
29— ‘.}\ ! 28 £.9% 9700
> }.’ﬁ; i PHOTOGRAPHY
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st (X}
. T TTTHITT ﬂ” 1 M1l LINE C
. i 1. LAFOURCHE CROSSING
0 H o M < M H < R 1 > e
l ¢ Eé‘ "ﬂ : s v: ; g E 4 b < hé: H~ < ﬁ 1 UAFOURCHE PARISH. LOULS(ANA
") i > x> .
- 113%,. 3 ) ) ? ™, TERREDONE PARISH. LOUIS (AN
Li ) b N s N-FOLD VIBROSEIS
R & ¢ 4 ) : . e— — 4 SR S o2
(- ‘ R ¥ 3
- » 3 > { { 1244 3 ! L. S . U.
. e
v t[ » 5763 3) RECORDING INFORMATION
) ) .
L y o 3 seat or: moow ceomsicn come,
. St (T 20 SEC.
: S Y R e e
. e s.r. NTERL, 330 ET.
ﬂ SPREAD: 0500-990-0-990-0580 FT.
11 INSTRMENTS: MOS- 10 NO-CHAMNEL
3 S L
. S ORTE RECORDED: RUGUST. (901
s %;{? 5 { 13 PROCESSING INFORMATION
% Al - R e
- g 135393stetisN! 3 s o i 0 1.t
3. DECOMVOLUT(OW: 200 MS. OPERRTOR
16 TRPENED WINDOW: :.150-3.600 SEC.
e 3 4 FLTER, 10/12-4002 2.
.. ) R 3 . Ry Y
* i{’( 0L 6. WOTWAL MOVEQUT COMECTIONS
433433433355530389334.13 230 T e
i 3535 i 6. AUTOMTIC RESIDIAL STATICS
¥ ! W Teece Pt
. a3 1o ;o e 50036 .
a. sten
. > 3 e 10, FILTER: 10/12-36/40 M2,
! o
2 )
g VELOCITY FUNCTIONS
1 3 t | % : il ﬁf I o3, g e
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;gHTHER§T | .

LINE C
LRFOURCHE CROSSING

LAFQURCHE PARISH. LOUTS (A

TERREBONNE PRRISH, LOUISIANA

RECORDING INFORMATION

SHOT BY: PRLADIN GECPHYSICAL CORP.
SMEEP LENGTH: 20 SEC.
PILOT FREQUENCT: 10-40 W2,

INSTRUENTS: MIS- 10 48-CromaL
RECORD LENGTH: 6 SEC.

SAPLE RATE: u NS,

DATE RECORDED: AUCUST. 1961

PROCESSING INFORMARTION

1. DEMALTIPLEX
2. TOW DEPTH POINT GATHER
DRTUN. SER LEVEL
COMR. VELOCITT: S800 FT,/SEC,

“
3
8
:
2

CONSTANT VELOCITY STRCK
MORWRY MOVEQUT CORRECTIONS
e
RUTORATIC RESIOUAL STATICS

13 TRACE FiLOT

WINOOW: 0.600-3.600 SEC.

9. STACK
10. FILTER: (8/12-36/40 HZ.
L1, AGC: 500 MS. WINDOW

VELOCITY FUNCTIONS

L 5P 13
TIME  VELOCITY  TIME  VELOCITY
8.000 0.600 5500
6.725 6275 0.625 6350
1.000 8500 IL 6550
1.200 6650 1,400 6950
1.500 6950 1.800 7550
1.7%0 7250 2.250 Bise
2.27 7550 2.70 8450
2.600 7050 3.200 8750
3.1%0 8300 3900 290
. uoe 9050 £.000 9950
6.000 9800

¢ 153
TIE  VELOCITT
0.000 5500
8.650 6050
1850 6350
1.450 6650
1.800 7100
2.150 7550
2.400 2050
2.850 8150
3.850 0500
5.000 9600
PHOTOGRARPHY
& TRACES/ INCH S [NCHES/SELOND
CLIENT M. 136 REEL MO. X 1126

SEPTEMBER. 1981 FOLARITY: MORMAL
QUL ITY CONTROLLED 87: #10

PROFESSIONAL GEOPHYSICS. INC.
NEWN ORLERNS. LOUISIANR
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ELEVATION

g 2
% 5 SQUTHEAST M.
(Y 0 Il’ .
L) - L)
110 115 129 125 130 136 140 145 1S 155 160
ol 1l ' ' [ )’ ee O
s e
i LINE C
. . ;o LAFOURCHE CROSSING
- LAFOURDE PRRISH, LOUISIRMA
e B TERREOCMHE PARISH, LOUISIFMA
. o es N-FOLD VIGROSELS
o S.P. 10N N S5.P. 182 SE
ns - L.S.U.
o v RECORDING INFORMATION
- o SMOT BT: PALADIN GEOPHTSICAL CORP.
.. .y SMEEP LENGTH: 20 SEC.

o PILOT FREGUENCT: 16-40 K2
. GROUP INTERVAL: 330 FT.
0. 1.9 4000 S.P. INTERVAL: 336 FI.
SPREFD. 0500-990-0-930-0500 FT.
INSTRUPENTS! MDS- 10 WB-CHRNNEL

b v RECORD LEWGTH: B SEC.
B SRMPLE RATE: 4 1S,
1. 1z ORTE RECORDED: WUGUST, 1981
1.~ B PROCESSING IMFORWRTION
e . L DM ImEX

2. CONN DEPTH POINT GATHER
. 5 DATUN. SER LEVEL
X (R CONR. VELOCITY: S50 FT./SEC.

3. DECOWVDLUTION: 200 #5. OPERRTOR
1 e TAPENED MINDOW: ).150-3.030 SEC.
. FLLTER: (0/12-V0742 NE.
5. VELOCITY MALTSIS
% - CONSTANT VELOCITY STACK
. MO ROVEDST COMECT IONS
. v 2. mtE
6. AUTOM"IC RESIOUAL STRTICS
: 1 TRRCE PILOT
- e WINOON: ©.608-3,600 SEC.
. 5. e
x o wo |10 CLTER i0nizdse .
N 1. DESTe TONVERSION
1 o
2 2z
VELOCITY FUNCTION
2> 3
TR VECOCUTT
0000 500
b i 055  som
Lo 637
[ 2} 1300 o
165 o0
: o e 2.000 w00
2590 o
S50 e
FxXs : 2n m see
¢ wya w0
20 ] 2 500 w0
2 4 A g 2 PHOTOGRRPHY
< . o TmacEs v S INCHES/SECTNOD
b ve zoct CIENT W0 1% REEL MO, X 1093
secTemBER. 1981 FOLARITT: N
2 v QAT CONTRILLED BT: RO
s 4 sz
PROFESSIONAL GEOPHYSICS, INC.
a2 3 NEW ORLEANS, LOUISIANA
3o 2s
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§2HTHER§T | -

LINE C
LAFOURCHE CROSSING

UFOURDE PARISH, LOUISINNR

TENREBDOE PARISH. LOUISIANA
N-FOLD YIBROSELS.
$.P. 100 W S.P. 182 SE

RECORDING INFORMATION

T ST, PRLAGIN GEUPHTSICM, CORP.
DEEP LEGTN: 0 SEC.

PROCESSING INFORMRTION

1. DEMATIPLEX
2. TN OEPTH POINT GATHER
AT SEM LEVEL
COME, VELOCITY) 300 FY./96C.
3. OECOMVOLUTION: 200 #S. QPERAT
TAFERED MINDOM: 1, 130-3.900 SET.
N FILTER: 18/13-90/42 KT,
S, YELOCITY MeLTSIS -
COMSTANT VELOC[TT STRON
§. WORWL WOVEQUT CORRECTIONS
7. mtE

©. RUTORTIC RESIDUA STATICS
11 TRACE PILOT

10. FILTER: 16/12-36/40 M2,
11, AGC: 00 MS. WINDOM
12. WAYE EQUATION MIGRRTION

VELOCITY FUNCTIONS

123 [ &
TIE  VELOCITY  TIME  VELOCITY
0.0 300 0.0 %800
075 &7 0.8
1.000 [l L1 | ied
LZD 900 .40 0
1.9 G0 1000 7SS0
170 7280 a6 ei1%0
2% RS 2700 WSO
2900 wse Lme 6™
1% @0 30w
Ve W% som 950
e w000

” 1!
e vALITY
oom =00
oesc 830
1,090 830
1LV s
1900 700
219 Teme
X )
20 00
3.050  Beoo
o w00
PHOTOGRAPHY
§ TRACES/ (MOt LAl
CLIENT MO. 138 NEEL MO, X 2188
RPTHEER, 901 POLARITY: MO
QUL ITY CONTROLLED BY: RO

PROFESSIONAL GEOPHTSICS, INC.
NEN ORLERANS, LOUISIANR
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ELEVATION
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STRCK

STACK

;gHTHER§T | -

- v

110 115 120 125 130 135 140 148 150 “155 160

' I TS
il
i LINE C
! 1141 i L L L,.L. 1% .z
: LAFOURCHE CROSSING
— o3
LRFOURCHE PARISH. LOULS[AMA
. w0
TERREBOME PRR1SH. LOULSIANG
e 24-FOLO VIBROSETS
5.p. 10u o 5.P, 162 SE
..
L.S.U.
— e
RECORDING INFORMATION
-0
SO B7: PRADIN GEOPMISICA CORP.
SHEEP LENGTH: 20 SEC.
PLLOT FREQUENCY: 18-40 12.
.} oo neren: 330 7T,
1.0 4000 S.P. INTERYAL: 330 F1.
SPRERD: 0500-930-0- 390580 F1,
e INSTRUENTS: WS- 10 W8-CHABEL
RECORD LENGTH: & SEC.
SWELE WTE: U NS
— 1z GATE RECORDED: RUGUST. 1901
-1 PROCESSING INFORMATION
— 1. OEMATIRLEX
2. COMMON DEPTH POINT GATHER
DRIN: SER LEVEL
s CORR, VELOCITY: $500 FT./SEC.
3. DECONVILUTION: 200 5. OPERRTOR
e TAPERED WINDDW: 1.150-3.80¢ SEC.
W, FILIER. 10/12-40742 HZ.
5. VELOCITY ANRLTSIS
82 CONSTANT VELOC[TY STACK
5. MORWAL NOVEQUT CORRECT LGNS
e 7. mre
0. RUTOMATIC RESIDUAL STATICS
11 TRACE F1LOT
Ly WINOOM: 0.600-3.600 SEC
e 8. STRCK
28 ap00 |10 Fiiter: 10si2-3670 n2.
1 ;500 5, MINDON
12, WWE EQUATION WIGRRTION
v 13, DEPTH CONVERSION
— 2z
29 VELOCITY FUNCTION
ez T VELOCITY
0.000 5500
0.5 6000
s Lo 6375
130 §700
L. 1625 7000
- 2.0 oo
2550 100
—2> 3150 0250
30 ee00
2e w0 0950
6.000 970
. — 29
» o PHOTOGRAPHY
3.0 12000" | o vences/incn § [NCHES/SECOND
CLIENT WO, 1% REEL %0, X 1337
S ¢ — 2 SEPTEMDER. 1901 POLRRLTT: MORMA
5. GUALITY CONTROLLED BT: X0
— 2.2
< & S PROFESS1ONAL GEOPHYSICS. INC.
NEW ORLEANS, LOUISIANA
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ELEVATION

STRCK

NORTHEAST .

e

so 145 140 135 130 128

160 1§85 1 120 115 110 105
h | 1 Y}
.. .
JH) LINE D
.. e 21
¥ LAFOURCHE CROSSING
o3—3 A 15 H -~ 03
R % . {3 1)) 38 M3 1{¢) ) o LAFOROE PRRISH, LOULS IR
& e P
4 i‘ » 33430, 411¢ TERMEBOWE PARISH. LOuISIA
¢ - as ANFOLO YIGROSE[S
’b 1§ 3 P 182 5P 105N
— .8
{ ) L.S.U.
${-— o>
T . RECORDING INFORMATION
- 0.
< ST B, PRLAGIN CEOPHYSICAL CORP,
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GEOPRESSURE AND DIAGENETIC MODIFICATIONS OF
POROSITY IN THE LIRETTE FIELD AREA, TERREBONNE
PARISH, LOUISIANA
Leigh Anne F}ournoy and Ray E, Ferrell, Jr.

ABSTRACT

A study of temperature, pressure, and salinity distribution in the
Lirette Field reveals important information concerning the effects of
the hydrodynamic regime of sandstone diagenesis. The Lirette Field is a
large domal structure related to deep-seated salt (approximately 20,000
feet), bounded to the north and south by major growth faults, Isothermal
surfaces in the Lirette Field closely follow the structure. Isotherms
commonly drop in down-thrown fault blocks.v Along fault leakage zones,
temperatures increase. Pressure distribution in the Lirette Field is
primarily related to structure and the presence of a sufficient shale to
sand ratio. Formation water salinities are lower (50,000 ppm) for
wells that have been '"flushed" by geopressured waters.

Sandstone diagenesis in the Lirette Field is complex and there are
significant lateral and vertical variations. The relative sequence of
diagenetic events in Lirette sands is as follows: (1) spherulitic
calcite cement. probably formed at or near the sediment-water interface;
(2) authigenic chlorite rims and platelets, which help to preserve
primary porosity; (3) quartz and feldspar overgrowths, uncommon; (4)
ferroan calcite cement; (5) dissolution of carbonate and formation of
secondary porosity; and (6) authigenic kaolinite cement, which reduces
porosity along fluid escape routes. Late stage kaolinite cement is more

extensively developed in flushed zones near faults.
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INTRODUCTION

Geopressures have been recognized for almost thirty years in the
Gulf Coast. As play an important role in the search for hydrocarbons,
an understanding of their distribution and origin is vital in the
petroleum industry. Jones (1977) and many other authors have related
the abnormally high fluid pressures to temperature and salinity anomalies,
clay mineral diagenesis, growth faulting, hydrocarbon occurrences,
kerogen maturation, and the development of secondary porosity in sandstone
reservoirs. Mumme and Ferrell (1979) demonstrated how a detailed
analysis of structure, geopressﬁre, salinity, and temperature could be
used in the Houma-Hollywood field to identify the potential routes of
fluid escape from the geopressured zone to hydropressured reservoirs.

This study used similar methods to trace potential routes of fluid
escape in the Lirette Field of South Louisiana. In addition, we tried
to explain how sandstone porosities and the general diagenetic sequence
have been modified by the migrating fluids. It will demonstrate that
probable migration paths probably can be established and flushing may
reduce porosity by creation conditions favorable for the precipitation

of kaolinite.
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LOCATION AND GEOLOGIC SETTING

The Lirette field is located in the coastal marshes of Terrebonne
Parish, Louisiana (T19S, R19E) approximately 42 miles (6 km) southwest
of New Orleans (Fig. l1). Lirette lies between the Montegut Field to the
north and the Bay Baptiste field to the south. Some of the gas and
condensate-producing zones are at depths greater than 10,000 feet below
sea level. The field is approximately four miles west of the Tenneco
Fee "N" No. 1 well, which was to be evaluated as a geothermal-
geopressure-dissolved methane producer (Braden and Goode, 1979). The
sediments encountered in the study area are predominantly from the inner
and middle neritic sand-shale facies and the lowermost portions of the
fluvio-deltiac facies. They were deposited on the fringe of the sub-
siding "Terrebonne Trough" during the Miocene (Limes and Stipes, 1959).
A type log (after Silvernail, 1967) reveals the character of these
deposits and the important depth-stratigraphic zones and

micropaleontological marker zones. Bigererina A is encountered at

6,142 feet. Texturalia articulata (L) and Bigenerina 2 correlate with

the 8,400 foot sand and the 10,250 foot sand, respectively. Textularia
stapperi (W) is encountered at approximately 13,000 feet.
METHODOLOGY

Data derived from geophysical well logs were used to construct the
maps and salinity profiles described in this report. The methods
employed to interpret the electric logs are the same as those reported
by Mumme and Ferrell (1979). About 90 well logs from the locations
indicated on Figure 1 were studied, 53 of them were from wells that were
more locations indicated by the numbered dots in Figure 7. Representa-

tive sands were selected and about 75 were thin sectioned and analyzed
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to develop the diagenetic sequence of alteration. Special attention was
devoted to the analysis of samples from Wells 17 and 22.
STRUCTURE

The general domal structure of the Lirette Field area is illustrated
in Figure 3, a structural contour map drawn on the top of the 11,500
foot sand. There is 300-350 feet of closure on the elongate structure
and it is bounded by faults on the north (Fault X) and south (Fault Z)
as well as a smaller one (Fault Y), which bisects the top of the main
structural high., A smaller domal closure is associated with an antithe-
tical fault in the northwéstern corner of the area. The main faults
have southerly dips between 55° and 65°. Fault X has a throw of
approximately 1,100 feet at the 11,500 foot sand. The faults are
probably part of the Golden Meadow Fault Zone of Murray (1957), and all
structures are controlled by a deep-seated salt dome. Much of the
movement along the fault was contemporaneous with sedimentation.

Thorsen (1963) notes that a younger period of faulting (Bigenerina 2)

which was superimposed on activity during Textularia W, responsible for

the unusually high amounts of subsidence.

OCCURRENCE OF GEOPRESSURE

The top of the hard geopressure zone is defined as the depth where
the 0.7 psi/ft fluid pressure gradient is first encountered. The
configuration of this surface in the Lirette Field is illustrated in
Figure 4. Hard geopressure is present at depths generally greater than
11,000 to 12,800 feet below sea level. In the northern and southern
parts of the field shallow occurences of hard geopressure generally
correspond to structural highs. However, the principle structural high
is a depressed area where hard pressure occurs at depths of

approximately 12,000 feet,
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There is also a northwesterly trending trough in the top of the zone
extending from section 34 to section 23, The east-west elongation of
the top of the hard geopressure in the vicinity of Fault Z suggests that
this fault may be a more effective barrier to the migration of geopress-
ured fluids that Faults Z and Y.

The transitional zone from fluid pressure gradients of 0.5 psi/ft
to the hard geopressured zone is difficult to map in this area because
sands are relatively more abundant near the top of the geopressured
zone. In some areas the transition may occur within 200-300 feet, .while
in other areas the higher gradients are encountered in as much as 2,000
feet.

TEMPERATURE DISTRIBUTION

The main structural high generally corresponds to an area (Fig 5)
where the 200°F isothermal surface occurs at the shallowest depth.
Smaller areas of closure about highs in the isothermal surface appear to
cluster near faults. Some straddle the fault while others do not. The
former are interpreted as indicative of zones where the faults are
leaking geopressured fluids. Areas of deepest occurrence of the 200°F
isotherm are in sections 32 and 53.

SALINITY DISTRIBUTION

Salinity profiles in selected wells provide ways to assess the
relative degree of fluid movement and flushing associated with geopres-
sured zones. In Well 22 (Fig. 6), the salinity increases with
increasing depth and then freshens markedly as the hard geopressured
zone is approached. In Well 17 (Fig. 6), the formation water salinities
are generally lower and the abrupt changes and increases with depth are

not as evident. The sands in the latter well probably experienced a
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greater degree of flushing than those in well 22.
FLUID ESCAPE ROUTES

Salinity profiles like those illustrated above and temperature
distribution maps combined with structural interpretations are very
useful in defining potential routes of fluid escape from the geopres-
sured zone. Three areas of proposed leakage along the faults in the
Lirette Field are illustrated in Figure 7. Only small portions of
Faults X and Z appear to have been active, while Fault Y appears to have
leaked along a major segment of its length. Well 17 is within a zone of
leakage and Well 22 is about a mile from one. Within the formations the
fluids may have migrated in the direction of the structural highs as
indicated by the arrows.

SANDSTONE DIAGENESIS AND POROSITY

Middle and Upper Miocene sandstones in the Lirette Field are
primarily subarkoses, with arkoses, lithic subarkoses, and lithic
arkoses also present. Quartz is the most abundant framework grain, but
feldspars and/or volcanic rock fragments may comprise as much as one
third of the rock. CLay minerals are commonly present as an orthomatrix.
Carbonates and clay minerals are the most common secondary mineral
constituents and cements. The general diagenetic sequence has produced
major changes in the composition of the rocks and their porosities
(Flournoy, 1980).

The diagenetic sequence observed in the Lirette Field sandstone
ranges from an early episode of spherulitic calcite cementation that may
have occurred very near the surface to the formation of an authigenic
kaolinite cement at depths in excess of 10,000 feet. The relative

timing of the events can be summarized as follows:
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1. Spherulitic calcite cement (early)

2, Authigenic chlorite rims and platelets

3. Quartz and feldspar overgrowths

4, Calcite cement

a. Low iron (?) grain replacement and fracture fill
b. Very high iron éore-fill and replacement
¢c. Decreased iron pore-fill

5. Dissolution

6. Authigenic kaolinite cement (late)

Loucks et al. (1977), Boles and Franks (1979) and others have
described similar diagenetic episodes in other Gulf Coast sandstones.
The general pattern emerging has a significant influence on the develop-
ment and preservation of secondary porosity. The last two episodes are
particularly important in the study area.

Dissolution and kaolinite precipitation are volumetrically the most
significant late diagenetic events and exert considerable influence on
the porosities found in the Lirette Field sandstones. A comparison of
porosities measured in the sands in two wells (Fig. 8) illustrates the
relationship. There are no obvious changes in the porosity as a function
of depth, but there are considerable differences between the wells.
Dissolution has been partially responsible for creating porosities that
average approximately 30 percent in Well 22. In Well 17, the potential
porosity is closer to 20 percent. Authigenic kaolinite is more abundant
in Well 17, especially in those samples with the lowest porosities, and
the mineral effectively clogs the interstitial spaces, thus reducing the
effective porosity. The greater amount of fluid escape from the geopres-

sured zone near Well 17 is assumed to be
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responsible for the larger quantity of kaolinite developed there. In

general, the last stage of diagenetic alteration of the sandstones is
best developed in those areas nearest the zones of greatest fluid

movement and flushing.
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CONCLUSIONS

A detailed study of the temperature, pressure gradients, formation
water salinity distributions, and structure in the Lirette field reveals
important information concerning the occurrence of geopressures in a
small area and the potential effects of this hydrodynamic regime on
sandstone diagenesis. Fluid leakage up fault zones creates temperature
and salinity anomalies and promotes kaolinitization.

Kaolinitization is the latest stage in the diagenetic sequence
revealed by a petrographic analysis of the sandstones. Diagenesis
begins with a spherulitic calcite cement. Authigenic chlorite rims and
platelets are followed by quartz and feldspar over growths and later
stages of calcite cementation (with variable iron contents). Dissolution
generally follows these various stages of cementation and then kaolinite
forms in the enlarged pores. Kaolinite development is greatest potential

leakage and transmission of geopressured fluids.
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FIGURE CAPTIONS

Figure 1. Location of Lirette Field in South Louisiana and the
approximate position of wells studied. For details of sample
locations and well names refer to Flournoy (1980)

Figure 2. Type log for the Lirette Field, Humble 0il and Refining, H.J.
Ellender No. 6, sec 32T19S, R19E (after Silvernail, 1967). The
units encountered range in age from Middle to Upper Miocene.

Figure 3. Structure contour map on the top of the 11,500 foot sand
illustration the nature of the domal uplift and the positions of
major faults,

Figure 4. Depth to top of the hard geopressure zone, fluid pressure
gradient of 0.7 psi/ft. Same horizontal scale as Figure 3.

Figure 5. Configuration of the 200°F (93C) isothermal surface in the
Lirette Field area. Same horizontal scale as Figure 3. Faults are
mapped at their intersection with the 200° surface.

Figure 6., Formation water salinity profiles for Wells 17 and 22, The
formations in #17 have apparently experienced leakage along Fault Y
while those in #22 have had minimal or no leakage.

Figure 7. Proposed routes of fluidescape. Stipled areas indicate zomnes
of leakage along faults and the arrows suggest migration paths
towards structural highs. The numbered dots refer to locations of
wells from which conventional cores were available.

Figure 8. Porosity of Lirette sandstones do not vary as a function of
depth. Well 17 sandstones are more extensively flushed than those
of Well 22, Pores enlarged by dissolution have been plugged by

authigenic kaolinite in #17 but remain open in #22.
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APPLICATION OF COMPUTER PROSPECTING TO
GEOPRESSURED, GEOTHERMAL, GAS-BEARING-
GROUND-WATER RESOURCES OF LOUISIANA

by
Donald H. Kupfer

The purpose of the sub-project under Donald H. Kupfer's supervision
was to determine the extent that the computer can be used to manipulate
data already available in storage, and to add new data to that storage.
Can the available data on the pressure, temperature, and percent sand
from more than 5,000 wells in southern Louisiana be used to locate
potential areas of geopressured geothermal reserves that have not been
recognized by conventional studies? The sub-project studies are
incomplete, but it still seems advantageous to continue this approach.

A second part of the sub-project, to set up a program to incorporate
into the data bank new data as they are acquired, has been less success-
ful.

It was decided to develop a varilety of routines and associated
programs, and to try them all out on one area for comparison. Once the
desired programs were perfected and the appropriate parameters selected,
the package could then be used on the whole data bank. The program is
still in the first stage. The area used (Fig. 1) was the east half of
the New Orleans Two-Degree Topographic Map (USGS, Scale 1:250,000). The
data were sorted to include the 1,947 wells lying within this New
Orleans East (NOE) quadrangle, and within 1/4 degree outside of it (Fig.
2). All maps were originally produced at 1:250,000 scale, but they have
been photographically reduced for this report to 1:500,000. The actual

NOE wells (Fig. 3) are shown at the same scale (1:500,000) as the other
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maps of the area (Figs. 4 to 26); this will allow the viewer to see the
@ location of the control available.

Twelve computer programs have been developed, and they have been
used to produce more than 90 computer maps and 20 cross-sectioms,
examples of which are illustrated in this report.

PREVIOUS WORK
Clendata File

A previous study by Hawkins and others (1977) developed CLENDATA, a
data base of 5,964 wells distributed uniformly over the southern half of
Louisiana. Each well-file consisted of 1 to 30 cared images giving
information on location, drilling depth, mud weight used for each run,
bottom hole temperature of that runm, and the percent of sand in all of
the deep sand zones that were more than 20 feet thick. These data were
then used to produce a series of computer-drawn maps of six, two-degrees
quadrangles covering all of southern Louisiana. The project used the
SYMAP program developed by H. T. Fisher at Northwestern and Harvard
Universities. Maps were prepared showing the distribution of mud weight
and net sand for 2,000-foot depth intervals from 10,000 feet to 18,000
feet (6quadrangles, 2 titles, 4 intervals = 48 maps). In addition four
summary maps were prepared of the whole area.

The above maps were made by the then available routines, which gave
a quick overview of the data. For several months thereafter Kupfer
worked with these maps trying to analyze them geologically, locate
trends, develop composite maps, and display the data in various hand-drawn
formats. Hénd—drawn contours were superposed over the
favorable net-sand areas, and composite maps were drawn. It became

apparent that the basic data were too crude to warrant this type of




intensive study, and the project was temporarily shelved. Both the data
bank and the basic programs to display the data needed to be improved
first,

Robert Hixon's Study

Robert L. Hixon (M.S., LSU, Dec 1979) used the early CLENDATA
programs (Hawkins, and others, 1977) to select an area for further study
in southeastern Lafourche Parish, Louisiana. The area was chosen
because it appeared to have increased temperatures and pressures at
moderate depths and ample net sand for storage. In addition, there was
the large, unexplored Lafourche Basin in the center of the area, which
seemed to have geothermal potential. Apparently it does not. The
program, however, was useful in developing the following:

1. Areas on the net-sand thickness maps with abnormally thick
quantities of sand are, in general, unfavorable for retaining
geopressures. Thick sands generally indicate accumulation in the
deltaic-plain complex at the inner edge of the continental shelf.
Geopressures are generally associated with sediments of the middle to
outer neritic facies, where thicker clay sequences are present to confine
the pressures.

2. It was hoped that trend-surface maps could be used to détermine
the geothermal potential of the Lafourche Basin, but this could not be
done. (a) Only a few well logs were available south of the basin. (b)
There was not enought time, within the restrictions of a master's
thesis, to do the studies properly. (c) The fragmentary evidence
obtained suggested that Lafourche Basin was too sandy within the depths

of economic interest.
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3. Most of the shallow geothermal "highs'" in Hixon's study area
appeared to be relatively small and associated with salt domes.

4, The CLENDATA file contained many errors that needed to be corrected
before the data could be used successfully.

In order to make his studies, Hixon had to develop programs to
search and display his data (Appendix 1). Special steps had to be used
to eliminate or correct erroneous values in the CLENDATA file. This
took much to much of his time, but his programs became the foundation
for the current study. Several programs have since been modified and
improved. The first maps produced under the present sub-project (for
example, Table 1, Set L) used his programs, and although these later had
to be re-done, for several reasons, the experience gained through
working with them proved invaluable.

Glen Gatenby's Study

Following a suggestion by Paul H. Jones in 1978, Glen Gatenby
(M.S., LSU 1979) constructed two closely spaced NNE-SSW geologic
sections across southern Louisiana, just east of New Orleans. They
showed (Gatenby, 1980) the distribution of faults, pressure,
temperature, and salinity with respect to the sedimentary facies.
Gatenby used these sections to determine the paths of migration of hot,
relatively fresh, geopressured waters as they moved upward into the
hydropressured regime. Several release paths were established, and all
were associated with known petroleum fields as predicted by Jones. Most
were associated with salt domes and/or large grabens. Possibly the most
significant contribution by Gatenby was to establish that the easiest
upward relief of pressure is most likely to occur at the intersections of
major faults; at these places, temperatures and pressures are abnormally

high and salinities abnormally low.
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Thermal Studies on Salt Domes

John Lopez, an undergraduate at LSU, did a special study in 1975 on
the incluence of the Plumb Bob salt dome on temperature distribution.
He confirmed that temperatures rise toward the salt stock, but he
discovered that they drop immediately over the salt only to rise again
within the salt. He concluded:

"This indicates that the salt is actually the normal temperature

and it just the strata over the salt which are warmer. This seems

to eliminate the salt as a source of heat and led me to the idea
that warm, deep water was being forced up."
But he went on to note that the salt was hotter in the holes that
penetrated salt, and so "the salt is also a heat source."

Stuart Oden (M.S., LSU, Dec. 1979) made a much more detailed study
of the thermal anomaly around the Weeks Island salt dome and found a
similar situation. He showed that the temperature in the uplifted
sedimentary rocks of the salt dome in each aquifer is about the same as
the normal temperature within that aquifer in the areas where it is not
uplifted. He concluded that the salt stock did not contribute any
significant heat, but rather the hot water had moved up the aquifer.

Hixon and Gatenby, as noted previously, found geopressure release
to cause thermal anomalies around the salt domes.

In summary, the thermal anomaly around salt domes is probably
caused by several things, including release of geothermal heat,
ground-water circulation, and the thermal conductivity of the salt.

PROGRAMS AND MAPS
Ares (NOE)

A one-degree quadrangle, the east half of the New Orleans
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two-degree topographic map (Fig. 1), was chosen as the best area in
which to perfect the mapping techniques. To improve accuracy at the
edge of the map, all the wells in the surrounding 15 minutes of latitude
and longitude (Fig. 2) were also included in the contouring programs,
but only the wells and contours within the New Orleans East (NOE)
quadrangle are shown on the maps (Fig. 3). Before the decision to use
the New Orleans East quadrangle eight maps were made of the New Orleans
West Quadrangle using The Hixon programs. (See Table 1, set L)
Programming

The original programs (Hawkiﬁs and others, 1977) used to produce
computer maps were essentially canned progfams that displayed the
available data: mud weights and net sand changes with depth. This was
done in horizontal slices 2,000 feet thick vertically, and this proved
to be so thick that essential details were lost. Thus one of the early
objectives of the current study was to improve these computer programs
and give them greater accuracy and versatility. As indicated, Hixon,
working under Kupfer's direction, made the first attempts in this
direction (Appendix 1). He also extracted the temperature data from
CLENDATA and made them available. Data were also manipulated to give
the depth to a desired mud weight or temperature, rather than to try to
average the mud weight or temperature over a thick horizontal slice.

The computer programs designed for the present sub-project
(Appendix 2) were designed to improve the data already available in
CLENDATA, make the prograﬁs more versatile, extrapolate the known data
by predetermined amounts, and to prepare simple cross-sections. After
repeating some of the maps produced in the first study, and making new

ones for comparison, other variations were developed. Programs were
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developed to determine "gradients", the changes in pressure and
temperature with depth, and to plot maps showing mud weight or
temperature at various depths, and to make maps of the depth to a
particular mud weight or temperature. Trend-surface maps and residual
maps were also used to see if they would accentuate interesting details.
It was decided that percent~sand maps, at various degrees of slope
reflecting regional dip, should emphasize patterns of sedimentary
deposition. A program, not yet activated, would develop weighted
combinations of the values from various maps to be displayed on a single
map. For example, a single map could display both temperature and
pressure highs. The computer was also used to construct geologic
sections; after a few false starts with available cross-section
programs, it was decided to adapt a mapping program to making
cross=sections.

The final step of the sub-project should be a geologic evaluation
of the maps and sections to determine which are most usable. Because
the earlier steps have not been completed, this final stage has not been
reached.

Table 1 is a listing of most of the maps (a total of about 50) and
sections (a total of about 20) that have been produced thus far as a
result of this program, They are on file and available at the
Department of Geology at Louisiana State University. These maps were
produced at a scale of four inches to the mile (1:250,000). Selected
maps from this list have been reduced in size (1:500,000) and are
presented in this report. The Varian maps were not made not reproduced
at the 1:250,000 scale, but only at the 1:500,000 scale. Table one only

includes the best maps, which number about 100, including



144

20 sections. Due to variations in photoreduction, all scales are
approximate.
Mapping Routines

Under the Hawkins study (1977), most maps were made using the SYMAP
computer mapping program, a program that contours data on computer or
plotter printouts. A new program, Surface II (Sampson, 1975), was
acquired by the L.S.U. Department of Geology about the time of the start
of the present program. It was thought to be more versatile, as it
could also give Varian-plotted contour maps. Thus for nearly two years
all work was designed to use this program. even though it was not yet
fully operational, It was assumed it would become fully operational
eventually, and that it would give better maps.

The new SURFACE II program was found to contain many problems, the
most discouraging of which was that the option to print the basic data
points on the output map could not be made to operate. Thus on SURFACE
11 maps, unlike SYMAP maps, the user has no idea of the location of the
wells that supplied the data. This is a very serious objection, as a
trained observer can immediately spot valid trends from false trends on
a SYMAP plot, but not on a SURFACE II plot. Compare, for example,
Figures 9 and 10. All of the most recent maps have been produced by
the SYMAP program.

Printer maps, of the type reproduced in this report, were quickly
and inexpensively produced and were very adequate for preliminary
studies. Slightly slower are the maps plotted on the Varian Plotter, an
electrostatic plotter that can produce maps similar to those made on a
flat-bed, pen-type plotter, but at much greater speed and far less cost.
(See Figs. 11, 14, and 19 for examples). It can also produce

perspective block diagrams (Fig. 15), but these appear to have little
value. Recent software changes will allow the Varian maps to be made at

_the scale of 1:250,000, but as yet none have been made at this large



scale.

The best maps are those produced on a flatbed plotter. These can
be produced at any scale, on any base map (including, for example, USGS
topographic base maps), and with any number of contour intervals. They
are very legible and capable of large reduction in scale for
publication.

In an attempt to visualize the data in the third dimension, a
series of cross-sections were constructed. All wells in a north-south
strip, 0.05 wide, were combined onto one display in which their latitude
was used to give horizontal position, and their depth to an observation
was used for the vertical dimension. The lines connecting similar
observations were then drawn by hand. Anomalous data (local readings
distinctly above or below the norm) were generally noted. In several
cases composites of several adjacent sections were compiled )by hand).
The sections were particularly useful in determining regional dip, a
function also accomplished by trend maps. Trend maps, however, are of
little value for data on net sands, and the net-send sections are the
most valuable.

Because of the preliminary nature of the present project, most of
the maps were produced as printer-maps and a representative few are
reproduced here. In a final report, most maps should be of Varian-type,
and a few of the most important should be made on the flat-bed plotter.
Programs

The Hixon program (Appendix 1) manipulates CLEANDATA to give
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mud-interval maps, and it can be used to determine temperatures at a
given depth, or the depth to a given temperature. The programs are
inflexible. Some maps in files B, F, and K used these programs.

MUDTREND (App, 2, File A) determines the pressure gradient with
increasing depth from the weight of mud used to drill a particular
interval. The degree of extrapolation beyond total depth can be
specified. The gradient is then used to determine the depth to any.
selected mud weight, or the mud weight at any selected horizon. The
printout can be made to indicate the location of bad values. A
temporary tapefile can be used to produce maps or sections by SYMAP,
SURFACE 11, or similar programs. Use of this program has indicated many
uncorrected errors in the CLEANDATA file. The present this program
makes no provision for legitimate decreases in mud weight with depth;
once spurious data are eliminated, this option must be added. MUDSAND
(App. 2, File B) is a simple varient of MDS NDSAL (Hixon) that
calculates the maximum mud weight in a vertical interval, rather than
the average mud weight. This program has been superceded by the more
accurate MUDTREND program.

PERSAND App. 2, File C) calculates the percent of sand in the small
sand-intervals identified in CLEANDATA on the sand cards and plots the
value at the average depth for that interval. The printout also gives
the thickness of the interval so that thicker intervals can be
identified and, if desired, given a greater weighting. This program has
proved very useful in plotting cross-sections showing the distribution
of sand units, but the full potential has not yet been adequately
tested.

DIPSAND (App. 2, File D) calculates the average or maximum mud weight
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over a selected sloping interval, and the total net sand for that
interval., The slope and width of the interval can be specified to
approximate that of the regional dip,_if known. If not, several
approximations can be made, and regional dip determined by trial and
error. Sand distribution patterns plotted at regional dip should help
to identify stream patterné, beach ridges, and similar features. As
with PERSAND, the potential of this program has not been tested.
TEMPDHK is a program under preparation that will calculate the
temperature gradient in a more refined manner then TEMFILE (Hixon) and
with greater versatility. The degree of extrapolation beyond the bottom
of the hole can be varied, and the type of extrapolation can be changed
according to the depth zone (hydropressure, transition, or geopressure).
The print out will indicate the location of potential errors. The data
can be used to produce better temperature maps of both the depth-to and
" temperature-at types,

The above programs deal with pressure (as approximated by mud
weight), temperature, and lithology (net sand). The fourth important
parameter, salinity, has not yet been developed.

Problems

As with any computer project, this sub-project has had it's share
of hardware and software problems. Most of these were caused by using
sub-standard equipment or programs on a make-shift basis because
"better" equipment or programs were expected "immediately".

As previously noted, we decided at the start of the sub-project to
use the SURFACE II Program to produce maps, even though this program was
not yet fully operational. The program has the potential of being very

versatile, and someday it will be a far more advanced system than the
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older SYMAP program. However, the software changes have not arrived,

and in the last two months of the project we had to reproduce as many of

the maps as possible on the older, but highly functional, SYMAP program.
MUD WEIGHT

The weight of the mud used while drilling a well is controlled so
that it approximates the fluid pressure at the depth being drilled.
Marked natural variations, such as a decrease in pressure with depth,
are controlled by installing casing in the hole to contain the overlying
pressures. Because it is both uneconomical and dangerous to allow
pressure and mud weight to get 6ﬁ£ of balance, mud weight can generally
be used as a reliable estimate of fluid préssure, which is much less
commonly measured. Fluid pressure measurements were not available to the
present study.

Two types of mud weight maps were produced: interval maps (Table
1B, and Figs. 4-8) and depth-to maps (Table 1CD, and Figs. 9-15). Maps
of mud weight at a particular horizon were not produced, but the program
to make these maps was developed (MUDTREND, App. 2, File A). MAXMUD
interval maps (Figs. 5 and 8) are an approximation of the same
observation. Regional cross-sections (Table lE and Fig. 16) will be of
little help until the spurious data in the original data bank are
eliminated. Trend and residual maps (Table 1D and Fig. 12) show little
and are given a low priority for further investigation. |
Interval Maps

Interval maps showing the average mud weight in a 2,000-foot
vertical interval (such as Figs. 4, 5, and 7) were developed for the
whole of south Louisiana by Hawkins and others (1977). These maps were

easy to produce without developing new programs and gave a rough picture
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of preassure distribution. Kupfer's early study of these maps (early
hand-drawn studies, since abandoned) indicated several interesting
trends subparallel to the regional coastline, but the 2,000-foot
interval proved to be too thick for detailed interpretation. In the
present study several variants were tried, for example, use of a smaller
vertical interval of 100-feet (Fig. 6) and also use of a half-pound
contour interval,

The transition from "normal"” pressure, that is, wells in which the
fluid pressure is about that of the hydrostatic head for that depth, to
"geopressured”" well is probable best indicated by about 14 to 15 pound
muds. Thus on a typical interval map, the areas with higher mud weights
are highlighted by hand-drawn contours (Figs. 4-8).

An easy-to-do sonce variation of this program (MUDSAND App. 2B),
gives the maximum mud weight found in the interval (compare Figs. 4 and
7 with Figs. 5 and 8). The MAXMUD maps for a given interval are
approximations of the maps showing the mud weight at the base of the
same interval. When the latter maps are produced (they have not been
yet),they will be more exact. But if, as sometimes happens, lower
pressures are encountered under a geopressured sand, and the well is
cased and then a lower mud weight used, the latter maps might not
reflect the higher-pressured sand.

In all, 13 mud-interval maps were made (Table 1B), including two
Varian maps. As all were made at an early stage in the project, and all
used the SURFACE II mapping routine, no well locations are shown.
Without these, and because it was expected they would be available later,
it was not considered worthwhile to make detailed analyses of these

maps. This project was suspended pending software improvements, and it
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has not been resumed.
DEPTH-TO-MAPS

The first significant program to be developed, MUDTREND, gives maps
showing the depth to a given mud weight. Weights of 11 to 20 pounds
were tried, and at various contour intervals (500 to 1,500 feet). They
were reproduced by the SURFACE II, SYMAP, and Varian plotter routines.
In all, more than 50 maps were produced, 37 of which were saved (Table
IC 1D), and 7 are illustrated here (Figs. 9-15).

For plots showing contour lines, the 500-foot contour interval
gives a good feel of the area (Varian plots, Figs. 11 and 14), but this
small interval made the printer-maps too cluttered and hard to read.
The 15-pound mud weight maps were chosen for experimentation (Table 1D)
as these were felt to give maximum information on the critical
“"transition" zone from non-geopressured to hard geopressure; 13 maps
were made, including the trend and residual maps.

In general, the "depth-to" mud weight maps have been highly
successful. The SYMAP maps, although less elegant than the SURFACE II
maps, allow one to see where the data comes from (compare Figs. 9 and
10). There is not sufficient well control to make the maps to the
higher mud weights worthwise (Fig. 13, even though The Varian plots
(Figs. l14-15) appear otherwise.

These recently produced maps have not been examined in detail, but
when produced on the Varian plotter, at a large scale and with a small
contour interval, they should prove to be most interesting. This will
be especially true when they are compared to the net-sand cross-sections
described later.

Trend Maps

Trend maps are statistical maps that generalize data according to
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certain mathematical equations. The resulting trend surfaces are
theoretical surfaces that approximate the given data. For example, a

" first-order trend map gives the average regional dip of the data. For
Gulf Coast examples, this is generally a Gulfward dipping surface
sloping southward at about 100 to 200 feet per mile (1° - 2°). Residual
maps made from the trend maps show how much the actual data deviates
from the trend surface. Residuals from a first-order trend surface show
the local "highs'" and "lows". Higher and higher trends come nearer and
nearer to approximation the actual surface being contoured, and the
residuals define smaller and smaller anomalous areas.

Trend surface maps of the 15~pound mud weight (Table 1D, maps 9-13)
show regional strike of N 89° W, and a southward dip of 50 feet per
mile. Higher order trends show very little variation from that but
generally indicate that the northeastern area of the New Orleans East
quadrangle has slightly higher pressures at shallow depth. Maximum
slopes are 125 feet per mile (Fig. 12). Because the trend maps so
nearly approximate horizontal surfaces, the residual maps derived from
these (not produced here) were close approximations to the normal
contour map for 15-pound mud weight (Fig. 11). |

Trend and residual maps can be generated on various size map areas,
ranging from the whole of southern Louisiana to an extremely small local
area. The present work suggest that the regional maps would have little
significance. Trend maps of 3° to 1° areas of the first and fourth
order might have some meaning, especially if compared with adjacent
quadrangles; residuals from these will e of little help. Detailed maps
of smaller areas, such as areas of about 15 x 15 minutes, selected as a

result of previous 1° studies, might have considerably greater
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significance, These more detailed studies must await comﬁletion of the
present program.
Sections

Four cross-sections were prepared to show mud weight (Table 1lE).

Each north-south section cdnsists of the well data from a 0.05 wide

strip on longitudes 90.0, 90.3, 90.6 and 91.0 degrees. The two end

members are reproduced (Fig. 16) to show extremes of regional slope.
The western section at 91° Longitude appears to be relatively flat (15
feet per mile southward slope). It shows far more local variation
between adjacent wells than from the northernmost to southernmost wells.
In contrast, the eastern section at 90° longitude appears to show a
pronounced regional dip to the south of about 1}°, which is in rather
good agreement with the eastern side of the fourth-order trend map on
the 15-pound mud weight (Fig. 12).

In summary, a series of trend maps of about the 4th or 5th order
probably will be more useful and more reliable than an equal number of
sections to give the regional slope of the equal-pressure surfaces.

When adjacent quadrangles are mapped, comparison of these trend surfaces
from area to area might prove interesting and informative.
TEMPERATURE

The second parameter of direct interest in a
geopressured-geothermal investigation is temperature., More
specifically, in what areas are the temperatures abnormally high for any
specific depth? For these studies, the observed bottomOhole temperature
(F°) of the mud, as recorded on the electric log, are corrected
according to Table 2. In the new program, TEMPDHK, the formula at the

base of the table will be used. These temperatures are assumed to
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approximate the temperature of the fluid in the rock at that depth.

Using these corrected temperatures, 21 maps have been preserved in
the LSU files (Table 1): 5 maps of temperature at a given depth (see F
and L), 9 of depth to a given temperagure (G and L), and 7 of
temperature as seen in cross~section (H).

"Highs" |

Once the temperature gradient for a drill hole has been established
by Hixon's TEMPFILE program, or the yet-to-be-completed TEMPDHK program,
the temperature at any given-depth can be estimated for each hole and an
isotherm map constructed for that depth., The hottest areas on such a
map are temperature highs. Likewise, maps can be constructed showing
the "depth-to" any desired temperature, and the shallowest depths on a
depth-to map are also temperature highs: Needless to say, these "highs"
are of the greatest interest in a search for a potential
geopressured-geothermal reserve, Likewise, if they correspond with a
mud-weight high as shown by the maps of the previous section, the
potential is greatly increased. This, one goal of the present program,
not yet accomplished, is to produce maps showing the location of these
combined highs.

However, the places where high temperatures and high pressures have
already been penetrated by drill holes are already kmown. The purpose
of the present program is to seek trends or "highs" that are not known.
The minimum temperature that is of interest at the present time for any
commercial application is 200°F, but some programs require temperatures
of 240° to 260°F and even hotter if possible.

CLEANDATA is incomplete for data shallower than 10,000 feet, thus

the 10,000 foot "given-depth" maps are the shallowest that are usable,
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and the temperatures at that depth are generally less than 160°F.
""Given-depth' maps greater than about 15,000 feet have too few data
points to be of great accuracy, and it is generally below these depths
that temperatures reach 240-260°F., Thus the best available maps are
those of temperatures at 10,000 to 15,000 feet, and these give
temperatures that are generally too low to be of interest.

Likewise, the accurate "depth-to" maps are on the 180° to 220°
temperature horizones, and the maps on higher temperatures are
considerably less accurate. Thus the best given-depth and depth-to maps
clearly show temperature "highs', but these highs are at too low a
temperature to be of commercial interest. ‘Their importance lies in the
fact these near-surface "highs" probable reflect highs of greater
temperature at greater depths. Thus, as an exploration tool, a "high"
on the depth-to-180°F. map will very be over a similar high for 240°F.
Given-depth Maps

Four "given-depth" maps had been produced for the west half of the
USGS New Orleans two-degree quadrangle (Table 1L), but only one (Fig.
17) for the east half (NOE). This one was at 10,000 feet and for a
contour interval of 10°F.

Further given-depth maps await program TEMPDHK, correction of the
CLEANDATA file, and software improvements.?

Depth-to Maps

Nine "depth-to" maps are in the current L.S.U. file (Table 1G, but
the Varian map of the 300°F isothermal surface is too deep to be
considered reliable. No SYMAP maps have been made, so the distribution
of the date points is not clear., The 200°F map shows depths as shallow
as about 7,000 feet (clearly an extrapolation as no data are available

that shallow) and extends to 13,000 feet. The 250°F maps (Figs. 18 and
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19) extends the available data to their limits; the range of depths is
from 8,500 to 17,000 feet. Interpretation awaits better data, an
improved program, and plots showing the data points.

Sections

Seven north-south temperature cross-sections were constructed,
including two that extended outside of the NOE quadrangle (Table 1W).
This exhibit actually includes 37 different diagrams, reproductionmns,
and trend analyses. Six principal sections were constructed at 0.2°
intervals, each from a band 0.05° wide. The sections are at longitudes
90.0°, 90.2°, 90.4°, 90.6°, 90.8°, and 91.0°, and three of these are
summarized in Figure 20 at a reduced scale.

Isothermal profiles at 20° intervals were sketched onto each
section and anomalous values were circled. The numbers of Figure 20 are
a code of temperatures: 5 = 180 - 200°F, 6 = 200 - 220°F, etc. The
circled values represent natural anomalies and bad data.

The data below 220°F are very scattered and unreliable (Fig. 20).
Only the 180°F profile can be carried continuously across the whole NOE
quadrangle with any confidence. These sections suggest that accurate
maps can be constructed on the 180°, 200°, and 220° isothermal surfaces.
These maps can then be used to obtain trends, and continuity of trends,
which can then be used to predict the deeper trends and higher
temperatures.,

The profiles from the six sections were separated by temperature
and combined on a single section, one for each temperature (Fig. 21). A
composite of all profiles was also made (not reproduced). For each
temperature, several straight-line dip-trends were drawn; a high trend,

a low trend, a trend encompassing the majority of the data points, and
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one or two "average" trends. Dip trends ranged from 5 to 15 feet per
mile, but the overall trend (Fig. 22, straight lines) shows a regional
dip of 12 feet per mile (1/8°) and a gradient of 1° increase per 65 feet
of depth (1.6°F per 100 feet). The accepted regional gradient is about
1° to 14° per 100 feet of depth.

Once the regional dip-trends of the thermal surfaces have been
established, [g.21], they can be transferred to the individual sections
(Fig. 22), and the thermal highs noted. Thus at latitude 29.45 north
and longitude 90.8 west (Fig. 22, left of center) a strong thermal high
is present. If the interpretation shown is correct, the thermal high
may be disappearing with depth, and the profiles of the 280° and 300°
are nearly flat. (Note that the control is very scant and the
interpretation may be incorrect, or only partially correct).

It is quite possible that the same information could have been
obtained from trend and residual maps of these same isothermal surfaces,
in which case this would give three-dimensional control. For most
people the cross—-section is easier to visualize.

As yet, no trend and residual maps have been prepared on the
temperature data, so it is not known how these eye-estimates will
compare with computer-generated date. Estimates of regional gradients,
both horizontal and vertical, will be very valuable in analyzing the
temperature data for abnormalities.

NET SAND

A geopressured-geothermal anomaly in shale is impermeable,
non-economic, and therefore not a resource. The heat, pressure, and
accompanying methane gas cannot be extracted. Thus to get a large

recovery of energy, a large, permeable sand reservoir is necessary. In
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the Hawkins study (1977), we made the mistake of assuming that a map

showing high net sand combined with high pressure was a good target.
The Hixon thesis of 1979 disproved this hypothesis. Thick sand is
generally part of the near-shore sand facies, and it is not
geopressured. The sands must be trapped within thick shale bodies.

The main purpose of the present net sand study was to find a way to
display the net sand that would indicate trapped sand bodies. To do
this the regional depositional pattern must be determined (Fig. 28).

The interval maps of the Hawkins study (1977) have been refined
(smaller intervals, better data, (Fig.. 23). The main emphasis, however,
has been on producing maps that showed the net sand contained in
southward sloping units that might reflect the regionmal dip. The first
sloping interval maps used 1} a value taken from commercially available
regional maps. Slopes of 1° and 2° were also tried. None were very
successful at showing regional drainage patterns or beach trends of the
type shown in Figure 28.

Meanwhile the program to draw geologic sections was developed, and
as a result of these studies the regional dip was [at first],
approximated at 1.13°. Three interval maps were made at this interval
(Figs. 25-27). Later calculations suggest that 1.2° might be better,
but no maps have been made. The present depth-interval of 1,000 feet is
probably much too thick, and thinner intervals must be tried.

In short, the net sand study is the most difficult part of the
exploration program but probably will be the most rewarding if it can be
made to work. It may show which of the "highs" indicated by the

combined temperature-pressure program will be commercial.




156.1

Horizontal Interval Maps

Interval maps of 2,000 feet were produced in the Hawkins program
(1977). The present program produced five maps at 1,000-foot intervals
(Table 11) and because of lack of time no variations from this were
attempted. Maps 1 and 2 of Group 1 (Tablel) compare the SURFACE 11 and
SYMAP programs. The four SYMAP maps cover the 1,000-foot intervals from
10,000 to 14,000 feet (Fig. 23 is an example). As sloping interval maps
are clearly superior, there is no reason to produce any more
horizontal-interval maps, at least not at these thicknesses.

Sloping Interval Maps

Twelve sloping interval maps have been produced (TAble I J): three
by SURFACE II and the others by SYMAP. Three depth intervals were
chosen, each 1,000 feet apart (5,000, 6,000, and 7,000 feet for the top
of the interval). The upper depth is set for the northernmost wells,
which are 15 minutes north of the NOE quadrangle, that is, at 30.25°
Latitude. Table 3 summarizes the depth data for the top of the interval
at various depths and slopes. Typical depths are shown for the north,
middle, and south edge of the NOE quadrangle for each interval. Slopes
of 1°, 1.13°, 1.5°, and 2° have been tried. Those at 1.13°, which
probably are nearest to the regional dip, have been reproduced here
(Figs. 25, 26, and 27).

A quick examination of the maps suggests vague northerly sand
trends that might represent stream channels, and other more westerly
trends that might be beach ridges. However the interval of 1,000 feet
is probably too thick to distinguish these features. Smaller intervals
must be tried.

Trends

Two trends and two residual maps were run (Table II, maps 6 to 9),
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but nothing significant appeared. The trend maps (lst. and 3rd.)
indicated a flat surface with dips of less than 1 and 2 feet per mile
respectively, and the residual maps merely mimicked the highs on the
original interval maps (the lows were suppresses).

It is unlikely that trend maps will be of much help in the study of
net sands.
Sections

To construct net-sand and cross-sections, the PERSAND program was
used to identify and label the sand intervals. The percent of sand
within the interval was plotted at the mid point. Clay intervals were
also plotted. The first section was 0.05° wide, but this was not wide
enough to give sufficient data. Four sections were then plotted at 0.1°
widths at longitudes 90.0°, 90.2°, and 90.4° (Table 1 K). It was then
decided to weight the interval by the formula W = (1/10) x (P-10), where
W is the weighting factor, I is the interval thickness, and P is the
percent sand in the interval. This formula gives a greater weight-value
to the thicker intervals, and it virtually eliminates the thin intervals
and those with a low percent sand. This formula was applied to
longitudes 90.4°, 90.6°, and 90.8° (Table 1l K).

Figures 29 and 30 compare the weighted and unweighted intervals.
The solid lines of these figures are attempts to align the thicker sand
bodies to determine their regional dip. Note that in the south the dips
range from about 1° at the surface to about 2° at depth.

Neither the weighted nor unweighted sections are entirely adequate,
and a better cross-section program will have to be devised. The

sections must be drawn at a larger scale, and the top and bottom of the

intervals indicated. It remains to be seen if these improvements well



159

give the regional dip and thus help locate trapped-sand bodies.
CONCLUSIONS

The present phase of the computer-map subproject has emphasized
programs, software, and preliminary maps. The maps produced so far are
neither accurate nor technically correct, and thus not suitable for
geological evaluation.

Once the data bank has been corrected and updated, and the pressure
and temperature gradients within each drill hole established, then the
best maps will probably be the 'depth-to'" maps and their associated
trends maps. For mud weight, eﬁpﬁasis should be on the 14, 15, and 16
pound surfaces; for temperatures emphasis should be on the 180°, 200°,
and 220° surfaces.

Next, a comparison of temperature and pressure highs needs to be
made. This can be done visually, or by a "weighting" program. The
temperature times a weighting factor can be added to, or multiplied by,
the pressure times it's weighting factor. These weighted values can
then be plotted and contoured.

If salinity is brought into the program, it can be treated in a
manner similar to temperature and pressure, but geological relationships
between salinity and geopressure are more complex.

The best way to treat the net-sand data will be by a combination of
geological cross-sections and sloping-interval net-sand maps. Trend

maps are not likely to be significant.
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Table 1. Computer-Produced Maps
October 1980
Original maps are at scale 1l: 250,000; all are computer printout maps
except as noted. A copy of each of these maps is on file at Department
of Geology, Louisiana State University. Méps were produced to test

computer programs and program parameters and are not considered to be

accurate.
CI = Contour Interval S = SYMAP map # = Pounds
K = 1000 feet I1 = SURFACE II map VBD = Varian

block-diagram

*Map reproduced in this report at reduced scale, figure number in

parenthesis

A. Index Maps *1 USGS published topographic map, New Orleans 2°-sheet,

CI = 25 ft.
(Fig 1).

*2 Location of all wells used in study area, including perimeter, II.
(Fig. 2).

*3 Location of all wells within the New Orleans East (NOE) quad., 1I,
(Fig. 3).

4 Location of wells for mud weight program, II, poor data: same as

D=4,

B. Mudweight - Interval Maps

(Average or maximum mud weight for 1K or 2K intervals; CI = }, 1, 2#)

1 10-12 K, CI = 1#, 1I Some hand-drawn outlines



*3

*6

*7

*9

10

11

12

11-12

12-13

13-14

13-14

10-12

10-12

10-12

12-14

12-14

12-14

12-14

1#
1#
1#
1#
1#
1#
b
1#
3
1#

b

I1 Some outlining

II (Fig. 6)

Varian
I1(Fig. 4)
II Maximum mud weight (Fig. 5)
II Maximum mud weight
II(Fig. 7)
II
II Maximum mud weight (Fig. 8)

II Maximum mud weight

162
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C. Mudweight -- Depth-to Maps

@ (Depth [ft.] to a given mud weight; various patterns used)

1. 11# CI = 500 ft, Varian

2, 124 500 II

3. 12¢ 1000 II

4, 124 500 Varian
5., Same VBD VBD

6. 13# 500 Varian
7. Same VBD Varian .
8. 13# 1000 11

9. 13# 1500 11

10. 1la# 500 Varian

11. Same VBD

12. l4# 1000 II
13. 1l4# 1000 Varian
14, 14¢ 1500 I1

15. 15# See Section "D" for all 15-pound mud weight maps.

*x16. 16# 1000 11 (Fig. 13)
*17. 174 500 Varian (Fig. 14)
%18, Same VBD VBD (Fig. 15)

19. 184 500 Varian

20, Same VBD VBD

21, 194 500 Varian

22, Same VBD VBD

23. 204 500 Varian

24. Same VBD VBD




10.

*11.

12.

13.

Symap
Symap
S-1I
§-1I

S-I1

Symap

500

1000

1000

1000

1000

1000

1000

1500
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Mud weight -- Depth to 15#

(Including trend and residual maps)

C. L.

(Fig. 10)

Zero and negative data eliminated

Plot-of data points for D-3-- Filed at A-4
Same as D-3 but contours indexed differently
(Fig. 9)

Solid-print pattern, only data from 7,000 to
20,000 ft. used.

(Fig. 11)

First-order trend map; regional dip south of 54 ft./mi.

Third-order trend

Fourth-order trend (Fig. 12)

Third~-order residuals (CI-4000 to +1000; almost same as

D-1

Third-order residuals (-~1000 to +1000; too detailed)



Mud weight -- Cross-sections

(E-1 to E-4 are raw data; E-5 to E~8 are with hand drawn

trend lines.

90.00
90.03
90.60
90.95
90.00
90.30
90.60

90.95

North-south sections combine data from 0.5°

width of longitude. Section made using SYMAP.)

to

to

90.05 longitude.

90.35
90.65
91.00
90.05
90.05
90.65

91.00

"

"

165
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F. Temperature at given depth

%], Temp. at 10,000 ft. depth, C. I. = 10° F, II. (Fig. 17)

2, A for similar temperature maps, b for New Orleans West; See Section
L.
G. Depth to given temperature
(All at 500-foot contour intervals)

1. 200° F II depths: 6,900 to 13,000 ft.

2, 200° Varian (just New Orleans East)

3. 200° Varian (with border area also)

4, 200° VBD (messed up)
x5, 250° II depths: 8,500 to 17,000 ft. (Fig. 18)
%6, 250° Varian (Fig. 19)

7. 250° VBD (still poor)

8. 300° Varian

9. 300° VBD



*8.
*9,
*10.
*11,
*12,
13.

14,

H. Temperature - Sections

167

(Bottom-hole temperatures, °F, plotted vertically on north-south

sections of 0.05° width. For each number:

B is the

computer-produced section, A is hand-marked to show trends, and C

is a xerox reduction for compilation.

29.0 to 30.2 Lat.
29.0 to 30.0

" 90.2
" 90.4
" 90.6

" 90.8

29.0 to 30.15 90.95

Composite of H-2, H-4, and H-6 (3 Figs.)

89.5 to 89.6 Long.

90.0 to 90.5

90.25

90.45

90.65

90.85

91.00

180°F lines from H~6 (3 Figs.)

200

220

Composite of trends from H-8 to H-1l

Composite of H-9, H-10, and H-11

Composite of H-13 with trends.

interpretations.

A, B,
A and
A, B,
A, B,
A, B,

A and

c

c

C

c

Fig.22)

A and

c

All use the SYMAP program.)

(Base for

2 sizes (Fig. 20)

A and Unmarked (Fig.21)

A and Unmarked (Fig. 21)

A and Unmarked (Fig. 21)

A summary of H-14(Fig.21)

NOTE that sections 8-14 are not computer-produced, but hand-drawn
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I. Net Sand -~ Interval maps

(Thousand-foot intervals, upper surface horizontal)

10K to 11K (feet) Flat S-11

10 11
11 12
12 13
13 14

12K to 13K (feet) CI = 5%
Same
Same

Same

S-II C.I. = 50 feet of sand

Symap
Symap
Symap
Symap

Symap

50
50
50 (Fig. 23)
50
lst Order trend
1rd Order residual
3rd Order trend (Fig.24)

3rd Order residual
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J. Net Sand - Sloping Intervals

(Intervals with upper surface sloping at various degrees,

intervals are 1,000 feet thick vertically.

Intervals start ) on

north) at 30.25 Lat. with tops at 5,000, 6,000, or 7,000 feet. The

elevation of the top is thus

1.

%2,

10.
**]11.

12.

1° of southward dip
1.13°

1%°

1°

1.13°

13

13

1.13

1}

deeper than that at the north edge of map.)

Symap (2 copied)
S-11I

S-11

Symap

Symap

Symap

S-11

Symap

Symap

S-1I

Upper (5-6K) interval

Upper " (Fig. 25)

Upper "

Mid (6-7K)

Mid " (Fig. 26)

Mid (6~7K)

Mid "

Mid "

Lower (7-8K), (Fig.27)

Lower



K. Percent Sand Cross~sections
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(the percent of sand in a discrete interval is plotted in the

middle of the interval, the figure x10 = 7Z; the weighted sections gives

greater weight to thicker intervals with a higher percent of

sand in the interval (on scale of eleven);
North-south sections from 29.0° to 30.0°

1. 90.00° to 90.05° Longitude, Non-weighted, C.I.

2, 90.00° 90.00° Non-weighted, C.I.
*3, 90.2° 90,3° Non-weighted, C.I.
x4, 90.2° 90.3° Weighted in eleven

5. 90.4° 90.5° Non-weighted, C.I.

6. 90.4° 90.5° Weighted

7. 90.6° 90.7° Weighted

8. 90.8° 90.9° Weighted

Symap plots;

latitude.)

107

107

10Z (Fig. 29)
units (Fig. 30)

= 107

9. 1lst Order Trend on weighted data; no trend observed.

10. 3rd Order Trend on weighted data; trend not significant.
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L. Temperature Maps

NEW ORLEANS WEST QUADRANGLE
Surface 1II Maps be

M. Crouchet and R. Hixon

1. Temp. at 10,000 feet; C. I. = 25° F.

2, 12,000 10

3. Temp. at 14,000 feet; C. I. = 10° F

4, 16,000 10°F

5. Depth to 200° F; C, I, = 500 feet (2 copies)
6. 250 500 (2)

7. 300° ’ 500 (2)

8. 350° 250 feet
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MUD WEIGHT ILLUSTRATIONS

Figure
4, Average mud weight used between 10,000 to 12,000 feet depth
(10-12K) or a 2,000—foo£ thick interval (2,000 ft); contour
interval based on one pound increase per gallon (CI = 1#), and

solid contour lines start with a 12 pound mud weight (CL 12#).

This:
4. Average mud weight, 10-12 K (2,000 ft), CI = 1#, CL = 12#
5. Average mud weight, 10-12 K (2,000 ft), CI = 1#, CL = l4#
6. Average mud weight, 12-13 K (1,000 ft), CI = 1#, CL = 14#
7. Average mud weight, 12-14 K (2,000 ft), CI = 1#, CL = 13#
8. Maximum mud weight, 12-14 K (2,000 ft), CI = 1#, CL = 15#

1,000 feet.

9. Depth to 15# mud weight, Surface II map, CI

10. Depth to 15# mid weight, SYMAP map, CcI 1,000 feet.

1,000 feet.

11. Depth to 15# mud weight, Varian plot, CcI
10,000 feet (highs) are shaded; H=High.

12. Depth to 15# mud weight, 4th-order trend-surface, CI = 500
feet.

13. Depth to 16# mud weight, Surface II map, CI = 1,000 feet, CL =
variable,

14, Depth to 17# mud weight, Varian plot, CI = 500 feet, highs
hachured.

15. Three dimensional block diagram of Fig. 14 as seen from southeast.




Figure

23.

24,

25.

26.

27.

28,

29.

30.
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NET SAND AND IT'S DISTRIBUTION

Net sand in a 1,000-foot-thick, vertical interval from 12-13 K;
CI = 50 feet of sand, SYMAP; areas of greater than 30% sand are
hand

Net sand; third-order residual on Fig. 23 (12-13 K), CI = 57
SYMAP

Net sand in a 1,000-foot-thick sloping interval, CI = 50 ft.,
SYMAP. The top of the interval slopes southward at 1.13°%;
elevation at the north edge of quadrangle is about 6,800 feet
and at the south edge is about 14,000 feet (see Table 3).

Net sand, 1,000-foot interval, sloping 1.13° from 7,800 to
15,000 feet.

Net sand, 1,000-foot interval sloping 1.13° from 8,800 to
16,000 feet.

Typical distribution patterns of net sands in a modern delta,
after Coleman & Wright (1975). This diagram indicates the
types of patterns that interval net sand maps if the interval
is kept small enough.

Distribution of percent sand (figure x 10 = percentage),
north-south section, strip 0.1° wide (90.2°-90.3° Long.);
trends hand-drawn.

Weighted distribution of sand, from L - Low, through 1-9, to *
and H = High; weighted to thicker intervals, north-south
section, strip 0.1° wide (90.2°-90.3° long.); trends

hand~-drawn.
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Table 2., TEMPERATURE CORRECTION
@ The temperature correction (T) in degrees Fahrenheit to be added to
the observed bottom-hole temperature (F°) for each thousand feet of
depth (D). Modified from formula by Amer. Assoc. Geol. Comm. on
"Geothermal Study of North American (1971).

D T D T D T D T

1 3.2 6 22.5 11 32.7 16 27.3
2 7.5 7 25.4 12 33.1 17 23.7
3 11.6 8 28.0 13 32.8 18 19.3
4 15.5 9 30.1 14 31.7 19 13.8
5 19.1 10 31.7 15 29.9 20 7.3

T=0.008819 d3+0.02143 d2 - 4,375 D+1.108




below sea level for sloping intervals.

Table 3, ELEVATIONS of the Top Surface in feet

is set at 30,25° latitude.

The BE (base elevation)

175

Numbers in the table give the elevation

for North (30°), Mid (2934°) and South (29°) positions on the map.

SLOPE

BE = Zero (Accurate)

North
Mid
South

BE = Zero (Highly rounded)

North
Mid
South

BE = 5000
North
Mid

South

BE = 6000

" North

Mid
South

BE = 7000
North

Mid
South

1.0° 1.13° 1.2° 1.5° 2.0°
1587 1796 1907 2385 3181
4768 5390 5723 7155 9542
7949 8983 9539 11925 15902
1500 2000 2000 2500 3000
5000 5500 6000 7000 9500
8000 9000 9500 12000 16000
6600 6800 6900 7400 8200
9750 10400 10700 12150 14500
12950 14000 14550 16900 20900
7600 7800 79008 8400 9200
10800 11400 11700 13200 15500
14000 15000 15500 17900 21900
8600 8800 8900 9400 10200
11800 12400 12700 14200 16600
15000 16000 16500 18900 22900
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APPENDIX I.
Programs Produced by R. L. Hixon
LISTWELL selects wells for a specific area from the CLEANDATA file.

MDSNDSAL calculates the average mud weight and the cumulative sand
thickness for given vertical intervals.

TEMPFILE determines the temperature gradient with depth, for
corrected drill-hole temperature.

LISTGRAD selects data for a specific area from TEMPFILE.
ISOTHERM calculates depth to a specific temperature.
TMPONHRZ calculates the temperature at a given depth.

CASSIE calculates the salinity of selected sands from mud restivity
and SP_data on well log.

SALINRMF is similar to CASSIE, but uses mud filtrate restivity to
calculate the salinity.
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APPENDIX 2
Program by D, H. Kupfer and K, C. Meade

MUDTREND, a program to determine the approximate pressure gradient
with increasing depth for each drillhole; the angle of slope of the
gradient, used for extrapolation, changes within the transtition
and geopressured zones. The program can be used to calculate depth
to a certain mud weight or mud weight at a given depth.

MUDSAND, a variant of MDSNDSAL to calculate the average or maximum
mud weight and the net sand within four vertical intervals.

PERSAND, calculates the percent sand in a small intervals of mixed
lithology, and plots it at the average depth of that interval;
useful in making cross-section.

DIPSAND, calulates the average mud weight, or the total net sand,
for a south-sloping interval of 1,000 vertical feet; the slope
given should appropriate regional dip.

TEMPDHK, program in preparation to calculate temperature gradient,
correcting obvious errors, and extrapolating readings according to
depth zone (hydropressure, transition, or geopressured).



1. Base map of New Orleans East (NOE) quadrangle, from U.S. Geological
Survey topographic map originally published at a scale of this and
all the following maps is about :500,000 (8 mi./inch).
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LOCATION OF WELLS IN EAST HALF, NEW ORLEANS QUAD

0 5 10Mi .
0 5 10 15 ZOKm

FIGURE 3

3. Location of control wells within NOE quadrangle. The numbers
indicate that 2 (or 3) wells are too close together to be plotted

conaratraly
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AVERAGE MUDWEIGHT BETWEEN 10,000 - 12,000 FEET
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4, Average mud weight used between 10,000 to 12,000 feet depth
(10-12K), a 2,000-foot thick interval (2,000 ft); contour interval
based on one pound increase per gallon (CI = 1#), and solid contour

‘ lines start with a pound mud weight (CL 12#). Thus:
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1 AVERAGE MUDWEIGHT BETWEEN 12,000 - 14,000 FEET

RIS
[
Bl
uul“rr"‘l EEN . . © oot Lt
vygL oL [ L B : . T ‘ v [NEE R RY i Do
LBB“UDL = t: ‘43 sp00LO0 - 3 Lt
B 171 TP ’
[STETSIVESL 15 A

D=1+ fHRARA
N B L LN B
PR EYNIYIFTYLY YL 3 ‘"
T L [
Bl RakkeRAAGR (IS 21
Wl bmnpnd nAARR P 13t
bbd phm na b
aaym
. s Ak
IR [ T VirN
nuununm.uum e v vebbe LU Lo AlikhAbnh 3 4
nonk - L . [NV gl ht f
- oo, Anigt (S-S BN ETT) o 2]
B 3 YT tLe Moy sbe Llut coC
et 2 g.::"’*.i::: Llelllh ol o
N - s LblesLle L (
L owbicutie Ll
- \.LL«.\.LLLLLLLLC
t L\.LLLLLLLLLL L
b Ll Mt
2 Lol soct
L bk Eu
o e <15}
SRR TS
.

[
Y
cenr

vo

Lt
RETR Tt e
(e P,

nere

QL OGGo

330 Lo
Bl B FRIc Jbbr‘»ﬂ \A1%3
' |_.;A.—.-u_;..ur\m_uu;udduunhbu
Foeuea; pouobobbusdbbbtub
theg MAs OLLLBBLPLUBLBELESD
433 peocsdbbosdbodiun
455 IbDLELBILCDBOBOELED

[
vt LR adbrurddstbyy bho

sBstbobue Loty 4d Jup 3jbbblbloboa o
£BEEL bLE copMMdSdpEt! [ 300EOLBOILDI: '
gotiltut  wobrrs3spobobivbib cee 8 3 ol Spbhoot 3
t vobr Ll pe<ssgoobrrsnt v CCCL A% RN . - BE$ b ]
th BBLL oo Hr4dsdseooorool: o Ct ren [ (SN 43 voLLBE o
e L1 Hegddbubl -] b L Lt 4 TS oulbsl o
B e EELLTLTS Ll L. = La BBLLOE ot
bof Loy rdne ot ity & al tbsresbsiu
ouh e s o SpbBBADL TilLuLe L brbpdbobboo
t.F Aed,3 t V3sooHide LhLLL L : g oo B
b, BBt 4a3 B e ubt  BBrHEL
11341 LB~ 433 i 1 obet Hep ]
vof bt Lobrdsy (eI Bub 8B
LhosignHg f HiukboRbbe a Leu’
totbnd (23 1uLbun R 1]
todne s Ele e 3 o -
nhnh BbteLuBE o Gor U boLctoes ARGAAA
Heap buttociBobro T I RRTEL] ALARA
rhaa bl bbubHL Lt ouye AannAa
bk t L bopor AARA
nhih not L) ‘JDD LLEY
IaN.Y) L Ben 9 330 whaa
1OBOLE Ll b AnufAmA
DERLLOLY S ARALKLABA
30 noLtht- L.yl hARANILAAR
rHydubY ELI 21 L ARKARARDLA
H-Hnmlmbl Dt Dot . aanbRRARBKRA
Her3ss Coe ISR AnRaRLARLAA
blieo s L WARRRABALAL
BEMASS cottt " p RARARLARKRARA
Dﬂh""d 3 b i et ARARIRARARA
[ Ledbrty e : e NN TV
e snmmuuul CTEL b e tr wz HRKARARLAAARA
EHrBBLEEL . H gl 1. BRRARAA ARARAARARAL
byrLtL e l\n‘r-lu LYY CYVIVE YT YYYYYY
8BLLt'y vipd e nun AHAARARRRARNNNA [ AEIRRAAR
sost b Bt HRRABRIARINARI, [ Hpcsbe BARAR
bbubt bbb awd g dobin, . ..ﬁl VERBRAR AR Lo by FYCYANTY
Lk Loy RN R Assnt vioct aene ARBARAR
Loy . RIS Plrin e LYY
[ uh ST Bl AbHARAR
K T e NARAAKA
%Y N Els MArbnio b
L-ht ¢ g RAG AR 5
213 4 . < » T hman Lo
:l. 51y LYY (33}
ver oo B
I.ﬂllt.l.,lll.“h'4 (ST It o
LE LL el B b B
ct b nu,_mn te
Codtle =4 ey v RIS
Bt Lot LR ruwnnn.
vbortt v 44,3 ooty B
ch [Tl et Bl .
Lh e ¢
v B E DL
apgeEan o
t. . [ st [ZIPIENT S
e nhHs Ui v N
Lbbb L v wti
Mudweight
(ppg)

geeeTeT— 3]

T 1
: BOOOEE _— j¢ 5 10 15 20Km
EpeEEEr U7

7. Average mud weight, 12-14K (2,000 ft.), CI = 1#, CL = 13#.
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§ MAXIMUM MUDWEIGHT BETWEEN 12,000

8.

Maximum mud weight, 12-14D (2,000 ft.),

14,000 FEET

CI = 1#, CL = 15#.
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9. Depth to 15# mud weight, Surface II map, CI = 1,000 feet.
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FIGURE 10

Depth to 15# mud weight, SYMAP map, CI = 1,000 feet.
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FIGURE 11
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FIGURE 12

Depth to 15# mud weight, 4th-order trend-surface, CI = 500 feet.
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Three dimensional block diagram of Fig. 14 as seen from southeast

15.
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FIGURE 17

17. Temperatures at 10,000 feet, CI = 10°F, "highs" hand~-contoured.
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FIGURE 20

20, Temperature distribution in cross-sections across NOE quandrangle,

with hand-drawn profile line. Data from wells in a strip 0.05°

wide; 4 = 160°-180°F, 5 = 180°-200°F,.* =280°-300°F. A. Longitude

90.0°; B. Longitude 90.4°; C. Longitude 90.8°.
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FIGURE 21

Composite temperature cross-sections. A. Summary of hand-drawn
trend lines (from Fig. 20, and others) for 180°F, 200°F, and 220°F.
B. Summary, all trends, all sections; temperature gradient of
1.6°/ 100 feet of depth and regional slope of 12 feet per mile to
south.
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22. Regional temperature slopes (straight lines, from Fig. 21)
superposed on profiles from one section. Thermal highs are shaded.
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Net sand in a 1,000-foot-thick, vertical interval from 12-13 K; CI
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28.

NET SAND DISTRIBUTION IN MODERN DELTAS

Typical distribution patterns of net sands in a modern delta, after
Coleman & Wright (1975). This diagram indicates the types of
patterns that might be recognized in sloping-interval net sand maps
if the interval is kept small enough.
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Distribution of percent sand (figure x 10 = Z), north-south
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Weighted distribution of sand, from L=Low, through 1 to 9, to * and

H = High; weighted to thicker intervals, north-south sectionms,

strip 0.1° wide (90.@+-90.3° Long.); trends hand-drawn.
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C/7LEISTRLLL JUT (HI0S PNVl eDeBO000ss00) o °BON HIXCNS
/8 St 1P T2 J

ZLwv

e PLLASE INTENRPRET. THANKS
'e4 EXLC FORTGUCLGIPANMFUNT S *MAPS (T [ML=]
Z/FORT JSYSIN DU o
[
C
[ GEUFPRESSURED-GEUTHERNMAL PRCJECT
g
C SLISTWELL® LISTS THt wELL DATA, FRUM THE *CLENDATA® FILE ON
[« MAULNETIC TAPE, FOR A CESIREC AKEA., & PRUGUHAMMER: ROUERY Le HIXON ®
C LebeUss BATUN RUUGEs LOUISIANA ¢ 1978
C
INTEGER Xo2Z,R
DIMCNS IUN X{J31)e245)
[
C KREAU—IN DATA FRUM THE PARANLTER CARU=——~

FEAUD(Se® sENDELOYY )XLAsRLAGYLALYLN
C KLCAO=IN DATA HFRUM TAPE—==
999 FLAU(UVIOGENDZ2¥99 )X
1C FURMAT (1 10e0AGs3(AL A} AL s240,2A2,:154012015413v1%5¢A84212,3X)
C CLCIMALILL Tht LATITUDE AND LUNGITUUE==--
ODLAT=X(2Q0)¢FLCAT(X{210)/760.0¢FLLCAT(X(22))/730600
CLONG=X( 23)+FLUATIX{24))/760.0¢FLOAT(X(25))/3600
IF ({OLATQLEWALALANDcULUNGLE e XN} o AND 2 IDLAT o GE«YLAAND s DLUNG.
CCEYLNIIGU TU a7

JISA(I0)
1Pt JJeCUa0)GU TO 7
DO 7 1=1.2J
HEADE Ul T4ENUX305Y) IOUNM

L7 FURMAT (1G94 R)

7 CONTINUE
1iax{Jl1)
It {11e#0a0)GC TC 9990
CO " J=isit
RLAUCB 41U ENDS U »Yy ) IDUN

18 FORAAT(1EeS4KX)

8 CONT AUt
Gu TO sSS

47 CuNT INUF
Haky |

)
ALDo2A0 02820 15,612/5K0°C 0150132 150A102120
7.1
[ BN

n
1 CAS2ALH IS0 1275400 C 2150134 15.A10212,

[}
1 FONMAY
ct3y
JJEAL130)
F(JJeECLQIGL TO VY
CU 49 mM=1,JJ

! RFADB(JI224EN
22 FUIMAT(16JFS
aRITL(L 7T
77 FUKMAT(IX, 10
alTE(Te2)11L
2 FONMAT (I Lot O
99 CONT InUE
I=x131)
IFLIlecWa0 GO TU S99

DO 10v N3l .l
READ{B423,6NLE056S)L

23 FURAAT (164315 ALslLR)
wHITE(Le2a)2

26 FUHMATIIR  ledIVsALeTBX)
wh1TE (2,302

3 FORMAT( G 3TSeALtoOHX)
10% CCNTIRNUE

tyJd9 ST0P 10V
2996 STOR 290
AYws STULR 300
495% S1C2 auv
V696 S1UP 500
Lese L10P LU
Z7/7GUeF1UBF U0 CU DUNSCLENDATAUNITSTARPE DLISHEIOLDIKEER)
/7 VEL2ZLERZT2500,LAclL=(2 451 ) ¢DCUB(NECFMEFH,LRECLE 10V ULKS IZES2000)

7/7GLaa¥YSIN VD »
C e FULLCWING PARANMETER CAKD L ISTS ThE CRYRIME LATITUDE AND
C LULNLSITUDL LF TrL UPPiie LEF TerANU CUNNENR AND THL LURLKR HIGHT=HAND
[S CLANCR L A HELTABGLAR LLOGRAZPHICAL AKREA,
dYeaw  SCeud 2Pl LSS
7o

77
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Z/WOSNDSAL JOB (1305+03820014+50 }etBOU MIxUN- —
/O MESSAGE PLEASL INILNPRET

/7 EXEC wATF1LV

Z/7SYSIN DD o

sJCH KUNSFREEPAGES= 10, TIME=20

1000se040
MY (ARDS

SMDLNDSAL® CALCULATES THE AVERAGE MUD WEIGHTS AND THE CUMULATIVE
SANDS FLR FOUR GIVEN INTERVALS: 10 YO 12, (2 7O 1a, 18 TO iG,
AND 16 TU 18 THOUSAND FUOT INTERVALS.

TMOSNDSAL® ALSU PHREPARES ANU STHRULTURES TRE DATA FOR INPUT INTO
A PRNUGKAM TiHHAT wiLL CALCULATE THE AVERAGE SALINITIES

(THL OATA IS PUNCHEDO-OUT ON CARDSI}.

TwO OF THE THREE ®mRITE STATEWENTS MAY BE LEFT OUT WHEN OBTAINING
THE THIRL TYPE UF DATA. CTFrENWISE ALL OF THE CAKDS wiLL BE
INTEROPERSLD wilTH ONE ANDTHER.

'MOSNDSAL® USES THE ORIGINAL DATA FROM THE ¢ CLENDATA® FILE
UN MAGNETIC TAPE. THIS PROGRAM ALSU ALLOWS YOU TO SELECT
A SPECIFIC AREA OF INTEREST DY PLACING THE EXTKREME
COURVINATES UN THE PARAMETER CANMD.

THIS PRUOGRAM 1S SET=UP TC READ ThE *CLENDATA® INFORMAYION FHOM
CARUS ONLY. THE JUY CONTHOL CARDS AND THE READ STATEMENTS wOWD
HAVC TO PE ALTERED TO READ FROM TrHt ORIGINAL TAPE,

PROGRAMMER: RCHERT Le MIXCN © LeS,Ue & (976 @

[alalalalalalalolel ol ol ot oY ol oYY a Yo YaloYaYalaYa)

INTEGER XoRoLsHsVEPTHTENP  SUMSND+ TRN+TOPSKDUUTSND. SP
REAL MwT
DIMCNSION X(31) DEPTH(IOeMuTIIO)TENP(30) ,RM({I0),TRMI3ID),
CTUPLNU 7S ) +BUTIND( 7S ) sNTSNDCT2) e SPUTS) +MUTYITS) cAVGMaTIA),
CSUMSND (A) . 1LTS )
UATA K.OLJTH.TtHPnlﬂNv'UPSND.DUYSND.N'SND.SP-SUVSND/QZS‘O/
DATA RM MwT  AVUMWT/64%0,./
LLL=9
1Jk= 1000
FEAU (5o oENDZIVYI IRLAGXLASYLAJYLN
999 WCAII{S5: 10, END22959)X
[ %] FUhﬁAl:ll;-5AI.QIA6.AI).2AC.2A2'l5-°lzlbltIS'IJ.IS'AlQZlIQJ‘,
LLATZX(QU)*FLUAT(XI2L13/760.00FLCAT(X(22))/3600
CLUNGEX (23 ) +FLUAT (X (24 53/7000¢FLOAT I X{25)) /73600
lFl(ULA‘.L&.XLA.AND.ULUNG.LL.XLN).ANU-(ULAY.GE.VLA-AND.DLONG-

CGL«YLANIIGL TO &7
JJzA(30)
1F{JJetueviud 10 8388
OU 7 ILR=1.JJ
READ (S 17 ,ENNEIYYY ) IUUM
17 FORMAT(10e 78 K)
7 CONT INUE
88d8 CONTINLL
11=x433)
IF(L1letuasDIGO YU Y¥9
00 &8 J=1.11
KEAULS+ 1 8,ENDEAY99)IDUM
18 FURMAT(L1Gs74KX)
8 CONT INVE
GU O §9% .
47 CONT INVE N
JJ=A( A0}
1F(JJ.EQeD)GO TU 999
DO w9 Mzl4JdJ .
REAUL(S5022¢ ENUSLIGSIDERTH (M) oMwT (M) s TEMP (M) JIM(P) s THM(M) ¢ MOTY (M)
22 FUHMAT (1 0eFLel s 151F5e24184A1)
99 C(UNIT INLE R
[4 AVEHAGE MUU WEIGHIS FCR 10 TC 12, 12 YO 14, 14 7O 16, AND 16 TO
C I8 THUUSAND FCOT INTERVALS ~—
LLE=H000 :
xK=10000Q
CU bYe K=1l.4
LLELLe200V
KKEKK ¢2000
AVGMUT (K )=0400
HNN=U .00
SUMUD=U0.00
CO LB PM=1 4JJ
IF(MwTiMM} L0e0.01GU TU &8
jF(u-v(uul.L'.{.o&:;a(:s);;ut(un)Olo.o
LFE(OLPIHIMM) oLToL)G i
IFLDEPTM{MM) oG o LL e ARDJUEPTHIMMI oL T o KK )GO TO 94
GU TO 894
93 COUNY INUE
CUMUUESLNMUDEMRT{ MNM)
KRNNERNN® | 0
AVGMRT (K} =30NMYC/ RAN
A8 COUNTINLL
auye CUNT INVUE
LIsxt3t)
IF{ilekue0)GO Tu 9994
C CUMULATIVE SA?? CALCULATICNS ===
9 MNKEL,
2:A$?b-4JthD!0199)'CPSNC(HNK)o&QYSNDl#NKl.NTSND(MNKJ.
CSPIMNR 3o 1 {MIex)
2) FUMAAT (lusthelYelSeAl)
10% CONTINUVE
KK=10U00
LL=6V00
DD va NNx) 8
LLELL+2000
KKBKK+2000 s . e e el
SUMINDINNIZ2.00
fRuROu=0.u : © *Insert: IXZYeIl41 :
CU 110 N=I (35 ; ) IF(N.BQ.IXZY) GO TO 94
1IF{NsLU11)IGO TU 96 C o .o
PROPURTJONS USEL IN DETERMINING HOw MUCH SAND (S wliTHIN THE
INTCRVAL IN THE CASE WMERE A SAND UVERLAPS THE UOUNUARILES (N
SUML WAY ===
JF (TOPSNO(1)aGT ol LoCR.BDOTSNCILI 1) LELKKIGD TO 94
- IFANTSNOIN)aG1 a2000.0R«NISND(N)EU,0)GO YO 110
IF(TUPSNDU(N) oLT o LLoANDSUCTSAO(ND) oLT.LLIGO TO 110
IF (TUPSNU (N} +GEo KKeANDLEBUTSND(N] oGE KX} GO TO llg
1

lalala}

1F (TOPSNO(N) oL T oeLL o ANDSBUTSND(NJ oGE «KK}GO TO 29
IF {TUPSND (N) oGE o LLeANUBCTSAD(N) «LTKK}GO TO 11
IF (TOPSNDIN) LT .LLIGO TO 291
PROMUR=(KK=TCPSNU(N) )/ { {DUTSAD{N)~TOPSND(N))#1,0)
SUMSNO(NN) aSUMSND (NN ) ¢ { PRUPURSNTSND(N) ) . .
GO TU 110

e _ 293 CUNT INUE




293
291

i
110
9994

1112

3332
c

6999

MDSNDSAL (Continued)

CUNT INUVE

PROPCR=(KK=LL)/( (BUTSND(N)=TOPSND{(N) )& 1.0)

SUMSND (NN ) =SUMSNDINN )} ¢ {PRUPDRONTSND (N} }

GO 10 110

CONT INVE

FROFO"‘(BU‘SNO(N’-LL)/((BOYSND(N)-YU’SNU(N)).loO)

SUMSAD(NN)SSUMS ND(NN)‘(”POPCR‘NVSND(N’

GO TO 110

CONT I NVE

SUMSND(NN)ZSUMSND(NN)+NTSNDIN)

CONT INVE

CUNT INVE

CUNT INUE

IF{1leLTL0)GC TO MEL2

SUMSND (L )=0

SUMSND(2)=0

SUMSND( 2)=0

SUMSNO (4 )=0Q

CONT INUL

LLL=LLL ¢l

HOHI 22S0.50-DLUNG

VEHIZDLAT—28.75

YCOUROSVERT®6euu?

XCOURDBHONIZ S Ca VAT

Si=LUMSNO( 1)

S2=SUMSNL(2)

SI=SUMSND( 3}

Sa=3UMSND( &) )
URITE(b'SQlX(UOHDoVCDURD.AVGF-YIl’oAVGﬁn'lZi-AVG!I?(S)-AVGMIY(Q).
S4sx{1)sOLATJOLLNGWLLL .
02FTe3eAF5.104FS500+s11042F7.3,5X.14)

TEMENT FUON THE AVERAGE MUD WE IGHTS!=w=
2IIRCUCRUsYCCCROLAVGMUT L} e AVGMAT(2) s AVOMNT(DY,

e X{1dalll

ToelelXs4FSele 1104184 50K} .

TEMENT FUK THE CUMULATIVE SANDS ==

333)IXCO0KV YCOORVS1+52e53e54e X1 )0l LL

FURMA FTle3s1Xs8F5.0,110¢15430%)

BEGINNING UF THE SALINITY bECTlON DF THE PRUGRAMI=~--
IF(JJelLES11GC TO oY

KL M=0

ITHIKRD=0O .

DO 434 R=2,JJ Py
KLM= k=]

IF(NDEPTHI(R)} aLE«O+CRVEPTHIR) 4GT300001G0 TO 434
IF(VEPTH(RLM) LE «0aUieNEPTHIRKLMILGT4I0000IG0 TO 434

IF{MUTIR) e LEeIeO0eCRMIT (K} GT429.0)L0 TU 434

TEMP(R) LE:QaUKTEMPIKLMILELQIGO TO 434

EMP(il) aGUT sSUDeLRTEMPIRLM)GTS00)IGL TU 4348
M{H)eLEaOeUeORHM(KR)2GTL8,0)GU TO 434
1ECL0)IGU TO 9y

J6 1 THIHKOD=! .11

1JKe1
o]
T
(-]

.
X
A
2
)
£
A
3

{
(
(
{

PshD(IYHIRD).F0.0.0F.!CYSND(erlnD).Eo.o)bU TO 436
SNOLLITHIRD) «GTo2000.06ATSND{ITHIRD) EU.01GO O &3¢
CITHIRD) LT ¢3U0 eORSP(ITHINC) «LELO}GO TO 430

UPSNUILTHIRD) «LT dUEPTH(KLMIIGO TO 430
IF{TOPSNULITHIRD ) GEUEPTH(R)IGO TU 4a3a

Dleaut((DUTSNJ(lrHlRD)-IOPshOIIYHIRD))-LTJNU(IYNIHD))/Z
TOPAQ=TUPSNY (ITHIKD ) $DINTSD

BUTAQEBGTSND (I THIRL)=DINTSD

TTUNETEMP{KLN)

TUCI=TEME(N)

UTOP=DCPTHIKLY]

CHOY =DEPTHIR)

CKSAESP(ITHINC) S (=140)

WHITE STATEMERT RO THE SALINITY DECK i===

wRiTE TIXE15) e X(31)e TUPAC,HOTAD, S s MOTYIR) MWT (R)

CTHGT s OTUP +DBOT «OKSP o1 JK o XCUCHD » YCLURO % (1 )

A 18 02F 101032+ A0sFS.lsFS.2¢2FLele2F10e2.FS.0.

ot om0 1 ) Bt e
MNARNNCCNTTN

-~ R
HNT AN X =

b
o
-}
€
»
o o =
-

LT ,0BCT..C

S)vX(JI)'VCDAOQEOY‘U.JJ.”D'V("’-N'T(R)O
.
10ele lZoA.l"ﬁ.l "SOzostoltzf 10.0¢FSe 041 X)

SYOM® 400
SYQP 600

SENTRY

<
[

s
77

PARAMETER CARD FUR LOCATING A CCRTAIN APEA (EXTRLME COOR
AS DESCRIUGED IN THL CTHEKR FRCGRA¥S SUCH AS * ISUTHERM® ?_?lNlYCS
2950 90-50 28.7% H9.75

210



Z{IENDEILE JOB (130%:93020,105,10004 5040 47600 H1XONs
*

Z/7STP1 EXLC FORTGCLG.TIMEZ3IU ok N

Z/7FQHTSYSIN DO » vhEGION= 236K

[ala}

[alalal ol ol ol oY ooV oY YoV VY PV NN

0 AN N

520
4

AT (2]} secsee PLEASL INTENPREY

GCOPRESSURED—GECTHERNAL PROJECY

PTEMPF ILE®* CURRECTS THE NUN TEMPERATURES FOR COOLING DUE TO THE

MUD CIRCULATICN IN THE BCHEHOLE., *TEMPFILE® ALSO CALCULATES THE

TEMPE RATURE GRADILNTS BETWEEN THE RUN DEPTHS AND OECMILIZES THE
LATITUDE AND LUNGITUDE CCURDINATES,

THE LOCATICN OF THL sELL 1S SONTED ACCORDING TO THE LATITUE AND
EACH wELL 15 ASGIGNED A CUNSECUTIVE NUMRCA FOR CASY
IDENTIFICATION, ¢ PHOURAMMER: RUBENT Lo MIXON & LeSeUs & 1978 o

STEP 1 EDIYS THE CLENDATA TAPE, CORRECTS FUKk THE EQUILIHBRIUM
TEMPERATURE s ANUD CALCULATES THE GHADILNYS FOR EACH RUN o
STEM 1 ALSC CHANGES CEHRTAIN INTEGLER VALUES INTO REAL VARIADLES.

UIMENSLION VEPTHI3V)«wT(3U)TCHMPL IO}

REAQ (S o4 4LND=999) IWLLL IDEPTHILALWLAZ W LA3LLULILO2.LOIMUEPTH,
CMTFMP s NLOU o NL
FURMATIL10,52X¢15:012/6Xs15:1346X012482,3%)
DEPU=0.0

TEMHU2T7240

CHANGE [TUTAL VEPTH TO KREAL

YO INEPT

IF THEKE ARt SECUND RECURNDS (A GEUPRESSURED wELL),
GO VIRECTLY TU THEM,

TIFINLOG.GTL0) wU TO 20

CHANGE THL NUR-GUEUPHCESSUNED DATA INTO REAL NUMAERS!
DEPTH{L)=ZMOLPTH

TEMP (| ) =MT LM

GET ThL SRADIENT FOR THE NON-GEOPRESSURED DATA:

2= (LEPTIH( 1 )I-LLPL)

IF (£ +FCeveVluC TO SV0

IFCILMPL L) JEueUe0)GU TO SO9

IFLOUFPTHI] }oGT adeQ s AND sOEPTHE 11 oLEL L0000V TEMP(1)=TEMP(1)¢2,0
1 ADEPTH(1)eGTe13000UcANDSDEPTHINILE2000eUlTLMPLL}STEMP(])*00
I CEPTHEL ) eUT 42000, 00 ANOGDEPTHL 1) olToIU00.0) TeMP(1)2TEMP(L)*10
IFLUEPTH(1)aGTa3000e Ue ANDDBPTHI 1) oLE.A000.CITLMP(LIXTEMPLII)¢ |
1F(OERTH(L) oGl «aU00e CoaAND2DLEPINE L) sLE9SJ004)TERPCLISTEMPILICIT
IF(VEPTH(1) «GT 450000 0sANDODEPTHE 1) oLEc6000.0)TCEMP(I)ISTEMP(1)e¢21
IFIDEPTR(L 1eGT a0 0000 ANDIDEPTHI L) oLE«TOOULOITEMP(L)RTEMP ()28
IFIOEPTH(1)aGTa7000aV0eANDDEPTH( L) eLEB0000)ICHMP(L)STEMP(LI¢27
IF(OEPTH(1}4GTa3000e0eANDSDEPTH{1)LFeY0N00.0ITEMP{1)RTEMP(1)*29
IF(DEPTH(1)eGTe9000.0sANDJOEPTHI1)4LEL10000.0)
CIEMP (L )ATEMP (L j+SUeT
lr(cgpvn(|).ut.nuooo.o.auo.otvrnt|)-LE.llooo.Ol
CYEMP {1 )ZTEMP (L) e]2,
IF(DEPIH(I).GT.IIOO0.0.AAD.DEPYH(IJ-LE.IZOO0.0)
CTEMP (1 )=TEMP(1)433.0
lF(DEPYh(l).GT.IZOO0.0.AND.DEFTH(ID.LE 13000.0)
CYEMP{ 1 }=TEMP(1)¢33.9
lF(otPru(l».ur.lsouo.o.AND.DtPYntlI.LE.lcouo.o)
CYEMP(L)=TEMP(1)¢32.8
lrluewrn(l).cv.leoo.o.AnD.DEPtn(t).Leolsooo.o)
CIEMP(1)STEMP (1) +31
lr(u:th(tt.bv.t>ooo.o.A~D.DEPTH(|).LE.!6000-0)
CYEMP (3 )xTEMP(1)e29
JF(utPYN(li.uY.léOOd.O.ANO.DEDYNIl)-LE.l7000.0l
CTEMP (1)STENP (1) *27.
Ir(OEQIh(l).G‘.I7000-U.ANO.DCP?Nll).LE.lBOOo-O)
CIEME[1)=TEMP(1)¢23.4
IF(OLP TH(L) eGT o1 8VU0U0eARD JOEPTH{ L) oLES1900040)
CTEMILIIZTEMP L) +1ue0
lFlntPln(I).u'.IQOOU-OoAhD.DEPYH(ll.LE.ZOOOu.OJ
Clempr)aTimdtl)et?
lF(uEPthl).uT.20000.0.AN0.0£FTH(I).LE «21000.0)
CTEMP (1 ISTEMPLI)40,.0
onAaz(Ihﬂvllo-!:uHDiI(DtPtﬂlll-oEFOl

10
20

2

wi(i)si0.0
M Uu= ]
wh ITE(B, IOl «TO
COLPTHIL)ewT (1) TEMBY(
FURKFATIL1VeFIU.24013
U YO 500
CONT INUF
HUGC=0 Lo
CO 10U J=l.«N
n&ADl$.2.L~u=lvsolxo=PrN.x-I.KtEIP
FORMAT L1OoFS el s 1500aK)
CHANGE TU MEAL
OLPIH(J)I=KIEFTH
TCMI( J)eRTEMP
1F(OCPTHIJ ) .tUs 0,000 YO 100
Y (DEPTH(S)-0CL L)
IF(YeEWaU.3)5L TU 1UO
CIFLTERP(J) sEUeved GO TC 20O
JLLGFJLUGE ] | - - ..
CEP|H(JLOG)=DEPTK(J)
wT1JLOG)2ReT
TEMP (JLLG) 2TEMPL Y)
TEMIOSTEYRL )
OeRO=DEPTH( J)

Az.LA’-LOlOLLIOLCJONLCG-NLo

L
1 AD
. 1E1XeZ7oF10e24rBe1sF10.24FD43:210)

Alsl
JoGH
213

100 CUNT INUE

=-OUPWBo e

BOBO0030

$40800070
80400050
80800060

80800130
80800160
80890170
BAOBOO18O
80000190
B80B00200
80800210
80800220

80800240

80800260
80800270
806800280
80uv00290
80800300
acs00310
80800320
80600330
B0B800340
80000360
808001370
80BV 0380
d0R00390
U0B00400
80800410
80800420
80800430
80800440
80000450
80000660
680800470
80000480
BCB0O0AYO
sUBOGO500
90800510
80800520
80800530
80000540
B80B00550
80800560
80800570
80800580
80800590
80800600
BOBOO610
80800620
aonoo0620
80B006A0
80800650
BUR00660
60400670
80000680
80800690

80800700
80800710
80B00720
BUB00730
BOBOOTAO
B0B00750
uoBo0760
80800770
80800740
B0uB007%0

80800820
B0R00830
B80B00840
80800850
80800860
BORO0E?0
80800380
BOBO0O90
80800900
80800910
80R009 20
HOB 00920
BOB 00940
BODVGISO



TEMPFILE (Page 2)

100 CUNT INUE
IF{JLO0G.EJe0)GU TO 200 .
CEP20,0
TEMROZ 7240
WNITE(B,12)IWELL TDoLALSILAZ:LA d

12 FORMAT (1 10eF oo d e a2l 30t iayhdntol L02:t03. 00 N
eg‘gggTJTloJLuc (“

MU ) ebT e000eANDDERPTHCI)LE« IO00.0NTEMP(IIBTEMNP(J)¢2.0
IF(QEPYHlJl.GY.lOUO.D.AND.OEPYH(J)oLE-ZOOD.OlYLMP(J)'fEN;(J;06-0
TE(OEPTN(J ) eGT e20U00. 00 ANDQDEPTHI J) oLECI000,0)TEMP(IIZTEMP(J)I*10.,0
IFUEPTRIJ) T e 000D ANDDEPTI(J) ol EcAUOU.0)TEIPLI)IETEMP(J)¢14,0
IF(OEPTHIU) 0T ev00e U ANULOEPTRI J) L EaSQ00.,0)TLMR(U)STEMP(I)*[T,.6

. IFH(NDEPTH(J]elUT «S00Ue0eANC DEPTHL ) eLE+GOOULIITEMP(IISTEMP(J)¢21,2
IF(UEPTH(J ) aGT a0U0J0e CoANDDEPTHE J)aLEL 70000 TEPP I} 2TEMELI)S24,5
lFtﬂgﬂlh(J).Gl.IUOU-J.ANC.OEPYN(J)-LE.BOOO.Q)YEM“(J)=T€MP(J)027.O
JIF(DEPTH{J) aGT o8 000s 0, ANDJUEFTH(J)eLELFOOVLOITEMPLIISTEMP(JI) 29,
IF(DEPTR(J)aGTawUVUeDeANDJNEPTH( ] oL ElV000,0)

CIEMP (J)ZTENMP(J)¢I0, T
IF(OEFTH(JI) oUT o1 U002 40 cANDSODEPTHIJ I WLELLLQ0V.O)
CTICMP L J)=TL NP Y
IF(UEPTH(J) euT
CYEMP{J)1=TENP(J
TFILEFIHE D) oG
CIEM2(J}=TCNMPLY
1
J
1 4
J
1
J

»
.
» ol

. !OO0.0.ANU-OEP'H(J,oLEoIZOO0.0I

+
1
*
lagOJ.D.ANUaDEPYH(J).LE.lJOO0.0l
+33.0
IF(VLPTHIJ )G 13000.UeANDJUEPTHIL J) oLE14000.01
CIEMH(JISTCMP (U1 4I2.0
IFOLPTIHLU WL 14C00e0sANDDEPTH(J)eLEL15000,.0)
CTEMP(JI=TEMP (21410
1IH (UEPTH(J) 0T
CIEMP(JIZTEWA (]
1IF(DEPTR(J)alT Wl
CTEMP{ J)aTEMP(J) e
JFCUEPTH(J)oGT ol 7
CTEMP{J)=TEMP(J)+23,
IF{UEPTI(J) euT ¢ 1800V 0 ARNDDEPTH(I) LEL19000+01}
CTEMU{ J)STLMP(J)*IH.E
IFLULPTF(J1oGT e 15000 eV aANDDEPTH{J)oLEL200004V)
CTLMP{J)=TE M J)*1 7.5
1IF(DEPTH (D) aul 22000V 0aANVDEPTHIJ) sLE221000.3)
CIeMatIy=TENMP{Jlruel
GRANS{TEMP(J)=1EMPUD/Z(DLPTHLJ) -0EPU)
WALIL (014 UEPTHLI)anTCJ) s TEMPIL) e UKAD
18 FUNMAT(F 1UedoFUaleF 10229FFedelin}
[4 RESETVING THE VALUES FCR THE NEXY CALCULAT IUN
TEMPOSTEMP (J )
LLPO=DEPTHIJ)
200 CONT INUE
IFINL+£0.0)GC TO 500
CO LO J=leNL
DUMMY VARIAOLE TO CMIT THE THIRO RECOROD
HEAD(S e JsENDE29Y9 I IDLM
3 FONMAT{L16,10X¢D0X)
60 CONT INUVE

SO0V 0s ANDDEPTHIJ) eLEL16002.0)
29e%

©0J0.0,AND JDEPTH(J)oLEL17000,.0)
&l

900.0.‘&0.059'H(J)oLE-IBOOO-O)

»

999 STO 100

1999 STQP 200

299% STOF 300

NSTEnuz.UNl‘lS(ﬂA'CﬁQSPAC&J(SSOql7200;!00)'RLSE).

ENnD
FY F Do DS
7760.F Taur 200 RECFM=FB) +O1SPs (NEWPASS)

/77 DCB=a (LHECLESEULKS1ZL=550,
/7uC.SYSIN DO »
/v
77GO0.DELLTE DO OSNaLLGOSETDISP=(OLDIDELETE)
775192 EXEC FUKRTLCLG«TIME230,REGICA=2S0K
S .
LeroRT iy Va RECCRDS FROM STEP | AND PLACES ALL THE

Ter 2 TAKES ThHE 55 HLLCK
é EE(UND: UNTU ONE SINGLE RECORD FORM IN PHEFPARATION FUN SURYING{

212

BOBOOSAa0
o0BVoO9sSo

B0B00970

80800990
00RO01000
80001010
aob01020
80801030
80801040
AOYOLUSo
BUGB01060
80801070

[
[=
=}
o
e e

LTI ) R epeetapepabupebay
PUNCOCIONO NI WN -
000000000000 00

T
[+]
c
©
N
L]
<

B0u0 1280
80RO 1290
B0OY01300
80801310
60801320

B0BOt330
B80UO01 340
B8UHO 1330
80801360
8o0B01370
B80BO 13680
60801390
BOD01400
80801410
B0BO1420

608014350
acno1460
80001470
80801480
80B01490
80601500
80R01540
6806801550

80801510

80801570
8Quo01569

 BOBO1590



TEMPFILE (Page 3) 213

c STE® 2 TAKES THE S5 HLCCK RECCRDS FROM STEP { AND PLACES ALL THE DOUO1S80

4 HECUMDS UNTO ONE SINGLE RECORD FORM IN PHREPANATION FUKR SURTING. Sgsg:ggg
3}

< NN=O 80BO16G1IO

Li=y BonD01620

LOGICAL®1 OUT(1265) a0BO 1620

-] FLAU(B-|0-END=99)(OUY(l)'l!loJS)-NLOG 80u01640

10 FORMAT(SSA1+ T3V, 13} 30801650

ANENNS®1 AOBUIBGGO

DU 20 I1=)1,NLOG B0OBO16S0

JrIesSe | 80801700

KaJjeSa . 80801710

HEAD(Be1 1) (OUTIL) sLxJK) BUDO1T720

11 FOUMMAT (5S5AL) 80801730

LL=LLel BOBO174¢0

° 20 CONT INUE BORBO1760

WRITE(9,30)00LT 80801770

30 FURMAT(23(S5A1)}) : H0B01780

GO TU S 80B017%0

99 S10P y0OB0 1800

END : : BCBO1810

/¢ 80001820

//7GOFTOBFUOL CU USNSTEMP2,015P=(OLDDELETE) HOBO1 B30

77GOsF TUWF 001 DD DSASNEW UNITETAFEVCLE{ «RETAIN}, BOUO1840

/77 DCA=(LHECL® 12065 +8LKSIZE=]12(LS5URCCFMaFU) 4D ISP (NCW,PASS) 80B01850

7/7GO0DELFTE DO D{NSELLGLUS.TeDISP=(OLD.DELETE)
//7STP3 CIFC SGRTOTIMEZIQ.REGICAEZ250K

: 27 Terw THREE 1S THE SCKRT-MERGE NOUTINC——[UBM PACKAGF BAOBO1870
. I/sonthKOI DC SHACES(TRK,(400)+s CCATIGIUNITESCRATCH BUDO1FPBD
i Z/7SUHTWKOZ DD SPACE=(THRK +(400) s e COUAT IG)sUNTTESCRATCH Boeco1890
: Z7SURTeX03 DU SHACEZ(THK(Q00) oo CCNTIG) /UNTITESCRATCH BOVO1900
//7SURTWKO8 LD SPACE=(TRX 4(250) ¢+ CCATIG) sUNTTESCRATCH B0DO1IS1O
Z/7SURT w05 LD SPACLE(THK e {290 ) e o CCANT G} sUNTTESCRATCH BORQIv20
Z/7SORTWKOL DC SPACER(THR¢{(250) oo CCATIG) sUNIT2SCRATCH AOBO01930
Z/7SORTIN OD DSNaNUwsDISP={0OLDUCLETE) . BLROLI940
L4 0CH=(HECFM"EvLﬁECLRlZGb.ELKSIZESlZQSO)'UNlTlTADC BOUO1vSO
Z/7SORTUUT DU DSNETFEMPJ,UNIT=TAPE ,DISP={NLW.PASS5), B80B0 1960
/77 DCB= (LHECL:I“banBLKSIZE'IZGSO.HE(FM-ﬂul-vOLtl.RETAXND byuotero
//7SYSIN DD * 00801980
SOKT FIELDOSZ(22¢0eCHsDs31,8¢CHID)+SIZE=ETI000
Z7STP& EXI'C FORTGCLGTIMESJIOWNEGICA=D506K
//7FORY &SYSIN DU 8 ADBG2010
(4 STEP& TAXES THE ODATA FHRCWM THE SCKY AND ERCAXS UP THD SINGLE BUB 02020
C RECUND INTU 55 ULUCA FOKRMAT AS [T wAS IN THE DEuIMNING UF STEP 2, ULOBO20J0
[« H0BV2040
LL=0 00B02050
AN=U « HOBO02060
LCGICAL®Ll CuT{3265) . BsOB02070
- S HEAD{I9»15:tND=9Y JOUT WNLUG BOBL2060
15 FUORMAT(23{L5A1) 139,03} 80B02090
WHITE(4:425)(C\J (L) elI=1+55) BOBO2100
29 FOKMAT(55at) 30802110
NN=NNe | vonv2i2o0
OU 35 1®).NLOC puBoR1 Lo
FERE RS2 nono21cLo
K3)tha HOHO2170
WRITE(8425)(CUTIL) oL ZJsK) B0OB0Z1I RO
LL=LLe+l 80002190
35 CUNTINLE vLBo2210
GL YU S uonov2220
19 sTOP BoB022 30
END Bono22a0
/¢ RCB0225%50
Z77GUF T0GUF 0Ll DD DOSNETEMPI,DISP=(CLDDELETE) BoR022¢e0
Z/7GULFTI06F 01 CO USNTTEMP L JUNLTELSCRATCHIULESPa(NEW,PASS), povL2270
77 VCUZ(LAECLESS sULKSTZILZULI s RECHNEF (1) ¢SPACERLISS0(72000100),RLS) 80802280
//7GUDELETE VD DSN3ELLISLI +DISPS (OLLCDELETL)
7/75TPY BXLL FCRTUCLUIPAKVGFURTEINAR? (T IMEXI0 HEGIJINEDGOK
//FOkT-SVJlN UG » . voRo02300
STEZ % olVe3 EACH WELL IN OUR STUYDY AN L <SeUes NUMUEWK, AND auBd 2310
C ULCI4AL T 2t> THD LATITUDE AND LENGEITUDC COCKDINATESS 60702320
c $C1102330
K=9 nOB023a0
77 KEAI(Q 1 7¢ENITIYINIEMELL o TUOOL AL oLA2eLAJ LTI LEOS LU S, NLOULNL dUUVZ2JI L0
17 FURMAT (I 10.Fl1042:46134213.11X) 80002360
DLAT=LAL*FLOAT(LA2)/60.0¢FLCATILAII/I000 $0o0BO2370
DLUNGELOL ¢FLUAT(LUZ 1 /00 ,0¢FLOAT(LOI)/ 3600 8gvozioo
K=K e ] 80802390
LSUNO=K BOB02400
WRITE(Ge6)LSURD s IWELL +TDDLAT<DLONG«NLOGsNL
6 FOORMAT{IX el 811 0sF10e2¢2FTals213e11R}
WHITE(7S6JLSUND, IwCLL +TDsDLAT c CLONGeNLOG s NL.
S6 FORMATU(14,110eF10e2¢2F 723421011 x)
00 65 J=l.MUG 00802430
REAV(G 21O ,ENDZ4VAF )DEPTH BT TEMP GRAD DOB02440
16 FORMAT(F10e2eF54¢1eF10e2:FY.2221X) BUR02450
ARITE(Gs1JCEPTH. WY, TEMP ,GRAD
1 FORMAT(LIX 15X eF10e¢2:F51F1062+FFe30X)
WREIC(74IV)0EPTH ,aT ¢ TEMP s KAD
39 FORMAT(ISX4F10e2¢FSelsFl0e2sFYe3¢6X) 80B02470
65 CONTINVE ac8o02480
G0 10 77 BOUO 2490
359y STOP 400 ROB02500
4s9Ss STO' 500 80802510
END 80vo02520
2/7G0FTO0&F 001 DC OSA=TENMPL DISP={CLDL,OELETL) 80u02540
/e B0R0 2530

/77
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VeldU¥ el o5402000¢40)4+%83820 ECC HIXUN®

/IL!S'GHAD Jau (19
ZeSL1ue TIUHE. MUNCHE=N PLEASE KNUN AFTER TEMPF[LE s THANKS
EXEC FCRTUCLULWFARV FLRTZONMAR? T INMES]D .

77
//FCh1 SYSIN CC @

*LISTURAD® ACCESSES THL MESULLYING DATA FRCM *TEMPFILE®* AND ALLOWS
YUV TO WET A LILTING FOR A PARTICULAM GEUGHAPHICAL ANEA.

Tk EXTREME CLUNDERNATLES OF A RECTANGULAR ANLA (UPHEN LEFT=HAND
CURNER AND LUwEN KRIGrT=-HAND CUKNEN) ANE PUNCHED LATU A PAKAMETER
CAkO) NEAR TRE LND CF THE FKCGRAM,

¢ PRLCGHRAMMER: RUDENY Le RIACN ® LoSeUe & 1570 @

(oY ot aVaY oY Y V'Y

N= QO
REAU{D + 8 LA LYQQIXL AL XL,
$9S KLAD{B10+ERD=2YyY ILEUNC !
10 FULMAT {Tae) 10 1O aleZF el
JFL(UOLAT LEaXLALARCSCLCNG
CCesYLN))IGU TU o+
Cu 7 131 .NLLC
RLAU L E 174 UND3 255G ) IDUNM
17 FUKMAT (1beaYR])
7 CONTINLUE
Cu TU 999
47 CONTINULE

YLALYLN
MELL «TC o CLAT ,DLCENGALCGeNL
212001 x
LE «XLN)

eANC e (UL AT o GF o YLAANDJDLUNG,

NatNe |
wRllLle UNC e [ntLL o TOWLLAT JOLONGoNLOGeN o N
45 FukH¥al T10sF 10e202F 7424213 40X415,420K%)

UNL s dwlLLL s TCoCLAT JULONGsNLUG sRL o N

32 f UKMATY 0 oF 1Ue202FT43421345x,10,2ux)

enl JILNMF,GRAD
WFEa 1 F1Ca2eF9:3,11x)

G
RFAD(E SYSSIUCFTIN uT o TLMP GRAC
22 FUWMAT Ce2eFDelsFl0e2eFSe2stR)
whiTE (6 F
4«1 FUKMAT Ce24F SedoF1CeleFYed Il XD
P
c

.
Trenl s TFPEURAC
.
1

nT

S fummall
29 CUNY INCE

1$9% STO 100
2656 STCP 200
3654 STur 2yQO
as5s $TGR wu

o
77GOF100HUUY DU USKNSTEMEFTLE JUNLTET AVE (OISHE(ULUWKLUP T o
/7 VeLESLIET USLeLAGLLECE ¢SLIsCCUE(RECFMaMUGLHLECLE5S,ULKST2LELOD)
J7GUGFYNUI Q0L LD USARELLORAUGUNT TS SCnATCHDISPalCELETF ),
’7/ SUALLE 190t adudablhdl )
Yas OCEB= (RECFVWIFRLRECLZ100,ELKSEZEZ2000)
//7GO.SYSIN LT ¢
C COCRUINATF PARAMETER (ARC: ===
29.5C 60.50 28,75 AS,7¢S
/e
’7



;/ISOYHENH JOB (1309,838204105+10006e0¢0),°8B00 HIXUN®

PLEASE INTEKRPRET
EXEC FURTGCLGIPARMFUNTZ VAP ,TIMES)

/IFOﬁl.SVSlN DO o

(ol ol alalakaYalal ot ol oY ok ¥ oY o VaYaYaYatata latalal

PLSUTHENM® CALLULATES THE DEPTHS FOR VARIOUS GIVEN TEMPERATURES
{OEPENDING UN wHERE THE COUNTER *TJ* [S INITIALZEU).

YUU MUST CHANGL THE COUNTERS ON THE OC-LOOPS IF YOU WANT MORE
THAN FUUR TEMPLRATURE LEVELS. THE PRUGRAM [S SET-UP TGO CALCULATE
THE 150, 200+« 290+ AND ThE 300 OEGWEE ISOVHERMS,

THE SECTIUN WHICH CALCULATES THE MAP COURDINATES MUST HAVE

THE CUNRECT VALUES FOR THE LENGTH OF ONE DEGREE LONGEITUDE AND

ONE DEGREE LATITUDE. fF THEHE ARE 09 STATUTE MILES VU ONE DEGREE
LATITUOE, THt FACTUH wOULD PBC 6.9 AND THE RESULTING COORDINATES
wOULD Bt AT A SCALE CF CNE INCH/YEN MILES.

THE RESULTING CARDS FROM THIS FROGRAM wilLlL BE USED TO PROOUCE
CSURFACE 11° MAPS,

IN THE INTERPQOLATION SECTION OF THIS PROGRAM, NO CALCULATIONS
WERE MADE THAT INVOLVED DIFFERENCES GREATER YHAN 1,500 FEET
ON DIFFEWMENCES GHEATER THAN TEN CECGREES BETWEFEN THE KNUWN
VALUE AND THE VALUE TO BF INTERPOLATED.

NEGATIVE GHADIENTS WEHE NOT LSED IN THE CALCULATIONS BUT THE
NEXT UDEEPEST VALLIO GRADIENT wAS USED INSTEAD.

PROGRAMMER: ROBERT Le HIXON ¢ L,S5.Us ® 1978 ®

OIMENSION DEPTH{J30)suT(30)+TEMF(IO)«HISO(S)
DATA DEPTHwI ,TEMP nISC/9400./
READ{Se® END=1999) XLAs XLNeYLASYLA

NNNZ 0
S99 RLAD{(S+10,END32999 )L SUNCsIWELL +TD4DLATsDLUNGNLUGsNL
10 FURMAT{10¢110,Fl02+2FTa24213511X)
l‘((OLAT-LE.ILA-AND.ULDNG.L:-XLN).AND-(DLAY.GE.VLA.AND.DLONGc
CGEL,YLN)IGO TO a7
OU 7 I=1eALUG
READ (D¢l 7 ,CNU=IF9G ) 1UUM
17 FORUAT (16,49}
7 CONTINUL
Gu TU S99
47 CUNTNUE
OU w9 J=1eNLLG
REAU(S5 22y LNCEAYIS IDEPTHIJI) o8T LI} oTEMP( J) e GRAD
22 FUHMAT{159K Fl0a2eFBe1eF10e2,F9.346X)
Y9 CUNIINUL
1J=2100.0

L)
-

1
-

16
C
<
sneas
22
1

o3

S50
lo

105

1999

2999

399V

4¥YS
IIGO.
C

7
77

LR R 22

00 16 N=14 8

12T JebU oV

HISUtNI=0,.0

Cu 9 %K=1,M0C

IFCIEMI(K)LLT.TIIGU TU 19
IF(TEMPR(R)alT a5V 0)G0O YO 19
lF(hLCQ.‘L-I.Ck.K.EO-liGG 16 21

LU ¢3 L=

IDak~-L

IF(ID.EQ.0)60 TO 21

GHADS (TEMP (R }=TEMP (L) }ZIDEPTHIK )=DEPTHILD})
IF (GHADGTe0e0sANUGGNADLTo0e1)G0 TLU 52
CUNT INUE

CONT I NUE

GRAVZ{ TEMP(K)=T72.00) /7DEPTH{K)

CUNT I NUE

NISUIN)sUEPTHIK)= (('LNF(K.~7J)/GHADI
IFIMISUIN) LT evelIwU TO

CUNY INLE

THinm IS THE INTCHPULATION DC-LOOP FOK THUSE VALUES NUT
BRA(KEYEND FOR THe T&£ST,

DL 20 U-I.NLUG

Te vos. #Q.11G0Ton

ST UL LA NLDGIGOTO M

WHAUS{TEMPLTILY )—T:MD( A ) )/Z(DEPTH{ TLX )=DEPTIH( ® ))
IF(uNAu.Q‘a0.0.Ahu.GNAO.LT 0el)GC TU 03 .

CONY INVE

CONT INVE

GHADSLTCMP( M )=72.0)/0EPTH( M )

CUNT ENUE

(F{LRAD eLLE +0o0.ANDSGHADGT 2041 )1GC TO 1€

AVLE(TI=TEMH( ™ } )/ GKAD

1F (XY2Z.GT.1000.160 YL $o

xzz-«vJ-rgupto;z ):0 56

IFir22e0T0 1l [

HISOIN)I=({TJ-TEMPL{ A ) )/GRAD)+DEPTHL A )

CONT I RVE

CUNT INLL

MNAZNNNe |

CUOUMD INATE =PRCOUC ING SFCTICA CF THL PHCGRAM: ===

FUL 2290 +90~0LUNG

VERTEDLAT=2E475

ICUUNO=NUR{Z'C-0gI

NNIVERTSbL+38

:t??t(L.EOS)KCUGRU-VCOORD-MISOIIDoHISGIZ)oHlSO(J)'MlSU(Qi.
CLLAT yLLUNG s 1AELL oRAN
:tuﬂkl(\x.£l7.J.4F¢.2. QFT7.34110,5X,15.5%)
akl|LlI-lOlltthuduo'sﬂuﬂﬂnhlsutl)nnl;bl;)-NlSO(Jl.HISO(Q)-
C IwELL oN

ronuar(grr.J.‘Fv-z.llo-sx.l s10x)

GO 10 99%

STaP 1v0

€YOP 200

STOP 2300

STOP 400

END

SYSIN DD o
PARAMETER CARD wHICH LOCATYES THC RELCTANGULAR AREA (REFER TO THE

CUMMENTS INTLISTOELL® ) 3m—"
2950 90450 2875 BY.TS

*-Note: If any of the depths are left blank in the original
data it may be necessary to include the statement:

"IF(DEPTH(NLOG) ,LE,0,0)GO TO 99",

215



//7CASS IE JOB (1409,83020,242,90042481,444H),°HC HIXON®

/e ALLTL  PUNCH LGUAL PLEASE INTERPRFY 217
/7 EXLC FORTGLLGIHEGIUN=IH0K

Z/F LR LSYLPKINT UD Lumwy

//7FOURTWSYSIN VDU o

[ THIL PRLGRAM USES THE MUL RESISTIVITY AND THE SPONTANCOUS
< POTENTTAL FHUM THU CLLCTREIC LUG Tu CALCULATE THE APPRUOXIMATE
c SALANLIY $URLCLLAN 3NADS THAT AxL GRLATEH TUAN TWENTY FLET [N THICKNESSe
' < FROGRAM >PSAL 000
OLMERSIUN WC(2) oV TAUI34) JATABCIA Y oY ITAL(L, 4 ) e ALITAUIG,24), 0020
LILMPLG ) oML 7ol 34 ) s 0AL (34} . 0950
DATA SYWIoSYNIWLYVI/ 30080020/
TLMpR {122y, 0070
TEMP(2)=100. gore
TEM (I} 2150, 0080
TLMe(8)2200, 030
TEMP (5)= )GV 2100
TEMS (L )3400. 9:39
HEAU 1000« tH37001)eSAL(T)eL=],34) o130
LOUY FURMAT (2F1J.1) otao
0V 1U2y =1t 0189
RIA L0 U LY ITAUCL «J) o X1 TAB(T s J) sJs142) 0160
LA 1010 YLV AHTLsJ)e XETALBC(LeJ) eJdx3,30) o170
101C FURMAT (Bri1v,5) 0180
120 CUNI INUE o180
Foum At e 0200
S FURMAT (LRI o1 X e aELL NUo®,6Ke PUEPTH® ¢AX *THICK® 42X, 9MUD aT* 42X ' TEM 0210
LPS (on P (U TEMP® (2K e 3AL PPMI oK tHS TS, TXe 'L UL s JXs *MUD®, IX, TSP, 0220
2SRV KME s IR hw! s bR "PGRE 7/}
LU READ 12.MCU1 1 .MC(2)0ITAQIDDACIRUN, TYFL o XMR ¢ NMoNHTLeddNTZ, 0240
LUHDL JHHLU 2. 5P o233
[ CUNIT InUE 02a0
12 FURKAT(2AG 42F 1000412 0A4F D0l oFDe2s2F5.042F13,0:F5.31 0270
IF(MC(2)=U 13254320415 0260
C COMAUTL MIUPCINT CF ACULIFER 0290
15 CMAL= (DUAU-UTAUI/Z2.¢UTAU 0300
C CUMPUTE 1 ORMATICN TEMPERATURE 0310
UHT2C2UMT =B B1Ye0NU2883,8 1 ,E~12-¢,14300HN282,8] E=-8¢4,375¢HHD2s
11et=0J4-1.vly
BHYTCEhMTI=EodlytuNDLI®8]3,8 1 ot =12~2.L430H018 8,0 c~B¢3,375¢0HDLS
11et=03-1.014d
UHADSLENT2C=RRTIC)/Z7¢ )2 ~-0HDLD
FIS(DMAQ=OHD ) ) s uhAD+UNTLC
Lsk T
C USL CHANT GEhe=6 TU USTAIN kX AT FURMATICN TEMFELATUINE (RFT) 0360
RIS (MO (41T 262,000/ 32, 0370
RETS(R75802.)/7(FT¢7.) gggg
C DETLRWINE HESISTANCL OF mub FILTHATE (RMF) 9330
1F (AMW=10.)30420+20 ga00
20 IF(AMu=—10e )} 404s40430 oalo
30 RMF=  TH8RFT ‘ 0%
GO 10 10¢ 9439
" CDN‘INufx 146446095 ) 0450
A IF(xMu=11lse 246455 .
:o LMFI:(.QJQZQCCHIQOALOG(NFT,-n07679)1090|55 g:gg
RME 22 ( 4834294401 98ALLCGIRFT)I=013630)7.54024 9410
UAMz AMw= 10 » 0es0
A7 RMELSLXP(RMFL/,4342948) Fhded
HME L XP (RMF 2/7,8342544) o300
KMF = (HMF 2=WME |} SURAMERME ] o510
G oxm |og 15645 ! ’ 0530
Fixmu=120050s50Le0DO
g: :n;x:(.aJAZVA«dlGOALCG(HF1l-.l5280)1.95505 gg;g
KMF 05 ( o4 24294481 SSALUGIRFT)=022521)7095545 vsse
CRmMzXNu=11. o7
K orm A73 JobLL TS ’ 0580
FlamMmw=13e 20 390
e ot 34294431 $4ALCGIRFT)=,22531)7 295545 0590
KME; = (0034294401 YSALOULIRFY )=230103)7.95545 9600
DXM=XVB=12. ool
Gu Tu a7 'y ; o5 0633
£ Mu-l4&, LelLo 64
;2 LM::st.l-lzﬁauulGOALUG(RFV)'.JOI03)/-9@@.2 goso
KMF22( 0834298401 SSALLOLAFT )= 306801/ +5559 0eas
DAM= KAMw— ] 3, 0678
Gu 10 &7 b4
= .tBQZGQ.BlUOALCU(ﬁFY)-.JbOBo)I.‘)SSQs_ 90
as :::;::.aJhZVQCde'ALCG(ﬁFT)-03979.31095505 _ ggoo
DXMz (KMw=lae)/2 Srie
Gu 1L 4« °7§g
tNULE - o7
4 1o 337:RMINE EQUIVALENT RESISTANCE OF MUD FILTRATE (HMF)IE o130
1048 1H(FT=100e)800010Co110 ( » o7%0
106 J=1 0750
GO 10 130 ) F{4-44
110 1F (F T=1206)11201120110 o760
t1e 432 0790
QU 10 1J0 0800
11E IF(FT=2C04001€,019,120 ) F¢
118 J=3 0820
GuU TC 130 . . 0830
120 IF(+1=300e)122¢122+125 0840
122 Jza 0850
i 10°130 . .
128 IF(FT-400.012¢c0120012¢
tze égsru 130
128 »26 0870
130 CONT INUE . ) o880
RIS=({HMFO{FTeZ7.))/82¢ oss0
IFin75=04110202041020102 ‘ 9890
102 KMEL 2o ESOHMF - 9300
GU 10 4000 0920
2020 DO 133 131434 0930
Yyrau(1)zviTAB(Je ) 0940
ATAL(L)=X1TARBL I L) 0950
133 CUNT INVE 0960
00 145 X=1,34 . 0970
IF (KMF=YTAU(K))140+140,135 gggg
NI ENUL
iig EgFISAGRAN(NMF'VTAD(K-Z).XYAD(K-Z)) 1000
185 DU lan 1=1,.34 1000
YTAULLI=YLITAL(Jed o D) 1019
148 XTAU(I)=X1TAU(Jelel) 1030
00 1a7 K=l 36 1040

IF (HMF=YTAH{K))150+1500147 ' . » -
147 CUNT INUE o -



CASSIE  (Continued)

1040
147 CONT LNUE : 1050 218
150 REF2ZAGHANIRME s YTAU(K=2) «XTARIK=2)) 1060
GRAUT (KMF2=RMFL)/ZL1LMP(Jel )=TEMP(I)) 1070
- KMFEZKVE 8 (FT=TCMP{J))$GRAD 1080
4000 CUNT INUE 1090
. c USE CHART SP=1 TO FIND (KNF) /(R®)E 1100
IF(FT-100.)155,155,1¢0 1110
159 RATI2=(.74036/50.)85F 1120
VATIZ=(,945424/7041)¢ 1130
. T1=50, 1180
12=1u0. 1180
GO TU 190 1160
160 IF{FT1=150.1162410624105 1170
162 KATI==(.95%24/70.)35P 1180
T12100. 1190
; RATZ==(1+/780a)95P 1200
: 122150, 1210
GU TU 150 1220
165 IF(FT-200.)1067+1674170 1230
167 RATIZ-(1/80.)85P 1240
“11=150. 1250
RAT22-(oU1291/704)85F 1260
122200, 1270
GU TU 190 1280
. 170 1F(+ 722504017241 7241 179 12990
: 172 Kall=={.d12v1/770.) 000 1300
T1=200. 1310
RATZ=-{1.27675/120.105P 1320
T2=250. 1330
GO 7O 190 1340
175 IF(FT=300.)177,177,180 1350
(77 RATI=-(1,270675/120.)¢SP 1360
712250, 1370 -
KATZ=={1./1004)%5P 1380
122300, 1390
Gu fu 190 . 1400
18C IF(FT-350.)18 lez.lss 1410
182 KATIZ={1./100.)05P 1820
Ti=300. 1430
12%350. 1440
RAT2%~(,65321/70.)05P 1450
GU_tO 190 1a€0
185 RATI==(.65321/70.185P 1a70
T123550. 1480
RATZ==(1.41492/160.185P 1490
122400, 1560
190 CUNY INUE 1510
FATI=EXP (RATI/ 04342544 1520
RAT22EXP(RAT2/,4242544) 1530
IF (SP)195,200.205 1540
200 RAT=1.0 1550
GO 1U 206 1560
198 GRAD=(RAT2-RATL)/50. '2;3

RATS (FT=T[ J$GHAUKAT
GO0 Tu 200

205 GRAD=(RATI-RAT2)/50.
RATE=GRADO(FT=TI1 }*+RATI

206 CONTINLE
CALCULATE THE COUIVALENT RESISTANCE OF THE wATEH=(RwIE
KRWESHMFE/RAT
USE ULFART $P=2 TO DETERMINE RESISTANCE OF THC WATEH =Rw
DU 1220 I=(.3s
YTAULLI=YITAUL I )
XTAU(T)=XI TAR(Jod)

1330 CUNTINWL
CO 210 K=1.34
IF (KWE=XTAB(XR])215+215210

e s P e e e o P At s e e A = e S e e e e o
TDSTIN NI NANNNNNCOCOTORCORCW
-
Q

210 CONT INUE
215 RWIBAGRAN(RWE s ATAUIK=2}+YTAR(IK=2)) 30
220 DU 230 1=l+3v 40
YTAB (L )uYITAE(JeLa 1) 50
230 XTALUT)I=XITAD(IeLel) : 60
CO A0 wxt o4y 70
I (i wb-x1ABIR))I28S.245,240 "o
240 CONTINUE 90
245 AWZ2=AGRANIRSE (XTABIX-2).YTAB({K=2)) 00
GRAUE(RW2~-RWL)Z7(TENMP(Je1)-TEMP(I)) 10
RW=NW 1 ¢ (FT=TEM(J) )0GRAD 20
[4 USE CHART GEN-Yv TC DETEKMINE SALINITIES 30
Ku7S= (R S(FT 47200 )/82. a0
00 2u0 I=1, 1850
lF(uan-RS?S(ll)d'ﬂ.zro.zco 1860
260 CONTINUE 1870
270 GHADS(FS75(I)—k>75(l—l))I(SAL(I)—SAL(I-I') 1800
GRAD= }4/06 1890
DSAL=(n~15-u575(|-1::‘cuAUosAL(x 1) 1900
TH=DBAG~CT AU 1910
Pxe 0528 XMuEDMAY 1920
PGRZ 40520 xMw
FHINT 300eMC(1)sMCL2)sDTAG,OBAGeTHe XMW FT E+DSAL s PoRUN, TYFL,SP 1930

1 «RWE +RWPGK
320 FORMAT (1 X e2A8 IR eFP00s1H=sFTe0eFS5e0sIXeFSale INsFELOeIXFEL003X0

GFB8e0 e IXeFBe0e01Xel2:0IN A8l ReFH00eIXeF0e2s3XsFB020eIXsF5.3)
DAV=(CBAQ+0TAC)/2
BRITE(7¢5L0)DAViPGReSYM] 4E+SYF2¢DSAL 4SYMD
S10 FORMAT(2F10eI3eFHe0eF 10e3eF5.04F10,3,F5.0)
GO YO 10 1970
328 stopP 1980
END 1990
FUNCT JUN AGRANID Tov) 2000
DIMENSEUN XT(L1)eY(L)oX{a) 2010
DO L0 I1x1.4 . 2020
10 xt1)=Dp-X1(1) 2030
13 CONT INUE ’ 2040
AGRANS-{ 2050
LIV QLI OX (208X (I eX(8,)/7C{X{1)=XC2))0IX{2)=X(3))EIX(1)=X(A))) (3 2060
QY21 x(1)eX(I)ex(4))/7((R(2)~-R{1I)S(X(2)=X(I))S(N(2)=X(8))}) * 2070
SIY(3)eXU1IX(2)2X(8))/7(UIX{IN=X(1)IO(X(II=N(2))O({X(I)=X({4))) * 2080
alvi(a)ex(i)exX(2)ex(N) )/l (X(A)=X{L})oiX(A}=N(2})Oo(X(4)=X(3)))) 2090
LETUHN 2100
EN 2110
/IGO.SVSIN COo » N 2120

40 250000,

oOl? 290000.

R4 150000,

) NIRRT TINN
06y 1J00U0.

«007 €00J0.
alldS ¢€0000.
oIS SuU009.
slts 40CCO.

; o2iU AU




//7SALINRMFE JOU (1305,8362042,24900,2481 ' .
/ORULTE PUNCH LOCAL PLEASE lNTtﬁFRET'..‘B,. Leh nixen
7/ EXEC FURTOUCLUWRFGICASLS UK

//7FONT ,SYSPRINT DL CuwMy

//7FCRTGSYSIN U0 @

[4 TRy PROGHAM USES THE MUD FELTRATE RESISTIVITY TEA
C MUY RESISTIVITY TU CALCULATE THE SALINITY FUH A&AiQSlgng THe
C THE HESLLYS ARL SUMLWHAY CETTER THAN wrliN USING THE MUD
C RESISTIVITY o
C AMF DLCK
C PROGHAM SPSAL
DIM NSLION MC(2) o YTAB(IA)oXTAB(I4)sYITAB(G34)X1TAD(6,34),
LTEMP(6) e HS75( 24 ) e SAL{34)
OATA SYML 4SYNZ ,5YMI/Iee8e020e”/
TEMP(L)=7Y,
TEMP(2)=140.
TYEMP (31=150.
TEMP (4 )=200.
TEMP(£)3300.
TEMP(6)=400.
REAU 100V (RSTS(1)eSALIL)eix=14]0)
1000 FUORMAT (2F10.2)
00 1020 I=14.6
REAU 1C10(Y1TABC o d) oXITAD(LeJ) sd=142)
READ LUV IYITAU(Led)oX1TABCLs D) sd=30d0)
LC10 FCHRMAT (EFLUS]
1020 CONT INUE
AHINT 5

S FUHMATIIH1 s 1 X, 9 mELL NOG' oOX o "DEPTH® @ X 4 *THICK® 02X o' MUD wT® o 2X+*TEM
POy R PCCK TEMP® 42X s S5AL PPMY s X *PS 1%, IXKe *LUG s JXe "MUD o IX,*SP?,
25K RWL '3 7Xs*Hu’ e OXe'PG® /7/)
1O HEAD 12eMCUL)\MCL2)e0OTAQIOLAQIRUNS TYFL ¢ XMW JRMF ¢DHT1,BHT2,
1EHU L s BHL 2, 4P
11 CONT INVE

12 FURMAT(2A442F1000:120A84F5.14¢F5,242F5.04+2F10.04F5.0)
IF(ML(21~013254325415
(4 COMPUTE MIDPCLINY CF ACULFER

15 CMAUZ (CBAU-UTAUD/Z2.4DTAY
LOMIPUTE FORMATICN TEMPEKATURE
BHTPCUMT 2= E. L 190UNU2883,81 E=2=2,14330H02882,31,E~8¢4,3750BKD2»
1leE=UJd=-levlb
BHTICZORTI=E B19eBHUI# 03,8 1 JE=-12-2,1430BHUL262,8] ,E=B8¢4,37500N01L»
11.E-03-1.018
GRAUT (EHTZ2C~ENTLC)/7{BRO2-3HDL )}
FI=( OMAC=UKND L )OGRADCBHTIC
C=F1
[4 USt CHAKT GEN-9 TU UBTAJIN RMF AT FORNATICN TEMPERATURE (HFT)
GO TQ 100
100 CONTINUL
C DL TLIRMINE EQULVALENT RESISTANCE CF MUD FILTRATE (RMF)C
108 JF(FT=j00,010€,206,110
106 y=1
GU 10 130
1F (I T=150,0112.112,115

-

S0 N

J=2
L Tu 139
1H(F¥=-200,)118.1184120
J=3
Gu 0O 120
IF(F1-300.0122+1224125
122 J=a
GL O t3Q
125 1F(F1-4004)12¢€s1200120
12¢ J=%Y
GU Tu 130
1268 J=6
130 CONTINUE
R7S9={RMFO(ERT2¢7 ) )/
KF 1= (RMF 8LanT2¢24))7
IF (R7TS=041)20204 102,
102 KMFL 2, BSOKRFT
CD Tu avuy
2020 DO 142 1=1.,30
YTAUCLI=Y1TAU( D)
ATASLLI=X1TAU(JI L)
132 CUNT INUC
DU 135 K=l .34
IF(MMF-YTARIK) ) 14018041235
35 CONT INUE
{40 KMF IS AGRAN(RNF ,YTAU(K=2) s XTAB(K=21))
A% CO 148 (31444
YIAD(1)=YIiTARLJ®L.0)
148 2T AGB(L)=x1TAULJeL, 1)
CO 17 K=z] 34
IF(RME=YTAU(K)) 15015000147
1847 CONT [NUE
15U RMF2=AGHAN(IKMF s YTADIX—2) o XTAD(K=2
GHADE (RMF 2=1tME 1 1/(TLMP(J¢1)=TEMP{
AMFEARNF Lo (FT=TEMP(J))eGRAD
JO CUNIT INUE
C.o USE CRARY SP-~1 TQ FIND (RMFIE/Z{RW)E
IF(FT=10Us 18015501 ¢V
155 RAT12=(476030/0U.) 5P
RATZ==(e9u424/7704)%5P
T1=290 .
T2=iul.
O o 180
160 1F{FT=190.01¢241)
100 KAVl 3=t 45424770
S

-
-

-
~N
©

d2.
(FT¢?,.)}
102

)}
Jr

1151J0.
HATZ2z=(1s/0D.)0
122150,
cL To (90
168 IF(FT1=200)1062,0074170
16? KATlz=(1./d8U.) 050

112150
HATe=z={ s BLES1/7 70 )O5P
122400
w0 10 150 X
70 IF(FT=2506)17241724175
172 RAT =={.81291/770.)85%P
T12200.
AAT22-01427875/12Ce) 5P
123290,
GU 10 LYO
175 1rIrT=200.01772+102416€0
177 RATL==(1,2/87571234)05P
1125C.
HAT 2=(1e7100e)¢3¢F
122300,

Cu Tu 150

18t 1F(FT-4u0.)1BZ+102,185
182 RAT(S=(1e/71U0s)05P
118309
12220Je.
BATO 2= ,053217704) 0P
U TU IS0

0030
0040

o

00000000000

NN o = e o po o

~ODONOCLS LN -
0000000000

o

o e o B e -
- - - C
RO AP WN=~OL
[=Y-Y-F-7-X-F-E-R-¥-)

219



SALINRMF (Continusd) 220

18Y HATlIzZ<(,£5221/770.)950
112350,
: HATLZ~(1,814G62/1€C.)95P
: 12=8u0,

160 CONTINLE
HATLI=LXP(RAT I/ .64382%44))

RATZ=U X (HATZ2/7,8342%44 }
IF (LY 195,200 2U5

200 KAl=1,.0
Gu Tu 20¢

195 GRAUS(RAT2-RATLI/S0.
KAT=(FTI=-11)0GNAUSHATL
U 10 20¢

20% GRANDZ{RATI-WATD) /50,
RAY=~GhAL®(FT=T ] }elal]

206 CUNTINCF . P
CALCULATE THE EQUIVALERNT HESISTANCE CF ThE WATER—INW)E
RWEZRMFE/RAT
USE CMART §P=2 TC DETERMINE KESISTANCE OF THE WATEH —Rw
00 1320 I=1.J34
YTAU(1)=Y1TAC(J. L)
2TAS(1)=X1TAUCJ.1)

1330 CONT INUE
00 210 K=],34
IF(RWE=-XTAH(K))1215,215,210

210 CONT INUVE

215 KWIZAGRAN(HWE ¢« XTA3(K=2} YTAD(K~2))

220 CO 230 1=1,30
YTAB (L )=YLTAB(JeL o1}

230 XTAU{1)=X1TAB(J4}»1])

OU 240 x=1,30
IF(RWE=XTAB(K))245,245,240

24C CONTINLE

245 FW2=AGRANUKWE ¢ XTAB(K=2) 4 ¥YTAU(K~21}
GHADZ(Fu2-HWIL )/(TEMP(Jel }=TEMP{}))
KwzHu 1o (FT=-TEMP( J}}®GHAD

C USE CHMAHT GEN=-% TL OETERNMINE SALINITIES

Rw7IS5=(RWwe({FT47,0))/7E2.
0D 260 [=lsJA
IF(w?5=RS?5(0))270:270+20L0

260 CONT {NUE

27C GRADS(RSTIS(II=HSTSLI-1))/71SALLL)=-SALLI-1))
GRAD=® |+./GHAD
OSALE(FRWIS-RS?S(1-1)18GKRD¢SALLI-1]}
THEOUAU=-0TAQ
PEoUBZIXNAODMAD

PGR=E (OS2 XMy
PRINT J00+MCI1)oMC(2)e0OTAQOBAQ.THIiXMReFT sEsDSALIPRUNJTYFL 5P

NRNNANNNROAA N -

- e e e T - e = r o - e e m
" OB NOVS LN C DN ISP WY~OC
COO0O000CO 00OV ALAOVACDO

e et s s s B0 e B et e e e o = e e o e e -
’.,‘3‘0@0OOC‘L"U’U‘UIU!U‘U!U‘MD.DDDbbbbbuu(.u(-ul.‘hl—l-

NORIP U= O LE NP P PIIN= O BB N NP LMD L DO NDWUN

QQQOOOOOOOOOOOOOOOOQ()OOOOOOOOQOOOOOO

1 +RWE +RWPLR
300 FORMAT (I Xe2A8 0 IXsFT a0 s IH=sF7a0sF%004s3XeF Sel1elXeF6,0:3XeF6.04¢3X, [
PFBe0 el XoFUeO o1 Xol2eIX AR oI X sFS 20 03X eFUe24IXsFOe2:3XeF%.I) &
DAVs (CBACACTAUYZ2 69
WRITE(7eSIUIDAVPURISYNL4E«SYM2,DS5AL«S5YM] 7
S(0 FURMAT(ZF 1003 sFSelsF 10:s3¢F5+0:F10:3:F5,01} 17
GL TL 1V 172
32¢ sToP 17
EN 174
FUNCTION AGHAN(DXT¥,Y) t?
CIMENS JON XTC1)oY(1)eX(8) 1706
CO v I=]len 1?7
10 X{1)m0=-xT(1] 17680
12 CUNT INUE 1790
AQRAN® = 1800
TEY LI IO L2)0XLIIONIA)I/ZLEXINI=Xt2V)O0(X{A)=X(I) IO {X())=-X{Q))}) + 1810
24V (2)ox (L)X (3)ex( @) )/((R(2)=XL 1)) XC2)~X(I))O(X(2)~X(4))) & 1820
J(viIIox{a)oxt2)ex(a) ) Z{(x{I)=X{L)Io(XN{I)=x{2}IO(X{I}=X(A)}) & 1830
alY(a)ea{l)ox(2)ex{I)/7((x{a)=X(1))e(X{Q)=X(2))%{x(4)=X(3))})) 1840
RETURN 1850
END 1860
’ 1870
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/M RNIRL L] JU‘ (10 J9et3L,uBroesUOLL )+ ' MUKFFER?

PRV NET N P

/7 vt ;.1,‘,

//u,.'llubuu. W I TS AFE s vULESER=T2500.01SH20LT
Ll /‘,)U-CLflpu'h

SYSIN Gu

Jin RUNS! REL oAGLSSLIN e TINL 20
VGO KLU I A pRDeAd T CALCULATE DwCREASING PRESSUKE wlT QCDYH
C AS WEFLLOTF S It Dt JGHT AnS YO LOCATL THF (wTERlu 1 D DLPTH TO
C ARY L]l s txonessty IK POUNDS PLR GALLUN
£ PAVAME LK CAKy ALLDws Sticl V10N oF
ChY1TUat A0 LOeeliuee LIITS AND Tut CONVFRSION FACTOR TO MILES
(S 1wty brugxbrg,
3 robUMRES UHLEG sty Akt “sﬁthLu ARBITHRARY MUP«cGHTS (WEAR 10) AND
GAUILHTS THRT ARE LUn,
H'\InnL‘ L AfgUSTEY SO TraT wubs INCRLASE 4N wF i 3T DOWNwARD, ANOMALOUS
Al s AW aRJJStEy tu ADJACENT VALLLY
C YNT’U(L'h.u(I UF wJuablutti 15 CALCJLATEV Ahh 1S 14E INVEKRSE OF THE CHANGE
Liy "ouwe [GHT itk FUDT OF LiPTH (1,0, FLEY 22 UNIT CHANGE OF vuuatlbul)
YIRS MU AUNS ARt ADSTONLE ) uKAhlcuva. ASSuwY GnAWIL?YSLaRE LOw If
St

-~y

i C. 1o POUDs ALY LVER 1645 PCUND LyNQn 1) bLOU FEL
- CavlanT)i ANy rlon M Tnd 1RAu‘xlxuN 200F (4QU/MAT)
R ’«» CacCulhtvS Tre DEPTH 10 LACH YLTiRGEK v 10 JEIGHT (104 ees 20)
¢ Crea TNE TWidbhe O FRENL LS EXTHA) GLATFT Q)aNwARD (70 A ! HER
< vatut O MUaatluHT) RMURt THAL TwD LTt oEns
N VﬂPlAnLlH et Given If DATA, CUUGTERS AKE S obl=lh0cAL WELL NUMBER
4 S5 L0 Chey KELUwD MEADEHRT JJsMUL mECURIS24; [MIUNLT MUD uFIGHrS
. vu-leVL~.~v ConnTURE gREIUMSER OF  PNUUFCTEI4S OF
Loatb e Yo, endtli UERHSLRRON,
CoUvByr gt R
L Ju~K o= 3T owubS SelTCen
< Jukee ¢ 2 MJuir) St )l TU MUUIMe1)
Jrer Z 5 = wui(me3s SEY 10 MUD (M)
( LR 49 = WA LN iUy FRKU
Ul“t.,lhu nlt“)vNA(30)0.‘(50‘!‘RENU(50I‘ LVUNi111470130)
ST ‘nTL'LLL'Xl! P JLRH/EBeD/
Lhitt algtn s v1mude I /7101e0,0/7

C PARS R 1L K Cing v or WAT/ZLLGG LthLkSlo&
MEAUED s el ar L et el e YSLACYNLACOX D

». 1lL(h;lAJ'LLH|!n.“.VSLhQ‘“LA'0Xl

11 O/V‘Ail'v‘ THARAMY (R ibrT G 3)

C HEAL FruT

4
Ly

" LMD
R I U U T YR
1r ?H‘“nTlIi1-li"kc15|b]¢'lb'9l|212c3x)
C CAT/0L 0 wo Lr o INACT /L0 ALl SEAPCHED FOR AREA
Lo1F bL a0 YU N7
e aa i im b ef LT ({17700, 04FLDATIR(18)) /3607,
LLuiiu .xwios-uhl‘nlﬁu))/au.ookLonr(K(zll)lsaﬂa
¢ IF fro ot et 1% I mnihy GO Y0 8Te  EF WUTe Vot REMAINING CAKDS
( Ak w STy A LUSMY/ZELILL (TDUM) AND DISCARUEDS ri€ NEXY FILE IS
© [ARIeE :
byoi .Lv.V"ﬁ;fqJ.uLUNG.L[.thN)-ANu-(,Lﬁl-u?.YSLA-AND.DLONG.
[T IS T IR IR RV
;,..,;',.o) LY 10 e
Lot Ay . e s s WY Ub ARLEA
ey ICRSEMFR TR 0
15 ¢ Tastand
LI
]
:3; [ F VA )
"’
ﬁlhnflUv:r-'JJ-5999’luU”
PN rurwL Tt Taatex)
¢
N HiLnt ST VALUE
1211 TUGLIER(22)
C nurBEF UF MUL CARDSe W(z4) IS THZ NUMLER OF SAND CARDS.

ISUNE LM A1)

1
SaysTreld
.'(!U(‘)-l 00f ,U)N1 152492
C SelALLun 1L ~ul SET AT 10 Ok 1049
=1 lﬂLUu(ll-*unu.u
..1|u'x).ul.x"uou Qinf(lizU,ys
. wli1)=uT11,410,
FISEN R VI B UIV)
w2 EKLTG 12 33U0LGY
hllll:ll.)

v
L RLPO 2yn Kv:uH S tn syl
B0 T KMLel)
vloBl MIivad
“tA”(IU|u‘vl“')9*3’”0(").“7(“’
ol tuNvntilee 1aett95)
rtwtomi i, lall®)zil,0
Lh i (v aliadottat (13wl {M)e10.0
w0 Cutillivd!
[ L tp §0Kk i iind
wli he Moo go
[T «—:.;?.wn(--l))bo 10 62
LtNel)

[ u;:‘llll
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100 62 LUNTINUL
101 LFlJUJU=2)67:66+80
162 [ cnrcn FUOK 1le290R 54 MUD RULS
103 LF (wliZ7)=aT(1})67¢69s¢0b
104 1F HEGATIVEs SE1 TRENNH FOR 1+ SAME FOK 2
10% 67 JERKSJERK+1
. 106 wTt2)zwli(l)
167 LD 10 b9
10R 68 VREUUI2)ZINDI2)1=niD(1))/taTi2)=8T (1))
109 ¢ 10 SLI VA%UL OF TRENUL(D)}
1 69 LF (nT{1)elEel2.0) GO _TU T2
1 LFAAL(1)Geolbed) BU TO TN
1 lunvu(%l:#uﬂ.ﬂ
1 ¢
1 71 VHENLI1I=4U00. U
1 LL TU 74
1 76 LF (a1{2).EQewT{1}) TRENU{2)=TREND(1)
] LU TU 1Ly
1 ¢ THREL U® MUK MUDS
1 B0 IF(wT(1)4LEs)2.0) U TO o1
1 LF(WI(1),6Ls1645) LU TG b1

lNLNU(J) boo.0

TU be
81 |KLNU(1)‘“000-0
H2 U0 Y6 Mz2e JJ
lb(Nl(M)-ﬂY(M'1|)92|90q9l
€ IF EXRUKY 60 TU
Y0 INENU(M)=IREND(M=1)

L0 TU 9n
91 |8L¥U(N)-(N0(')-ND(" =1/ (T (M) euT(F=1))
Y vE

92 AFMeEwedd) 6D TO 98
1}(&1("01)-HI(W 1))?5\9“|§“
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