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PREFACE

Tasks in this report were performed by the Louisiana Geological Survey under the U.S. Department of
Energy (DOE) contract no. DE-FC07-85NV10425 for the period of 1 January 1991 through 31 December
1991. Previous information about this continuing program was covered in final form in preceding annual
reports. During this contract period, microseismic activity and land surface subsidence were monitored at the
Gladys McCall (Cameron Parish, Louisiana), Hulin (Vermilion Parish, Louisiana), and Pleasant Bayou
(Brazoria County, Texas) well sites. Preliminary studies on the co-location of medium to heavy oil with
geopressured brine resources in south Louisiana also were performed. The project personnel involved were
C. G. Groat (Project Coordinator), Chacko J. John (Principal Investigator), Don Stevenson and Bridget Jensen
(microearthquake monitoring), and Dianne Lindstedt (subsidence monitoring).

‘This report is a progress report as it discusses program components, provides monitoring data, and
presents interpretations. All aspects of this program will be continued for next year (1992), except
microseismic monitoring at Gladys McCall and the co-location studies; both of which were discontinued on
31 December 1991 as requested by DOE. Project data obtained in 1992 will be presented in the subsequent

annual report.
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ABSTRACT

Since September 1978, microseismic networks have operated continuously around U.S. Department of
Energy (DOE) geopressured-geothermal well sites to monitor any microearthquake activity in the well vicinity.
Microseismic monitoring is necessary before flow testing at a well site to establish the level of local
background seismicity. Once flow testing has begun, well development may affect ground elevations and/or
may activate growth faults, which are characteristic of the coastal region of southern Louisiana and
southeastern Texas where these geopressured-geothermal wells are located. The microseismic networks are
designed to detect small-scale local earthquakes indicative of such fault activation. Even after flow testing
has ceased, monitoring continues to assess any microearthquake activity delayed by the time dependence of
stress migration within the earth. Current monitoring shows no microseismicity in the geopressured-geothermal
prospect areas before, during, or after flow testing.






INTRODUCTION

The first microseismic monitoring network around a DOE geopressured-geothermal well was established
at Pleasant Bayou, Texas, in 1978. Teledyne-Geotech was contracted to perform the microseismic monitoring
and tilt/subsidence surveys. For four years, DOE awarded contracfs at this and other well sites to Teledyne-
Geotech or Woodward-Clyde Consultants. Since 1982, VDOE has awarded the seismic monitoring and
subsidence surveys to the Louisiana Geological Survey" (LGS) through Louisiana State University (LSU).

Microseismic monitoring establishes the nature of local seismic activity at a geopressured-geothermal well
and once production has begun, determines whether well activities casse growth fault activation or induce
changes in local fault movement rate. This secﬁ_on describes the results obtained from seismic monitoring
during the 12-month period, beginning 1 January 1991 and ending 31 ﬁecember 1991.

During this period three microseismic networks were in operation: Gladys McCall; Louisiana; Pleasant
Bayou, Texas; and Hulin, Louisiana (figure 1). The Gladys McCall hetv?ork (Cameron Parish) was on-line
from the summer of 1980 through the end of 1991, at which time tbe network was dismantled after having
operated for four years after the flow-testing cessation. The Pleosant Bayou rxetwork neo.r Alvin, Texas, and
the Hulin network, Vermilion and Iberia parishes, went on-line’in October 1985. Flow testing is currently

being performed at Pleasant Bayou. Flow testing has not yet been undertaken at Hulin.

REGIONAL GEoLoGY
The concern that geopressured-geothermal resource development may cause subsidence or fault activation
is based partly on the geologlcal characteristics of the Gulf Coast reglon, where thls resource is abundantly
v»avallable The Gulf Coast geosynclme is a large lmear basm, extending from northeastern Mexico to
Alabama As a result of river systems openmg mto the basm smce the Mesozoic Bra Jarge amounts of
genous clastic matenal from the North Amencan oontment have been deposited in thxs geosyncline on top
of Paleozoxc and Precambnan basement rocks Dunng the early Cretaceous Period, growth faulting initiated

basmward of the shelf margm in response to these progradmg sedxments being deposited on unstable muds.
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Figure 1. 1991 microseismic network locations: Louisiana and Texas.



The sedimentary stratigraphic signature of continental facies across shelf breaks consists of massive
sandstones grading downward into interbedded sandstones and shales of variable thickness. This signature is
typical of deep basin environments. Geopressured sediment typically occurs at the base of the thick sandstones,
down into the interbedded sandstones and shales, and finally, in the deeper thick shales with thin or isolated
sandstones.

To recover gas from gwpresmreo-gwmomﬂ brixres, largo >volunr:w of brine must be extracted from a
geopressured zone, After gas exwoo, the brme is disposed by subsurface injection at a shallower depth.
A concern with this process is that such fluid oxtraction and reinjection may alter the subsurface pressures and

allow fault movement, which would result in elevation changes at the surface and/or abnormal seismic events.

INSTRUMENTATION AND DATA ACQUISITION

The locations of the three seismic networks operated by LGS/LSU durmg 1991 are shown in figure 1.
Each network consisted of three of four sexsmographxc field stations, with at least one station located within
3 km of the DOE well. Local maps of each‘ seismic network are shown in figures 2, 3, and 4. Table 1 lists
the coordinates of rhe field stations and.well sites for each seismic network.

The seismic networks operz;ted by LGS are designed and operated in the same maoner. Data from each
seismic station are transmittod via radio telemetry‘anrl phone lines to the central recordmg facility in Baton
Rouge. Data are recorded in two formats. First, they are analog recorded on magnetic tape olong with a time
code synchromzed with WWV and WWVB broadoasts Second, data from at least two statxons in each
network are also recorded on visible paper records From these vxsual and taped records, data of interest are

found and transformed into dlgltal format for easy mampulatxon

Field Stations
Field statxons consist of two types: géophorie sites and multiplex sites. - A single microseismic network
has at least three ‘geophone sites and one multiplex site. Figures 5 and 6, respectively, show schematic

diagrams of a geophone site and a multiplex site.
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Figure 2. Map of Hulin microseismic monitoring site.
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Table 1. Coordinates of station and well sites for the Hulin, Gladys McCall, and Pleasant Bayou

seismic monitoring networks.

Network Site Name

North Latitude West Longitude
' Well 29 51°07.4" 92 01°'51.0"
“HIS - 29 50°55.6" - 9201°20.1"
. WHP - 29 52'20.9" 92 01°40.5"
SIS 29 49°16.7" 92 06°08.9"
- WIS 29 48°23.4" 92 48°23.2"
Gladys McCall - L
Well 29 42°47.9" 92 52’'12.0"
PLR 29 41°'14.0" 92 50°00.0"
ALP 29 43°23.0" - 92 28°32.0"
WRD 29 43°52.4" . 92 52'19.4"
*HQS 29 44°31.0" 92 52°27.0"
Pleasant Bayou
Well 29 15°25.5" 92 13°48.4"
DLF . 29 10°29.4" 92 16’10.2"
EFF 2915534 92 16'10.2"
"GAR 29 20°13.8" - 92 18'21.6"
JMF 29 20°00.0" 92 12°06.0"
*Multiplex site only
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The seismometers, or geophones, used in this project are Mark Products L4 1-Hz borehole seismometers
that record only vertical motion. Of the various seismometers with a frequency response appropriate for a
microseismic network, this model is the most practical because of its small size that allows for easy
deployment in 6-in.-diameter boreholes. Horizontal instruments or three-component instruments are not used
for the following reasons. First, they would require larger diameter boreholés, which are difficult and
expensive to drill. The second and most important consideration is that it would be dxfﬁcult to emplace the
instruments horizontélly at the borehole base. Leveling of the horizontal seisniomete;'s is necessary in order
for them to record wrth motions accurately.

Borehole emplacement of the seismometers is recommended to reduce the adverse effects of surface
cultural noise. The PVC-cased boreholes are typically 20 ft deep. However, the previ§us Hulin landowner
had drilled the 100-ft well at the field station WHP prior to this project. Depths bélow approximately 20 ft
were not achieved with the LGS drilling rig because of encounters with water-éamrated, unconsolidated
sediment. Because the bottoms of thgse wells are sometimes filled with salt water, the geophones are
periodically checked for any signs of corrosion. However, the geophon&s’have been sealed in PVC containers
to prevent corrosion.

A seismometer is used to study ground motion, so the instrument inust respond in a way that can be
calibrated and recorded. The seismometer converts its mechanical response to ground motion into an electrical
signal by means of a magnet and coil. The relative motion between the magnet and coil causes voltage across
the coil’s winding. Because the voltage is proportional to the velocity of the magnet relative to the coil, the
seismometer actua.lly measures the velocity of ground motion rather than the ground displacement.

The electrical signal output from the geophone is transmitted via cable to the telemetry package housed
~ in a protective enclosure about 5 ft above ground. Alongside or on top of the enclosure are mounted one or
two solar panels that charge the 12-volt marine battery. The battery is inside the protective enclosure along
with a voltage regulator, a transmitter, and another box, inside of which is an amplifier and voltage-controlled

oscillator.
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The voltage regulator maintains a steady 12-volt charge, preventing it from overcharging and shortening
the battery life span. If the battery was not charged by the solar panel, a geophone site could operate for about
four days before it lost power. The seismic station can operate for about a week under continuous cloud cover
because, even under such conditions, the solar panel still absorbs some light.

The first component of the telemetry package is a Teledyne-Geotech model 42.50 amplifier. It has 11
gain settings starting at 60 dB and rising to 120 dB in increments of 6 dB. The optimum gain settings for the
instruments in this project are between 60 and 78 dB, depending on the site. Also built into the amplifier are
high- and low-cut filters that effectively create a variable band-pass filter. Because the peak response of the
geophone isatl Hz the low-cut settmg must be mamtamed at .2 Hz. This gaxn settmg passes the frequencies
that microseisms would exctte in the geophone and allows the low-frequency seismic waves from teleseisms
(dxstant earthquakes) to be detected The high cut on our mstruments is set at 25 Hz. At any higher
frequeney, noise would dommate the sxgnal and potenttally hlde true sensmlc events,

The signal, as it is output from the selsmometer and amphﬁer, is snmply in the form of varymg amounts
of voltage After the ampllﬂer has boosted the voltage output from the selsmometer the signal is passed to
the voltage controlled osclllator (VCO), Teledyne-Geotech model 46.22. At this stage, the signal is
transformed to be transnutted asa frequency-modulated (FM) sxgnal vna radio and voxce-grade telephone lines.
To achieve this transformatnon, the VCO changes the slgnal from varymg voltages to varymg frequencies
supenmposed ona stable carrier frequeney. For example, if the ground moves, the sexsmometer will respond
thh an output voltage that wxll be amphﬁed and sent to the VCO The VCO output will be a frequency
shghtly dlfferent from the carrier frequency Devnatlon from the camer depends on the amount of voltage
mput to the VCO Each VCO has a speclﬁc carrier frequency, whxch allows all the sxgnals to transmlt
sunultaneously thhout mterference The frequencles smclﬁed for the VCO’s are 680 Hz 1 020 Hz 1 360
Hz, 1,700 Hz, 2,040 Hz, 2,380 Hz, 2,720 Hz, and3060Hz | |

The outgoing VCO signal must be transmitted to the oentral sxte via radxo usmg a very-hxgh-frequency

(VHF) FM transmitter, Monitron model TR210. At the multiplex site are several antennae and a series of
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Monitron model R21F receivers, one for each remote geophone site (figure 6).

A multiplex site is powered by a solar panel, voltage regulator, and a 12-volt marine battery. The site
combines all the FM radio signals created by the VCO’s and sends them through the telephone lines using a
Teledyne-Geotech model 46.31 multiplexer. This transmission method of data to Baton Rouge results in high,
long-distance telephone costs but is still more economical than transmission via satellite and more efficient than
radio links spanning the hundreds of miles over which the data must be transmitted. Unfortunately, when

telephone lines are out of service, data transmission cannot be completed.

 Central Recording Fgaliig

The oentral recording facility in Baton Rouge receives the seismic data through telephone lines and
records in two ways: 1) tape tecordmg onto %-m analog magnetxc tape and 2) vxsxbly tracmg onto long sheets
of paper, 38 in. long by 12 in. high (figure 7) Both methods of recording are dn'ectly linked to a Kinemetrics
model TF3 timing system, which provides a time code synchronized with the time broadeast by radio stations
WWYV and WWVB. The National Bureau of Standards provides this broadcasted mformatlon as the recognized
standard for time.

The seismic data received over the telephone line are FM signals that record real time on a '4-in. analog
magnetic tape. A single tape can record continuously for 48 hours. Each network has an assighed track for
recording its multiplexed data. The time code is recorded on another track. |

FM signals received over telephone lines must be converted into a form representative of the seismic
motion before the seismic data can be recorded on paper. Signal discriminators demodulate FM signals. Each
phone line into the central recording facility is transmitting data from four geophone sites, each with a carrier
frequency. The discriminators decipher information from the oarner frequencies of their designated VCO’s
in the ﬁeld. Each VCO is matched to a discriminator at the Baton Rouge facility where the original seismic

signal is decoded from that VCO’s carrier frequency.
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Phone Line

Figure 7. Schematic of central recording faéility.
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The signal is then sent to the helicorder, which places data in a visual format. Paper is wrapped around
a drum that rotates continuously, each rotation being 15 minutes. A heated stylus traces the seismic signal
from a geophone onto heat-sensitive paper. Each sheet of paper represents one day of data. At least two
stations per network are recorded visually.

Visual and tape-recorded formats of data are necessary to digitize data. Any seismic activity recorded
by the networks is first identified during the daily visual review of the paper records. If interesting activity

is detected, data from certain stations and a specific time window can be retrieved.

DATA PRESENTATION AND ANALYSIS

The ground motion detected by a seismometer may have several types of sources. Sources are generally
considéredrnoise or true séismic events, i.e,, &rtixquak&s. The mﬁo of term signal to noise relates how much
energy in the data is from noise sources compared to héw much energy in the data is from trué seismic events.
Noise for one study may be considered data for gnother, depending on the focus of the project.

Seismic networks in this projéct monitor microearthquakes, so anything that is not a local
microearthquake could be considered noise. However, we mamtaxn records of any teleseism detected and other
seismic signals from uncertain sources. We review paper tecords‘daily and study seismic signal character such

as frequency content and duration. From this we determine whether the signals are noise or potential data.

Background Noise
Seismic noise can be categorized as either cultural or natural. Natural noise is associated with bad
weather, including the effects of 5arometric changes and intense oceanic wave action that triggers oceanic
microseisms. When storms are in the Gulf of Mexico or near a seismic network, most of the seismic records
will be overwhelmed by continuous noise for a two to three second period (figures 8, 10b). Although this
period can be filtered out in the analyzing process, such noise makes identifying any small, legitimate natural
event difficult when initially reading records.

Typical sources of cultural noise are traffic, pumps, well activities, blasting, explosions, and sonic

18



booms. Traffic noise is easily distinguished from natural events because its characteristics are not indicative
of an earthquake. When a car, truck, or train is passing, the vibration amplitude slowly increases until after
the vehicle has passed and then gradually decreases (figure 8). Earthquakes, on the other hand, show a sharp
initiél pulse rather than a gradual éncrgy buildup. Pump noise is continuous and maintains constant frequency
content. Seismic readingsr from blasting together with geophysical prospecting appear similar to small
earthquakes. Blasting reghlarity, usually dunng ;aylight working hours, and identical seismic signatures from
each blast indicate cultural origin (figure 9). .

Gas or chemical Explosions arrive impulsi§ely at the séfsmometers as would an earthquake (figure 10).
Because these blasts are usually directed l'xp“’)ard,w‘séisometers mainly detect \'ribrgtions‘ from blast energy that

is coupled to the ground from the ‘atmosphere and only slightly from energy that travelled through the earth.

Teleseismic Events

Earthquakes occur somewhere in the world everyday. The seismic networks at the geopressured-
geothermal wells in Louisiana and Texas sometimes record these teleseisn;s; or disiant earthquakes (figure 11).
During 1991, the network detected 64 teleseisms and one nuclear test (appendix A). The Pleasant Bayou #nd
Hulin networks recorded teleseisms, mostly from Central America, a few tlmes per month. Because the Gladys
McCall network is located directly on the Louisiana coast, it did not detect as many Central American
teleseisms. The smallest teleseism detected at any station was a magnitude 4.6 event located off the coast of
Nicaragua. Only the Pleasant Bayou network detected the event. Later in the year, only the Hulin network
detected a Nicaraguan earthquake of magﬁitude 47 Besidés Ccntral American earthquakes, events in South
America, lndonesia‘,‘Alaské, and California are oomm‘onlyi,sgen on the seismic records of the three networks.

‘ Local Efventé e
The geopressured-geothermal seismic networks were established to monitor microseismic activity in the
well vicinity, so local seismic activity is the real interest of this project. Seismic signals of local or regional

origin are divided into two types: type I, body-wave events; and type II, surface-wave events.
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Type 1 events are classified as microearthquakes and typically are characterized by a P-wave arrival
(primary compressional/dilational, S-wavé’ arﬁval (secondary, shear waves); and in some instances, a surface-
wave arrival. Type I events display P-wave velocities ranging from 1.5 to 6.0 km/s (5,000 to 20,000 ft/s) and
contain seismic signals typical of microearthquakes reported throughout the world. No local type I events have
been noted during the last two reporting periods. Such events are known to occur, however, as demonstrated
by the 16 October 1983 Lake Charles earthquake and its aftershocks.

Type II events continue to be recorded by all networks as in past reporting periods (appendix B). These
surface-wave signals have impulsive and emergent first arrivals (figures 10a, b, and 12). Except for signals
associated with known explosions , the origin of these evenfs is still somewhat of a mystery, especially those
with emergent arrivals. The moét viable cxpla‘natqioxyls for tﬁcsc type II events ate that fhey are cither leaking
energy from microearthquakes thhm a nmtféptface, léw—veloéity layef (Ebmero et al. 1983) or acoustical
transmissions travelling through the air (e.g., thunder, sonic booms, explosions) (Louisiana Geological Survey
1991). Both origin scenarios are relevant because they would produce waves that have similar velocities of

.35 to .76 km/sec (1,150 to 2,495 ft/sec) and similar frequency contents.

DISCUSSION

During 1991, microseismic monitoring networks operated around three geopressured-geothermal
prospects in Louisiana and Texas. The three stages of the seismic monitoring prograxh were represented: 1)
determination of the level of background seismicity prior to flow testing, 2) monitoring concurrent with flow
testing, and 3) post-test monitoring of any rsiduai response to flow testing.

At the Gladys McCall site, the well has been flow tested and has been shut in since October 1987. This
post-testing phase of monitoring has shown no signs of local microseismic activity induced by the previous
well activity. The number of type II events recorded by this network has diminished over the past year. This
decrease does not signify a correlation between such events and well activity because the origin of these type

II events is still uncertain. The Gladys McCall seismic network was dismantled in December 1991.
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The pre-test monitoring phase at the Hulin prospect is ongoing to establish the level of local background
seismicity. It seems that type II sonic events are not induced by flow testing because such events are recorded
a few times a month by this network where flow testing has not begun yet.

At the Pleasant Bayou site, where flow testing is currently underway, the possibility of induced seismicity
seems greatest. Extreme care is given to the daily data scan for any type I microseisms indicative of fault
movement and for any abnormal pressure changes at the wellhead. Such pressure changes may indicate
subsurface shifts caused by changes in pore pressure or fluid volume. After careful scrutiny of the seismic
records, no local microseismic activity above the background noise was detected in 1991, except the type II

events.

CONCLUSIONS

Microseismic monitoring at several DOE geopressured-geothermal prospects in Louisiana and Texas has
continued since 1978. During this time, the characteristic seismic signals and teleseism recordings of this
.region have been noted. Two main signals are reported from networks: the type I, body-wave events, and type
II, surface-wave events. No type I events were detected in any of the networks during 1991. Type II events
continue to be recorded on all networks and travel very slowly, less than 1 km/sec. These events are of
unknown origin and have been further subdivided into impulsive and emergent events. Some impulsive type
II events are attributed to surface explosions; other impulsive eveﬁts may have resulted from such industrial
sources. Type II events' origins remain uncertain, espécially emergent events; they are probably unrelated to

geopressured-geothermal well activities. |
Current monitoring networks show no induced microseismicity from activity at a single pair of production
~ and disposal wells. The situation may be different, however, if an entire field of geoprcssured—geothermal wells
were developed. The situation at the Pleasant Bayou network is vsqmewhat different in that the neighboring
Monsanto Chemical plant has a couple of disposal wells diséharéing into a similar depth range as the DOE

disposal well. The volume of fluid disposed by these few extra wells does not approach the volume that one
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geopressured-geothermal well would dispose. Thus, it is difficult to make predictions about subsurface

movements that could potentially result from large-scale, geopressured-geothermal development.
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INTRODUCTION

Subsidence monitoring around the Hulin geopressured-geothermal well site continued during the current
reporting period (1 January 1991 to 31 December 1991). The subsidence monitoring portion of the study was
designed to determine subsidence rates around the test well sites and to compare them with regional rates of
subsidence to assess the effects of high-volume fluid withdrawal. This report presents the most recent results
in this ongoing study.

Extraction of large quantities of underground fluids can affect surface elevation if enough fluid has been
removed from the area. The resulting compaction in a reservoir can be detected as vertical movement on the
surface. Potential fault reactivation and vertical movement through compaction over time are basic types of
ground movement associated with subsurface subsidence caused by fluid withdrawal. For example, numerous
‘international studies on groundwater and oil and gas extraction sites indicate that surface subsidence can range
‘from 1 mm to 300 mm/yr because of fluid withdrawal (Emery and Aubrey 1991). -

Some studies show that fluid withdrawal from oil and gas reservoirs appears to have localized influence
on subsidence and can be as much as 130 cm above the reservoirs (Suhayda 1988). For example, near Golden
Meadow field in Louisiana the water level rises twice the rate of the nearby gages (Turner 1988).

-~ Though subsurface compaction has been shown to occur due to fluid removal geological and ecological
‘processes in south Louisiana are also at work, which complicates our present study. Louisiana’s coastal
‘wetlands are eroding at a rate of about 31mi?/yr (Dunbar et al :1990) primarily -because of subsidence,
-compaction of deltaic sedinient, sea level rise, and human activities (Boesch et al. 1983, Dunbar et al. 1990,
Britsch and Kemp 1990).

+ . Because the geopressured-geothermai wells in this study are located m areas where land loss rates are
‘high, local subsidence becomes more critical because_ rate increases due to additional activities may exacerbate
wetlah'd loss in localized areas. Continuous monitbring -of Sench marks around the well site will enable

“detection of vertical movement of the surface in the immediate area.
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PREVIOUS STUDIES

" -Tide gage data indicate that subsidence ranges from 10 to 20 mm/yr in Louisiana (Suhayda 1988, Ramsey
and Penland 1989), and sediment accumulates approximately S mm/yr (Subhayda 1988). Also, subsidence rates
are lower in the chenier plain (from 6.3 to 6.95 mm/yr) than in the delta plain (from 8.0 to 13.3 mm/yr).
With sea ievel rise about 2.3 mm/yr in the Gulf, subsidence rates are estimated to be from 5.3 to 10.9 mm/yr
(Suhayda 1988, Ramsey and Penland 1989). Using tide gage data with leveling data, Holdahl (1973)
determined subsidence rates ranging from 5 to 10 mm/yr in southwestern Louisiana. Figure 1 depicts regional
‘subsidence rates for the Gulf Coast area, with southwestern Louisiana exhibiting rates from 4 to 5 mm/yr
(Holdahl and Morrison 1974). Anomalously high subsidence (> 5 mm/yr) rates occur around Houston, Texas,
which is near the Pleasant Bayou site.

Turner (1988) found the highest rates of water level rise where sedimentation rates are the highest and
where waterway construction and water management practices were the most intense. Conversely, the lowest
rates occurred where the depth to the Pleistocene terrace was the shallowest and where sedimentation rates
were the lowest.

Several factors cause subsidence in south Louisiana: compaction of deltaic sediment, river diversion,
sediment deprivation, groundwater withdrawal, hydrocarbon extraction and other petroleum-related activities,
coastal development, and human impact. The extent of which each is a contributing factor currently is not
quantified, and it may vary among different geographical sections of the state such as river basins or
hydrologic units, where geological factors such as faulting, geomorphology, Pleistocene depth, sediment age,
and hydrologic setting may vary considerably.

'Some documentation of subsidence has been attempted and quantified in south Louisiana. For example,
Davis and Rollo (1969) documented subsidence due to groundwater extraction in Baton Rouge. Saucier (1963)
calculated an annual subsidence rate of 1.2 mm based on radiocarbon dating in the New Orleans area.
Drainage and landfilling there has caused consolidation of drained peat and underlying clays, éecondary

compression of peat and clay, and oxidation of the drained peat in the New Orleans area. Using data recorded
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since the 1930s, tide gage stations at Eugene Island and Bayou Rigaud, Emery and Aubrey (1991) have
reported subsidence rates from 9.6 to 10.5 mm/yr. The data also indicate an increase in subsidence rate since
the 1960s. Studies in Louisiana have shown ﬁat land loss occurs at a rate of 30 to 40 mxz/yr (Dunbar etal.
1990, Gagliano 1981). Dunbar et al. (1990) and Britsch and Kemp (1990) acknowledge an increase in land
loss rates during the 1970s; hbwever, data that incorporates the early 1980s indicate the rate of loss is
decreasing.

Because subsidence and land loss are interdependent and important in lnux;siana,; ﬂie test well sites for
this study are located on the more stable chenier plain, where subsidence and related coastal erosion rates are
lower than the delta plain. The Hulin site is located in a transition zone of the northwestern edge of the oldest
delta lobe (the Maringuoin), where Holocene sediment thickness is about 0-5 ft (Fisk 1948). Pléistocene
outcropping begins in this area. In contrast, the Gladys McCall site lies on 15-30 ft of Holocene deposits (Fisk

1948).

STUDY SITES
There are three geopressured-geothermal sites in the study: Gladys McCall and Hulin in southwestern

Louisiana and Pleasant Bayou in southeastern Texas. These sites are in various stages of development.

Gladys McCall
The Gladys McCall test well site is located near the western edge of the Rockefeller Wildlife Refuge in

Cameron Parish, Louisiana (figure 2). A benchmark monitoring network was established at this well site in
September 1981 before testing began. During the course of this project, several monuments in the network
have bet;n installed (figure 3). The monuments were installed according to National Geoﬁetic Survey (NGS)
specifications for first-order leveling surveys and tied into the NGS network.

The Gladys McCall site is located on relatively stable but thin Holocene sediment and on the chenier
plain, which was formed indirectly from deposits of the Mississippi River. Holocene sediment here is

approximately 15-30 ft thick (4.5-6 m) (Fisk 1948).
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Pleasant Bayou

The Pleasant Bayou study area is located in Brazoria County, Texas. Chocolate Bayou merges into
Pleasant Bayou just north of the test well site (figure 4). Twelve, class B monuments were established in this
area in June 1984 (figure 4). The monuments also were instalied according to NGS specifications for first-

order leveling surveys and tied into the NGS network.

ulin |

The Hulin test well is located inVVermilion Parish, Louiéiana, and is aoproximately six nxiles south of
Erath, Louisiana (figures 2, 5). The well itself is located just south of the Looisiana coastal zone boundary
on a very thin veneer of older Holocene sediment, where surface exposure of Pleistocene prairie can occur
in the periphery of the Maringouin delta lobe. The older sediment&ivs relatively more stable than younger
deltaic sediment and should have lower subsxdence rates than those on the delta plain mainly because of age
(they have had more time to compact) and thxcknecs (they are thxnner than the delta-plain sediment). These
sediments were deposxted approxxmately 7, 000 years ago durxng the formation of the Maringouin delta
complex This sediment is thin (0—5 ft or 0-2 m) (Fisk 1948) compared to the southeastern coastal region in
Louisiana, where Holocene sedrment is between 100 and 900 ft (30-275 m) thick (Kolb and Van Lopik 1958).

The well site is bound by leveed ‘and drained agric.ulturallpasture land, with freshwater wetlands within
the area. Historical vegetation maps generated by the Technical Services sectxon of the Coastal Management
Division in Louisiana’s Department of Natural Resources mdlcate the area was all freshwater marsh during
tne 1950s (ﬁgnre 6). However, between ;19-55 and 1978 the area was drained and converted to
agncultutal/pasmre land (figure 7). For the area shown in figures 6 and 7, virtually all of the fresh marsh in
the immediate area has been 'lost agricultural and pasture developmentr

While long-term testing of fluid withdrawal at this site Vl_xas not commenced, a short-term flow test was

conducted from December 1989 to January 1990, which was during the interval between our leveling surveys.
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" Figure 6. Habitat map of the Hulin site, 1956 (Technical Services
Division). Arrow indicates wellhead.
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During this test, 40,163 bb! of brine and 1,246 MCF of gas were produced (Eaton Operating Co. 1990). The

well is presently shut in until long-term testing can begin.

METHODS

For all study sites in the project, a first-order leveling network was established and tied into the National
Geodetic (NGS) survey lines using class B monuments thét were installed approximately 1 km apart near the
Pleasant Bayou, Gladys McCall, and Hulin prospects. Class B refers to the NGS classification for monument
quality. These bench marks consist of capped steel rods driven to 100 ft deep or to refusal.

A network of class B bench marks around each test site was wﬁbﬁshed to monitor subsidence in the
Hulin area (figure 5) and are approximately one km apart, with bench marks concentrated around the
wellhead. This enables detection of relative vertical movement around the well site and at specified intervals
from the site. The orientation and number of bench marks were limited by cost and distance from stable bench
marks, which were used to originate the line.

In 1988, 17 class B monuments were established between the NGS line (T-361) along Highway 14 m
Erath and the Hulin well site (figure 5). The orientation and number of bench marks were limited by cost and
distance from‘ NGS bench marks, which were used to begin the line. All bench marks with the prefix HU were
installed for this project, while all others are either federal or state agency bench marks. These existing bench
marks are listed in table 1 and were used during leveling. They contain information about the agency and year
of installation. .

Approximately every two years surveys are conducted to monitor the test sites. To determine local
moﬁon, a benchmark outside of the prospect area is held fixed during two or more surveys. Analysis on the
benchmark elevations with repeated surveys in the network indicat&s movemeni relative to this fixed point.
For example, during this reporting period, the bench mark T-361 at Hulin was held constant, and all elevation
changes are relative to- that bench mark. It is assumed that regional subsidence due to crustal movement is

~ affecting this network somewhat uniformally over this short distance; therefore, crustal movement is affecting



Table 1. Elevations in meters of bench marks in the Hulin area for 1989 and 1991 leveling survey.

Station 1989 1991 Difference
(m) (m) (mm)

T-361 , 1.607 1.607 0
57v-83 1.744 = - 71,758 AR 14
HU-15 1.382 1.381 -1
HU-14 1.660 1.656 : -4
57-v-81 2.604 , 2.596 -8
HU-13- - ~2.473 o 2.464 B - -9
C-4046 2.755 2.744 -11
HU-12 ' e © 1986 1.971 o : -15
57-v-78 A 2.813 2.805 : -8
B-380 - ’ 1.949 ~ Co ~+- 1,935 : <14
C-4051 , 1938 1.925 -13
HU-10 T 1715 ~ ' 1701 -14
HU-9 1.494 1.479 -15
HUS - 0514 - 0499 - -15
HU-6 1.188 1.172 -16
HU-18 i 1.202(new) -
HU-17 - 0.788 0.772 -16
HU1 T 0.626 ' 0.611 - C =15
HU-2 ‘ ) 1.354 - 1.342 -12
HU-3 : S 1020 T S 1.006 ‘ -14
HU4 & 0.704 , 0.689 -15
HUS8 -~ 0776 - * 7 ““(not'recovered) : C s
Wellhead . 1559 ~ 1.539 ‘ -20
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the base bench mark and the network equally. Any elevation changes in the network are pfcsumably. due to
local activity.

" After installation, the bench marks were allowed one year for stabilization; in December 1989, they were
leveled. The 1989 leveling survey serves as the baseline data for subsequent years of leveling around the Hulm
site for the duration of the project.

In April 1991, first-order leveling was performed at this site using ptoceﬂum and equipment identical
to that used by NGS for first-order class I lev:éling. The leveling began at bench mark NGS-T-361 in Erath,
Louisiana, and the most recent published elevation was used as a base line or rstarting point for the survey.
T-361 is a very stable bench mark installed in 1982 and last releveled in 1986. During the 1991 survey, a new
bench mark, HU-18, was set on a concrete slab in the well site to observe the subsidence of the groﬁnd
surface. |

Differences in elevation were calculated by subtracting the present year elevations from the baseline
(1989) elevations, with bench mark T-361 held constant from the leveling. Any change in elevation is reﬂeéted
as a positive (increase in elevation) or a negative (decrease in elevation) number. A negative value indicates
an area where suﬁsidence is occurring relative to the base bench mark, and a positive value indicates uplift.
Annual subsidence rates have been calculated by dividing the differencé in elevation by the time iﬁterval
between leveling.

A paired t-test was conducted to determine if there were statistical differences in elevations among bench
marks between the two years. A regression analysis was conducted to determine if elevation change and

distance from the well site were related.

46



RESULTS

“Gladys McCall

Releveling did not occur at the Gladys McCall well site during the current reporting period; therefore,
no new data are presented for this well site.
Pleasant Bayou

There was no leveling survey conducted for this area during the study period, and no new data are
presented for this test well site. .

7 ’lkin :

The Hulin site was leveled in April 1991. All‘ bench marks except HU-8 were recovered. After several
honrs of searching, surveyors were unable to locate this bench mark. In addition, a new bench mark, HU-18,
was mstalled with an 'initial.t level reading of 1.202 m. All data collected for the Hulin site are presented in
apnendix C Table 2 and ﬁgure 8 summarize differences between 1989 and 1991.

 Elevation differérices at the Hulin study site ranged from 14 to -20 mm for the two-year period o from
7 10 mm/yr (table 2). The mean change in elevatlon for the study site was -11 mm or -5.5 mm/yr, The only
bench mark thh a posmve change (an mcrease) in elevatlon was 57-v-83 which is the farthest from the well
; _sxte and is also on the more stable Plexstooene. The wellhead had rhe greatest recorded subsidence rate for the
two-year mterval‘ o | | ; |
. . There were hxgbly sxgmﬁcant differences (p< 01) among elevatlons between the two periods of data
col]ecnon, when a paxred t-test was used to compare the elevaxxen data (t=-11.76). Correlation (r_"=.67,
p< .01) between the elevatien chnnge and distance from the well wlren a'regression analysis was performed
, iwas highly sxgmﬁcant (ﬂgure 9. | |
S Results of the present survey mdxcate rough estimates of the possxble movement occurrmg in the area.

'These estimates are appronmate because the tlme mterval between levelmg is very short (two years)
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Table 2. Elevations in meters of bench marks in the Hulin area for 1989 and 1991 leveling survey.

Station Distance 1989 1991 Difference Difference

(mi) (m) (m) (mm) (mm\yr)
T-361 15 1.607 1.607 0 0.0
57-v-83 7.25 - 1.744 1.758 14 7.0
HU-15 6.72 1.382 1.381 -1 0.5
HU-14 6.04 1.660 1.656 -4 2.0
57-v-81 5.32 2.604 - 2.596 -8 4.0
HU-13 5.15 2.473 2.464 -9 -4.5
C-4046 4.48 2.755 2.744 -11 5.5
HU-12 3.57 1.986 1.971 -15 7.5
57-v-18 3.09 2.813 2.805 -8 - -5.0
B-380 2.69 1.949 1.935 -14 -7.0
C-4051 2.13 1.938 1.925 -13 -6.5
HU-10 1.7 1.715 1.701 -14 -1.0
HU-9 1.29 1.494 1.479 -15 1.5
-HU-5 0.48 0.514 0.499 -15 ' 1.5
HU-6 . 048 1.188 1.172 -16 -8.0
HU-18 - 0.002 T 1.202(new) -—-- -
HU-17 0.17 - 0.788 0.772 -16 -8.0
HU-1 0.002 0.626 0.611 -15 1.5
HU-2 0.39 1.354 - 1.342 -12 -6.0
HU-3 0.04 1.020 1.006 . - -14 -7.0
HU-4 0.002 0.704 0.689 15 -1.5
HU-8 0.05 0.776 (not rec) — —
Wellhead 0 1.559 1.539 =20 o -10.0
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y= -17.2172+2.4188x R =0.82
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Figure 9. Relationship between elevation change and distance from the well (r2=.67, p< .01).

50



- DISCUSSION - -

E "Thc most important aspect of subsidence monitoring is to determine the vertical movement near the well
sites because increased local subsidence could affect coastal land loss. Because the low elevations of the study
area are highly susceptible to minor changes in sea level rise and scdimentcompaction and supply, land loss
rates are more likely to accelerate because of increased rates of subsidence no matter how small.

~ It is difficult to determine a specific trend in elevation change at the Hulin site with the data spaced only
two years apart. This is a problem because subsidence, Wch is a natural process in this area, occurs over
long periods of time and over longer geological cycles. In addition; very little real-time, geopressured-
geothermal activity has occurred here since monitoring began. Two years of data are too short to assess a
process that may occur over a longer time scale (approximately 20 years in this case) and does not allow for
establishing a baseline effect for a major geological process.

There are several reasons that could be presented to explain the reported elevation changes in the Hulin
area. The changes may be due to instrument error, human error, short- or long-term natural processes, or
human—mduced effects R

Onc 1mportant long-term aspect of sub51dencc in the area is the effect of rcglonal crustal subsidence on
local subsxdencc ratcs The data on regxonal crustal subsxdence was last teportcd by Holdahl and Morrison
(1974) thn comparmg reglonal subsxdence ratw thh the rates of thxs study, 1t appears that the local
subsxdence rate is much lngher at thc well sxte than regtonal rates. Regxonal subsndence here is about 1.5 to
| 3 mm/yr (Holdahl and Morrison 1974), and local elevation change rates measured in thxs study are from 7
| to -10 mm/yr, with a mean of -5.5 mmlyr However, with sea level rise added to regional subsidence, the
rctes are only slightly higher than the expected 1 to 3 mm/yr.

An interesting aspect of the data collection for ﬁc first two years of data at Hulin is the statistically
significant change in elevation between the two yeafs and even more so the relationship bcM&n the elevation
change aﬁd distcnce from the well. In this case, the difference in elevation decrwscs as distance from the well

 increases. This trend could indicate & possible connection between the short-term well activities and subsidence
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rates because of this elevation change and distance relaﬁoqship. However, it is difficult to say this with such
short-term data collection in addition to minimum activity occurring at this well. Data from the 1993 leveling
could indicate a trend or begin to confirm variation in the background rates in the study area.

Other possible reasons to explain this correlation of elevation change and distance may be thickness of
Holocene sediment and distance from the coast. For example, elevation change decreases as one travels north
along this transition area from the thin Holocene sediment layer, which decreases into exposed Pleistocene
sediment where the northcrnmbstr bench marks are located. In addition, much of the study area was formerly
freshwater marsh that was drained for agricultural purposes in the past 30-40 years. On the short term,
compactioh of the organic sediment may be occurring or may be seasonally affected by ‘moisture. Slight
differences in elevation may occur in soils that are extremely wet during certain years or seasons and very
dry in others. The well site is closest to the coast of all stations, except for HU-2. HU-4, HU-1, and HU-8,

HU-3, and HU-18 are about the same distance from the coast as the well site.

CONCLUSION
Because very little geopressured-geothermal activity has occurred here it is uncertain as to whether
elevation changes are due to that activity or, if it is a reflection of the local rate of subsidence and natural
processes or other human-induced activities such as the conversion of wetlands to agricultural/pasture land.
With the present data, it is difficult to extrapolate the reasons for the events to the variables that control the

observed subsidence.
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CO-LOCATION OF MEDIUM-TO-HEAVY OIL FIELDS AND THE
GEOPRESSURED-GEOTHERMAL RESOURCE IN SOUTH LOUISIANA

by

Chacko J. John






- INTRODUCTION
The Louisiana Geological Survey (LGS) has been participating in the geopressured-geothermal research
program sponsored by the U.S. Department of Energy (DOE) since its beginning in 1975, The research work
bemg conducted under this program has been concentrated in the northern Gulf of Mekxico basin. The ultlmaxe
goal is to determme the feasxbrhty of usxng geopressured-geothermal bnnes that are saturated or near saturated
thh natural gas as an alternate energy resource, Durmg this research program much geologlcal engmeermg,
productton, and envrronmental mformatxon has been gathered and pubhshed Presently, there are three DOE
eopressured-geothermal prospects in various stages of development The Pleasant Bayou field (Brazona
County, Texas) is currently bemg produced at a rate of approxxmately 20,000 bbl/day and hasa gas/brine ratio
f about 24 SCF/STB The Gladys McCall test well (Cameron Parish, Louxs:ana), presently shut in aﬁer
almost 4% years of contmuous testing at an average rate of 20 000 bbl/day, produced 27.3 million bbl of
brme and 676 mxlhon SCF of gas. The Supenor Hulm test well (Vermxhon Parish, Louxsxana) is the deepest
(20,725 ﬂ) and hottest (338 °F) Well to be tested under thxs program It was cleaned out and after a short-term
test was shut in. We are currently awaxtmg fundmg for long-term testmg
The geopressured-geothermal research program is begmnmg a transmon to commercxallzatlon (Negus-
deWys and Dorfman 1991) Among the possxble apphcatxons of thxs resource, the uuhzatlon of hot
geopressured-geothermal brmes to enhance secondary oil recovery in depleted ﬁelds contammg deep wells
penetratmg thxck geopressured—geothermal sandstone reservonrs holds promlse because expenments using
heated water have mdxcated greater recovery effxclencxes (Meahl 1988 Negus-deWys et al. 1991) Hot brme
reduces vxscosxty to result in less ﬂow resxstance and thereby mcreased oxl recovery The dxssolved and
assocxated free gas, 1f any, could be extracted from the ongmal source brme for addxtxonal income. Results
of such a pro_]ect would have dxrect and relatxvely quxck mdustry apphcat:on and mterest whxch could lead
kto productzon in otherwxse uneconomic and/or abandoned oxl ﬁelds With tlns object in mmd LGS as part ,

of its research tasks undertook a prelxmmary mvestlgatxon into the co-locatxon of medxum-to-heavy onls (API

57



gravity less than 25°) in south Louisiana, with the geopressured-geothermal resource. The results of this study

are presented in this report.

7 THE GEOPRESSURED-GEOTHERMAL RESOURCE

- The geopressured-geothermal mou@ of the Texas and Louisiana Gulf Coast area has been wtimated
to contain a fecoverable natural gas potential of approximatel& 250 TCF, which is 157% of the pxment
&stunate of conventional gas reserves in the United States (Dorfman 1988). DOE has sponsored the tectmg
of nine geopressured—geothermal wells (excludmg the Hulin well) in south Louisiana. Of th&se, six were short-
term tests of wells of opportumty (abandoned hydrocarbon exploratlon wells that were re-entered to twt the
geopt&ssured-geothermal reservoirs) and three were des:gn welIs (wells drilled speclﬁcally for long-term flow
testing of geopressuted-geothermal mmom) Miller provxdes a geological review and summary of the well
test resultsr (1991). Selection of all the test prospects in south Louisiana was based on previous regional
ggological studies conducted at the LGS by Bebout and others (Bebout and Gutierrez 1981, Wallace 1932).
Documented in these studies are formations that had the best potential for geopmsuxed—géothermal reservoir
development (figure 1). Also in the course of that research, a large number of north-south and east-west cross
sections across south Louisiana were constructed. Based on these, the geopwssured—gebthermal trends for the
Miocene, Frio, Wilcox, and Tuscaloosa were delineated (figure 2). The distribution and dépths to the top of
the geopressured séndstones (figure 3) showed that most of the reservoirs occurred between 12,000 and 15,000
ft, yet some were at greater depths. Other regional data provided information on the subsurface structure,
regional sandstone distribution, porosity, permeability, temperature, formation pressure, and salinities.

The history of the Gulf Coast test wells has shown that the thick, geopressured-geothermal sandstone hof
brine reservoirs are capable of long-term, high-yield production. Calcium earbo;xate srwnlé problems,
encountered initially during flow testing, have been successfully solved by using a phosphonate pill treatment
method. Though current technology can be used to recover gas from brine, prevailing economic conditions

make commercialized gas production by this method unfeasible. High-volume subsurface injection of brine
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Figure 1. South Louisiana stratigraphic column showing the formations (with lined pattern) that have
" the greatest potential for containing thick sections of geopressured-geothermal reservoir
sands.
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‘below the base of the freshwater aquifer has been effectively accomplished. Further, none of the geopressured-
geothermal development tests and operations have caused any major detrimental environmental concerns. It
should be noted that all presently known information about the resource is based on individual well tests. The
development of a geopressured-geothermal field with many wells may cause modification of some conclusions,

especially of the environmental effects. The basic results, however, may be unaffected.

HEAVY OIL RESOURCES OF THE UNITED STATES

The U.S. Bureau of Mines conducted one of the earliest studies of heavy oil reservoirs rin the United
States (Dietzman et al. 1965), which documented geographic locations of those reservoirs (figure 4).
: Remaining heavy oil was estimated to be in excess of 150 billion barrels. In a report prepared for DOE, Rand
Cofporaﬁon (Nehring et al. 1983) stated that most of the heavy oil was found in shallow, high-porosity
-sandstone r&séivdirs in strucmral or combination (structural-stratigraphic) traps and was, therefore, amenablé
vfor recovery technologies. Most of the heavy oil occurs in the California basins, which are primarily of
Pleistocene, Pliocene, and Miocene ages. In 1984, Lewin and Associates, Inc., finished a study using a
proprietary data base, considered to be the most complete to date, and estimated that the United States
originally had over 100 billion barrels of heavy oil in place. By 1984, approximately 12 billion barrels had
been produced leaving a resource base of over 80 billion barrels for future development and production
(Kuuskraa and Godec 1987a). |

Of the 80 billion barrels, California had 42 billion; Alaska had 25 billion; and Wyoming had 5 billion.
Smaller accumulations of one to two billion barrels for a total of six billion were estimated to be present in
Arkansas, Louisiana, and Texas reservoirs. Lesser volumes of heavy oil were attributed to reservoirs in
Alabama, Colorado, Kansas, Montana, New Mexico, Oklahoma, and Utah (Kuuskraa and Godec 1987b, Oil
and Gas Journal 1988). One of the main findings of the Lewin and Associates study was that advances in
technology were essential in order to be able to produce the full potential of heavy oil. Depending on the oil

prices and technology, they estimated that up to one million barrels of heavy oil per day could be obtained

62



€9

‘NORTH
.  DAKOTA

, %'
= coLorapo

.
p * T
o ’.%

. JoxLAHOMA

, NEW. MEXICO

_ EXPLANATION -
@ Oilfield .
Area of heavy"‘ oil accumulation

100 0 100 200 300 Miles
IR DI R I | ;

Figure 4. Geographic locations of heavy ol fields in the United States.

RS £V 1L L . : )
: . . ® - "
e uy W .
! N l’ ' . .
oy WYOMING "‘;, , NEsRaska
: A % 2 " L d : . )

.KANSAS,
%, . hobT:
G ® 2 ‘e 0

oo




by the turn of the century. Future production using thermal enhanced oil recovery technology (TEOR) is more
likely to be affected by the increasing environmental regulations and constraints than oil prices (Blevins 1990).
Geopressured-geothermal hot brines represent a relatively environmentally clean source of high-temperature
water that when pumped into target heavy oil reservoirs could reduce viscosity to a point where the oil would
flow and could be easily recovered by pumpixig.
FIELDS WITH MEDIUM-TO-HEAVY OIL .
CO-LOCATED IN GEOPRESSURED-GEOTHERMAL CORRIDORS

In this report bitumens are classified as having from 0-8° API, heavy oil 8-20° API, and medium oil
20-25° API gravity. The original heavy oil resource in place in Louisiana’s reservoirs is estimated to be 1.2
billion barrels (Kuuskraa and Godec 1987a), and much of this is located in north Louisiana. Very little
published data on Louisiana’s medium-to-heavy oil reservoirs are available. Dietzman et al. (1965) published
the information quoted below on the heavy oﬂ occurrences in north Louisiana, southwest Louisiana, south
Texas, and the Texas Gulf Coast:

North Louisiana: "Heavy oil productive formations in north Louisiana are of Tertiary (Eocene) and

Cretaceous ages. Most production is obtained from sandstone reservoirs, but some limestones and

chalks are also oil productive. Net thicknesses of productive zones range up to 60 feet, although

about 50 percent are less than 10 feet thick. Reservoirs are found from about 150 to 6,950 feet in

depth. Twenty-six of the 33 reservoirs in the area are at depths less than 3,000 feet." (Dietzman et

al. 1965)

uth Texas, Gulf Texas, and thwest isiana: "Heavy crude oil reservoirs are

concentrated along the Guif Coast extending from the Texas-Mexico border to the middle of

southern Louisiana. These accumulations are found predominately in sandstone members of the

Tertiary system. The 652 reservoirs covered in this report are found at depths from about 80 feet

to a maximum of 12,200 feet. Approximately 50 percent of the deposits are at depths less than

3,000 feet. Over 600 of these reservoirs have average net thicknesses of less than 100 ft. Many of

the reservoirs have active water drives, but solution gas expansion is also present.” (Dietzman et

al. 1965)

In this report, medium-to-heavy oil reservoirs in north Louisiana have not been inv&tigated because very
little infbrmation is available about the geopressured-geothermal reservoirs in that area. The DOE research
program had addressed only the geopressured-geothermal resource in south Louisiana. Table 1 provides a

listing of all heavy oil occurrences in Louisiana by conservation district, parish, and field, with details about
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Table 1. Loﬁ_igiang oil figlds %wvith <25° API gravity oil production (compiled from DNR Report 1979).

§

Number Welis

Wens Eroducn

ucing .
, Formation Yeer Estimated Cumulative | During Yeer End of Year
District |Parish & Field - |NameAge,DephlOi — [Gas | Oif Gas [Ol ]JGas |O [Gas |[OH (6] Litt

Big Bayou Wi Eoc 4885 |.1067) -| 620 -1 16 4 o} - 3| <]o] -| 7] 2| P} 11| -] N|wicox | 6010
Birds Creek Spar Eoe 1935 | 1966 - | . 1 - ol - o] < o] -] o]l 2] P| 10 -| A|Sparta | 1935
‘| Caffornia Bayou | Spar,Eoc2584 | 1965 .. -1 400 -{ 10 4 o] -] 1] <] o} -} 7] 2} P|] 30} -} NlWiox | 5710
Laoleke. ' .« |Spar.Eoc3115 [1956 -| 960 -l @2  of -] o | o] -} 12| 24| P} 16| --|ML|Midway | 7031
Manffest . |Spar.Eoc1742 {1942} -|° 280} - - 8 -t o] -1 of «]o]| -] of 20| P] 12] -] N|Wilcox | 4554
N.Wilow Lake ~ |Spar.Foc2688 | 1964 -1 240 - 6 4 ol -] o]l -] of -] 1|28 Pl 8] -] N|Wiox | 6010
Parker Lake* Spar.Eoc 3316 | 1965] -| 1560 -| a8 Aol -1 44 <) o] - 7] 28] P] 3] -] M|Wikox | 6615
Sandy Lake Spar,Eoc1920 |1964] -| 440] -f 11 oo -] of -] -l -] 7| 2| P 17| -| X[Wiox | 4410
Sendy Lake WiH.Boc4208 | 1064| - : ‘ 1o 2t Pl 12y < X}
8. Lario Lake Sper.Eoc3593 | 1949) -] 640 -l 7 4 o] - o] -] 1] -| 6] 21|30} 6| -[ML|FtW.Lm| 10620
S. Uity Sper. Eoc 2441 | 1960) - 40 . 1 -l ol -| o] <{o]-| o] 23] P| 5} | N|Wikox | 5827
Utifty Wi.Eoc2370 |1960f -| 360 - 9 - oo -f 1] -l o] -1 1] 21| P| 12| -] N{Wikex | 5521
Hog Pen Lake Spar. Eoe 5237 11964 : - - 40 -1 1 J ol -l o] :|of -] o] 4] P| S| -] X{Wiox | 8202
Natchez Ferry Wi.Boc4a216. | 1968}  «| 360 - 9 Jd 21 -] -lof -1 1| -| s{P|2]| -] X{Wiox | 6251
N. Bee Brake Spar. Eoc 3472 { 1974 -| 760 -l 18 J o] -l o} -Jo] -] 14| 20| Pl 4] -| Nfwicox | €847
Parker Lake* Spaf. Eoc 3316 | 1965} -| 1560 -l =8 41 -1 iy -l 2] - w7 28] P| 8| | N|Wieox | 6615
Wamicott '~ |Spar.Eoc 3224 | 1957 - 40 - 1 -1 of -f o} |0 1| 25| P| 3] -j X|Wikox | 6810
E:CARROLL '

Brunett Smk. Jur . |Smk Jur7080 | 1974] - 80 - 1 -1 ol -1 ol -1o] -| -| 24| P} X]| -| X|{Wikox | 7198
Mifl Creek Sper. EOc'1813 | 1954 -| 120 - 4 d of -] ol -{o| <] o]l P| 4] -] X{wicox | 5009
Tullos-Urania®  |Spar. Boc 872 | 1856| . X[* 9500{ 820| 1457 5] 15] o] 25) o] o} 4}48af 21| P| ‘4] X| A|Toko | 6538
Tulles-Urarmia* ~ |WlLEoe1231 [1825| ~X| oo oo oo 21| P 15] X Al

LASALLE .

Nebo-Hemphl  |Ck. Ecc1420 | 1940 X| 8120] 1300| 282 1| s| o] 2] o] 4] ol120| 18| P| 15| X|AF|Pakoy | 9350
Rogers Coc.Fos . |1957] | 880 - .| . 29 4 ol | of -] o] -| 15| 20] P} 8} -] N|Wiox { 4523
Tullos-Urania* Spar.EocS72 |1956| X| o500 920 1457| - 5| 15} O} 25| O O 4484} 21 Pl 4 X]| A]Toko | 6538
Tullos-Urania WiLEoc1231 [ 1925] X 21| P] 181 X

W.long Slough |Spar.Eoc2603 | 1968 -| 400] 10 - 2] -l ol -lo] | -| 5| 23] P| 18] -] X|Wikox | €010
W. Searcy Wi.Eoc1879 1961 -f 820 | 24 -l ol -f of -jof| -{21]21f P| 15 -] N|P=hexy | 4301
W.TroutCreek |WH.Eoc2173 |1959| -| 120 . 3 4 of -1 ol -} o} -] o] 21| P| 5| -|M}Wiox | 3715
Springs CocEoe7e9- |1927| - 270 -l 7 J ol -l o] -{o} -] o] 2] P 9] -| N[Wko | 4416
Holty Ridge TusCreU5347 | 1943 -| 4600) 4160] 112 18} 24} 0} 1] 0 o 1| 43{ 18] P} X| 18| A|Hoss | 14345
Oekiand * '/ [NaCeU2240 | 1828 - = 140 - 71 .l o] -| of -jo] -] o} 2] P|] 10| -] A|CelL 3001




Table 1. Louisiana oil fields with <25° API gravity oil production (compiled from DNR Repon 1979), continued.

TWes Procucr Brog

Froqucng Number Wels ucng Formatons Deepest]
Formation Yesr Estmated Cumulative During Year End of Year Producing:  |Zone |Depth
o ‘ | Discovery | Area End of Year pleted| Abandond FLowingl Art. | Ol | Avel Thickness Tested jof
hDistrict Perish & Field Neme,Age,DepthiOf [ Gas | Oil Gas Ol Gas |[Oil. |Gas JOil Oil Uit | Grav| Por] Oil | Gas [StnName | Hole
WINN . ;
Tullos-Urania Spar. Eoc 19561 X]| 9500| ©920| 1457 5| 15| 0| 25| 0] 0| 47484] 21| P| 4] X] A|Tokio €538
Tullos-Urania WA, Eoc 1825 X 21| P} 151 X| A T
Shreveport | BIENVILLE ;
Ada* MptCrel 4362 | 1953| X| 1220| 13880 341 109] 2| 5| 1] 210]|61] 12| 21| P| 14] X|AF|dnm 14120
Topy Creek Tus.CrelJ 3252 | 1955 - 480 - 12 -|] of - 38| -Jo} -| 2] 25| P} 8 -| AjPal 3503
BOSSIER
Bellevue* 0.Crel 1055 X11967] 3200| 3200 1301| 1301| 63| O] 19| 0j o] O|8o7| 18| P| 30| X| D|Smk | 10146
Cnaddo Pinsisl.  [NacCreU800 | 1904 [1904] 100480 X[16024] 16024 205| 76| 33| 0| X] X| X{| 20| P| 25| X|AF|ign. 11419
Cottage Grove OzCrel 1871 | 1854 -| 1440 - e8 -1 0] -} o] -Jof -] 74] 23| P| 10 - | ML | Hoss 5581
N. Carterville Buc.CreU 2268 | 1974 -| 1800 - 30 -1 2] < t] -} X}] X| X} 25| P| X| -] Alsmk. |11751
Swen Lake Pal.Crel. 2666 | 1964 - 480 - 8 -] of -] of -] O} -] 4] 21} P| 15 -| N|Pal 2950
CADDO :
Caddo Pine isl* | NaCrelU800 - | 1976} 100480 X|16305] 163051 205) 76| 33| 0| X| X| X| 20| P| 25| X|AFlign. 11419
Wainut Bayou PeiCrel. 2442 | 1968 - 120 640 2 4] of o] ofo0j0] 0O} Of 10| P|] 7 -} X]Hoss ' | 6816
WEBSTER ‘ ‘
Ade* MptCrel 4362 | 1953] X| 1200] 13880 34 108] 2| 5| 1] 2)0]61| 12] 21| P| 14] X|AF | 14120
Beflevue* NaCrel) 255 1921 |1921] 3200| 3200 1301) 1301} €3] ©O| 19] 0] o] ojeo7} 8] P| 30| X| D|Smk 10146
Minden RodCreL 6462 | 1959 X| 1400 4680 40 47| of o o| o] X| X] X| 13| P} 18] X|DS{Lou.S | 11603
Minden Jn.Crel. 6948 | 1858 | 1959 25| P| 11} 12]DS
WINN ‘
Colgrade WiEoc 1278 1958 |1977] 9500 120| 455 11 271 o] ol ojo|lo|384] 201 P] 7] X} AWML 1500
Crossroads | WilEoc 1425 1954 -|- 1000 -l 108 -] 2 - o] -]0] -1 8] 2| P|] 4 -] Ajwa 1529
Curry WiEoc 1363 1857 - 280 0 2 -l of -f o] -0} -|] 14] 20| P} 8 -] AjWA. 1509
Joyce WilEoc 1090 1949 -] 1040 -l 12 -1 1 -] o] -jo] -] 56| 21} P| 10 - IMLIWAL, ¢ 1926
Salt Spar.Eoc 1969 -1 1300 - 41 - 1 -l o] -] 0] -] 35} 21] P|] X -1 Ajwi. 1592
: Coteau Frene Mio. U 12383 1967 | 19685, 80| 1600 1 8| ol of ojojo]e| 0] 25| P| 14]140 AF Mio,U 14500
IBERVILLE ' ‘ ‘ '
. |Frog Lake Mio, U 12048 1978 - 80 - 1 -1 1 -] o] -.y1] -] 0] 23] P| 15 -{ X|Mio.1" | 12436
TERREBONNE : .
| Trinky Bayou Mio.U14076 |1961| - 40 . 1 -l o] <] of -|o} -] o] 24_°P] 10| -] A{M.U | 15285
Lafayetts IBERVILLE ,
Meringouin Mio. L8175 1852 - 40 - 2 - of -f o -Jolar| 8| 10| P| 10 «| AjMio.L | 9900
Wgst Maringouin | Mio, U 8473 -l 1969 -{ 200 ol 2 -] 1| -jo] -] o] o] P -| X]Mio] 14000 | 14000
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Table 1. Louisiana oil fields with <25° API gravity oil production (compiled from DNR Report 1979), continued.

Fﬁuang Number Wells Weﬂstroduan Pmdnmionnatons 5eepest
Formation Year Estmated Cumuiative | During Yesr _]End of Year vJ Producing Zone | Depth
_ ‘ |Discovery | Area Endof Year om A% ing| Art. |Ol | Avej Thickness Tested |of
[District Perish & Field | Name Age,Depth|Oi [ Gas | Ol Gas_|O _JGas JOI |Gas |[ON Ut | Grav] Por[OF [ Gas [Sty Name | Hole
' LAFAYETTE , ,
Lefayette Mio L 10599 1958 -| 160 - 4l -] ol -Jolojo| of of P| 11| -] A|Mo.L |13791
ST. LANDRY
Big Crane Tuse. 18278 -|1o78 .| e40 - 1| -] 1| -jof -| o] of ol P| -| X| X|Tuse. |19692
Sembo Mio. L 7755 - | 1085 -| 320 . s3] | of -lojo]o|l ol oflP| -] 23] A[Mo.L | 8215
ST. MARY ]
Frankfin Mio.U10209 | 1953[1953] 1280| 1200 34| 5] 1| 3| o| o| o] 8| 3| o] P| o5| 78|DS|Mo.L | 17071
VERMILLION
S.Leke Athtr | Mio. U 10570 - | 1955 .| 160 . 1] -] o]l -|o] -]o] o] o] P| -] 30|AF|Mi.L |15344
S. Peryy Mio. U 14717 - |1960 -| 160 . 1| <] ol -fo] -|o] o] o] P| -| 30| D|Mo.U | 15588
Lake Charles |ACADIA
Jennings Mo.Ut008 |1901] -| 1520 soo| est| 14| 4 o] 2| o] 8] 1| 71| 22| P|sst| -|DS|Vick |12792
ALLEN ,
Harmeony Church | Mio. L 5885 1955 |1956| 160| 8O 4 1{ o]l ol oflo]o o| 25| P| 20| 10| Ajcb. | 10004
LeBanc ..  |Mio.L5407  |1955[1e56] 40| 160 2 3| ol ol ojojo|1]| ol 25fpP| 8| 18] Alcb. |10000
BEAUREGARD | . | |
Clear Creek Mio. L7203 - |1956 .| 56 -| 40| -} 5| -foflofof o] ol P -| s]AaC| -
Godon  |Mi. L5318 1944 (1944 320| 1000 7| 14| of 1| o| o] o] 1| o] 24| P| 24| 15|AF|Wicox | 13000
CALCASIEU R I ‘ : v ;
Edgerly . |Mio.u24s9 | 1912]1912] 1140| 400| 316 7] 1] o] 1] o| 1] o] 45| 22| P| 84| 77|DS|Vick. | ©500
Lockport Mio. U 996 1924 (1924 1600| 1400{ 172| 14| o| o| o o] 2| 3| 32| 23| P|170| 170 |DS|Mio.L | 11460
Strks |Pio570 - |1s29|1s25| 480| 40| 85 8f 1| 1] of 1| 1] o] 19{ 20| P| 20| 20|DS|vick = | 11689
Sulphur Mines ~ |Mio.U2676 | 1928] - -| 820 -l 174 -1 6| -| 2| -]86]| -16] 18] P| 20| -|DS|Mio.L | 8774
| Vinton . |Mio.LB118 . |1910|1910( 3160| 280| 765| 17| 10| 1| 6| 2|1410[139| 23| P|135]135 |DS|Mio.L 11002
Calcasioy Lake  |Mio.U10566 | 1958 |1850] 200 160 5 2| ol of ol o| 1] o] o] 23] P}195] 81|DS|Mio.L | 18425
Cemeron Meadows| Plio 1269 1931 [1931] 1440| 840 147] 13| 10| 0| o] o| o 4| e3| 20| P| 37|140|DS|Mio.L | 15073
JEFFERSONDAVI[. - = .. . . : A ‘
E. Fenton Mio. L 9824 1959|1967 ~ eo| 160 2 1| ol ol olojo|o| of 6| P| 43| X| X|Mo.L |11622
fowa® Mio.U3180 [ 1931{1931] 1680| ss0| 140| 69| o| o| o| o] 3| 6| 29{ 24| P| 400|400 |DS|Cook Mt} 12742
lowa® Mio. L 7050 1950 | 1850 _
Weish Plio 1200 1902|1902| 1080| 1350| 292| 18| o] o 3| of ®| 3] 23| 21| P| 15| 15|DS|Mio.L | 11111
Weish Mio.U3778 | 1967 {1967
Weish Mio. L5148 1967 | 1967
New Ordeans |PLAQUEMINES




Table 1.  Louisiana oil fields with <25° API gravity oil production (compiled from DNR ’Repoit 1979), continued.

Froducing Number Welis Wells Produci] Froducmg rormabons pest
Formation Yeer Estmated Cumulatve | During Year End of Year Producing Zons - | Depth
Discovery |Area End of Year sompleted| Aban FLowing| At. |Ofl | Avel Thickness Tested |of
[District Parish & Field Name Age,DepthiOf | Gas | Oil Gas Ol Gas O [Gas |Oil Gl Lit | Grav] Por] Oil | Gas [ StfName ] Hole
Bay Denesse Mio U 11162 1961 - 40 - 1 -| 0] -1 0 0] -] 0] 28| P| 12 -] X|Mio.l | 11918
Lake Campo Mio U 6646 1969 11862 200 1900 7 18| 0] 0| O 2| 3] 4| 24| P| 55[170] D|MbU ]12190
ST. BERNARD ‘ : ’
Half Moon Lake | Mio U 4882 1963|1967] 1700| 320 29 2] 2| o0 6| 0} 24| 23]35]|104| 25] D{MioU | 10300
Stuards Biuff Mio U 8568 -| 1968 -| 700 - 31 -] o - <l o] o] 1P| -| 8] AjMoU | 10200
Offshore BRETON SOUND ‘
Block 32 Mio. U 5397 1949 {1949 600 800 19 1 0] o O §]1.6f 3| 251 P| 45| 155 ]AF {Mio,U | 11025
Block 45 Mio. U 6962 1967 {1973 80| 120 1 0l 0] 0] O 0{ 0] 0| 23] P| 15| 67| A|Mib.U | 17312
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Table 1. Louisiana oil fields with <25° API gravity oil production (compiled from DNR Report 1979), continued.
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A: Anticlinal
AC: Anticlinal with accumulation due to
change in character of stratum
AF: Anticlinal with associated faulting
H Domal
DF: Domal with associated faulting
DS: Salt Dome
M: Monoclinal
Buckner Buc
Claiborne Cb
Cockfield Ccf
Cretaceous Cre
Eocene Eoc
Hosston Hoss
igneous ign -
James Lime Jm
Jurassic Jur
Louann Salt LouS
Mooringsport Mpt
Nacatoch Nac
Ozan Oz
Paluxy Pxy
Rodessa Rod
Smackover Smk
Sparta Sp
Tokio Tok
Tuscaloosa Tus
Vicksburg Vick
Wilcox Wx
Upper (V]
Middle M
Lower L

INDEX TO TABLE . 1

GENERAL

© X: A definite value exists, but is unknown

O: A definite value of zero

- POROSITY

" P: Reservoir rock is of porous type

F: Reservoir rock is of fracture type

STRUCTURE

MC:  Monoclinal with accumulation due to
’ change in character of stratum
ML: Monoclinal-Lense

MU: Monoclinal-Unconformity
N: Nose .
B -H Syncline
T: Terrace = _
TF: Terrace with associated fauiting

TL:  Terrace Lense

RESERVOIR AND AGE NOMENCLATURE, (WITH ABBREVIATIONS)

Ckf ' c

Pel

Spa

wil W
DESCRIPTIVE ADJUNCTS
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--age, depth, year of discovery, estimated area, number of wells producing and abandoned, oil gravity,
- production thickness, and deepest zone tested. The information provided in table 1 was compiled from the last
- published Louisiana Department of Natural Resources (DNR) _,Report‘ (1979). Later information about the
- medium-to-heavy oil occurrences is found in the oil and gas computerized information on production and well
data files called the ‘PARS’ system maintained at the Louisiana Office of Conservation (DNR), located in
'Baton Rouge, Louxsxana
- 'The preliminary report of Louisiana co-location studies (Negus-deWys et al. 1991) contained graphs
showing the frequency of heavy and medium oil test results based on API gravity. Each gravity test is
recorded in the data base as a separate entrj; though, it may be from the same well and/or field. The number
- of data points, therefore, does not reflect the exact number of ficlds or wells that have medium-to-heavy oil
-+ production. Appendix D contains maps of southeast and southwest Louisiana on which are plotted all the
- gravity tests of less than 25° API as found in the ‘PARS’ data base, The maps also show the geological age
. trends of production for the Upper, Middle, and Lower Miocene and the Upper and Middle Frio.
| Based on the regional maps, parish maps were created that identify which fields with medium-to-heavy
oil occurrences are located in geopressured-geothermal corridors or trends (figure 2). Most fields of interest
in south Loulslana have oil gravxty between 20—25° API Thermal enhanced oil recovery using geopressured-
geothermal brme would seem to be most effectlve in shallow reservoirs because of the bnne heat loss factor.
’k l'l'herefore, the maps only show od ﬁelds thh reservoirs at less than 3 001 ft. Twenty—one such fields located
in ten Loulslana panshes have been 1dentxﬁed and are shown in the parlsh maps presented in appendlx E.
- ‘Fields in the Cameron, Calcasxeu, Acadxa, St Martm and Ibervnlle panshes are located in the Frio
: " '(Ohgocene) geopressured-geothermal trend The remaxmng located in Ibena, Terrebonne, Lafourche, St.
| Mary, and Plaquemmes panshee fall in the Mlooene trend R R i
T Researchers mamly tested wells in southwestem Lomsxana for the DOE geoptessured-geothermal research
program. Because a relatively large number of medium-tofheavy oil fields are located in thxs area, we should,

ideally, select a field in Cameron, Calcasieu, or Acadia parish to test enhanced oil recovery using hot

o n




geopméured—geothermal brine. Before the final field selection, each of the above-mentioned potential sites

should be studied in greater detail, withaﬁention to prospect geology, engineering, and reservoir production

characteristics and particular reference to the source and target reservoirs. As pointed out by Seni and Walter

(1991), geopressured-geothermal brine reservoirs do not require structural or stratigraphic closure to trap
“hydrocarbons as do oil and gas reservoirs. Such reservoirs (GP/GT) should be thick and laterally extensive

within large fault blocks to contain large fluid volumes. Other factors that would need to be evaluated include
"brine production technology, methods for -surface handling and gas separation from -brine, injection
technology, and the production and marketing of the oil obtained from the target reservoir.

Unresolved technical issues that need to be addressed in the process of using geopressured-geothermal
brine for secondary oil recovery include 1) potential chemical reactions between the injected brine ‘and
reservoir fluids, 2) ﬂuid temperatures, 3) brine heat loss in relation to distance and depth of target reservoir,
4) optimum injection pressure and volume rate without inducing fracturing in the target oil reservoir, and 5)
the geometry and areal extent (size and thickness) of the geopressured-geothermal reservoir and of the target

oil reservoir.

CONCLUSIONS ‘

A large amount of geological, engineering, production, and othe;_l' techﬁological information on the
geopressured-geothermal resource of the Gulf Coast has beeﬁ gathered since the inception of the U.S.
Department of Energy’s geopressured-geothermal research program. The research programj r&ults are now
in # stage of transition to commercialization. Of all the potential commercial applications, the concept of using
geopressured-geothermal hot brines for thermal enhanced oil recovery §e¢ﬁxs to promise quick realization,
industry interest, and participation, which are vital for full exploitation of this mource; Sﬁéoéssﬁll testing of
this concept would lead to improved recovery efficiencies ;nd the reworking of preséﬁﬂy ﬁn@onom_ic and/or

abandoned fields.
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Use of the geopressured-geothermal brine would be a relatively environmentally clean process, conserve
" freshwater resources used for conventional water floods, and save combustion energy for hot water and steam
| pro‘ductionl.«’ ’4 . - L

Suxtable onl ﬁelds for testmg are located in Louxsrana s Frio and Mxoeene geopressured-geothermal
eorndors Because most of the research results have been based on well tests in southwestern bouxsxana, it
would probably be best to choose the ﬁnal test sue from Cameron, Calcasxeu, or Acadia parish. Before final
selectlon, lt is neeessary to study the mdxvxdual prospects in detaxl

“Medium-to-heavy oil reservoirs are generally thinner and have a much smaller ar&l extent than

geopressured—geothermal reservoirs. Unhke hydrocarbon reservoxrs, whlch nwd a structural and/or
t 'stratxgraphxc trappxng mechamsm geopressured-geothermal sandstone reservoirs nwd only be thlck thh good
porosxty, permeabrhty, and lateral extension. Such reservoirs are generally eonﬁned w1thxn large fault blocks.

* Some unresolved techmcal Jissues concermng thermally enhaneed oxl reeovery using geopressured-
geothermal hot bnnes mclude 1) ehemxca.l compatlbxhty of bnnes thh fluxds in the target reservoxrs, 2) fluid
temperatures 3) bnne heet loss in relatlon to dxstance and depth of target reservoxrs, and 4) optimum mjectlon
) pressure and rates The deposmonal geometty and size of source and target reservoirs should be delineated

by geologlcal studxes using well logs and geophysrcal mformatlon

13
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APPENDIX A

Teleseisms recorded by the geopressured-
geothermal microseismic monitoring networks
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DATE

13-Jan-91
23-Jan-91
26-Jan-91
29-Jan-91
03-Feb-91
04-Feb-91
10-Feb-91
14-Feb-91
14-Feb-91
01-Mar-91
05-Mar-91
16-Mar-91
01-Apr-91
01-Apr-91
04-Apr-91
04-Apr-91
05-Apr91
11-Apr-91
22-Apr-91
22-Apr9l
22-Apr91
22-Apr-91
23-Apr91
24-Apr91
30-Apr-91
01-May-91
02-May-91
04-May-91
24-May-91

TIME
(UTC)

22:11:19
01:23:00
00:38:50
05:32:23
04:30:56
16:15:12
12:51:57
23:41:51
16:41:10
17:34:47
13:54:58
06:06:50
05:15:00
07:40:00
03:28:35
19:04:30
04:27:18
08:14:16
22:01:48
22:13:29
22:24:19
22:46:45
06:37:48
19:17:57
02:22:03
07:27:23
07:07:20
03:47:59
20:5%:45

STATIONS

WHP,EFF,GAR JMF
EFF,WHP,HIS

EFF,JMF,WHP HJS,WRD
WHP HIS,EFF,GAR JMF
WHP,HJS

EFF,GAR

WHP .
EFF,GAR,JMF
EFF,GAR,JMF
WHP,HJS, WIS, EFF,GAR,JMF
WHP,HJS

WHP,EFF,GAR

GAR

WHP

WHP HJS,GAR,JMF
EFF,GAR,JMF

WHP HIS,EFF,GAR,JMF
EFF,GAR,JMF

WHP HIS,EFF,GAR,JMF
WHP HJS,EFF,GAR,JMF
WHP,HJS,EFF,GAR JMF
WHP HIJS,EFF,GAR ,JMF
WHP,HIS

WHP HIS,EFF,GARJMF
WHP,HIS,EFF,GAR JMF
EFF,GAR,JMF,WRD,ALP,WHP HJS
WHP,EFF,GAR JMF
EFF,GAR JMF,WHP,HJS
WHP,HIS,WRD,ALP EFF,GAR,JMF

ORIGIN
TIME

22:06:54.8
01:12:30.7
00:19:03.5
05:29:03.6
04:26:36.8
16:12:01.8
12:42:374
16:37:22.5
23:31:21.3
17:30:25.9
13:49:07.7
06:02:10.6
05:03:58.1
07:34:46.4
03:22:58.4
19:00:00.0
04:19:51.4
08:06:05.5

21:56:51.8 .

22:08:31.8
22:19:25.0
22:41:50.6
06:34:06.0
19:13:00.5
02:16:34.0
07:18:42.5
07:01:58.1
03:42:54.9
20:50:55.3

LAT.

11.523N
52017N
3493 N
16.876 N
11.803N
15.638 N
8715N
29.716 N
225588
10.795 N
3284 N
10.192N
22307TN
16229 N
6978 N
37.296 N
596TN
2833N
9.676 N
9.74TN
9.801 N
10.050 N
14039N
9.636 N
6.12TN
62.535N
9320N
9492 N
164838

LONG.

86.591 W
178.857W
102633 W

85532 W

87.12'W

93.287TW

98w
113821 W
112816 W

84.704 W

83330 W

8514TW
107.035 W

98234 W

78155 W
116313 W

77.088 W

128.607E

83.082 W

83641 W

83.601 W

83.100 W

91.667W

83.601 W

82676 W
151.516 W

77398 W

82411 W

70.718 W

REGION

Near coast of Nicaragua
Rat Islands

Southermn Sumatra
Caribbean Sea

Near coast of Nicaragua
Chiapas, Mexico

* Central Mid-Atlantic Ridge

Gulf of California
Easter Island Region
Costa Rica

Off coast Central America
Costa Rica

Off coast Central Mexico
Guerrero, Mexico

South of Panama
Nevada Nuclear Test
Northern Peru
Halmahera

Costa Rica

Costa Rica

Costa Rica

Costa Rica

Guatemala

Costa Rica

South of Panama
Central Alaska

North coast of Columbia
Panama-Costa Rica border
Southern Peru
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DATE

03-Jun-91

10-Jun-91
11-Jun-91
20-Jun-91

" 21-Jun-91

21-Jun-91
22-Jun-91
23-Jun-91
02-Jul-91
02-Jul-91
02-Jul-91
02-Jul-91
05-Jul-91

TIME
(UTC)

05:16:38

17:44:07
05:31:31
05:38:13
04:54:32
06:31:33
00:34:25
21:32:03
04:42:28
05:34:12
19:59:00
20:25:20
04:50:38

STATIONS

WHEP HIS
EFF,GAR,JMF
EFF,GAR,JMF,WHP HIS
EFF,GAR,JMFHIS
WHP,HIS
EFF,GAR,JMF,WHP HIS
WEHP,HIS,EFF,GAR,JMF
WHP,1JS,EFF,GAR,JMF
WHP,HIS
WHP,HIS,EFF,GARJMF
WRD,ALP,WHP,HIJS
WRD,ALP,WHP,HJS
WHP,HIS

ORIGIN
TIME

05:05:15.1
17:35:49.3
05:26:31.2
05:18:51.9
04:50:55.0
06:27:315
00:30:27.2
21:22:30.7
04:38:21.4
05:14:30.2
19:54:30.1
20:20:48.3
04:30:50.4

39980 N
23750 N
8.400N
1L169N
13.088 N
13.297N
23986 N
268208
12737N
11248
11.135N
11171 N
9.646 S

LONG.

74641 W
45356 W
103.041 W
122.762B
894M1W
89.793 W
108491'W
64403 W
88.230 W
99917E
85801 W
85696 W
114597E

REGION

Off coast Central Chile
North Atlantic Ridge
Off coast of Mexico
Minahassa Peninsula
El Salvador

El Salvador

Gulf of California
Argentina

Off coast Central America
Southern Sumatra
Nicaragua

Nicaragua

South of Bali Island
Peru



APPENDIX B

~ List of recorded type Il events



List of recorded type II events; emergent (E) and impulsive (f)
PB = Pleasant Bayou; GMc = Gladys McCall; HU = Hulin

DATE DAY |TIME (UTC)|NETWORK| E| I COMMENTS
01/11/91 {Friday 21:29:00 PB E SONIC?
01/14/91 |Monday 16:45:13 HU E SONIC? PREITY FAST
01/16/91 |Wednesday 21:09:13 HU 1 1 SONIC?
01/16/91 |Wednesday 210959 HU I | SONIC? PART OF 21:09:13.
02/02/91 {Saturday 203223 | PB 1 | sonice
02/03/91 |Sunday 170930 HU E| 1| sonic
03/12/91 |Tuesday 072530 | PB E| 1| sone
03/12/91 |Tuesday 07:4035 HU E | I | SONIC? SAME AS TX
04/13/91 |Saturday 192839 | PB 1| sonic?
05/10/91 |Friday 204027 | PB E|l |sone
05/16/91 |Thurstay |  18:4153 HU 1 | sonic? B,
05/16/91 [Thurslay | 194125 | PB E| | somc? BLasT ECHO?
05/18/81 |Saturday 2205:40 PB E | I { SONIC EVENT?
05/20/81 |Monday 171632 | PB E| | soNe BiG
05/21 /01 |Tuesday 182055 HU Ef 1] sonc
06,/01/81 |Saturday 00:25:19 PB 1 | sonic? VERY BIG.
06/03/91 |Monday 192035 | PB E| | sonic? PREITY Stow.
06/17/81 |Monday 163214 | PB E| | sowc? BG
06/26,/81 |Sunday 1857:45 | PB E| | some
07/11/91 |Thurslay |  06:16:00 HU E| |soNe
07/11/81 |Thwsday |  15:4655 GMe 1 | sonice
07/16/91 |Tuesday 150029 HU E SONIC? PREITY FAST.
07/25/01 |Thurslay | 192556 | PB el | sone
07/30/81 |Tuesday 191725 | B . |E| |soNe
07/31/91 |VWednesday 15:50:23 HU E SONIC? CHECK TX. RR
07/31/91 |Wednesday | 155555 cMc | E| | SoNic? cHECK HU, TX
07/31/91 |Wednesday 16:08:45 PB E SONIC? CHECK RR HU
08/02/91 |Friday 194241 | PB 1 | soNic? stow.
08/03/81 |Saturday 18:1128 | PB E| 1| sovice
08/04/91 |Sunday 15:15:00 PB E| 1 | Several sonic events
08/11/91 {Saturday 12:1656 HU I | VERY BIG. EXPLOSION?
08/14/91 |Wednesday 1531:15 HU 1 | SONIC & Other sonic events.
08/21/91 |Wednesday 09:01:17 PB E | 1 | SONIC & Other sonic events
08/23/81 |Friday 16:10:25 PB I | SONIC? PREITY BIG.
08/26/91 |Monday 232700 PB E SONIC? VERY SLOW.
09/09/91 |Friday 02:56:20 HU E SONIC? PRETTY FAST.
09/25/01 |Wednestay | 212524 | PB 1 | sonic? stow.
10/02/91 |Wednesday 00:02:52 PB I | SONIC, SIOW, IMPULSIVE
10/02/91 |Wednesday 04:02:25 HU 1 | FAST. POSSIBLE EVENT?
10,/05/81 |Saturday 010200 HU E| | sovce
10/18/81 |Friday 00:46:24 HU E| I | SONIC? VERY FAST.
10/19/81 |Saturday 21:19:10 GMc | E SONIC? SLOW.
10/24/91 |Thursday 20:0755 HU E SONIC?
11/07/01 |Thursday | 015433 HU I |-FAST DMPULSIVE
12/03/91 {Tuesday 013724 PB 1 | SONIC? PREITY BIG.
12/03/91 |Tuesday 16:44:26 GMc 1 | SONIC? CHECK HU
12/03/91 |Tuesday 16:46:38 HU 1 | FAST SONIC? FELT?
12/03/91 |Tuesday 20:47:15 PB E SONIC? LOW FREQUENCY.
12/08/91 {Sunday 07:02:12 GMc | E SONIC? CHECK HU
12/08/981 |Sunday 070553 HU E SONIC?
12/15/01 |Sunday 12:10:16 HU I | PLANT EXPLOSION



APPENDIX C

Bench marlg damsheets
for Hulin site, April 1991
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BENCH MARK DATA

U.S. DEPARTMENT OF ENERGY

HULIN
GEOPRESSURE - GEOTHERMAL TEST WELL
VERMILION PARISH , LOUISIANA

BENCH MARK NGS T-1361

DATUM: NGVD 1929

[ | MR. coes

/ []
'RESTAURANT

DATE OF ELEVATION
SURVEY FEET METERS
December 1989 5.271 1.607
April 1991 5.271 1.607
SKETCH:

BROUSSARD ST.

DESCRIPTION:

The mark is located on the east edge of
The station is located
150'+ northwest of the intersection:of Hwy.
No. 14 and Broussard Street, in the back
yard of Mrs. Coes house.

Erath, Louisiana.

R-4-¢

T-12-8§

ROUSSARD ST.

—3°




€0

BENCH MARK DATA
U.S. DEPARTMENT OF ENERGY

ST HULIN |
GEOPRESSURE - GEOTHERMAL TEST WELL

VERMILION PARISH , LOUISIANA

BENCH MARK  ngs

57-Y~83 DATUM: NGVD 1929

FIELD

Y
ﬂﬂ:ﬁ*n(Vﬂkﬁfha~E v

x LS'&14OA'

e’ g EpGE-

;iA.va.Nqsas-—L—

DATE OF: o ELEVATION
SURVEY ' FEET METERS
December 1989 5,723 1,744
April 1991 5.768 1.758
 SKETCH:
] SR
ERATH é " #\ |
H16H - )
SCHOOL &} . x
- FOOTBALL E ) 57-v-83 -
' ' -

DESCRIPTION:

The mark is located 0.58 mile south ‘along
LA Hwy. No. 685 fréom the intersection with
LA Hwy. No. 14 in Erath, Louisiana.  The

station is a concrete monument with cap
projecting 0.3' above ground.

36

R-4-E
35
57-v-83 @
| 7
0
[ +}
o 2
o
=
<
-

T-12-5

T-13-8
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BENCH MARK DATA
U S. DEPARTMENT OF ENERGY
HULIN

GEOPRESSURE - GEOTHERMAL TEST WELL
VERMILION PARISH , LOUISIANA

BENCH MARK Hi=15 DATUM: NGVD 1929
DATE OF ELEVATION
SURVEY FEET METERS

December 1989 _4.534 1.382
April 1991 4,532 1.381
 SKETCH:
\g\ |
x
1 X
T P.P. NO. I3
: 2.6'
= = AN
| w 33.5 _£13A wiTnESS
A HU-I5  LposT

%LA. HWY. NO. 685 —T—

DESCRIPTION:

The mark is located 1.1l miles south along
LA Hwy. No. 685 from the intersection with
LA Hwy. No. 14 in Erath, Louisiana. ‘ The
station is a disk-on top of a 5/8" rod and
set 0.4' below .ground.

R-4-E ”
HU-15
3 2
" T-13-5
0
o
[l ]
0 4 h
-4
<
-l
\IN
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BENCH MARK DATA
U.S. DEPARTMENT OF ENERGY
HULIN

GEOPRESSURE ~ GEOTHERMAL TEST WELL
" VERMILION PARISH , LOUISIANA

BENCH MARK

"_DATUM: NGVD 1929 |

HU-14
DATE OF “ZELEVATION“'
~ SURVEY FEET _METERS
December 1989 5.445 1660
April 1991 5.433 1.656
— T SKETCH+ -
el Hu-14
ok I“J Y WITNESS
. B POST
x |
i I
e
. 9/ .

%LA. HWY. NO, 685

DESCRIPTION:

The mark is located 1. 79 miles south along
LA Hwy. No. 685 from the intersection of
LA Hwy. No. 14 in Erath, Louisiana. “The
station is a cap set on a 5/8" rod and is
0.3' below ground. '

R-4-E
\.
HU-14 }\K
\\ T-13-§
__,ﬂ_;71: N
pd
10 1

LA.NO. 68
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BENCH MARK DATA
U.S. DEPARTMENT OF ENERGY

HULIN

GEOPRESSURE - GEOTHERMAL TEST WELL

VERMILION PARISH , LOUISIANA

BENCH MARK 57-V-81 DATUM: NGVD 1929 ,
DATE OF ELEVATION DESCRIPTION:
SURVEY : FEET METERS The mark is located 2.51 miles south along
LA Hwy. No. 685 from the intersection of
De‘cember 1989 8.342 2.604 LA Hwy. No. 14 in Erath, Louisiana.: The
April 1991 8.518 2.596 station 1s a concrete monument flush with
the ground.
SKETCH:
1 \\ R-4-E
.
WITNESS ‘
& POST 0 57-v-8| P-2-23
w jd . s N
60.3' ) )
ILA‘ \y/\57'V‘8| o T-13-%
. iy 7
ROAD 39.0 z
SIGN RS | 5 g 4
PARRISH ROAD P-2-23 : B : =
<
-

LA. HWY. NO. 685




BENCH MARK DATA
U.S. DEPARTMENT OF ENERGY

- HuLIv

| GEZWQREENQMRM? - GEOTHERMAL 7W557'l¢£l£
1 ‘ VERM/L/O/V PARISH , LOUISIANA
BENCH MARK __ wWu-13 | “’oAruw NGVD 1929 |
DATE OF ELEVATION DESCRIPTION:
SURVEY , FEET ‘METERS » The mark is located"2.68 miles “soutﬁ along
December 1989 - '8.114 : 2.473 LA Hwy. No. 685 from the intersection of
- 2 : LA Hwy. No. 14 in Erath, Louisiana. @ The
April 1991 _8.085 2,464 station is a cap set on a 5/8" rod and is

flush with the ground.

ERATH ———

AR 10

. . “ {4' PR P .

' 1 ITNESS POST

0 n
® [.:]
© (7]
e 5 g
z - . 2
. <
>

> |
-

<

-
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BENCH MARK DATA

U.S. DEPARTMENT OF ENERGY

HULIN

GEOPRESSURE - GEOTHERMAL TEST WELL

VERMILION PARISH , LOUISIANA

BENCH MARK C-4046 ‘DATUM: NGVD 1929 .
DATE OF ELEVATION DESCRIPTION:
SURVEY FEET METERS The mark is located 3.35 miles south along
December 1989 9.038 2.755 LA Hwy. No. 685 from the intersection of
- LA Hwy. No. 14 in Erath, Louisiana. ' The
April 1991 9.003 2.744 station is a 5/8" rod and is 0.1' below
ground. .
SKETCH:
\\&\; R-4-E
‘ J cC-4046 3
x 10 o
o , WITNESS z
= *__ OTAPOST <
W ‘ -1
5.3
i PP. NO. 45 49 T-13-8
- 68 |5
o g:‘ ‘ : E-4046
z 4
> 02
x
T
N j
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BENCH MARK DATA
" U.S. DEPARTMENT OF ENERGY

HULIN

,GEO_PRESSURE - GEOTHERMAL T E;S‘T WELL

VERMILION PARISH , LOUISIANA

bt

BENCH MARK HU-12 =~ . DATUM: NGVD 1929

DATE OF B ELEVATION. .
SURVEY | FEET METERS
December 1989 | ' 6.515 1.986

April 1991 . 6.466 1.971

" ERATH ———ee

LA. HWY. NO. 685 é

. DESCRIPTION:

The mark is located 4.26 miles south along

LA Hwy. No. 685 from the intersection of
LA Hwy. No. 14 in Erath, Louisiana. ' The

station is a disk on a 5/8" rod set flush

with the ground.

22

HU-12

23

27

LA. NO. 685 |

26

T-13-5
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BENCH MARK DATA
U.S. DEPARTMENT OF ENERGY

HULIN |
GEOPRESSURE - GEOTHERMAL TEST WELL
VERMILION PARISH , LOUISIANA

BENCH MARK 57-V-78 DATUM: NGVD 1929
DATE OF ELEVATION DESCRIPTION:
SURVEY FEET METERS The mark is located 4.74 miles south along
LA Hwy. No. 685 from the intersection of LA
Mr 1989 2,228 2.813 Hwy. No. 14 in Erath, Louisiana. The mark
April 1991 9.202 2.805 is a cap on a 5/8" rod set 0.3' underground.
SKETCH:

I

: I

-

«

o« ‘ ,

m . Y]

19.0 L2_A WITNESS POST 22 “ 23
se.7' | PP " '
} . v57_-V-?8 .57-V-78|
‘ \ T-13-8

0

® e

; 27 sl| 28

o z

z <

> x -

>

x "

3N
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 BENCH MARK DATA
U S. DEPARTMENT OF ENERGY
- HULIN

CiEij%ﬁVEEESNUV?tf GEOTHERMAL TEST WELL
o VZZEVMZL/ZWV l%df?[SVV LOUISIANA

BENCH . MARK

1. B=380 DATUMi_NGVD 1929

DATE- OF - . ELEVATION = DESCRIPTION:
SURVEY FEET : METERS - The ‘mark is located 5.14 miles south along
e i LA Hwy. No. 685 from the intersection of LA
December 1989 6,394 -1.949 Hwy. No. 14 in Erath, Louisiana. The station
April 1991v7_ 6.348 : 1.935 is a NGS rod set 0.4' underground.
T SKETCH:
R-4-E ]
< ., S 22 ’ | 23
X B-380
< . = T-13-8
) o 0
0
0 (]
: . 27 o 26
N B z
1 g f;
>
>
x
<
<1
\
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BENCH MARK DATA
U 8. DEPARTMENT OF ENERGY

HULIN .

GEOPRESSURE - GEOTHERMAL TEST WELL
VERMILION PARISH , LOUISIANA

J

é‘LALHWY;NO.SSO

e BOSTON ﬂ\\

LA. HWY. NO. 683

?

BENCH MARK C-4051 DATUM: NGVD 1929
DATE OF ELEVATION
“SURVEY FEET METERS

December 1989 6,359 1.938
April 1991 6.317 1.925
SKETCH:
BRASSEAUXS {
STORE x
O
-
©
W

WITNESS
POST

DESCRIPTION:

The mark is located 5.70 miles south along

LA Hwy. No. 685 from the intersection of

LA Hwy. No. 14 in Erath, and at the intersection
of LA Hwy. No. 330. The station is a concrete
monument flush with the ground. )

1 R-4-E

T-13-8
LA.|NO. 330 (26)

®c_4051

i
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BENCH MARK DATA
U.S. DEPARTMENT OF ENERGY

HULIN

GHEGURHMESSMAHM? GEOTHERMAL TEST WELL
: VERMILION PARISH , LOUISIANA

BENCH MARK

_HU-10

DATUM: NGVD 1929

DATE OF , rELEVATION
SURVEY FEET | = METERS
December 1989 5.628 | 1715
April 1991 5.581 ' 1. 701
SKETCH: S
f‘*;flw FIELD ROAD

" ERATH —— e’

LA. HWY. NO. 885 .

ITNESS :

200't

POST:

LA.NO. P-2-12

DESCRIPTION:

The mark is located 0.43 mile south:along
LA Hwy. No. 685 from intersection of LA
Hwy. No. 330. The station is a cap set on
5/8" rod and is 0.4' below ground.

26 LA .HWY. NO.

T —v T-13-§

330

.HU-IO

LA.|HWY. NO.685
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BENCH MARK DATA
U.S. DEPARTMENT OF ENERGY
HULIN

GEOPRESSURE - GEOTHERMAL TEST WELL
| VERMILION PARISH , LOUISIANA

BENCH MARK HU-9 DATUM: NGVD 1929
DATE OF ELEVATION
SURVEY FEET METERS
December 1989 4,901 1,494
April 1991 4.852 1.479
SKETCH:
»
X
WITNESS POST
Al ;
o 3
w PP NO 49
(0] :]
' 3 89
GAS LINE _ . o
> 0
2 o
I o
< 0o
a2z

DESCRIPTION:

The mark is located 0.84 mile south along
LA Hwy. No. 685 from intersection of LA
Hwy. No. 330. The station is a cap set on
a 5/8" rod and is 0.4' below ground.

P
'
2, b
'
m

HU-9

LA. NO. 685

T-13-8
35




SI-0-

i

" -BENCH MARK DATA

U.S. DEPARTMENT OF ENERGY
- HULIN

BENCH MARK ' Hu-s DATUM: NGVD 1929
DATE OF: ... ELEVATION .=
SURVEY . FEET - METERS

December 1989 1,687 - 0.514

April 1991 1.636 0.499

 SKETCH:

I . *

LA. HWY. NO. 6835

u- ?
rol T g
x 112 v
Q- L2} .
X x x
~
[N Ni . P w .
LA-P-2-29
WITNESS
POST

DESCRIPTION:

GEOPRESSURE - GEOTHERMAL TEST WELL
- VERMILION PARISH , LOUISIANA

The ma:k'is located 1.65 mile south.along
LA Hwy. No. 685 from the intersection of

LA Hwy. No. 330 .at the intersection of

The station is a cap
on a 5/8" rod set 0.5' underground.

Parish Rd. P-2-29,

R-4-E
n
© ,
o : N
oll 35 36
.2 « )
< HU-5
|
[e,]
N
~
2 a ]
|

T-13-8

T-14.5
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BENCH MARK DATA
U S. DEPARTMENT OF ENERGY
HULIN

GEOPRESSURE - GEOTHERMAL TEST WELL
VERMILION PARISH , LOUISIANA

BENCH MARK HU-3

DATUM: NGVD 1929

DATE OF ELEVATION
SURVEY FEET METERS
December 1989 3.347 1.020
April 1991 3.301 1,006
SKETCH:

ERATH ———
\

i;LA.HWY.NO.SQS T

X

DESCRIPTION:

The mark is located 2.13 miles south along
LA Hwy. No. 685 from the intersection of
LA Hwy. No. 330 and at the entrance to the
Willis Hulin Well Site. The station is a
cap on a 5/8" rod set 0.5' underground.

R-4-E
L7
[ ]
© - .
oll 35 36
=z ;
< T-13-58
po | )
T-14-5
WELL
2 SITE I
=
\\nu-a
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- BENCH MARK DATA

U.S. DEPARTMENT OF ENERGY

HULIN

CWEZHQﬁ!iSSZAﬁMF GEOTHERMAL TEH?T'IOQSLL
| VE?WM%LAZN’FHN?/&WV LCNZASAAAhd

BENCH MARK. _

HU-18

_DATUM: NGVD |92‘9;'
DATE. OF ELEVATION ‘
 SURVEY FEET METERS
April 1991 3.945 1.202
~~SKRETCH wwwwMW(w.wkw
. LEVEE _

k,vk>::PAD

‘EATdﬁi
OFFICE- -
. TRAILER

CONC. -

QO WELL -
Brass . . HEAD

:] DISK

DESCRIPTION:

The mark is located at the Willis Hulin
Well Site and is a disk set in a concrete
pad at the south end of the Eaton office

trailer.

R
‘ R-4-E
o
[ 4] X oy
off . SR
sl 35 36
4
g
 -d
WELL
SITE
2 |[r=-- |
:E'
o4
\Hu-18'

AC:

T-13-8

T-t4-8

14
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BENCH MARK DATA
U.S. DEPARTMENT OF ENERGY

HULIN
GEOPRESSURE - GEOTHERMAL TEST WELL
VERMILION PARISH , LOUISIANA

BENCH MARK HU-4 DATUM: NGVD 1929
DATE OF ELEVATION
SURVEY FEET METERS
December 1989 2.309 0.704
April 1991 2.261 0.689
SKETCH:
: | WELL SITE
v} } TOWER
:*i HU-4
I © 8
| SOLAR .
lcoLLecTorR  WiTNESS
{1 POST
\ e e i c— — —— — ——
" LEVEE

DESCRIPTION:

The mark is located 2.13 miles south along
LA Hwy. No. 685 from the intersection of

LA Hwy. No. 330, and the southwest corner
The station
is a cap set on'a 5/8" rod set 0.5' below

of the Willis Hulin Well Site.

ground.

35

LA. HWY. 685

36

T-13-§

T-14-8
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BENCH MARK DATA
U.S. 125734/?71£57V7' OF ENERGY

HULIN

' GEOPRESSURE - GEOTHERMAL TEST WELL
’ _DﬂE7?ﬁlﬂL/CVV PARISH , LOUISIANA

BENCH MARK ___ Hu-1

DATUM: NGVD

1929

DATE OF |  ELEVATION
SURVEY e FEET 0 . _METERS __
December 1989 | 2.055 0.626
April 1991 2,006 ¢ 0.611
SKETCH:
 WELL SITE | {"
i WELL l
HOUSE | |
e 1 }
U™ Je |
/3.‘9 (3) 21 l l
CHU-INe | |
WITNESS )
_——_PosT__ 7
LEVEE R4
~

DESCRIPTION:

The mark is located 2.13 miles south along
LA Hwy. No. 685 from the intersectionof LA

Hwy. No. 330 and in the 'southeast corner of

the Willis Hulin Well Site. The station is
a cap on a 5/8" rod set 0.5' underground.

4
Aln
.-}
[{+]
> '
= ||35 .36
-
< T-13-8
-
T-14-5
WELL
2 SITE :
f-1
*
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BENCH MARK DATA
U.S. DEPARTMENT OF ENERGY

HULIN
GEOPRESSURE - GEOTHERMAL TEST WELL
VERMILION PARISH , LOUISIANA

x
WOOD FENCE

BENCH MARK HU-17 DATUM: NGVD 1929
DATE OF ELEVATION DESCRIPTION:
SURVEY FEET METERS The mark is located 900' northeast of the
) .,
December 1989 . 2.584 0.788 Willis Hulin Well Site. 600"+ west of the
. — corner of the levee and on the south toe.
April 1991 2.533 0.772 The station is a cap on a 5/8" rod and is
0.5' below ground.
SKETCH:
R-4-E
) CANAL T
U FENCE ‘
- X x= 35 36
LEVEE T-13-58
—————————— \
| " T-14.5
| JHutr
-4
| 2 (P !
| L&iL HSLEVEE
| : SITE
| |




BENCH MARK DATA
 U.S. DEPARTMENT OF ENERGY

HULIN

GWEZZF7262252AEUF - GEOTHERMAL 72597’50!§LL
: - VERMILION PAR/SH LOUISIANA ‘

120 -

BENCH MARK HU-8 ' DATUM: NGVD 1929
DATE OF | = ELEVATION DESCRIPTION:
SURVEY < FEET * METERS i . ;
The mark is located 2.200 miles southeast of
December 1989 |- - 2,545 - -] - 0.776 the Willis Hulin Well Site at the corner of
. Lo ; the levees. The station is a cap on a 5/8"
April 1991 NO'VI" RECOVFRFD rod and is 0. 4' below ground.
- - SKETCH:
PASTURE gl— } | -
[ 2]
| R ol g FLOOD b1 , o
R TA‘NAL ft----P GATE off 35| 36
ST —"”"_ o g 13-
vevee - T o 2 =
e T w T-14-5
. ) LEVEE
SEISMIC L - | SWAMP ;ﬁ';:".
STATION® | ; 2 ey [
- - d
/’o" -
Hu-8 | ' | =222 HY-0
I [
SWAMP | | u LEVEE
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BENCH MARK DATA

U.S. DEPARTMENT OF ENERGY

- HULIN

GEOPRESSURE - GEOTHERMAL TEST WELL

VERMILION PARISH , LOUISIANA

BENCH MARK HU-6 DATUM: NGVD 1929 |
DATE OF ELEVATION DESCRIPTION:
SURVEY FEET METERS The mark is located 0.65 mile south'along
LA Hwy. No. 685. Then 0.49 mile east along
IZecirIbr-i;911989 3232 1113'2 Parish Rd. P-2-29., The station is a disk on
pr 3. : a 5/8" rod set 0.5' underground.
SKETCH:
HU-6 57 ] f
of «f N8
HE N

x

I

ép-z-zs - )
. —————LA.NO. 685

% SHELL ROAD

35 36
HU-6 T-13-8

h

T-14.8

LA. NO. 685
n
‘P-2-29 »
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BENCH MARK DATA

U.S. DEPARTMENT OF ENERGY

HULIN
GEOPRESSURE - GEOTHERMAL TEST WELL
VERMILION PARISH , LOUISIANA

BENCH MARK HU=2 - DATUM: NGVD 1929
DATE OF ' ELEVATION
SURVEY . FEET METERS

December 1989 4.442 1.354
April 1991 4.4604 1,342
» - SKETCH:
1 SR R &
x ;p' 37.0' %
% oL __L_______________
w| | |Jasigmu-2  Levee
> o v--o x XY
2a __CANAL ___
z x  WITNESS
" W | POST
g X
- tn

DESCRIPTION:

The mark is located 2.52 miles south along
LA Hwy. No. 685 from the intersection of

LA Hwy. No. 330, and 0.39 mile south of the
entrance road to the Willis Hulin Well Site.
The station is a cap on a 5/8" rod 0.5'
underground.

' Rr-4-€
0
[. )
[{] .
M| EL 36 ‘
= T-13-5
«
-
T-i4-8
WELL
2 SITE |
HH
_L.J
l:nu-z

R« s
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BENCH MARK DATA
U. S. MHMRHWMN'W’EMHMV

| HULIN v
GEOPRESSURE - GEOTHERMAL TEST WELL
VERMILION PARISH , LOUISIANA

BENCH MARK _well Head DATUM: NGVD 929
DATE OF ELEVATION DESCRIPTION:
SURVEY FEET METERS The mark is the top of the western most of
the two most southern bolts on the well head.
December 1983 2. L14 L.539 The ring of bolts are approximately at
April 1991 5.049 1.539 ground level.
SKETCH:
000
9 o]
o o
o o
o (o}
o)

o
j | )
B.M. TOP

OF BOLT




APPENDIX D

Regional maps showing locations

- of wells recorded as baving
- <25° API oil production in the

- Louisiana Office of Conservation
" ‘PARS’ computer data base .
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Figure D-1a. Map of southwest Louisiana showing locations of recorded 0-8° API gravity oil occurrences and geological age trends.
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Figure D-1b. Map of southeast Louisiana showing locations of recorded 0-8° API gravity oil occurrences and geological age trends.
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Figure D-2a. Map of southwest Louisiana showing locations of recorded 8-20° API gravity oil occurrences and geological age trends.
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Figure D-2b. Map of southeast Louisiana showing locations of recorded 8-20° API gravity oil occurrences and geological age trends.
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Figure D-3a. Map of southwest Louisiana showing locations of recorded 20-25° API gravity oil occurrences and geological age trends.
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Figure D-3b. Map of southeast Louisiana showing locations of recorded 20-25° API gravity oil occurrences and geological age trends.
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Figure D-4a. Map of southwest Louisiana showing locations of recorded occurrences of 0¥8>° API gravity oil at shallow depths (<3,001 ft) and
© " geological age trends.
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Figure D-4b. Map of southeast Louisiana showing locations of recorded occurrences of 0-8° API gravity oil and shallow depths (<3,001 ft) and
geological age trends.
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Figure D-5a. Mﬁp of southwest Lonisiana showing locations of recorded occurrences of 8-20° API gravity oil at shallow depth (<3,001 ft) and
geological age trends. :
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Figure D-5b. Map of southeast Louisiana showing locations of recorded occurrences of 8-20° API gravity oil at shallow depth (<3,001 ft) and
geological age trends.
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Figure D-6a. -Map of southwest Louisiana showing locations of recorded occurrences of 20-25° API gravity oil at shallow depth (< 3,001 ft) and
geological age trends.
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Figure D-6b. Map of southeast Louisiana showing locations of recorded occurrences of 20-25° API gravity oil at shallow depth (<3,001 ft) and
geological age trends.



APPENDIX E

Parish maps identifying oil fields
with recorded <25° API gravity production
at less than 3,001 ft depth located in the
Miocene and Frio (Oligocene)
Geopressured-geothermal trend.
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Figure E-1. Map of Calcasieu Parish, Louisiana, showing oil fields with <25° API gravity oil at shallow depths (<3,001 ft) and located in the

Frio geopressured-geothermal trend.
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Figure E-2.
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Map of Cameron Parish, Louisiana, showing oil fields with <25° API gravity oil at shallow depths (<3,001 ft) and located in the
Frio/Miocene geopressured-geothermal trend.
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Figure E-3. Map of Acadia Parish, Louisiana, showing oil fields with <25° API gravity oil at shallow depths (<3,001 ft) and located in the Frio
geopressured-geothermal trend.
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Figure E-4.
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Map of St. Martin Parish, Louisiana, showing oil fields with <25° API gravity oil at shallow depths (<3,001 ft) and located in the
Frio geopressured-geothermal trend.
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Map of Iberia Parish, Louisiana, showing the Iberia oil field wnth <25° API gravity oil at shallow depths (<3,001 ft) and located in
the Miocene geopressured-geothermal trend.
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Figure E-6. Map of Terrebonne Parish, Louisiana, showing the Caillon Island oil field with <25° API gravity oil at shallow depths (<3,001 ft)
and located in the Miocene geopressured-geothermal trend.
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Figure E-7. Map of Lafourche Parish, Louisiana, showing the Golden Meadow field with <25° API gravity oil at shallow depths (<3,001 ft) and
located in the Miocene geopressured-geothermal trend.
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Figure E-8.
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Map of Ibervﬂle Parish, Louisiana, showing oil fields with <25° API gravity oil at shallow depths (<3 001 ft) and located in the
Miocene geopressured-geothermal trend.
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Figure E-9.
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Map of St. Mary Parish and immediate offshore Louisiana showing oil fields with <25° API gravity oil at shallow depths (< 3,001
ft) and located in the Miocene geopressured-geothermal trend.
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Figure E-10.  Map of Plaquemines Parish, Louisiana, showing oil fields with <25° API gravity oil at shallow depths (<3,001 ft) and located in the
Miocene geopressured-geothermal trend.
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