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PREFACE

Duringthe searchfor alternativesourcesof energyin the mid-to late-'70s,Gulfof MexicoBasin
geopressured-geothermalfluids containingdissolvedmethaneemergedas a potentiallyhuge energy
source.Amongthe many unknownsthatrequiredstudybeforeassessmentsof the resource'sviability
couldbe madewasthe environmentalimpactof producinganddisposingof tensof thousandsof barrels
of hotbrineseachdayfroma singlewell, andgroupsof wells, for 20 to 30 years.Concernroseas to
whetherthe stress release in the producingreservoirwould activategrowthfaults to causesurface
displacementand earthquakes.The possiblesubsidenceabovedepletingreservoirswas of particular
concernbecausethemajorityof thereservoirsystemsunderliescoastallowlandswheresubsidencewould
exacerbatean alreadyseriouslandlossproblem.Theeffectson freshgroundwaterof injectingproduced
brineinto sandsat shallowto moderatedepthswas anotherenvironmentalconcern.

Fromthebeginningof the designedtestwellprogramin 1980,productionsites weremonitoredto
cull evidencethat wouldconf'u'mor dismissthe environmentalconcerns.The Departmentof Energy
remainedsupportiveof this criticalelementof the program,realizingthat shouldthe concernshave
credence,developmentof the resourcewouldneedto be highlyconstrained.Seismometerarrayswere
deployedto detect microseismicevents, periodiclevelingsurveyswererunto checksubsidence,and
ground(and surface)water was monitored--activitiescomplementedby historicalstudiesof surface
habitatandelevationchanges.

Results in this concludingyearof the test well programconf'u'medthose of the previousyears,
namelythat the productionanddisposalof largevolumesof geopressured-geothermalbrineshavenot
been accompaniedby earthquakes,movementalong growthfaults, or changes in surfaceelevation
attributabletofluidwithdrawal.Therigorousenvironmentalmonitoringinthis resourceproductiontesting
programhas removedan importantbarrierto utilizationof this thermaland natural-gasresource.Inthe
future, when our energyneeds and the economicsetting make it prudentto develop geopressured-
geothermalenergy, the importantenvironmentalconsiderationswill have beenaccountedfor by the
monitoringprogramthis reportbringsto conclusion.

--C. G. Groat
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MICROEARTHQUAKE MONITORING

by

Chacko J. John



ABSWRACT

The U.S. Departmentof Energy has operated continuous-recording,microearthquakemonitoring
networks at geopressured-geothermaltest well sites since 1980. These microseismic networks were
designed to detect microearthquakesindicativeof fault activationand/orsubsidence thatcan potentially
resultfrom the deep subsurfacewithdrawal andundergrounddisposal of large volumes of brine during
well testing. Seismic networkswere established before the beginning of testing to obtain background
levels of seismicity. Monitoringcontinuedduringtesting andfor some time aftercessationof flow testing
to assess anydelayed microseismicitycausedby the timedependenceof stress migrationwithin theearth.
No flow testinghasbeen done atthe Hulinwell since January1990,andthe PleasantBayou well hasbeen
shut down since September1992. Microseismic monitoringcontinuedat the Hulin and Pleasant Bayou
sites until 31December 1992, at which time both operations were shut down and field sites dismantled.
During 1992, thenetworksrecordedseismic signalsfrom earthquakes,sonicbooms, geophysicalblasting,
thunderstorms, etc. However, as in previous years, no local microseismic activity attributableto
geopressured-geothermalwell testing was recorded.



INTRODUCTION

Geopressured-geothermalwell testing involves the productionof large volumes ( > 10,000 bbl per

day) of brine from deep subsurface goopressuredreservoirs; extractionof the naturalgas (mostly

methane)at the surface;and finally, theundergrounddisposalof the gas-depletedbrine throughdisposal

wells below the freshwater aquifers. Therefore, high-volume, long-term brine production could

theoretically change local subsurfacestress regimes and might result in ground subsidence and fault

activation. The Gulf Coast subsurfaceis characterizedby a large numberof growth faults that display

various amountsof displacements; however, be,_msethis region is generally consideredto be aseismic,

fault displacementsprobablyoccur as a series of small movements, possibly as creep (Stevenson1985).

The principle objective of this DOE-sponsoredseismic monitoringprogram was to sway the possibility

of small, well-testing-induced, magnitudedisplacements (characterized by microseismic activity) that

occur near faults mapped at the geopressured-geothermal test well sites. Continuous microseismic

monitoringnetworkswere in operationduring 1992at the Hulin well site (Vermilion Parish, Louisiana)

andthe Pleasant Bayou site (BrazoriaCounty, Texas). The location of these two sites, as well as those

previouslyestablished anddiscontinued, are shown in figure 1. After short-term flow testing, there was

• no activity atthe Hulinwell duringthe December 1989-January1990period. The long-term flow testing
!

of brine productionatthe Pleasant Bayousite began in May 1988andended in September1992. The well

produced25,290,659 STB of brine, andof 473,110 MCF of separatedgas (EatonOperatingCompany

1992).



Figure 1. Microearthquakenetworklocations: LouisianaandTexas. Only theHulin andPleasantBayounetworkswere in operationduring
1992 (from Stevenson 1991).



NETWORK INSTRUMENTATION AND DATA ACQUISITION

Previousreportsby Stevenson0991)andJensen(1992)give detaileddescriptionsof field stationsand

instrumentation.These reportsprovidedthe informationpresentedhere.

The Hulin and Pleasant Bayou microseismic networks each consisted of four seismographicfield

stations. Locations of each network's field stations are shown in figures 2 and 3, respectively; their

coordinatesaregiven in table I. The Hulin networkhad been in operationsince December1988,while

the PleasantBayou network hadbeen in operationsince October1985.

Seismic signals recorded at each field site within the networkwere transmittedby means of radio

telemetryandphone lines to a central recordinglaboratorylocated in BatonRouge, Louisiana. Field data

were recordedat the _ntral facility in two formats: (!) direct recordingof phone line-transmitteddata

onto a time-coded, programmablemagneticanalog tape recorder; and (2) selective demultiplexingof

individualstations'phonesignals anddaily analysisof the tracings obtainedfromrotatingdrumrecorders.

Any.events of seismic interestwere selectedfor more detailed evaluationandtape playbackfrom these

papertracings. These tracingsalso were scanned daily for any microearthquakes.All such events were

processedto obtainhypocenterlocations using the HYPOELLIPSE(Lahr1986)computeralgorithm, and

magnitudedeterminationwas based on event duration. Because no magnitudescale for the Gulf Coast

exists, the absolutevalues of mmputedmagnitudesare probably not valid;however, they arereasonably

good indicatorsof the relativesize of events (Stevenson 1991). Magnitudescalculated for microseismic

events recorded on both networks show that the events have been small (< 1.5) and were unrelated to

geopreuured-geothermal well testing.
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Figure 2. Map showing locations of the microseismic field stations in the vicinity of the Hulin test well site (from Jensen 1992).
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Table 1. Coordinatesof the field stationsandwell sites for the Hulin, and Pleasant Bayouseismic
monitoring networks(Stevenson 1991, Jensen 1992).

Network Site Name NorthLatitude West Longitude

Hulin
Well 29 51'07.4" 92 01'51.0"
ILIS" 29 50'55.6" 92 01'20.1"
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"

PleasantBayou
Well 29 15'25.5" 92 13'48.4"
DFL 29 10'29.4" 92 16'10.2"
EFF" 29 15'53.4" 92 16'10.2"
GAR 29 20'13.8" 92 18'21.6"
JMF 29 20'00.0" 92 12'06.0"

i i i i i

* Includes a multiplex site



Field Stations

The microseismic networks at both the Hulin and Pleasant Bayou prospectsites consisted of four

vertical componentseismometer (geophone)sites, as well as a multiplex site located beside one of the

geophone sites. Figures 4 and 5 (respectively)show schematic illustrationsof the instrumentationat th_

geophone multiplexsites. The seismometerswere installedin PVC-casedboreholes, typically 20 feet deep

and 6 in. wide; in an exception to this 20 ft depth, the Hulinfield site OVHP)geophone was installed at

I00 ft in a preexistingwell. Geophoneswere sealed in PVC containers to preventthe frequentoccurrence

of salt watercorrosion. Borehole emplacementof seismometersreduced the interferingeffects of surface

culturalnoise. Due to the (much) higher costs for such goophones and the necessity of drilling larger

diameter,deeperholes, horizontal(or three component)seismometers were not used in this project. In

addition to these impediments to horizontal geophones, using the levelling and horizontal instrument

positioning requiredfor accurateearth-motiondetectionwould have caused problems.

Mechanicalresponses to groundmotion thataffected the seismometerwere converted to electrical

signals and transmitted (via cable) to a telemetry instrumentationpackage installed in a protective

enclosure approximatelyfive feet above groundlevel• This telemetrypackage (figure4) containeda 12-

volt marine battery charged by solar panels mounted alongside the enclosure, a voltage regulator, a

transmitterandanotherbox containingan amplifierandvoltage controlled oscillator (VCO). The voltage

regulatormaintaineda steadybatterychargethat also preventedsolarpanelovercharge. Undercontinuous

• cloud cover, the field stationwas able to operatefor approximatelyone week; it couldoperatefor about

four days if the batterywas not charged by the solar panel.

The signals from each field station was transmitted to the central (multiplex) network site via

frequency modulated signals using a very high frequency (VHF) transmitter. The multiplex site had

several antennaeandone receiver for each remote field site (figure 5). A 12-volt, solar-charged marine

battery, similar to that of the field site, providedelectrical power for the multiplex site. The main

9
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function of this set up is to gather all the FM radio signals from the field sites and relay them (through

telephone lines with the aid of a multiplexer)to the centralrecording facility.

Although expensive, this method of data transmission is more economical than long distance

transmission via satellite or radio links. The maindrawback to this system is that the data cannotby

transmitted if the telephone lines are out of service.

Central Recording Facility

A diagrammaticillustrationof the central recordingfacility located in the Howe-RussellGeoscience

Complex of LouisianaStateUniversity at BatonRouge is shown in figure 6. Signals transmittedthrough

telephonelines from each multiplexsite were received atthe central recordingfacility andrecordedusing

both a half inch analog magnetictape and also as papertracingson rotatingdrumrecorders.Both these

recordingsystems were linked to a synchronizedtiming system (recognized by the N_tional Bureauof

Standards)broadcast by radio stationsWWV and WWVB (Jensen 1992). A single, half-inch analog

magnetictapewas able to continuouslyrecordreceived signals for 48 hours. Eachnetwork's multiplexed

datawere recordedon an assignedtrack andthe timecode recordedon anothertapetrack. Discriminators

deciphered the signals and relayed them onto the helicorder drums where a heated stylus traced the

seismic signal onto heat-sensitive paper. The drum completedone rotationeach 15 minutes and each

sheet of paper recordedone day's data. Any microearthquakesrecorded by the networkswere initially

identified by daily scrutiny of the paper records. If the specific time window and stationof origin is

knownadditional evaluationof relevant evenL_can be obtained throughretrievalof this data.

12
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DATA ANALYSIS

Because the microeanhquakemonitoring networks associatedwith these geopressured-geothermal

test wells were the first (and to date the only) continuousseismic monitoringnetworksestablished in the

Gulf Coast Region, a learningprocess duringthe early stages of the programwas necessary to identify

the causes of signals received by the networks. Various origins for the ground motion detected by the

networkseismometersexist. These can bebroadlycategorizedas trueseismic events, or as eithercultural

or naturalnoise. Althoughother types of teleseisms were recordedandmaintained in the files, they were

not evaluated,becausethe focus of this projectwas to monitor micr_quakes. All paperrecordswere

analyzeddaily for microeanhquakeactivity.

Long-termseismic signaturemonitoringhasenabledtheaccurateidentificationof backgroundsignals

due to naturalandculturalnoises. Because most of these monitoringstationswere located nearthe coast,

the instruments recorded many naturalnoise signals caused by thunder and thunderstorms. Storms

punctuated seismic records with continuous noise for a two to three second period (figures 7, 8).

Although this type of noise was mostly filtered out for data analysis, it made initial identificationof

legitimate naturalevents difficult. Culturalnoise includes traffic, sonic booms, geophysical blastingand

explosions. Seismic signatures createdby passing cars, trucks, or trains showed a gradual increase in

vibrationamplitude followed by a decrease afmrthe vehicle passed (figure 7). This patternwas easily

distinguishedfrom naturalevents such as earthquakes,which generallyshow a sharpinitial impulse rather

than a gradual incr_sse in the vibr_on amplitude. Figure 8 shows an example of a seismic signature

from a chemical explosion. Althoughonly a small amountof blast energy travels is transmittedthrough

the earth, blasting producesseismic signaturessimilarto small earthquakes(Jensen 1992). Fortunately,

blastingcanbe easily identifiedbecauseof its regularity, identicalblastsignatures,andtimeof occurrence

(usuallyduringdaylight working hoursas shown in figure 9). Distantteleseisms from aroundthe world

also were recorded by the networks. Figure I0 shows a seismic recordof an earthquake.

14



10 seconds passing vehicle' i....._J

storm oecllrletlons

Figure 7. Typicalseismicsignaturescausedby stormanda passingvehicle(fromJensen1992).
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b) station WHP

Figure8. Examplesof impulsiveseismictracefrom a plasticsplantexplosionon 14 December
1991 recordedby Hulinnetwork.Whitesectiondueto pen movingso fast it didnot
markpaper. Noteslowtraveltime: 4 secondsbetweenstationsonly2.75 km(1.7 mi)
apart.LowerrecordfromstationWHPshowseffectsofapproachingstorm(fromJensen
1992).
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geophyslrAIblsstS
about every 18 seo. 10 seconds

I I

Figure 9. Ulustrationof the seismic signaturefrom geophysical blasting. Each mark indicates a
blast to the right (fromJensen '92).
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first arrival of l_leeelem
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3 lines below (45 rain. later) 10 seconds
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Figure 10. Example of teleseism, a magnitude 7.6 earthquake from Costa Rica on 22 April 1991 (from Jensen 1992).



Apartfromthe culturalnoise signalsdiscussedabove, other seismic signalsrecordedby thenetworks

were classified into two types; as Type I (body wave events) and Type II (surface wave events).

Microearthquakesare classified as Type I events. These are characterizedby P wave (primary

compressional/dilatational)arrival followed by S wave (secondary, shear wave) as well as by surface

wave arrival in some cases. Type I seismic events have P wave velocities ranging from 1.5--6.00

kin/second (5,000 to 20.000 ft) and certain seismic signals typical of microearthquakes. During

1992--1993, only the Pleasant Bayousite conductedgeopressured-geothermalwell testing. No localType

I events (microearthquakes)were recordedby the Pleasant Bayou or the Hulin networkduring this time.

As in previous years, surfacewave signals from Type 11events (whichhave impulsive andemergent

first arrivals)have continued to be recordedon the networks(figure 11). Except in the case of known

explosions, the origins and causesof such Type II events continue to remainunexplained. In the initial

years of this project, it was noted that Type II events were similar to the fundamental mode Raleigh

waves.reportedby Ebinero et al. (1983) in their Texas coastal plain study. Because of their similar

velocities (35 to 70 km/sec or 1,150to 2,495 ft) and frequency ranges,at the presenttime it appearsthat

TypeII eventsare either attributableto leakingenergy from microearthquakeswithin a near-surface,low-

velocity layer, or are dueto acousticaltransmissions(thunder,sonic booms) throughthe air (Stevenson

1991, Jensen 1992). Further, Stevenson(1991) notes that although the Type il events occur on all days

of the week, they most frequentlyoccur duringdaylight hours, on weekdaysrather than weekends, and
i

rarely at nisht. While these Type !I events cannot be attributedto any type of underground earth

movements, they probably occur because of some human-inducedsours. Because they also have

occurredwhen no well testing was being done, these events are unrelatedto geopressured-geothermal

testing activities.

19
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CONCLUSIONS

In 1992, continuousmicroseismicmonitoringcontinuedattheHulinandPleasantBayougeopressure-

geothermalprospect sites; although, well testing was conductedonly at the Pleasant Bayou site. As in

previous years, two maintypes of seismic signals were recordedby the networks--Type I (body wave)

andType II (surfacewave) events. The latterwas furtherclassified into emergentandimpulsive events.

No microearthquake(Type I event) attributableto the geopressured-geothermalwell testing at Pleasant

Bayouwas recordedon the network. However, otherType I events unrelatedto well testing (teleseisms)

as well as Type II events suspected to be of human-induced atmospheric origin--sonic booms,

perhaps--were recorded.

Years of continuousmicroseismic monitoringhas shown no inducedmicroseismicity caused from

potentialfault activation or ground subsidenceresulting from geopressured-geothermal resourcetesting

activities. However, it should be pointed out that (to date)all geopressured-geothermalresourcetesting

at any given time has been limited to only a single test well and single disposal well. Therefore,

conclusions reached as a result of this microseismic monitoring data apply only to this situation.

Environmental concerns with regard to potential fault activation and ground subsidence cannot be

overlooked andmust be monitoredclosely whenever the developmentof an entire field of geopressured-

geothermalwells and disposal wells is being considered.

21
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Dlanne Lindstedt



, I

INTRODUCTION

Subsidence monitoring around the Gladys McCallandPleasantBayougeopressured-geothermalwell

sites continuedduring the reportingperiod froml January 1992 to 31 December 1993. The subsidence

monitoringportionof the studywas designed (within budgetaryconstraints)to determinesubsidencerates

around the test well sites and to comparethem with regional rates of subsidence in order to assess the

effects of subsurfacefluid withdrawal.This reportpresentsthe most recentresults in this ongoing study.

Extraction of large quantitiesof undergroundfluids can affect surface elevation if enough fluidhas

been removed from the area. The resulting compaction in a reservoir can be detected as vertical

movement on the surface. Potential fault reactivationand vertical movement through compactionover

time are basic types of ground movement associated with subsurface subsidence caused by fluid

withdrawal.For example,numerousrecentinternationalstudieson groundwaterandoil andgas extraction

sites indicatethat surface subsidencecan range from 1 nun to 300 mm/yr because of fluid withdrawal

(Emer'jandAubrey 1991)while previousliteraturecontendedthat noticeablesubsidenceabove producing
i

fields is the exception rather than the rule (Geertsma1973).

In southeastTexas surfacesubsidencedue to waterwithdrawal is well documented(Gabrysch1984).

For example, subsidencedue to groundwaterwithdrawalhas been documentedin the Houston area since

1906. Subsidence has been as much as 2.3 m from 1943 to 1975, a period when the volume of

groundwaterwithdrawal increasedsignificantly every year.

For fluid withdrawal from oil and gas reservoirs, some studies in Louisiana show a localized

influence on subsidenceas much as 130 cm above the reservoirs(Suhayda1988). For example, Turner

(1988) reportedthat water level rises at twice the rateof levels measuredon tide gages near the Golden

Meadow field.

Although subsurfacecompactionhas been shown to resultfrom fluid removal, other geological and

ecological processes in south Louisiana are also at work, complicatingour present study. Louisiana's

24



coastal wetlands are being erodedat a rateof about 31 mi2/yr(Dunb_ et al. 1990) primarily becauseof

subsidence, compaction.of deltaic sediment, sea level rise, and human activities (Boesch et al. 1983,

Dunbaret al. 1990, Britsch and Kemp 1990).

Because the geopressured-geothermalwells in this studyare located in areas where land loss rates

are alreadyhigh, local subsidencebecomesmorecriticalasrate increasesdueto additionalinfluencesmay

exacerbatewetland loss in localized areas. Continuous monitoring of bench marks aroundthe well site

will enable detectionof vertical movement of the surface in the immediate area.

PREVIOUS STUDIES

Tide-gage data indicatethat subsidence ranges from 10 to 20 mm/yr in Louisiana(Suhayda 1988,

Ramsey and Penland 1989). Other studies show that sediment accumulates about 5 mm/yr (Suhayda

1988) andsubsidencerates are lower in the chenier plain(from6.3 to 6.95 mmYyr)than in the deltaplain

(from 8.0 to 13.3 mm/yr). With sea level rise about 2.3 mm/yr in the Gulf, subsidence rates are

i estimatedto be from 5.3 to 10.9 mm/yr(Suhayda1988, Ramsey andPenland 1989). Using tide-gagedata<,

with leveling data, Holdahl (1973) determined subsidence rates ranging from 5 to 10 mm/yr in

southwesternLouisiana andsoutheasternTexas. Figure 1 depicts regional subsidence ratesfor the Gulf

Coast area, with southwestern Louisiana and southeasternTexas exhibiting rates from 4 to 5 mm/yr

Ololdthl and Morrison 1974). Anomalouslyhigh subsidence rates (> 5 mm/yr) occur aroundHouston,

Texas, which is northof the PleasantBayou site.

Turner (1988) found the highest ratesof water level rise where sedimentationrates are the highest

and where waterwayconstructionand water managementpractices were the most intense. Conversely,

the lowest rates occurred where the depth to the Pleistocene terrace was the most shallow and where

sedimentation rates were the lowest.

Several factors cause subsidence in south Louisiana: compaction of deltaic sediment, river

diversion, sediment deprivation, groundwaterwithdrawal, hydrocarbonextractionandother petroleum-
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relatedactivities, coastal development, andhumanimpact. The extent to which each factor contributes

currentlyis not quantified, and it may vary among differentgeographical sections of the state such as

river basins or hydrologicunits, where geological factors such as faulting, geomorphology, Pleistocene

depth, sediment age, and hydrologic setting may vary considerably.

Some documentationof subsidence has been attemptedand quantified in south Louisiana. For

example, Davis andRollo (1969) documentedsubsidencedue to groundwaterextractionin Baton Rouge.

Saucier (1963) calculated an annualsubsidencerateof 1.2 mm based on radiocarbondating in the New

Orleansarea. Drainage and landfilling there have caused consolidationof drained peat and underlying

clays, secondarycompression of peat and clay, and oxidation of the drained peat in the New Orleans

area. Using datarecordedsince the 1930s, tide-gagestationsat EugeneIslandandBayouRigaud, Emery

and Aubrey (1991) have reported subsidencerates from 9.6 to 10.5 ram/yr. The data also indicate an

increase in subsidencerate since the 1960s. Studies in Louisianahave shown that landloss occurs at a

rateof 30 to 40 mi2/yr.(Dunbaret al. 1990, Gagliano 1981). Dunbaret al. (1990) andBritsch and Kemp

(1990) acknowledge an increase in land loss rates during the 1970s; however, data that incorporatethe

early 1980s indicatethe rate of loss is decreasing.

Becausesubsidenceandland loss are related and importantin Louisiana,the test well sites for this

studyare located on the more stable chenierplain, where subsidenceandrelatedcoastal erosion rates are

lower than the delta plain. The Hulinsite is located in a transition zone of the northwesternedge of the

oldest delta lobe (the Maringuoin), where Holocene sediment thickness is about 0--5 ft (Fisk 1948).

Pleistocene outcropping begins in this area. In contrast, the Gladys McCall site lies on 15-30 ft of

Holocene deposits 0Fisk1948).

The PleasantBayousite is also located on recentsediment whichis subjectto compaction. Regional

subsidence in the Houston area has been determinedthrough repeated leveling since 1906. High

subsidencerates, approximately70 to 72 mm/yr, are mostly due to groundwaterwithdrawal. However,

in areas where groundwater levels have risen these rates have decreased by 60-90% 0toldahl et al.
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1991). The Holdahl Study also shows that by alteringor controlling fluid-withdrawalvolume, the rate

of subsidencecan be controlled. Subsidencein BrazoriaCounty wherethe test well site is located is far

less pronouncedthan in the Houston area, however the groundwater-withdrawalrates are much lower.

Subsidence here is similar to that in Louisiana, wherecompactionof Holocene sediment occurs.

STUDY SITES

Therearethreegeopressured-geothermalsites in the study:GladysMcCalland Hulinin southwestern

Louisiana, andPleasantBayou in southeasternTexas.

Gladys McCall

The Gladys McCall test well site is located in the coastal zone near the western edge of the

Rockefeller Wildlife Refuge in Cameron Parish, Louisiana (figures 2-5). The Gladys McCall site is

located on the relatively stable chenier plain, which was formed indirectly from deposits of the

Mississippi River. The Holocene sediments there arethin, approximately15-30 fl thick (4.5-6 m) (Fisk!

1948). Because of its origins, the surfacesediment is unstableandsubject to compaction.

Historicalvegetation maps generated by the TechnicalServices section of the Coastal Management

Division in Louisiana's Departmentof NaturalResources indicatethe area is primarily brackishmarsh,

which is boundedby a chenierridgeto the north. Some of the marshnorthof the site has beenconverted

to agriculturalandpastureland.In the area representedin figures 3 and4 about45% is brackishmarsh

and 12% intermediate marsh. Changes in the marshfrom 1956 to 1978 showed a 12% loss of marsh

duringthat period (figure4).

The GladysMcCall te_treservoirproducedover27 million barrelsof brineduringa four-yeartesting

period which ran from September, 1983 throughSeptember, 1987. Brine productionranged from about

5,000 to 30,000 bbl per day. Tests indicatedthat the well can produceapproximately19,000 bbls perday

while maintainingconstantpressure. During testing of the GladysMcCall well, 676.8 mmcf of gas was

produced anda total of 27,318,414 bbls of brine were produced. The well is presently shut in.
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Figure 5. Location of Gladys McCallgeopressured-geothetmalwdl with benchmarklocations.



Pleasant Bayou

The PleasantBayou studyareais located in BrazoriaCounty, Texas. ChocolateBayoumerges intoi

PleasantBayou just north of the test well site (figure 6). The generalarea is prairie grasslands. The

Pleistocene uplandhas a mud and sand substrate, much of which is presently used for agricultureor

pastureland. Along the rivers are areas of wetland,mostly bottomlandhardwoods with fringes of fresh

marsh (Fisher et al. 1972).

Drilling at this test well site began in 1984 andbrine productionoccurred from June L988to July

1992. A total of 25,290,659 bbl of brine and 473,110 MCF of gu was producedduring that period.

Brine-flow ratesranged from 12,500 to 25,000 bbl perday. The well is presentlyshut in.

Huh

The Hulin test well is located in VermilionParish, Louisiana,and is approximatelysix miles south

of Erath, Louisiana (figures 2, 7). The well itself is locatedjust south of the Louisiana coastal zone

on avery thin veneerof oldertlolocene sediment,where surfaceexposureof Pleistoceneprairie

can occur in the peripheryof the Maringouin delta lobe. This sediment was deposited approximately

7,000 years ago during the formationof the Maringouindelta complex. This sediment is thin (0-5 ft or

0-2 m) (Fisk 1948) comparedto the south_ commiregion in Louisiana,where Holocene sediment

is betwua 100 and900/t (30-275 an)thick (KolbandVan Lopik 1958), The older sedimentis relatively

mote stable than the younger deltaic sedhnat and dmeld have lower subsideace rates than that on the

emtem delta plain mainly becmJseof age (they havehad more time to compact)tad thickness (theyare

thinnerthantheemmadrift-pitonsedinmt).

Tee well site is bound by a levee and drainedagricultundfields andpastureland, with freshwater

wetlands withinthe ares. Hisggical vegetationmapsganerated by the TechnicalServices section of the

Cereal ManagementDivision in Louisiana's Dc_gtmeat of NaturalRmource8indicatethe area was all

freehwatermarshduringthe 19508.However,between1956and1978theareawasdrainedand
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convertedto agriculturalfields andputureland, andvirtuallyall of the freshwatermarshin the immediate

areahu been lost to agriculturalandpasturedevelopment.

While long-termtesting of fluid withdrawalatthis site has not occurred, a short-termflow test was

conductedfrom December 1989 to January1990. During this test, 40,163 bbl of brineand 1,246 MCF

of gu were produced(EatonOperatingCo. t990). The well is presentlyshut in.

METHODS

For each studysite in the project, First-Orderleveling networkswere establishedandtied into the

National GeodeticSurvey (NGS) lines using Class B monumentsthat were installedapproximately1 km

apart near the Pleasant ]Bayou, Gladys McCall, and Hulln prospects. Class B refers to the NGS

classificationfor monumentquality.These benchtam'ksconsistof cappedsteel rodsdrivento 100 ft deep

or to refhsM.

Approximmdy every two yearssurveyshave been conductedto monitor the test sites. To determine

local motion, a bench markoutside of the prospectarea is held fixed during two or more surveys.

Becausethereareno"stable"benchmarksintheGulfCoastRegion,elevationsarereferenc4_ltoaNGS

adjustedelevationofadeeprodmarkinthenawork,whichisreferredtoasthebasebenchmarkinthis

study.Analysisonthe_-mark elevationswithr_ surveysinthemmnrorkindicatesmovement

relativeto this fixed point. Ix b mmumd that tall'renal,ubsidmoDdueto crustal movmnmn is affecting

each Mtwork sonmd_ unifommlly since they ate mlativdy small m; therefore, crustal movement

is _ each barn bem_ maskand the networkequally within thesite, andany elevationchanges in

the networkate pt_y duoto local activity.

Alka immlallltlon,_ _ markswere allowedoneyear for slMbilimr_onand thin were leveled

again. The fu_ levMlngsurv_ (19111for OiadysMcCall, 1984 for PleasantBayou, and1989 for Hulin)

servedasthebaselinedataforsubeequ_tyearsof ievdingateachsitefor the durationof theproject.

For eachsite,differmcesin devationwerecalculatedby sulxractingthe presemyearelevations(1992)
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from the baseline year elevations and from the previously surveyed elevations (1990), with one base

bench markheld constantfrom the leveling. Any change in elevationis reflected as a positive (increase

in elevation) or a negative (decrease in elevation) number. A negative value indicates an area where

subsidence is occurringrelative to the base bench mark, anda positive value indicatesuplift rel_uiveto

the base bench mark. Annual subsidence rates have been calculated by dividing the difference in

elevation by the time interval between leveling.

For this study period, First-Order leveling was performed at two sites using procedures and

equipmentidenticalto thatused by NGS for First-OrderClass I leveling. The leveling began at bench

markC-1209 at PleasantBayou and GM-I at Gladys McCall.

Gladys McCall

A bench-markmonitoringnetworkwas establishedatthiswell site in September 1981 beforetesting

begn. Nine moumnents mnsisting of stainless steel rods with aluminum caps were installed along

Highway 82 and aroundthe wellhead. Eight monumentswere installed_icular to Highway 82

along Price Lake Road and the adjoining levee down to the shoreline. Early in the programseven

monuments were installed parallelto the shoreline to monitor shoreline erosion as well as subsidence

(figure 53. However, all of these monumentshave been destroyed duringthe course of the study. All

monummtswege installedaccordingto NationalGeodeticSurvey specification for First-Orderleveling

surveys andtied into the NGS ngwee.

In July, 1992 relevellng of the geodetic networkaroundthe Gladys McCall site mnsisted of 17.7

" Inn (11 miles) of level line. All leveling adhered to NGS proceduresandspecificationsof First-Order

Class 1 leveling. L,velinlgbegan at OM-I (figure53. Duringthis surveybench marksGM-4 andGM-7

were searchedfor but not recovered. The caps for beach marksGM-6 ted GM-8 were missing.
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Differences in elevation were calculatedby subtractingthe presentyearelevations from thebaseline

(1981) elevations and from the previously surveyed elevations (1990), with bench markGM-I held

constantfrom the leveling. Any change in elevation is re/o_ve to GM-I, the base bench mark.

Pleasant Bayou

Twelve Class B monumentswere establishedat thePleasant Bayousite June 1984 (figure6). These

monumentswerealsoinstalledaccordingto NGSspecificationsforFirst-Orderlevelingsurveysandtied

intothe NGS networkon lines#101and#105.

For this reporting period two releveling surveys were conducted in August and September1992

19.41 km (12 miles) of double-runFirst-Orderlevels and2.01 km (1.25 miles) of single-run First-Order

levels were surveyed. For 1993, 19.9 km (12.4 miles) of double-runFirst-Orderlevels and2.0 km (1.2

miles)of sinjle-nm First-Orderlevels were were surveyed durinj the first weekof October. All levelin8

adheredto NGS proceduresand specificationsfor First-ONer, Class I levelinS.

•During thereconnaissancephaseof the 1992survey,alongNGSlevelline#105benchmarkL-1274

wasfound. This benchmark waspreviouslyreporteddestroyedin 1985. BenchmarkBRZ-5 was

confirmedasdestroyedreportedlyby bulldozeractivity. The UnitedStatesCoastandGeodeticSurvey

(USCGS) bench mark BL-26 appearedto have beendimnbed since the concretemonumentwas leaning

to one side. All ather bach mints were recovered.

Differences in devation were observed19a teeth of a millinma. For Ix_ surveys the leveling

bqpm st NGS level line #101 beech markL-1931 andmade a complete loop aroundthe project area.

Elevationsof project beech math are refurencedto the 1979 NGS adjustedelevation of the deep rod

markofC-1209mlzol.

Difference8in devationwere ¢dculntedby submetinjtherecentyear(1992and1993)elevations

fromthebaseline(1984)elevationsandfromthepreviouslysurveyedelevations(1990,1992),withbench
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markC-1209 held constant from the leveling. Any change in elevation is relaz_veto C-1209, the bue

bench mark.

HuUn

A networkof Class B bench markswu establishedaroundeach test site to monitorsubsidence in

the Hulin area (figure 7). The bench marks were set approximatelyone km apart, and concentrated

around the wellhead. This enablesdete_ion of relative vertical movement around the well site andat

specified intervalsfrom the site.

In 1988, 17 Class B monumentswere establishedbetween the NG$ line (T-361) along Highway 14

in Erath and the Hulin well site (figure7). The orientationandnumberof benchmarks were limitedby

cost anddistance from NOS bench marks, which were used to begin the line. All bench markswith the

prefix HU were installedfor this project, while all others are eitherfederal or stateagencybenchmarks.

This site was not releveled duringthis reportingperiod.

_TS

Gladys McCall

Elevation changm for the currentreportiq period and for the durationof the study are presented

in figurm 8-10 andtables 1-4 for the GladysMcCallsite. The originalelevationsfrom each surveyare

presented in table 5. The surveyingteam rqm_ is prwmted in Appmdix A. The most recent leveling

indicate8 that little or no subsidmce has ocan'red in the areafur the last two years, andin fact a slight

uplift is occurringnew the well site (fSgu_ 8). The 8reSmt increasein devation has occurredat the well

itself (19.8 mm)lad in timmmmading m'e8from8.8 to 10.9 nan (table1, figure8). The ten_ change

in devation range8from 4.4 to 5.45 mm/yraroundthe well and9.9 mnt/yrat the well. These ratesseem

to be relativdy consistent within 7,000 feet of the wdl. At batch marksmore that 10,000 feet from the

well, the resultsare more vm_ble, with some areas 8bowingminimalsubsklenceor minimaluplii_ng.
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Table 1. Elevation (in meters)of bench tmdu anddifference in elevation (in ram)in theGladys McCall trea for
1990 lind 1992.

I I II I I I PIll II IIIIIII Illlll I IlJl I I III I

Station Distance 1990 1992 Difference Differeace
(It) (m) (m) (nun) (mm\yr)

I I I II i I I

GM-I* 16,000 2.5972 2.5972 0.0 0.0
GM-2 10,200 1.928.5 1.9348 6.3 3.25
GM-3 13,300 1.1195 1,1229 3.4 1.7
GM-4 13,300 1.1723 -- -- --
GM-$ 11,400 ....
GM-6 11,800 0.9348 0.9373 2.5 1.25
GM-7 12,600 0.5282 -- -- --
GM-8 14,200 0,4072 0.4072 0.0 0.0
GM-9 12,000 0.7602 0.7577 -2.5 -1.25
GM-I8 6,600 1.1677 1.1765 8.8 4.4
GM-19 4,100 0.6419 0.651 9.1 4.51
GM-20 275 0.755 0.7659 10.9 5.45
GM-21 2.q0 1.0083 1.0189 10.6 5.3
GM-23 200 0.3828 0.3935 10.7 5.35
Wdlhmd 0 0.63 0.6498 19.8 9.9

I II l l I llll I I

*Heldmmtmt

Table 2. Elevstioe (in meters)of beach nnrks and diffmmce in elevatioa (in ann) in the Obdys McCall umt for
1981 mid 1992.

I II IIII I

Statioa Distmtco 1981 1992 Diffmmce Di_
(It) (at) (m) (ann) (mm\yr)

I II i Ill |

GM-I* 16,000 2.5972 2.5972 0.0 0.0
0M-2 10,200 1.9312 1.9348 3.6 1.8
GM-3 13,300 1.1183 1.1229 4.6 2.3
GM-4 13,300 1.1713 -- -- --
OM-$ 11,400 0.84119 -- -- --
OM-6 11,S00 0.9482 0.9373 -10.9 -5.45
OH-7 12,600 0.5352 -- -- --
Old4 14,200 0.4121 0.4072 -4.9 -2.45
OM-9 12,000 0,7519 0.7577 5.8 2.9
Gld-18 6°600 1.1738 1.1765 2.7 1.35
O!,1-19 4.100 0.6483 0.651 2.7 1.35
GM-20 275 0.7617 0.7659 4.2 2.1
GM-21 2.q0 1.0147 1.0189 4.2 2.1
01d-23 200 0.3898 0.3935 3.7 1.8,5
Wdlhmd 0 -- 0.6498 -- --

_

ii I iii i ii I ii

* iimld eommmt
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Table 3. Elevationdifferences (in _,,_m)of beachmarksin the Gll_ys McCall ares foretch mlevetin8 fromthe tint
yest (1981).

_ IIIIlU I Ill I I I -- II I II I

t

Station 81/84 81/85 81/87 81/88 81/90 81/92
(nun) (nun) (mm) (mm) (nun) (m,,,)

i ii i i I i i -- lill [ i i Hill

GM-I* 0.0 0.0 0.0 0.0 0.0 0.0
GM-2 0.0 -- -- 3.7 -2.7 3.6
GM-3 -4.3 -4.3 4.3 4 1.2 4.6
GM-4 -3.6 -4.2 -5.1 9.5 1 --
GM-$ -0,6 -3,1 -3.7 t0,3 -- --
GM-6 -1.2 -19.5 -19.2 -6.7 -13.4 -10.9
GM-7 -1.5 4.2 -15.5 -3.3 -7 --
GM-8 -2.4 -3.1 -14.3 -3.4 .4.9 .4.9
GM-9 -1.2 4.2 -1.8 8.9 8.3 5.8
GM-18 -0.9 -- -- 1,2 -6.1 2.7
GM-19 -1.5 -- -- 1.5 -6.4 2.7
GM-20 -0.3 -- -- 4.3 -6,7 4.2
GM-21 0.9 -- -- 4.6 -6.4 4.2
GM-23 1 -- -- 4 -7 3.7
Wdlbmd ......

i i |11 ii iii *Ik.._ I I III _--

• Held comtsat

Table4. Elevationdi_ (inram)ofbm_ markaia theOlsdys McCalltree foreachtwo-ymrlevelia8 period.

I I IIIIIIIIII Illll II I II I I IIII

Station 81184 84/15 Ul87 STIIII 811/90 90/92
(') Cam) C_) (_a) (_) Cam)

_ iiii i i ii i ii i i

I

OM-I* 0.0 0.0 0.0 0.0 0.0 0.0
GM-2 0.0 -- -- -- -6.4 6,3
GM-3 4.3 0.0 0.0 8.3 -2.8 3.4
GM..4 -3.6 .0.6 .0.9, 14.6 .-8.5 --
GM-$ .0.6 -2.5 .0.6 14 -- --
GM-6 -1.2 -18.3 0.3 12.5 -6.7 2.5
0M-7 -1.$ -2.7 -11.3 12.2 -3.7 --
GM4 -2.4 .0.7 -I 1.2 10.91 -I.$ 0.0
GM-9 -1.2 -3.0 2.4 10.7 .0.6 -2.5
GM-18 .0.9 .... 7.3 8.8
OM-19 -I..5 -- -- -- -7.9 9.1
GM-20 .0.3 .... 11.0 10.9
GM-21 0.9 .... 11.0 10.6
GM-23 1 .... 11.0 10.7
Wdlhmd ..... 19.11 19.11

i
i

* ltekl cmslmt
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Table5.Elevation(inmeters)ofbenchmadcsintheOladysMcC.allareafrom1981to1992.
I

Station 1981 1984 1985 1987 1988 1990 1992

(m) (m) (m) (m) (m) (m) (m)
i ii

OM -I* 2.5972 -- -- -- 2.5972 2.5972 2.5972
GM-2 1.9312 1.9312 -- -- 1.9349 1.9285 1.9348
GM-3 1.1183 I.I140 I.I140 1.1140 1.1223 1.1195 1.1229
GM-4 1.1713 1.1677 1.1671 1.1662 1.1808 1.1723 --
GM-$ 0.8489 0.8483 0.8458 0.8452 0.8592 -- --
GM-6 0.9482 0.9470 0.9287 0.9290 0.9415 0.9348 0.9373
GM-7 0.5352 0.$337 0.$310 0.5197 0.$319 0.5282 --
GM-8 0.4121 0.4097 0.4090 0.3978 0.4087 0.4072 0.4072
GM-9 0.7519 0.7507 0.7477 0.7501 0.7608 0.7602 0.7577
GM-I8 1.1738 1.1729 -- -- 1.17$ 1.1677 1.1765
GM-19 0.6483 0,6468 -- -- 0,6498 0.6419 0.6.51
GM-20 0.7617 0.7614 -- -- 0.766 0.7550 0.7659
GM-21 1.0147 -- -- -- 1.0193 1.0083 1.0189
GM-23 0.3898 0.3908 -- -- 0.3938 0.3828 0,3935
Wdllmd -- 0.69S6 -- -- 0.6498 0.6300 0.6498

*Held ematmtt

1"herewere no significant correlationsbetween elevation changeand distancefrom the well for the

reportingperiod.

Figure 9 presents the elevation changes for each reporting _ with rmpectto the first year

(1981). This figure showshow variable the cumulative devation change is with each leveling survey.

It is assunmd that if the alma wero ralativdy stable the pattmm of devation change would be similar.

During the study _, the fluid withdrawal amocinmd with well temtbmgoccurred between 1983 and

1987 didnotseem toaHectthe_ of devation change near the well site. For the bench marks

furthest from the well,devat_ changes seem to be slightly more consisteat (either always subsiding or

always upli/Ung) than those around the well where it appem that upli/tinj occurred during the 1981 /1988

and 1981/1992 inta_al8 whereas subsidence occurred in the 1981/1990 intm_al (table 3).

Over the duration of the project devation changes were recx)rdedfor each two-year period (figure

10, table 4). These data indicate an increase in devation ranging from 8.8 to 19.8 nun between 1990
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and1992atbenchmarkscloseto the well site. Thispa_ernis complaelyoppositeto whatoccurredin

theprevioustwo-yexrperiod. Elevationincreasesrangingfrom2.5 to 3.4 mmoccurredfurtherfromthe

well site with onlyone subsidingbenchmark(GM-9). Duringthe 1988to 1990periodit appearsthat

allbenchmarkssubsidedto somedegree(from-1 to -19.8 mm)(figure10, table4). The benchmarks

closeto the well site generallysubsidedthe most(from-6 to -19.8 mm). Anotherfeatureindicted in

figure10is the apparentuplit_g ochre-ringat the benchmarks_thea fromthewell duringthe 1987

to 1988period.Dataforthis periodwere unavailableforthebenchmarkclosestto the well.

Duringthe Im reporting_dod the surveyorsalso tookgrou measurementsof the benchmarks

relativeto naturalgroundbecausethere was a noticeablechange from when they were installed.

Basically,duringhmUdlationthebenchmarksweredrivento groundlevel or slightlybelowthe natural

surface. Changein devmionof thebenchmarkrelativeto the groundrangedfrom0 to -1.35 lea (mbie

6). This elevationchute is indicativeof surfacesubsidence,probablydueto compactionof mrfa_

sedimmm.All of the me_surmne_were takenst thebeachmarkse.Jouto the well site. Observations

bythe surveyorsindicatedthatlittlechangeoccurredat thebenchmarksfurtherfromthe well site (Cox

1993).

Pbemnt Bs_mJ

ElevSJonchmje8 furthe 19_--1992 and1992-1993reportingperiodsandforthedurationof the

studyareprmemalinfigure 11-14 andtables7-13 forthePlemantBsyousite.Toe orillhmlelevations

fromeachsurveyue prmmt_ intable13.Thesurveyingteemreportfor 1992is prmem_ in Appendix

B and AlqpmlinC for 1993. The leveling indicatmtint little or no subsidencehas occurredat the

within4°000feet from_ well fu_m1990to 1992,tad in factt slightupliftis occurring

nearthere. Inmum in dev8_ in thesurroundingare, hingedfrom1.55to 3.35 nun(table7, figure

11). Theanmmlchsnllein elevationwithinritevicinityof thewallsitenmllmfrom0.78 to 1.67mm/yr,

exceptfor BitZ-2where• decreasein elevsion of -0.4 hasoccurredin thelasttwoyears. At bench
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Table 6. Heights of beach marks with respect to natural ground in the Gladys McCall site in 1992

(heights wwe ze_ or leu than zero when installed).I I I IIIIIIIII

Station Height in 1981 Height in 1992
(It) (It)

i i iiii i i

GM-I 0.0 --
GM-2 0.0 --
GM-3 0.0 --
GM.4 0.0 --
GM-$ 0.0 --
OM-6 0.0 0.0
OM-7 --
GM_ 0.0 0.2
GM-9 0.0 0.0
OM-18 0.0 0.0
OM-19 0.0 0.4
GM-20 -0.3 1.05
GM-21 0.0 0.8"/I
GM-23 0.0 0.6
Wdlhead
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I -10

Figure I1. . Elevatkm changes of beJ_ marks for the recent reporting perk_ (1990-1992) and throughout the whole study (1984-1992) at
the Plmmnt Bayou site relative to C-1209 (held constant). The dimctkm ofnmvement is indicated by positive (uplift) and negative
(mbsMmoe) values. Bench mat_ are arranged in decreasing d_ from the well. There are no data available for BRZ-5 in
1990 and 1992.
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Figure 12. Elevationchanges of benchmarks for the recemreportingperiod (1992-1993) andthroughoutthe whole study (1984-1993) at
thePleasantBayousite relativeto C-1209 0reidconstant).Tlnedirectionof movementis indicatedby positive (uplift)andnegative
(subsMmtce)values. Bench marksare arrangedin decreasingdistance fromthe well. Thereare no dataavailablefor BRZ-5 in
1990 and 1993.
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Table7.Elevation(inmeters)anddifferenceinelevation(inram)ofbenchmarksinthePleasantBayouareafor
1990and1992.

i ii ii i i iiii

Station Distance 1990 1992 Differmce Differmce
(It) (m) (m) (ram) (mm\yr)

C 1209" 21,360 5.86175 5.86175 0.0 0.0
BL 26 18,000 4.63675 4.6492.5 12.5 6.23
L 1274 12,240 4.7689 4.7897 20.8 [0.4
F 752 3,600 5.37835 5.38025 1.9 0.95
BRZ I 123 0.9199 0.92185 1.95 0,98
BP.Z2 1,107 2.1905 2.1901 -0.4 -0.2
BRZ 3 8 3.9457 3.94905 3.35 1.67
BP.Z4 828 4.4534 4.45645 3.05 1.53
BRZ $ 600 destroyed -- -- --
BRZ 6 1,768 4.2884 4.28995 1.55 0.78
BRZ ? 3,360 4.91245 4.91235 -0. I -0.05
BRZ 8 7,840 5.2175 5.21395 -3.$S -1.78
BRZ 9 12,560 4.912.55 4.9046 -7.95 -3.98
BI(Z 10 14,480 5.7038 5.69885 -4.95 -2.48
BP,Z 11 17,200 6.22895 6.2274 -1.$5 -0.78
BRZ 12 19,875 4.96235 4.9664 4.05 2.03
A 1208 22,000 8.44765 8.45145 3.8 1.9
I.-1931 21,200 5.6597 5.67075 11.05 5.53

5.67345 5.65725 -16.2 -8.1

eHold coutut

Td_le 8. Elovslioo (in metmm)and di_ in devstiom (in mum)of beach msdm in the PlmmsntBayouarea for
1992 md 1993.

III I I ii i

Statioa Distance 1992 1993 Di_ Differmce
(It) (m) (In) (nun) (mm_yr)

C 1209* 21,360 5.86175 5.86175 0.0 0.0
BL :26 18,000 4.649_ 4.62960 -19.25 -19.2.5
L 1274 12,240 4.78970 4.Tg(P_ 1.2.5 1.25
P 752 3,600 5.38025 5.37538 4.87 4.87
BRZ 1 123 0.92185 0.94220 20.35 20.35
BItZ 2 1,107 2.19010 2.21280 22.70 22.70
BitZ 3 8 3.94905 3.96970 20.6.5 20.6.5

. BRZ 4 828 4.45645 4.47640 19.95 19.95
BRZ $ -- -- --
BRZ 6 1,768 4.28995 4.31020 20.2.5 20.25
BRZ 7 3,360 4.91235 4.92958 17.23 17.23
BRZ 8 7,840 5.21395 5.22818 14.23 14.23
BKZ 9 12,560 4.90460 4.91348 8.88 8.88
Bi_ 10 14,400 5.69885 5.70766 8.81 8.81
BRZ 11 17,200 6.22740 6.23766 10.26 10.26
BRZ 12 19,875 4.96640 4.97421 7.81 7.81
A 1201 22,000 8.4.5145 8.46021 8.76 8.76
L-1931 21,200 5.67075 5.63787 -32.88 -32.88

5.65725 5.64991 -7.34 07.34
ii i

*Held coasumt
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Table9.Elevation(inmeters)anddifferenceinelevation(inram)ofbenchmarksforthePleasantBayouareafor
1984and1992.ForbenchmarkL-1931,1988isthebaseyea'.

i iiii " i iiii i

Station Diatamm 1984 1992 Di_ Difference

(it) (m) (m) (nun) (mm_yr)
i

C 1209" 21,360 $.86175 5.86175 0.0 0.0
BL 26 18,000 4.67203 4.64925 -22.78 -2.85
L 1274 12,240 4.78423 4.7897 -- --
F 752 3,600 5.3931 5.38025 -12.85 -1.61
BRZ 1 123 0.91328 0.9218.5 8.57 1.07
BRZ 2 1,107 2.1845 2.1901 5.6 0.7
BRZ 3 8 3.94013 3.94905 8.92 1.12
BI?,Z4 828 4.44738 4.45645 9.07 1.13
BRZ $ 600 4.09438 destroyed -- --
BP,Z 6 1,768 4.28288 4.28995 7.07 0.88
BRZ 7 3,360 4.90775 4.91235 4.6 0.58
BRZ 8 7°840 5.21915 5.21395 -$.2 .0.65
BP,Z 9 12,560 4.921 4.9046 -16.4 -2.05
BP,Z 10 14,480 5.70915 5.69885 -10.3 -1.29
BP,Z 11 17,200 6.22985 6.2274 -2.45 -0.3062.5
BP,Z 12 19,875 4.96135 4.9664 5.05 0.63
A 1208 22,000 8.44137 8.45145 10.08 1.26
L-1931 21,200 5.68_75 5.670'75 -11.00 -2.75

5.67538 5.6572.5 -18.1 .4.53
t i i i i

oHoid ccmstl_

Table10. Elevad/oa(in melsr8)sad difTmmJcein elewJtioa(in ram)ofbmch minksfor the PleasantBayoum_sefor
1984 and 1993. Pot bench mink L-1931, 1988 is tin base year.

I I I i iiiiiiii itlll

Statioa Distance 1984 1993 Diffmmce Diffurm_
(fk) (in) (m) (ann) (mm_yr)

ii ii ill ii

C 1209* 21,360 5.86175 5.86175 0.0 0.0
BL 26 18,000 4.67203 4.62960 -42.43 .4.71
L 1274 12,240 4.78423 4.79095 6.72 0.75
P 752 3,600 5.39310 5.37538 -17o72 -1.97
BKZ ! 123 0.91328 0.94220 28.92 3.21
BRZ 2 l,lOT 2.184.50 2.21280 28.3 3.14
BRZ 3 8 3.94013 3.96970 29.57 3.29
BRZ 4 828 4.44738 4.47640 29.02 3.22
BRZ $ 600 4.09438 dmJtroyed -- --
BRZ 6 1,768 4.28288 4.31020 27.32 3.04
BRZ 7 3,360 4.90775 4.92958 21.83 2.43
BRZ 8 7,840 5.21915 5.22818 9.03 1.00
BRZ 9 12,_10 4.92100 4.91348 -7.$2 -0.84
BRZ 10 14,480 5.70915 5.70766 -1.49 .0.17
BRZ 11 17,200 6.22985 6.23766 7.81 0.87
BRZ 12 19,875 4.96135 4.9/421 12.86 1.43
A 1200 22,000 8.44137 8.46021 18.84 2.09
I.-1931 21,200 5.68175 5.63787 -43.88 4.78

5.67538 5.64991 -7.5.4 -5.00
i

t ii

*Hdd ccmsmlt
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Table 1!. Elevation differences (in nun) of beach marksin the PleasantBayoutree for each relevelmj fromthe
firstyear (1984). For beach mink L-1931, i988 is the base year.

I I I I II Jllll I I II IIJ II II I II IIIIII IIII [I I

Stmiou 84/8,5 84/88 84/90 84/92 84/93
Jl i i ]i i i i ii i

o

C 1209'0 -- 0.0 0.0 0.0 0.0
BL 26 -- -16.08 - 35.28 -22.78 .42.43
L 1274 -- 33.54 -15.33 5.47 6.72
F 752 1.58 5.48 -14.75 -12.&5 -17.72
Blq_ 1 5.32 4.85 6.62 8.57 28.92
BRZ 2 6.18 4.63 6.00 5.60 28.30
BRZ 3 5.37 5.65 5.$7 8.92 29.57
BI_ 4 3.77 4.55 6.02 9.07 29.02
BR,Z $ 3.47 4.2.5 -- -- --
RitZ 6 3.87 3.85 5.52 7.07 27.31
BRZ 7 4.58 1.18 4.70 4.60 21.83
BRZ 8 4.81 -1.57 -1.65 -5.20 9.03
BKZ9 2.01 -7.17 4.45 -16.00 -7.52
BRZ 10 4.06 -5.22 -5.35 -10.30 -1.49
BRZ 11 :5.21 -3.02 -0.90 -2.45 7.81
BRZ 12 4.13 -3.42 1.00 $.05 12.86
A 1208 5.99 -5.21 6.28 10.08 18.81
L-1931 -- -- -22.05 -11.00 43.88

-- -1.93 -18.1 2.5.47

iiii Ill I IIIII Illl I I I I

•0Held cmmtmt

Table 12. Elevxtiou difYmm_ (in ram)ofbenchnilrjintinPleammBayou arm for eer,h leveling periocJ.
iiii Bill

Station 84185 85/88 88/90 90/92 92/93
(mm) (am) (am) (mum) (mm)

H t tt |

C 1209" -- -- 0.0 0.0 0.0
BL 26 -- -- -19.20 12.50 -19.6.5
L 1274 -- -- -- 20.80 1.2.5
P 752 -- -- .4.78 13.65 4.87
BIU: 1 5.32 .0.47 1.77 1._ 20.35
BRZ 2 6.18 -1.$$ 1.37 -0.40 22.70
BRZ 3 5.37 0.28 -0.08 3.3.5 20.65
BRZ 4 3.77 0.78 1.47 3.05 19.95

• BRZ $ 3.47 0.78 -- -- --
BRZ 6 3.87 -0.02 1.67 I.$$ 20.25
BRZ 7 4.58 -3.4 3.52 -0.10 17.23
BRZ 8 4.81 ,,6.38 -0.08 -3.$$ 14.23
BRZ 9 2.01 -9.18 -1.28 -7.9_ 8.88
BitZ 10 4.06 -9.28 -0.13 .4.95 8.81
BRZ 11 5.21 4.23 2.12 -1.55 10.26
BRZ 12 4.13 -7.$$ 4.42 4.05 7.81
A 1208 5.99 -11.2 11.49 3.80 8.76
L-1931 -- -- -1.93 -16.20 -32.88

_ -- -22.05 11.05 -7.34

__ Ill I lllll II Illl

*Heldcoumnt
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T_ble 13. Elev_on (in snmoru)of beach mmkJ in tboPhmmnt Bsyou mm From1984 to 1993.
II I _] I1 I I I IT _ I I Hill - IIIII II Ill Ill I I mill I I I

Statkm 1984 1985 1988 1990 1992 1993
(n) (u) (n) (n) (n) (n)

I Ilnl I IIII I I I i ill III II ii

C 1209* 5.86175 -- 5.86175 5.86175 5.86175 5.86175
BL 26 4.67203 -- 4.6.5_YJ 4.63675 4.64925 4.62960
L 1274 4.78423 -- 5.11963 4.76190 4.711970 4.79095
P 752 5.39310 5,39468 5.39858 5.37835 $.31J0_ 5.37538
BRZ 1 0.91328 0.91860 0.91113 0.91990 0.92185 0.94220
BRZ 2 2.18450 2.19068 2.18913 2.19050 2.19010 2.21280
BitZ 3 3.94013 3.94550 3.94578 3,94570 3.94905 3.96970
BRZ 4 4.44738 4.45115 4.45193 4.45340 4.45645 4.47640
BJ_ S 4.09438 4.0978,5 4.09863 dltmyed -- --
BRZ 6 4,28288 4.28675 4.2867:3 4.28840 4.28995 4,31020
BRZ 7 4.90775 4.91233 4.90893 4.91245 4.91235 4.92958
BItZ 8 5.21915 5.22396 $.21758 5.217S0 5.21395 5.22818
BRZ 9 4.92100 4,92301 4.91383 4.912.55 4.90460 4.91348
BRZ 10 5.70915 5.71321 5.70393 5.70380 5.69885 5.70766
BiIZ 11 6.2298,5 6.23506 6.22683 6.22895 6.22740 6.23766
BRZ 12 4.96135 4.96548 4.95793 4.96235 4.96640 4.97421
A 1208 8.44137 8.44736 8.43616 8.44765 8.45145 8,46021
L-1931 5,77430 -- 5.68175 5,65970 5,67075 5.63787
L-1931 5.76962 -- 5.67538 5.67345 5,6572,5 5.64991

I llllllIlll I IIII I IIIllI |llllll I I I II
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marks more than 4,000 feet from the well, the results are variable (figure 11) but mostly exhibit a

decrease in elevation, especially at L-1931 where subsidence of -16.2 nun in the two-year period

occurred. Subsidence at the other bench marksrangedfrom -0.1 to -7.95 nun. At three bench marks

elevation appeared to be rising between 3.8 and 11.05 nun for the two-year period. There was no

significantcorrelationbetween elevation changeanddistancefrom the well.

The 1993 leveling indicates an overall uplift since the 1992 survey. The elevation increase ranged

from7.81 to 22.7 nun, which varies from 1992whenmore than halfof the benchmarks were subsiding.

The only recordedsubsidence for this period was at three bench mar'ks(table 8). Two of these bench

marks (BL26 andL1931) are more than 18,000 feet fromthe well and the bench marks nearestC1209,

which was heldconstant.

Figure 13 and table 11 presentthe elevationchanges for each reportingperiod with respectto the

first year (1984). This figure shows how variable th_ cumulativeelevation change can be with each
M

leveling survey. For benchmarkswhich are nearthe well site, beginning with BRZ-7and ending with

the well site on figure 13, elevation changeappearsto be consistently positive (uplif_g). Most bench

marksfurthestfrom the well site appearto be subsiding, withthe greatestsubsidenceoccurringatL-1931

and BL-26.

Ova' thedurationof theprojectdevationchanlleswererecordedforeachlevdinj period(figure14,

table 12). These results show a 8emnl increue in devadon at benchmarksclose to the well especially

duringthe 1984 to 1985 pmk_ and the 1992 to 1993 perk)d. From 1985to 1988 a minimalincreasein

elevation ommuJ new the well site andsome subsidence(< -2 nan) as well. During two periods, 1985

to 1988 and 1988 to 1990, subsidenceranlltnllfrom -6 to -11 mm occurredfurtherfrom the well site.

An increase in devation occurred between 1990 to 1992 and 1984 to 1985 at four bench marks.
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There was no leveling survey conductedfor this areaduring the studyperiod, andno new dataare

presentedfor this test well site.

DISCUSSION

Data from previous reports indicatethat loading occurs at the sites during site preparationand

drilling, andthen reboundoccurs following completionof the well. Regional subsidenceranges from 1

to 5 mm/yr in louisiana coastalzone and4 mm/yr in the Texas coastal area, andlittle or no increase in

subsidence due to fluid withdrawal has been evident (Ramsey 1989, Stevemon 1991). Stevenson ._lso

reporteda slightuplifkat the wellsitewhencomparingbenchmarkscloseto the siteto outlyingbench

marks. This rqx)rt shows similar results. Besides fluid withdrawalthere are several reasonsthat could

be presented to explain the reportedelevation changes in the study area. The changes may be due to

instrumenterror,humanerror,short- or long-termnaturalproceum, or human-inducedeffects.

One importantlong-tens aspectof subsidence in the area is the effect of regionalcrustalsubsidence

on local subsidence rates. The data on t'egionalcrustal subsidence were last reportedby Hoidahl and

Morrison(1974). W'amconlpar_ regiomd subsidmce rateswith the ratesof this study, it appearsthat

some localsubsidenceratesare higher thanreg_nal rates.Regionalsubsidencein the GladysMcCall area

is about 1.5 to 3 mm/_ (Hoidahl and _rison 1974), and 4 mm/yr for the Pleasant Bayou site.

However, with sea level rise addedto regional subsidence, tin local ratesare only alighdy higher than

the expecmdI to 3 ram/yr.

" For tho 01m_ McCall 8Jta,although elevation chaqas are variablefor each two-year period for

thefast eilhtymn,thanqqNantobeanoverallelevationdropconcemratednearthesitebetween1988

and 1990, followed by a rebound. This is probablynotrelatedto testingsince theelevationdropoccurred

aftra testinliwas stopped, it couldbe a localizedreaction to an um_ated event. These changes in
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elevation, ranging from4 to 10 mm/yr, are small but remainlarger thanthe rateof regionalsubsidence

which is no greaterthan $ nun/yr.
t

The data from the PleasantBayou site are difficult to interpretbecausepast reportshave indicated

uplift in an area where naturalsubsidenceof I to 3.5 mm/yr is expected. However, our datahave been

showing an increase in elevation, or a slightuplift, insteadof subsidencenearthe well site. VernonF.

Meyersaddressedthis problem andpresentedsome interestingobservationsconcerningthe benchmarks

in this studyarea in their most recent report.They conclude that due to the rapidsubsidingrate of the

deep-rod bench mark C-1209, the markused as a reference point in the surveys, the bench marks

surroundingthe well site (BRZ-I through6) appear to have risen about I nun/yr since 1984, when in

fact they have subsidedbut at a slower rate.A completeexplanationis found in AppendixB.

CONCLUSION

Geopressured-geothermalreservoirsiteshavebeenmonitoredsince1981atGladysMcCall,and

since 1984 at PleasantBayou. It is uncertainwhetherthe elevation changes are due to geopressured-

geothermalwell testing activities, or whether they are a reflectionof the local rateof subsidencedue to

natural procmsm or other local or human-inducedactivities. With the present data, it is difficult to

extrapolatethe reasons for the variablesthatcontrol the observedelevation changes.

The previous mdim have indicatedthat loading ocatrs at the sites during site preparationand

drilling, and reboundoccurs following completion of the well. l"ae presentstudy has demonstrated

variable,but small demton changes. However, there is no conclusive evideace indicling that regional

and load substdmm rlm have been significantly alteredduoto fluid witlulrawalduringgeopressured-

geethemdwentmiq.
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GEOLOGICAL NOTE

As was discussed in detail in an earlier pre-drilling report (John 1991) for the British Gas
t

explorationwell, this well was drilled to a coraldepth of 21,197 ft and is located approximately4,000

ft. NNE of the DOE/SuperiorHulin well (figure 1). Data fromthis well, obtainedthroughthe courtesy

of EatonOperatingCompany,Houston, includeda paleontologicalanalysis (appendixD) velocity survey

summary (appendix E), induction-sonicelectric log, diameterlog, and a papercopy of a seismic line

approximately2 1/4 llne mile length (PI-502). As reportedin the quarterlyreport for the last quarterof

1991, this line is similar to line TL4 (figure 1), which was purchasedearlierand used for makingthe

Hulin seismic structuremapandhence did not changeany interpretationspresented in the 1991 report.

Figure2 shows a stratigraphicmmperison of thegeneticsandsectionfound in theBritishGaswell,

which is equivalent to that tested in the DOE/Superior Hulin well. The British Gas well section is

approximately7.50ft struculrallylower than its position in the Hulin well. Though thegross thie_nms

of the main sandsection in boththe wells is aboutthe same, the top portionof the BritishGas well sand

is thickerthan in the Hulinwell andrepreeemthe thicker sandstowardsthe centralpartof thedepositing

channel. Further,the sandsection in the BritishGaswell appearsshalier withbetterdefinedshale breaks

thanthat seen in the DOF,/SuperiorHulin well. Howev_, this may be beuumeof the betterresolution

obtainedthroughuse of improvedlogging tools in 1991 at the British(]Is well, conqmredto those used

in 1978to Io8 the DOE/Supa_r Hulia well. Palmemlogic damindkate tim the ale of sandsections in

the two wells ate of Loww Middle to Lower Miocene based on the occurrence of DISCORBIS

- BOLIVARBNSlS, a _ micmfoun used for loud amelmiom in this area; in addition,the

sands were dqmttal tn the inner mgific paleoeavimmmg, dunctetqsu'c of (delta-fringe) shelf

mvimnmeats.

As stat_ in the 1991mlmrt,resional studies indicateOutthe8eopreuured-geothermalsandsection

temtedin theDOl_SuperiorHulinwell repremm dip-do_ can3s_nsandstone_im. Further,thesand
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section also couldrepresentan unstableshelf deltawhereinthe sandswere depositedon a subsidingshelf;

this wouldaccount for the greatthickness of the genetic sandsection. The DOE/SuperiorHulin andthe

BritishGas wells were drilled on the basisof this depositionalenvironmentalmodel. Paleoenvironmental

analysis obtained from the British Gas well indicates this model is the more likely depositional

environmentfor the geopressured-geothermalequivalentsand sectionsseen in the two wells.



Filum I. Seismic mco_ rasp of die Hulin proqmx conlm_r_lst the lop of the Impressurod
li_ sandsection _ in tlw DOE/SuI_ Hulinwdl (modifiedfrom mapby
Don Stevmson [John1991]). Velocity surveyforthe HulinWdl is prmmt_ in appendix
F.
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Fillure 2. ,emldigraphic comparison of electric logs from the DOE iI_..llmlbemmal test well drilled in 1978 to the British Gas
F.xplmadoa America, Inc., well drilled in 1991; the GPlGT mid sa:tim tested in the DOE test well is shalier, thicker, and
ma.uamrelly lower in the Briti"_ Gas well.
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APPENDIX A



.. PREFACE TO
t

GLADY'S McCALL GEOPRESSURE-GEOTHERMAL TEST WELL SITE

FIRST ORDER RE-LEVELING

The purpose of this survey was to re-level through and establish
elevations _or existing bench marks along LA Hwy #82t and along the
western side of the Rockefeller Wildlife Refuge, and into the well
site.

I The re-leveling was performed in July 1992_ and was accomplished
utilizing procedures and equipment identical to that used by the
National Geodetic Survey for their First Order Class I Leveling.

I The re-leveling began on Bench Mark GM-I and the elevation

established in 1981 was used for this survey. The caps are missing
from Bench Marks GM-6 and GM-8. Bench Mark GM-22 was destroyed in
1988. Bench Mark GM-5 was destroyed in 1990. Bench Marks GM-4 and
GM-7 were searched forj but not recovered.

I "Page I and page 2 shows the results of the re-leveling. Page 3 is
a Location Map which shows the approximate location of all bench
marks established in 1981j 1985 and 1987.

Pages 4 through 7 contain the recovery data and description for
each bench mark and the elevations established from this te-

l leveling.

I p
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ram, ram, rim,Hiram

GLRDY$ Mc CALL
GEOPRESSURE-(;EOTHERMAL TEST WELL SITE

FIRST ORDER LEVELING

STATION PUBLISHED .I) I FFERE ICE I N I_ .[¥.AT I ON ( B . [ • ) , LENGTH ALLOWABLE ACTUM. ELEVATION
ELEVAIION USCLGS FORWARD |ACKIIAII0 MEAA OF SECTION ERROR IN ElUlOII IN FROM THISII

.-.--, 8. 521

GId- I • 1.0792 -I 0835 * I 0813 1.646 0.013 0.004-- -- " -- - 9. 602

S-213 9.580 T -3 2543 *3.2543 -3.2543 I. 123 0 010 0.000• 6. 348
GM- 2 - O. 554

,_2.6919 - 2.6957 +-2.69_8 0.637 0.008 0.004 9. 042
T- 213 9. 026

-3.554 -3.5189 ,3.5Z38 -3.5213 i. 451 0.012 0.005 5.521
TT- 186 6. 472

-0.111 -0.1243 .,0.1212 -0.1228 1.889 0.013 0.003• _ 5. 398
+f _ -- O. 864 O. 009 0.000

.._ -I.713Z ,I.7134 -I.7133 3.684

GId- 3 "-'_-0 6075 ,0.6105 -0.6090 2.912 0.017 0.003 ,- -- 3. 075

GId- 6 -- -I.7430 * 1.7350 - 1.7390 1.900 -- 0.014 0.008 I . 336

M.__._]__..B.___ *1 1531 -I |452 +1 1492 1.57'2 0.012 0.008__ " " " 2. 486

GM- 9

......

• _..._
__ .__....-.--.am--.-.

_-'_ _

_-- _e-fT iv

• - CLOSURE C/IIIEAIA FOR FIRST OLDER .EVELS JACK R. RAGLAND, RLS
•eoe - NEll BENCH MARK ESTABLISHED BY FHIS SURVEY As_oomo. _LC.
ALL OATA SHOWN UNLESS NOTED IS EXPRESSEO iN U.S. SURVEY FEET DATE: JULY, 1992 -"--'----- PAGE



GLROY.S McCRLL
GEOPRESSURE-GEOTHERMAL TEST WELL SI'FE

FIRST ORDER LEVELING

STATION PUBLISHED D, I F F E R E N C E I H E l E V A 1' I 0 N I O . E . } LENGTH ALLOWABLE ACTUAL ELEVATION
TO ELEVATION USC&GS FORWARD BACKWARD MEAN OF SECTION ERROR IN ERROR IN FROM THIS

STAtiON I USC&GS I O.E. RUN BUN D.E. t KILONETEIIS I SECTION SE_[ #gH L_y. _ I HE; ._GM- 2 6. 348

-2.4867 *2.4890 -2.4879 1.106 0.010 " 0.002

GM - 18 3 -*860,,,,

- # . 7260, * I. 7229 - I . 7245 O. 952 O. 009 O. 003
GM- 19 2. 136

• *0. 3801 -0.3747 +0.3774 I .456 O. 012 0.005

GM-20 2.513

• 0.83()7 -0.8300 .0.8304 0.083 0.003 0.0007

GM- 21 3. 343

-2.0531 .2.0527 - 2.0529 0.116 0.003 0.0004

GM- 23 I. 29 I

• 0.8413 -0.8408 .0.8410 0.080 0.003 0.0005

WELLHERO Z. 13Z

• - CLOSURE CRITERIA FOB FIRST OROER LEVELS smevlv ev

coo ,, NEE BENCH MARl( ESTABLISHED BY THIS SURVEY JACK R. RAGLAND, HLS

ALL DATA SH01_I UNLES.S NOTED IS (XPRE ,SSIED IN ,U..S. SURVIE,Y FEET DATEs JULY, ICJ_. -sin[BOnD...r_
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BENCH MARK DATA BENCH MARK DATA
U.$. DEPARTMENTOF ENERGY U.$. DEPARTMENTOF ENERGY

6LADY• McCALL GLADYS McCALL
6EOPRESSURE - eEOTHERMAI. TEST WELL 6EOPRESSURE - 6EOTHERMAI. TEST WELl.

_AMERON PARISH, LOUISIANA C_41M£RONPARISH, LOUISIANA

BENCHMARK _-_ DATUM, NRVD 1989 BENCHMARK GH-S DATUM,NBVD 1929

RAT( OF ELEVATION DEI_IPTIAm0 VJc|e|tT - Camrim Parish DATE OF ELEVATION DEECANIPTION0 V|clllt_ ° CammrmlPsrl•b

SURVEY" FEET MLrIITRil Im UIOen•t 8dge and moat tbe Berth qusrtar SURVEY FEET METERS b tho •st g_le. and enar the sovUmutcorner of Sic•IN /_S. II-S-il. 1-1S.5.
SepUmbert 11181 2.311S B.MN of Section IZS. E-S-If. I-IS-S. _t.d-_. IMI L-Ill 0.9482
_, |9IN |,;B) 0dp483 lo reach fro., tho urtlemst corner of the JuN_ 1904 ].1o7 0.N10 To r_eck frem the NrUnmt corer of toeItoclutfelier Vlldilfo kfego, end LA WE. p
December. lIES Z./1S D.MS8 Iluskefeilor Iflldllfo Itefuje, ml LA 182 December. INS 3.O41 0.JZ87 sogtk iIoig tho mist bolmdlry road

•eeth i|q the Meet b4Ni_ry rood

MI IN; 2.773 0.04S2 1.1 nile• to • tmmnot, oil U_ staLiN am -_L 3.040 _.g_?o 1.8S miles to the Italia u tim loft.

Imuber n IH8 2.01g O.IBSR tim |elL. Nether n |988 3.08J 0.941S ThemmmmentIs • stainless •toni rod driven

lBe mmment Is • stolnleos steel red driven Jut,. 119o ) 067 0.9_1 to refusal. I depth of 80'..Ilk an 81unlmm' cap steepedL.S.U. OH, GR-6. IHI. end set In
.. to refusal. • deptk of N'. wltk in July, 1992 3.075 O.gY/3 • 4" PlPCpipe 0.3' below grmm4.

0 elmlmm cap •limped L.S.B. OHGH-S. 1981.
and set I,_ • 4" IWCpipe 0.3' kel_ ..... _d. ThestoLlen Is located ll.800° • from tho

I Giid/s It.ll Btll Sit4 In utemtb lql3o.
IBe Itotkmm I_ located 11,400' s,ctlah

IE¢SV[R[8 JUNE. 1914
--. J_CI_EJ_O _.J_[2e t_S J Ze J -- IIflTe(JJ |Ci_ ll••iqe ShOt Oil tSp Of" rod)

I : ,,.Econ.(o_..,,i I _ I .[co_,[9_.t. iml
[ • S[CO_R[ONO_l_lt. IN [ "_ I • I {Capnis•Jq, shot I top of rod). I __: i.'- .[co_..m.=.. ,g.
I .. --"-''. '- I ::";%"- "*" " °'

" JAO( II. _. •LS JAOKR. ItJ_,_J_. III,SASH•COl•Be NOII|n CAROLINA lU_OOVUUm JULY. |992 ASH(lOaD, NOIIH ¢iltOLili

BENCH MARK DATA BENCH MARK DATA
u.S. OEPAIrrMEiVrOF EiVEIt_Y U.S. OEP,_nr_Elvr OF ENEROr :

_LADYS McCALL _LADYS McCALL
6EOPRESSURE - GEOTHERMAL TEST WELL 6EOPRESSUnE- GEOTHERMAL rEST WELL

CaAMERON PARISH, LOUISIANA CAMi_ERONPARISH, LOUISIANA

BENCH MARK I_ 1 DATUM, NBVO let9 BENCHMARK Glt-8 DATUM, NBVD 1929

DATE OF ELEVATION DESCRIPTIO_, Vlclolt/ - Camermlhrlsb DATE OF ELEVATION DESCRIPTION, YJclnlt]r - CameronParish

SURVEY ,, FEET METERS . 0e the etst Ndgoend umlr _ centre"of SURVEY FEET METERS In the northeast ¢OrlWr of Sectlco l.

_,e*J_er. 198t 1.7SS O.S3SZ Section I3S. t-S-R, I*iS-S. September, IN! 1.3SZ O.4121 R-S-N. T*IS-S.
_=_.._ lgll4 i.7SI O.S337 So rench frm the nortklest cq_ler of tho _ lSm4 1.344 0.4097 . 1o reich frem tke nortlwest corner of the"" - - .... - Aockefoller VlJdllfe Refuge, and
Oecuuhor. I_IS I./AZ O.S3lO 2ockefeller Mlldllfe Aelugo. endLAMZ. Oecaber_ INS I.MZ 0.4090 LA 182, go southeinog the mt bounder/

June, JR07 i.70S O.Slgl go •entk along tin Nit Immd.lry.r_lhd _,m. Jgipl J,:_QS 0.397g reid 3.05 miles to • tvrn By•, end the_ ,, . "Z.4 miles to the •tailor ea tie lift ...... station _m the rigkt.

hov_md_'e19111 1./4S O.S3lg I_.ml_er. 1_88 1.341 0.4087TheemmmentIs • stainless steelrod
JeLl, 1990 1.733 • 5282 driven to re|es•i, • depth of 8S'. vlth July. 1990 1.336 •.4072 1he incrementIs I stainless steel rod driven" to • depth of ]00". with an Jimlnue cap

en alNImm cep stamq_dLSU91q_GN-7-1981. _kdy, jgs2 1.]1)6 0,4nn " staq_ed L.S.0. I_q-G_8-tggl. end set In •
and set in a 4° PVCpipe 0.3' belov ground. 4" _ pipe 0.03' belw ground.

Tbe statlo_ IS located 12.W0' • from the The station Is IocateC 14.200' * fron the

raTa.Us " _ U [ _CO_0 KCi_[l_. ]BSSI • I -..9 Pusv [ o

0111top of rod)
(C_pmll•lq, •bet en top oil' rod} _ i__l._o'...0

.. t •. eEoc•EniDmV[mlS.Im .., 6 I J {cap milling, Shotento9ofrod)

J _ ,[ _" (Cap .lsstog. shot en top of rod) _" ,.,,,,, l=!'"
POST Itel_q_lU_ JI_T. 19_O SUav[v 8_

SUn•IT gl_ U JAr_ It. P,_GiJU_,RLS• LrCOVcaEDJUI.T, 1914 _ e. R/V_K,IUIO,_ ASHEeonoNORTH_OLO_'*Jl_'TIIIq_IT, I) u*1,N,Y, ll_)]e _•ooNo NOIITN CAiOLIN& J_l_l[_Rl_ _LT. 19S2 •
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BENCH MARK DATA
BENCH MARK DATA

u. s. DEPARtMENtOF _NERSY U.S. DEPARTMENTor ENER_r
SLADYS McCALL WLADY$ McCALL

SEOPRESSURE- WEOTNERa_4LTESTWElL SEOPRES_rURE- SEOYWERMAL TEST WEll.
P31RISN , LOUISIANA CAMERON PARIS# • LOUISIANA

af_ MADE m-l! DATUM.Nero IGD BENCNMARK EN-D DATUM.NGVD 19n

GATE OF EL[VAT|ON OESCNIPllOme Vlctoity - Cammmehrlsh BATE OF ELEVATION DE$CRIPTmll, Vicinity * Cleroa PerishBear tim c_mter of Settler |_, |-S-H, SURVEY FEET M[TEG$ her the center of Decrier U;, I-S-i,

SURVEY FEET M/TED I-IS-S. S_tmher e Ifll 1.27g 0.iNS T- IS-S.
__-*--'_-:-. lent • _ 1_OI47 11 _ from tho 1114n's4_tlenof the p|Nk .Ira. sin |.N_ G.31N To roack frommthe Intersectlee of the pied• md to the Gladyl HcG)II Veil Site. and
_--. am4 L]32 |JIM reed tl Ill Gid/s I_CaI| kli Site, so4 briber n |t |.M2 !.3t]1 LA 18Z, go soutk L0 altos t• the nil site,
levenber, iN8 3.344 I.OIH LA lil2_ go scull o|_; tim plalk red

I.G milqls _. _ emil site. and she steEleR Jtih IHIO 1.156 .O._U sod the station In the souUmlst corner •f the
Jullr. I•SO ).]GO I.ON$ te tin amrumust corse" of the protectiea I.)H O.]_lS protactioe levee ones the well site.

Jul,, ilPJ_ _.)43 I.mN levee oroved thu viii site. _ul T. ill0_ . lke enmmmentis • stainless steel roe driven
111emllmlt Is • stelolus SteOI rod - to r_lusll, i dloptkof il', odth on elilei
dr|t to refuso|, a 4eptl ef _, Msh cap steoped L.S.U. iI-GH-lZ-IHI. _d set
amelilmm cap shaped L.S.I. IN4H-ZI . _ In I 4" _ pipe flush wish the Inld.
INt. end sot tam• 4" PV¢pipe flush vitk 1he station Is located tMO'_ soulheest of
tle OnUd. the emil kea4.

...,,_._ !ii .__.,.
WI[LL el|[ I[COV[IED IOVI[HKII. IN8

BEC0VEIEB,ME, |984 Puum pal
Wffli(U Ill0Olfl[H[D Jlfl.TI 19110

soovsclum ,- _ .... "-_ llCOV[In 10Drama |su

LfVIi ) _ JILT, Ifle BEOt_RID JUL_ 19H
I /

"""'"' I '-" ""PLAne Pal &MX |. PJ_J_D, B_S LSV_ _V_ |. RAGU_D.BLSASN[IOilO, NOelN CAROLINA

I adm(iove. Ira.'. r.JulC_I.A ,!

BENCH MARK DATA
U. ,,9. DEPARTMENT OF ENEReY

GLADYS McCALL
6EOPRESSURE - CEOTWERMAL TEST WELL

CA_ERO_ PARI_ , LOUISI_A

GENCll MARK kl I _d DATUM. NGVG IGEI

i DATE OF ELEVATION DLSCRIPTION*Vicinity CenerenParish

i SURVEY FEET METERS Heir she c_tor ef Sectlee /27, l-S4o T-IS*S.
, Ju_ 1984 L2E 0.EsrA lo roKIm fru the ioter,ctien of the Plank

I b_d to the Gledys HcClll lell Site, end
IHO 0.14_

U IH, P murk LO miles te kheemil site.

J.l;, IlN I.N; O.l]O0
" ! _v. t_n z.is_ . o.84so Top of belt en mtk, soutlmest side of veilhelm Jilt lilt If Ill first villi Ilmvo lrlmmd

I " en sentk side or veil head.

_COW_D H0V_gEA, ]HI8

JILT, !190

BCOgR_ _E.Y, 1112

WELL •ITI

IUev|Y OY
mACKL PJV_J_O,H.S

i ASNlOOliO, lIOll|ll ¢IIIOLINA
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PLEASANT BAYOU GEOTHERMAL WELL SITE

BRAZORIA COUNTY, TEXAS
SUBSIDENCE MONITORING PROJECT

REPORT

Prepared by: Vernon F. Meyer & Assoc., Inc.
October 12, 1992

d

Burpose

To conduct the re-leveling of the Pleasant Bayou Well Site as part
of an ongoing environmental monitoring program. First Order, Class
I leveling is performed to monitor subsidence of previously
installed benchmarks established by the National Geodetic Survey
(NGS) and Vernon F. Meyer & Associates (VFM) in the area of the
Pleasant Bayou geopressured test well.

Mothods

Reconnaissance VFM's leveling crew traveled to Alvin, Texas on
Tuesday August 18, 1992. Reconnaissance was performed the following
day. During the reconnaissance, the NGS level line #105 benchmark
L-1274 was found. Th_4r--b_nchmark was previously reported as
destroyed. Benchmark_ E-75/2 and BRZ-5 were confirmed as being
destroyed. The United_tes Coast & Geodetic Survey (USC&GS)
benchmark BL-26 appeared to have been disturbed as the concrete
monument was leaning to one side. All other reference benchmarks
were recovered in excellent condition.

Equipment The field crew consisted of four men: a recorder, an
instrumentman, and two rodmen/pacers. Differences in elevation were
observed with a Wild NA2 automatic geodetic level (S/N 437047)
fitted with a parallel plate optical micrometer. One set of Kern
one-centimeter double scale matched leveling rods were utilized for
the leveling task. The double scales aid in detecting "blunders" in
observation. Rod readings were observed to the tenth of a
millimeter. A Hewlett Packard "HP-97" programmable printing
calculator was used to record the observations. The program used
by the HP-97 insures that the strict tolerances of first order
leveling are met.

ProQedures Re-leveling of the project site was performed under
the same methods as performed by previous re-leveling surveys.
Leveling observations proceeded by running forward and backward
between sets of benchmarks. This forward and backward running is
termed a "double-run" and constitutes one "section" of a complete
level line. Each section must meet a closure tolerance as specified
by NGS and is compared to the difference between the forward and
backward elevation differences in a section. After all sections

have been run and have met section closure specifications, the
entire level line or loop is evaluated for closure. Evaluation of
the level observations are based upon the average difference in
elevation between the forward and backward runs of each section.



Observing procedures are such that systematic errors are kept to a
minimum and blunders are detected. Individual backsight and

foresight distances are physically measured to insure balanced
sight lengths. The principle of balancing sight lengths cancels
the effects of earth curvature and atmospheric refraction (air-

glass-air) errors and error in collimation of the level (line of
sight not perpendicular to the vertical axis of the level).
Collimation errors (C-factor) are applied to the imbalance of the
backsight-foresight distances upon completion of a level line.

Chronology Leveling observations began August 19, 1992 and
continued through September 19, 1992. Due to Hurricane Andrew
threatening the Louisiana coast and the leveling crewmen's homes,
the field party demobilized to Louisiana August 25, 1992. The
leveling party returned to Liverpool, Texas September 16, 1992 and
completed all observations September 19, 1992.

The leveling operation commenced from the NGS level line #I01
benchmark LIVERPOOL 1931. Level sections were run southwesterly

along County Road 171 and included sections to and between
benchmarks LIVERPOOL RM 4, LIVERPOOL RM 2 and C-1209. Leveling then
proceeded southeasterly along County Road 203 tieing to benchmarks
BL-26, L-1274, E-752(Spike 1990), F-752 and crossing Chocolate
Bayou to BRZ-I at the well site. A spur line was made to BRZ-2 and
the required double-run was observed (NOAA p. 3-51). A single-run
loop was observed around the well site to benchmarks BRZ-I, BRZ-3,
BRZ-4, and BRZ-6. Loop closure was determined at BRZ-I. Benchmark
BRZ-5 had been destroyed, reportedly by bulldozer activity
southeast of the well site. Section running was continued from BRZ-
i east leaving the well site area to BRZ-6, thence northwest along
a gravel road to BRZ-7, northeasterly to BRZ-8, and to BRZ-9 at Hwy
2917. From BRZ-9 double-run leveling continued northwesterly along
Hwy 2917 and Nolen Road to BRZ-10, BRZ-II, and BRZ-12. From BRZ-12
leveling proceeded northwesterly to the Missouri Pacific Railroad
and NGS level line #i01, thence continuing southwest" along said
railroad tracks and level line to benchmark A-1208 on railroad
abutment on the north bank of Chocolate Bayou. A final level
section tie was made to LIVERPOOL 1931 to complete the main level

loop. This section provides a check to the integrity of benchmark
C-1209.

..

J

19.41 kilometers (12.06 miles) of double-run first'order levels and
2.01 kilometers (1.25 miles) of single-run first order levels were
observed throughout the project area. All leveling adhered to NGS
procedures and specifications for First Order, Class I leveling.

As stated above, a complete loop was run encompassing the project
area. Allowable loop closure is determined by the NGS specification
of 4.0mm x square root of the distance travelled in kilometers.
Closure for the main loop was 0.0135 meters. The allowable error

2
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for 21.42 kilometers (19.41km + 2.01km) was 0.0185 meters. The
closure for the single-run loop around the well site was 0.0014
meters with an allowable error of 0.0057 meters. All leveling
observation closures met NGS specifications.

Elevations of project benchmarks are referenced to the 1979 NGS
adjusted elevation of the deep rod mark of C-1209 in Liverpool,
Texas. The mark is a first order, class B 5/8 inch copper coated _
rod driven to gradual refusal at a depth of 20 feet (NGS, p.7)
Differences in elevation between the two deep rod marks C-1209 and
A-1208 are shown graphically in Figure i. Theoretically, a smooth
line O_ .....curve would be an ideal represen-tation of gradual
subsid_n_e._However the years between 1988 and 1992 illustrate a
rap_-_d-change in the'difference in elevation between the two marks.
Elevation differences originating from C-1209 to the USC&GS shallow
benchmarks on the south side of the main level loop also shQw rapid
m_q__Elevation differences between A-1208 and VFM's deep rod
marks (BRZ's) on the north side of the main loop mode_th___Kpected
smooth curve. Figure 4 illustrates graphs similar to those in
Figure-l_however, now a comparison is made between C-1209 and the
deep rod marks on the north side of the main level loop. Again, the
graphs depict the rapid movement now assoc'iated with the NGS
benchmark C-1209. Additionally, a comparison is made between A-1208
and a shallow mark on the south side of the main loop. The graph of

A-1208 illustrates its' trademark smooth curve. From this data,_w_
can conclude that C-1209 has moved rapldly between years 1988 an_
1992_andsince 1984 the overa_l!_mo_ement-has been downward. Figur_
3 represents the subsidence of a shallow USC&GS ma_: LIVERPOOL
1931. The mark is a large concrete post set approximately 3-4 feet
under ground with 0.5 feet remaining above the ground surface. This
form of benchmark is typical of the other shallow marks in the

i project area. The graph combines elevation differences from both
deep marks C-1209 and A-1208. The apparent mirror image and
intersection of level observations are due to the direction of
travel the leveling line differences represent. The grephs would be
nearly identical if the differences flowed from one benchmark to

the other L__31_has_subsided-appr_oximaatt__l_entiim__rs
slnce 1984. Flgure 4 illustrates the rising o fVFM's deep rod marks
_i site with respect to benchmark C-1209. However, if C'_
1209 !__falling,- and falling faster than the well site benchmarks,
then the well site would appear to be rising. When C-.1209 is held
fixed, BRZ-I through 6 are shown to be rising at an average rate of/

8mm over eight years or imm/year.

ReconuuQndations

Validation of the controlling benchmarks C-1209 and A-1208 needs to
be proven,, This can be acquired by either of two methods.

i) Additional First Order, Class I spirit leveling £o at least
three First Order, Class A vertical benchmarks. This would involve
leveling several additional kilometers.

3
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2) Use of the Global Positioning System (GPS) technology. GPS would
allow the acquisition of more stable vertical control from areas
independent of the geological activity local to the geothermal well
site. Ellipsoidal heights could be determined to sub-centimeter
accuracy with statistical analysis. An error "budget" could be"
assigned to all benchmarks and this same error tolerance could be
met with each subsequent survey. Use of GPS techniques is more
cost-effective than traditional spirit leveling.

Cono!usion

The August-September 1992 First Order, Class I leveling was
completed using the same procedures and specifications as was
adhered to in previous surveys since 1984. Sub-centimeter accuracy
was achieved during each re-survey. However, the stability of
controlling benchmarks is questioned. The resulting survey of 1992
disproves the hypothesis that many of the project benchmarks are
falling (sinking) rapidly. The results from the graphs (Figures 1
through 4) illustrate that all marks are now continuing on a smooth
curve as expected. Some geologic activity did take place west of
Chocolate Bayou effecting benchmark elevations. It is strongly
suggested that one of the recommendatio_s stated above be
considered in order to more accurately determine subsidence.



REFERENCE DOCUMENTS

U.S. Department of Commerce, National Geodetic Survey. Vertical
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Md. 20852.
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Revised Benchmark Descriptions (1992)

BRZ-_ (Well Area)
Located northwest of Pleasant Bayou test wells, at dead-end of
east-west gravel road north of well area; 123 feet northwest of the
Northwest corner of fence enclosing well site; 158 feet west of a
6 foot steel pipe with elbow joint on top ( 2 feet above ground
surface); 97 feet west-southwest of Northeast portion of freshwater
pond; 42 feet southeast of East bank of said pond.

Mark is a stainless steel rod with bullet tip driven 52 feet to
refusal encased by a 6 inch PVC pipe ( cap missing ).

BRZ-_ (Well Area)
Located north of Pleasant Bayou test wells; approximately 0.30 Km
( 984.2 feet ) north-northeast of benchmark BRZ-I; 125 feet east
of top bank of Chocolate Bayou 14 feet northwest of cleared
pasture; i0 feet east of the remains of a 8 inch Tallow tree; i00
feet southwest of a cluster of three Live Oak trees.t

Mark is a stainless steel rod with bullet tip driven 52 feet to
refusal encased by a 6 inch PVC pipe with cap. Painted orange.

u/pRS-3 (Well Area)
Located south of Pleasant Bayou test wells along fence;

a_prox_mately 0.32 Km ( 1049.9 feet ) southeast of benchmark BRZ-I;
_01_eet south of the east-west fence along the south boundary of
"_st well site; located approximately at the midpoint of the
southern boundary fence.

Mark is a stainless steel rod with bullet tip driven 24 feet to

refusal encased by a 6 inch PVC pipe with cap. Painted orange.

BRZ-4 (Well Area)
Located south of the Pleasant Bayou test wells; approximately 0.25
Km ( 820.2 feet ) south of benchmark BRZ-3; 9.0 feet north of lone
6 inch twin trunk Tallow tree in pasture; 337 feet west-southwest
of Houston Gas Pipeline vent in pasture; 297 feet west of
centerline of pipeline.

Mark is a stainless steel rod with bullet tip driven 24 feet to
refusal encased by a 6 inch PVC pipe ( cap missing ).

BRZ-5 (Well Area)
Mark destroyed by bulldozer before 1990.

_RZ-6 (Well Area)
Located east of Pleasant Bayou test wells and near the southwest
end of the north-south airstrip and in the southwest quadrant of
the intersection of gravel road leading to well area and the

14



BRZ-6 (con,t)
gravel road parallel with airstrip; 23 feet west of the
centerline of north-south gravel road; 52.5 feet west of north-
south fenceline; 46 feet south of centerline of gravel road to well
site; 3.5 feet north of power pole #11900; 144 feet southwest of
center of metal cattlegap.

Mark is a staiDless steel rod with bullet tip driven 56 feet to
refusal encased by a 6 inch PVC pipe with cap. Painted orange.

BR_-7 ,/_ ......
Located,_3/4 mile north of Pleasant Bayou test wells at northwest
corner 0f-airstrip and gravel roads; 68 feet northwest of center of
gravel road intersection; 23 feet west of centerline of north-south
gravel road; 45.2 feet east of power pole with transformer; 6 feet
southeast of power pole #11550.

Mark is a stainless steel rod with bullet tip driven 44 feet to
refusal encased by a 6 inch PVC pipe ( cap broken ).

BRZ-8

Located along gravel road to well sit_; 1.45 "Km from intersection
of gravel road to well site and HWY 2917; 4.8 feet northwest of
Northwest corner cattlegap; 14.5 feet west of centerline of north-
south gravel road; 3.8 feet north of Northwest fence corner; 27.8
feet west of East fence corner.

Mark is a stainless steel rod with aluminum cap driven 40 feet to
refusal encased by a 6 inch PVC pipe ( cap missing ).

BRZ-9

Located at the intersection of gravel road leading to well site and
HWY 2917; at entrance to Pleasant Bayou well site; 29.5 feet west
of centerline of north-south gravel road; 29.8 feet southwest of
Southwest corner of cattlegap; 36.2 feet south of sou£h right-of-
way fence of HWY 2917; 94 feet south of centerline HWY 2917; 6.5
feet south of power pole.

Mark is a stainless steel rod with bullet tip driven 52 feet to
refusal encased by a 6 inch PVC pipe with cap.

..

Located 0.5 miles west of intersection of Nolen Road'and HWY 2917
at corner of Nolen Road and County Road #200; 41.5 feet east of
centerline C.R.200; 31.3 feet north of centerline of Nolen Road;
25.3 feet northeast of stop sign; 61.5 feet north-northeast of
power pole with stub; 40.5 feet southeast of C.R.200 sign.

Mark is a stainless steel rod with bullet tip driven 80 feet to
refusal encased by a 6 inch PVC pipe ( cap missing ).

15



BRZ-I!
Located 1.5 miles west of the intersection of Nolen Road and HWY
2917; on northeast shoulder of Nolen Road at intersection with dirt
trail; 28.5 feet sQuthwest of fence corner; 38.5 feet north
of centerline of Nolen Road; 39.5 feet northwest of centerline of
dirt trail; 82 feet northwest of power pole; 5.5 feet south of old
fence line.

Mark is a stainless steel rod with aluminum cap driven 40 feet to
refusal encased in a 6 inch PVC pipe.

Located 1.2 northeast of Liverpool, Texas; at intersection of Nolen
Road and northeast-southwest asphalt highway; 33 feet north of
centerline of said highway; 20 feet west of centerline of Nolen
Road; 7 feet north of power pole.

Mark is a stainless steel rod with bullet tip driven 80 feet to
refusal encased by a 6 inch PVC pipe with cap.

16
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PLEASANT BAYOU GEOTHERMAL WELL SITE
BRAZORIA COUNTY, TEXAS

SUBSIDENCE MONITORING PROJECT
REPORT

Prepared by: Vernon F. Meyer & Assoc., Inc.
November 7, 1993

Purpose

To conduct First Order, Class I differential leveling in the
vicinity of Pleasant Bayou geothermal well sites. Differential
elevations were determined for use in a comparison study of similar
surveys in past years.

Methods

Reconnaissance Vernon F. Meyer and Associates (VFM) leveling crew
personnel traveled to Alvin, TX September 30, 1993. Bench mark
recovery was conducted on the same day. All benchmarks used in the
survey were recovered in good condition.

Personnel and Equipment The field crew was comprised of five
members: a recorder, an instrument man, two rodmen and a pacer. A
WILD NA2 automatic level (S/N 437047) fitted with a parallel plate
optical micrometer was used for all observations. The level rods
used were a set of KERN one-centimeter double-scale matched rods

with attached leveling bubbles and bipod legs. This
instrumentation configuration allowed rod readings to be made to
the tenth of a millimeter.

A CMT PC-5 handheld computer with the National Geodetic Survey
(NGS) leveling program, "VERTPGM", was used in the field to record
all observations. This software program acts as a quality control
factor by ensuring that observations and procedures fall within
the criteria specific to the desired order of accuracy.

Procedures The field procedures employed were the same as previous
surveys performed by VFM. More specifically, a collimation error
value was determined each morning before leveling operations began.
This value was subsequently accounted for by the NGS software.
Leveling observations were recorded by observing "forward" and
"backward" differential elevations between two benchmarks, thus
completing a "double-run" of particular sections. All backsight
and foresight distances were physically measured to ensure balanced
site lengths. Before a section was deemed satisfactory, forward
and backward differential elevation misclosures were evaluated by
the NGS software to ensure that all parameters were within
acceptable tolerances.



i ,

Chronolo=v

Leveling observations began October 1, 1993 and concluded on
October 7, 1993. Commencing at NGS level line # 101, benchmark
Liverpool 1931, double-run level sections were run along county
road 171. Sections were run to benchmarks Liverpool RM 4,
Liverpool RM 2, and C-1209. The leveling crew then proceeded
southeasterly along county road 203 to tie into benchmarks BL-26,
L-1274, TBM E 752 (Spike 1990), F-752 and across Chocolate Bayou
to BRZ-1 at the well site. A spur line was double-run to benchmark
BRZ-2. A single-run loop was then begun from benchmark BRZ-I and
touching on benchmarks BRZ-3, BRZ-4, BRZ-6 and closing back on BRZ-
i. Double-run sections were then run from BRZ-I east to BRZ-6 then

northwesterly along a gravel road to BRZ-7, northeasterly to BRZ-8
and then to BRZ-9 at the intersection of Highway 2917 and the
gravel road. From BRZ-9, double-run leveling continued
northwesterly along Highway 2917 and Nolen Road to benchmarks BRZ-
i0, BRZ-II and BRZ-12. The run then continued northwesterly to the
Missouri-Pacific Railroad heading southwesterly along the railroad
tracks to benchmark A-1208. A final double-run level line was then

made back to Liverpool 1931, completing the level loop.

Results

19.9 kilometers (12.4 miles) of double-run First Order levels and
2.0 kilometers (1.2 miles) of single-run First Order levels were
run throughout the project area. NGS procedures and specifications
for First Order Class I leveling were enforced throughout the
leveling operations. Allowable loop misclosure was determined
using NGS specifications of 4.00 millimeters times the square root
of the distance travelled (in kilometers). The misclosure for the
main loop was 0.0120 meters. The allowable misclosure was 0.0178
meters. The misclosure for the single-run loop around the _,ell
site was 0.0014 meters with an allowable misclosure of 0.0056
meters. All misclosures were within NGS tolerances.

Elevations of all project benchmarks are referenced to the 1979
adjusted elevation (5.861 m) of C-1209, a deep rod benchmark in
Liverpool, Texas. The mark is a First Order, Class B benchmark
(NGS, p.7). Pleasant Bayou Geothermal Well Site benchmarks, as
determined by Vernon F. Meyer and Associates during the month of
October, 1993 are listed in Table i. Figures 1 through 4 present
a graphic representation of benchmark elevations as determined by
VFM since 1984. The geodetic leveling field abstract, NOAA FORM
76-187 is enclosed for review.
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SITE ELEV (m) SITE ELEV (m)
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J A 12o8 . _ _._6o_,_ BT,26.... _ _"4"_.3O
/ BRZ-I _ 0 .942 J BRZ-2 _ 2 .213,, ,,,. ,,, ,,.,

4 BRZ-3 _. 3.970 J BRZ-4 _ 4 .476q_

.....BRZ-6 .. J 4. 310_ _ BRZ-7 _ 4 :

,J BRZ-8 ,_ 5.2281e _ BRZ-9 _, 4.91345

i_' BRZ- i0 _ 5. 708 / BRZ- II _, 6. 238
,. ,,u,,.. , .......

4 BRZ- 12 _ 4. 974al _ F 752 _ 5.3759_

L 1274 _, 4.791 LIVERPOOL RM 2 4 _< 6.017
m,., ,,

_.iv_.RPoo__ _ _ s.6414__ _,IV_oo__ _ s:%__'
_,,, , ,.,,, , , ,,,

, , _ _ ,"

TABLE 1 : 1993 PRO.JECT ELEVATIONS (m)

REFERENCE DOCUMENTS:

U.S. Department of Commerce, National Geodetic Survey. yertical

Control Data, Quad 290952, Texas, _973, NOAA, Rockville,
Md. 20852.

U.S. Department of Commerce, National Oceanic and Atmospheric

Administration. _OAA Manual NOS NGS 3, Geodetic Leveling.
NOAA, Rockville, Md. 20852.



i

..4 PLEASANT BAYOU GEOTHERNALNELL
BRAZORIA COUNTY, TEXAS¢1:

v< BN ELEVATION DZFF_ V$o Oe_:RVATION YEARS
C-t209

-2.57 - TO _' #" 'f"-2.5e - - .',," ":'" _-_- .,,.,_
-a.59 __ A-_aOe " "__._.
-2.60 _ .,_r.o 4b--rr

I-- -1 _,9 -- ,L_.. '# 'tP"
I,IJ " TO ,',"

z -121 __ SL 26 .-.-• jll_" " "

0 -i .22 - -
H i
I-- __

,_ c-t2o9 # _ .,._"> -0.46 - --

U.I TO '_" ,," ___"_._ ,._p

"J -0 47 -- -'-- 1.
LU " F- 752
Z -0.48 - -- _ ± _.

I,-,I -0.49 - - Ok" ¢(D
I.U __ "_" ._"
r,,J BRZ-12

*3.49 - -
TO "_" _" _*i

rr +3.48 _ .= _ ">" _ "
m A-t2oe "*--"-- '# # #
Lz. +3 47 - - "_" "_"b. " 4>.
H " +3 46 ---r'_

-- BRZ-11 ,Z_ ,_ ,IP" 't"_'_" _,.I.+2 22 -- TO "¢" '='"•

.2.21-- " " _"- ,_.'(" ,_"
A-t208 'z,-+2.20 - -

+2. _9 - -

! i , ] I ! I
t984 t985 t988 t990 t992 t993

YEAR OF OBSERVATION



N PLEASANT BAYOU GEOTHERNAL klF.J.L
W BRAZORIA COUNTY, TEXASCC

fin ELEVATZONDZFF_ V$ OBSERVATZONYEARS
H
IL -4.92 __

-4.93 C-1209 _b"
_Ok

--4. 95 - - BRZ- I "
dlk

sIb"

-3.6e c-t2o9 e" _" ,,_
W - "---"_
X -3.68 __ "
_' BRZ- 2 ,,,,_."

0 -1.90 _ _ ,ipbI..4 C-1209

'_ TO ,'_" _ -
> -1.92 _'_"_ _ _-- _.,LI.I
.J -t.93 _ _ BRZ- 3 .,_"

"le

t.l.I

Z aL

H -t.39 _ _ C-1209

I.LI -1.40 -- TO =_e_ ._vu ,.',." ,.-*' .,-
IZ ,,',"
LI.I
LI.. -t .75 C-1209

LI.. ......A,,_'_'H -.1.76 - - TO ,_,_ ,_._(Pt_ ,L
-t.77 -- BRZ- 5

-t .56 C-t209 _t,

-t .57 TO ,,._" ,,._"
-:J..58 - - BRZ- 6 ;-- - .',,"

! I ] I I !
t984 t985 t988 t990 t992 t993

YEAR OF OIBSERVATZON



i i

PLEASANT BAYOU BEOTHEFIMALHELL
tU BRAZORIA COUNTY, TEXAS(1:

t-4
tL -2.68

-2.68 - - Xt,
-2 70

-2.72 _ _

_-. -2.74
U'J
rr -2.76
U.I
I--- -2. 78

-2.80 __ ,,,z,"
-2.82

Z ,'t,"
0 -2.84 __ ,,_
I-,4

<

LU
..J
UJ

Z
I...4

t.IJ -0.08
r,J

,z -o.,o __ _
rr -0. t2 __ ,_"LU
LI.. -0.14
I,
_-i -0.16 __

C:1 -0.18 _ _
c-1209TO LIVERPOOL1931

-o.ao __ _' __-0.22 __ "_"
,,_. ,_"

-0.24 __ _,,_

I I i i ! !
t984 t985 t988 t990 t992 t993

YEAR OF OBSERVATION



r i i

PLEASANT BAYOU GEOTHEI:_AL NELL
w IBRAZORIA COUNTY, TEXAS

BII ELEVATION DZFFERENCFJ VII O011ERVATXONY*_J,RIIt,,4

¢/'J
n-
U.I

UJ

-o.ee -- c-12o9-o.. __ ,,. e_ :'_
Z T0 _-- ._" _'__ -_'- ,_._O -0.90 .;
H

-0.9t __ BRZ-t2
,<
:>,
.J 4,_-J -3.77 _ _

w -3.7. A-t2o. ,:'" _" _,_
-- TO e ,,,_- __Z

H -3.79 __ "_..__ ,,,,)-BL- 26

UJu -3.80 _"_'_ p,pj -3.8t
-3.82

-- C-1209 _" _'1, _"_'_
C_ +0.37 TO

+0.36 BRZ-t I ,p"

+0.35

I ! J i i !
t 984 t985 t 988 1990 t 992 1993

YEAR OF 0BSERVATZON



al_L.... • i i . _ -ii i i , i i i ii i , =,,, ,,

115| fi ATIONAL OCEAflIC AND ATMO._PHKnlC ABMINI¢_I rl A I I

•. GEODETIC LEVELING FIELD ABSTRACT
i i i iii i i ii i _ i -.. ,i,

i L .... I -*"_" i _,,_Ts

I I or 3

iLi
Brazoria County, Texas

Geothermal Well

Pleasant Bayou
October, 1993

........ Me. F DISTANCE -Io,ri
11.A,Clu.i1.s: _. s- o/F.m,u,ITst MT FT OtT /e 8/r o 8/r. _"_'['

i T , , , i . , ,., H. . • ,,, ,,-,

• SO" _'mOm I I I I I I I I I I [ t I I I I | l I I I I I I l .......... _ ......

jC/]I To g.l_lerjpolo,] I]lOIcJ_i t l,I ! , m i , I I, , 5..63787'. ,. .

r_10- 003 70 +0.0035806 000215
" . _ L," .............

1C/O1B 0.06 -0.00345

lr121 To iL_lib,,e_loiclollJ IRIHJ41 I i I.I I I I I I I ! 0.06 ......... +.0002S :_,64145 "_

•lo-rmoM _lil_eluPlOol_ iRMi4_ mi ,i , I I I I , dC/O1F .0.29 _-I:D_333D___.)DQ23 ___.3.Z338 ....
i0¢01 B 0.29 -0.37525

lOI 3 _o mT,dIVl erl plol oll IRLHI?.i. I ! I I t I I i 1 I !. 0.35 .. +.(0050.._ ,..(.._..._._6.01683......_
,, ,, ,

•so. r,o, ,_l :tviqrmpiolqll iRIHi2i i i i i I i I , I i_Oi'01 F[0.03 '-{).15570 +.i:)0025 -0.15583
• I0 01 B[0.03 ....+0.15595 .............

, , _ ,,..... . ......

Id'itZd 1"0 i{".lI_le IOlOI t (IRI_]I t_l"l' hlt_ I,_lilrl',i_lvl) i O_':IR +. 10075 5.861 _

, ,,, •, --:_

•,o.v,o- ICI Ile'iOITI i i i I i II i , i i , , i I, ilO'_0! F E.24 -1.2326 "1.')0024 -1.23140, , ,,, ,,,, _ _ -

lO'O1 g 1.24 +1.2302

.....  i;6o-J-
......... , ,,

"lip FROM IllJ"l _ t6l I I I I I I I I I I I I I I i i I I]lOj 02 F 1.70 +0.16000 -._0270 +0.16_135_i_
" 10 02 B 1.70 -0.16270

_)16 To ill_ill217141 i I i I I l i i I i I I I I I i I I 3.32 ........ -.,)0219•

8i .....•10.1'no_ iL, jll_714ll I I I I ,, I , , , I I I I I i llO, 02 F 1. +0.83785 -.10355. +0.83963 _
" I0'03 g 1.82 -0.84140

..... 0s74
PiT: 1.o iTiitMl _l!l _715121i i I I I , , i * i i i i i J 5.135 . . .-', 1 5.63058.______...... _

1,1..._, _ ., , • -: '

rTI,.'P_,4-,IIRl 171501 I I i i I .', l,,,,mI m i i i I110 O':lll' 1.43 -0._.25715 ..]03gO ,_-__0..255.2,0......
.,o',_oM i0_03 S 1.43 .... +0.25325 I

I .....
L.O081 1.o _F, 1715121 i i I I I I I I i I I , i ! i i I i i 5,565 ___ _ . -.i)0964 <,-.5 .5- _

• '1 171512 I I l I I I i i I i i i i I i i i lh0;04 g .53 -4 43340 )0045 -4.43318 _:,
•so. _no- I0104 B 3.53 +4.43295

--- 7, -,,rloo,i@ ....I{19i 1.o ti_l"'lll I 1 i I I I It i I I i I i i I I I i ............

•,o.r,o, _B._I_,-_, LiSiL:'iUilII}, , , _ , ,} , , , lli0104 F I:).33 +1.27065 +. I0_9.01_.9_0+1.27060 ....
I0104 B ).33 -1.2705.5

--

I]1OI ,ro IBIP_I-lZl I I I I ! I I I 1 I I 1 I I I I I I I" __ --#':425 ' ' +' tO010 (,."2.21280 "- .. ,_ _-- __ _ :

IUPRNIIKO[I MOll FORM 7A-141 Ill-Ill WHICH IS OBIOLRTI[. A/ID
I[XIiTIN(I STOCK 11401,11..0 II OI[ITNOYI[O UI_ON nr.cl_lpT Or fil_,.Vlql.r)fl



........ _,:,. ..............AA drOIql U.S, D_PAR_-MEHI OF COMMF'_
,_p_) NATIONAL OCF. AfJIC AND AIMO._PH_f'IlC At"IMINI._IV_ATI,

GEODETICLEVELING FIELD ABSTRACT

......................... l's_"rEv ........

i L " I ,_._,_rs
2 or 3

._.1

Brazoria County, Texas
Geothermal Well

Pleasant Bayou
October, 1993

.......... Mo. F OisT^,icE ........ _',.,_i .......
_'rA,CWU,,'rs: _- m elF.,,, uNrrs. ,1" w" D_T /[_ A/£ o A/_ _,r.F.

....... , i . , , . , .. -,, _ : " '. .... • ...... J

•_o. 1,.o. IRI_IZI-.Ill I(IT.OIOP i I_RIOUIND! WiELILI _11t/0_F 0.33 +3.02550 ..... __+.3_._02._Ji0.....

" _ rl 1"o ,B,I_Z,% ] I i ' ' ' I ' ' ' ' ' ' ' , , I , | , 55 3.96"97-_ -"i n nl m i_ NJ ,n _ _ .... "'L ,,ran, ,,1,

b ............

•s0. r,o, IBnl_Zl-¢31 v I i I I 1 lJ ' . , _ , J , , , ,]10_O4 F 0.26 +0.50670 ........ +0_.___.50670
_.-

', ]n2J IBlglZ,"/+l , I I I , I, , I , I., , 1 I I 1 i | 8.015 _ _4.47640..............._..

• ,o._o, LBnP_n-(+t i i i i n I i,l,iI n n n n i n i , nl(./OZF 0.78 -0.16620 .... -0..16620 ...

'n ]13j 1'o _iRIZi-L 6, , i , i I i n i i I i , i n i i i i i 8.795 4.31020 ....

• ,o.r,o, _BiPsZ,-_, i , , , , , , , , n n , , , , , , i1_0/04 F O'67 _'3.36620 +. i0085 -3.36663--
10/04 B 0.67 +3. 367()_5

• , .... , --_ .-- . .

1_9_ TO IBIRlZI-I ]1 t ! t i I I I I I I n I I I 1 I 1 I i 9.4.6.5..... --.. )0924 0.94358

•,o.,,o. isi_i-n_ ,, n i i , l li n , n i n i n i lips05F "1.09 +0.61920 "-.(0035 +0.619.38.........
10105 B 1.08 -0.61955

i]_ _+ _o _,P'_i-,71 i , i , , i , i , , , , i i i I , , i 10'55 -.(0959 4.92958, ,=. ,._L_ I JL i i in i _1........... n nl,II

.,,, , , , , , , . .,., ,., -

•_o...,o,. IBnP_-_ _ _ t _ n t , , n _ i n_, i , i i ilp_05 F 1.64 -I-0.29605 -.C0_510 +0.29860 .....
10/35 B 1.64 -0.30115 ........

-nhSl vo fliP,_ 3-1_ j L l v v , I I I , t t _ I I I I n I 12.19 -.C 1469 5.2 ....81- .......... -_. 3,_.. JL ,,

.... . ,, . ....

•_o.,Ro, _,R, 2_-t_ , , , a , , , , , , _ _ , , , , J ,Ii)/_5 F 1.48 -0.31545-.C0150. -0.31470

.10/_5 B ........1.48 +0.31395 ,......... __

_Ii6: I"o _.IRiZc,gl , , t , I i , , , , , , , i , _ i I i 13.67 _ _-.C1619 L4,91348 I _
,,, .,, ,., ,_ .... .. _ .....

IBIRIZrlgl i | I I i i _ n I i I i i i n i.| _1_)/)6 F 1.81 +0.79305 -.C0225 +0.79418
•_o"_Ro. 10/)6 B 1.8i r;--O'. 79'530 ....

•.......

tl, 7 vo l ]_i_lZ¢"111Q | I i i | | _ I " _ _ | _ I t l l l 1584 8 r -.C 1844 5.70766I

• .o.r.o. ,l,qn_ I t,l II I I II i l , I ! I _0i06 F 1'66 +0.53000 C_-I+0.53000 ....
i0!06 B 1.66 -0.53000 ......................

_, • .. , ., -- .....

_In_ vo L]_IRz/-_P'lll_I I I I I I I I: I I I l i I I I I I , 17.14 -.01844 6.23766

•,o._,o- t]_R,Zr-il_i I _ n , , , , _ i _ _ n n n I ' i 10'07 F 1.55 -1.26395 -.ODIO0 i-1.26345 ......
I0'07 B 1.55 +1.26295 !.........

I19 ,o IBIRIZI'IIi_Il I I I I l l I I II I I I I l l i" 18.69 -- -.O1944 ....'_'-'4_9--_-2"_,'_.
IUP[R$1[OIrl NOAA FORM 7&-|4t 111-71| WHICH IS OtqlOLF, T[ &tl_

I[XIS'rINO ITOCK |HOUt.O lit OI[STIqOYI[O UPON rlr'-.C_lpT Or rlftVlq|C')H



i i i i __]1 ii, iii 1., , i Ill I I II I ......

w?(iJ NATIONAL OCEAI'IIC AND ATMO._PHErllC A(1MINI_I I1ATI,

GEODETIC LEVELING FIELD ABSTRACT

- - i ii • ii iiii i i i i i i i iiiii i i i i i i 'J.It I. i _;HE..E T qlt F. f. T S

' J 3 or. 3
TL|

Brazoria County, Texas
Geothermal Well
Pleasant Bayou

...... October_ 1993
Mo. F 6 STAi_c.d" -:iO_i .....

I / o _,,r .r
_tAXC'rUN_TS:K_*SM O/F.Z.UN|TS'wT FT O_ t_ A/£ A/_ "

•SO'FROM ItlRlZrll_l I [ I I I I 1 I I mI I I I I I I10/E)7 F....... 0;85 +3.48_80 :.Ci0040 _+_3;486_00...
lO/D7 B 0.85 -3.48620

2_ To $i | _i0_i t I i t I I I I , i i i i _ I _ i i 19.54 -.C1984 8.46021 ....
lO/D7 ,_ 1.40 -2.81460

_ 095 -.•_O-FROM i_iili210_fl_i _ _ L..II i _ . _ _ _ _.,i , ,Ig/)7 ._ !:40 -2.81 Cl_l;}O_-.:.?=__.8__.03_Q_....
10/)7 ._ I..40 +2.80965

..... 91......2i_ 1.o iI_ilv_,rlROplll 1119_111 t I.I I I I I I I i 20.94 -.C2!.14...,5.64p b

"SO- I='ROM I I I I I t I I i I I I I i. IL. I I I I l I I i I I . ..

. , = • ,r. ...........

I I_ 1 TO I I i I i I I I I t I l I I I I I I I I I I i I I_ _ .... -

• so" fRoM I I t 1 i l t I t I _ I t I I I i t I I I I i i _ ..............................................

I I I TO I .I i l I I I i I,,I l I I I i I I i i l I I I I i , , .

.=

o

• 1o* FROm I I I l I I I I I i I I I I I I I I I i I I I I ; ...........

---- _ : - , ..........

LI 1 1'O i I i I I i I I i 11 I I I 11 I I i I I I I I i _-- ..............
......

• SO* IrROM I I I I I I I I I i I I I I 1 I i I I I I n I 1 I _ .___
.i. . , . ,----

L -I-* TO ill Iii ilill I i111 il liilil i ..................... -- --

_

• 30" FROM I I I I I I I t I I I 1 I 1 I I I I Ili ! I 1 I 1 ....

• ........ , ......

I Ij I'0 [ I I I I I I I i i I I I I I I I I I I i I I I I ..... :-

, ,= • , ---

il I II I III I I I il I I I I I I: I I I I ....
"S0" FROM

.... ..... .. i | .... "" --

i II TO I 11 I I I I i 11 I l !1 i i 1[ I l I I I I I ...... _ i

...... I: ..............• so. FROM I I I I I l.l I I J l l I I I I I I I I I I I_I | .....

, . , , , _ _ ........ - .... . .....

II I i 1.O I I I I I I J I I 1 I i I 1 I .I I I I I I i I 1 I ................

"$O" FROM I _ I I I i m I I ! I I I I J l i i I I I I I I I , . .....

I I I TO I l.l I I I l l I I I I l I I l l I l l I l l I I" ....
ItJPl[NIl[Oll NOAA FORM ?A--14t tll--?ll WHICH I! ¢t_qloLIF'1'[. A_I_')

IXISTINQ ITOCK IHOUI.O I!1[ OEITROYI[O UPOti nr_.r,r'l or IllrVlqlf')ll



APPENDIXD



PALEO CONTROL, INC.-- i iiiiii ii i iii • i

" GULF OF MEXICO
............. "............ " ...... TEXAS AND LOUISIANA• •• • • e • •• ,, • • e• • • o• eo oeeloee •e .e • •eeeQl_eOoleeee • e Qe • ole •

_!:.:i':.:.i'i'.i.i.:.i.i_,:.....''. •.... • ONSHORE AND OFFSHORE
INTERNATIONAL

5625 N.W. CENTRAL DR. D-100
HOUSTON, TEXAS 77092

OFFICE 713-690-4255

OCTOBER 8, 1991

BRITISH GAS

NO. I WILLIAM HULIN

35-13S-4E

VERMILION PH., LA.

9000 -21200 Sample Range Available and Examined.

Sample Quality: Samples were examined concurrent

with drilling and were of good quality. Varying
amounts of "burned" shale were encountered below

17730'.

BIOSTRA_IGRAPHIC SUMMARY

9000 - 9030 First sample - within ROBULUS "L" age section

10800-10830 Abundant ROBULUS SPP including common
ROBULUS MAYERI VAR "_4A" - noted for local

correlative purposes.

11490-11520 ROBULUS CHAMBERSI (rare) with very rare

DISCORBIS _'B"
12270-12300 SIPHONINA DAVIS I (very rare)

12420-12450 Rare, persistent SIPHONINA DAVISI

12660-12670 PLANULINA PALMERAE (extremely rare)•
12870-12900 UVIGERINA HOWEI flood with rare

PLANULINA PALMERAE and at 12900: common
LIEBUSELLA SOLDANII and rare

LENTICULINA HANSENI. This fauna represents

the "PLANULINA PALMERAE assemblage" or

"PLANULINA FAUNA (or faunal unit) No. i" of

other workers,
12990-13020 Faunal increase with abundant

LENTICULINA HANSENI

MICROPALEONTOLOGY



BRITISH GAS
NO. 1 WILLIAM HULIN 35-13S-4E
BIOSTRATIGRAPHIC SUMMARY (contd)

13560-13590 Abundant EGGERELLA SP and at 13590; abundant
UVIGERINA MULTISTRIATA with common
BULIMINELLA CURTA. Noted for local correlative
use.

14250-14280 Common MILIOLIDS with sparse
TEXTULARIA ARTICULATA _AR. noted for local
correlative use.

14700-14730 Abundant small EGGERELLA SP with common
BULIMINA PUPOIDES. Noted for local correlative
use.

14940-14970 Very abundant DISCORBIS BOLIVARENSIS with sparse
TEXTULARIA ARTICULATA VAR. (For local correlative
use ) •

15060-15090 Faunal increase with abundant Planktonic forams,
sparse MILIOLIDS and rare BULIMINA INFLATA (for
local correlative use).

16350-16380 Sparse large MILIOLIDS with sparse
CRISTELLARIA SP at 16380'.

Although most of the indicator forams are absent,
there is a slight chance the fauna may represent
the "LIEBUSELLA" or "PLANULINA FAUNA NO. 2" called

by other workers in less expanded section.
18450-18480 Rare CYCLAMMINA CANCELLATA with rare

CASSIDULINOIDES BRADYI and extremely rare
GYROIDINA SCALATA. This may be related to the
"CYCLAMMINA" or PLANULINA FAUNA NO. 3" developed
in southwestern most Louisianm. This zone re-

portedly occurs near "CRISTELLARIA "R"
18780-18810 Slight faunal increase with rare LIEBUSELLA

BYRAMENSIS and CRISTELLARIA SP (with large beads).
This last species closely approaches "CRISTELLARIA "R"
in morphology, but is not sufficiently well developed
nor is the remainder of the fauna strong enough or
diverse enough to call the regional zone on.

19890-19920 Slight faunal increase with rare
GYROIDINA MIOCENICA VAR and common
DISCORBIS BOLIVARENSIS. Noted for local correlative
use.

21180-21200 Last sample - no older zones or locally useful
correlative faunas were noted.

PALEOENVIRONMENTAL SUMMARY

9000 - 9090 Deep Inner Neritic
9090 - 9630 Inner Neritic
9630 -10170 Shallow Inner Neritic
10170-12420 Inner Neritic

12420-12870 Deep Inner Neritic
12870-12930 Middle Neritic



BRITISH GAS

NO. 1 WILLIAM HULIN 35-13S-4E
PALEOENVIRONMENTAL SUMMARY (contd)

6

12930-13200 Deep Inner Neritic
13200-13560 Inner Neritic

13560-13830 Deep Inner Neritic
13830-14220 Inner Neritic

14220-14340 Deep Inner Neritic

14340-14430 Inner to Deep Inner N6ritic
14430-14700 Inner Neritic

14700-14760 Deep Inner Neritic
14760-14940 Inner Neritic

14940-14970 Inner to Deep Inner Neritic
14970-15060 Inner Neritic

15060-15150 Deep Inner Neritic
15150-15990 Inner Neritic

15990-16050 Inner to Deep Inner Neritic
16050-16260 Inner Neritic

16260-16590 Inner to Deep Inner Neritic

16590-17070 Deep Inner Neritic
17070-17400 Inner Neritic

17400-17460 Inner to Deep Inner Neritic
17460-17580 Inner Neritic

17580-17700 Inner to Deep Inner Neritic
17700-18450 Inner Neritic

18450-19020 Deep Inner Neritic

19020-19800 Not Representative (very rare forams) but probably
Inner Neritic

19800-19980 Inner to Deep Inner Neritic
19980-20160 Inner Neritic

20160-20370 Not Representative (cement and sand) but

possibly Inner Neritic

20370-21200 Not Representative (sand, sandstone and burned

shale) but possibly Inner Neritic.
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' 1.020 3356. 3362, 3369, 3375. 3382, 3388, 3395, 3402, 3408. 3415,

1.040 3421, 3428, 3434, 3441o 3448, 3454. 3461. 3467, 3474o 3481,
1.060 3487, 3494, 3500. 3507, 3513, 35a0. 3527, 3533. 3540, 35_6,
1.080 3553, 3559, 3566, 3573, 3579, 3586, 3592, 3599, _3606, _3612.
1.100 3619. 3625, 3632, 3638, 3645. 3652o 3658, 3665. 3671, 3678.
1,120 3685, 3691, 3698. 3704,3711. 37_7, 3724. 3731, 3737,_:3744,
1.140 3750, 3757, 3763, 3770, 3777, 3783. 3790; 3796. -3803. _3810.

1.160 3816. 3823, 3829, 3836, 3842. 3849, 3856. 3862, 3869, 3875,
1.180 3882, 3888. 3895. 3902, :3908o 3925, 3921. 3_28,3935o 39_1.
1.200 3948, 3954, 3961. 3967, 3974, 3983, 3991. 4000. 4008, 4017,•

1,220 4026. 4034, 4043, 4052, 4060, 4069o 4077.4086, 4095, 4103,
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2.00n 7336, 7346. 7357. 7368, 7378, 7389, 7400. 7410. 7_21, 7431.
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THE SUPERIOR Ot_ COMPANY
,,HULIN NO, 1
,:SEC It TI4S,R4E ''
' VERNILION PH,9 LA,
TIME/DEPTH LIS:[tNG

. _ ,/°

[ . . ......

' 0.000 ,002 0004 ,006 0008 ,010 ,012 *014 0016 ,018
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3.00012586. 12595, 126030 12612. 12621, 12629, 12638, 12646o 12655, 12664,
3,020 12672. 12681, 12690, 12698, 12707. 12_5, 12724, 12733. 12741. 12750.

" 3,040 12758, 12767, 12776, 12784, 12793. 12802, 12810. 12419, 12827. 12836,
• 3.060 12845, 12853, 12862. 12871, 12879. 128880 128960 12705, 12914. 12922.

3.080 12931, 129400 12948, 12957, 12965, 1_, 12983, 12792, 13001. 13010,
30100 13019, 13029, 13038. 13_47. 13056, 13065, 13074. 13083. 13092, 13101,
3.120 13110, 13119. 13129, 13138, 13147, 13156. 13165,_13174. 13183, 13192,
3,140 13201. 13210, 13219, 132290 13238, 132470 13256, 13265, 132740 i3283.
3.160 13292, 13301, 13310, 13319, 13329, 13336, 13347, 13356, 13365. 13374,
3.186 13383, 13392o 13401, 13_I0, 13419. 134a9. 13438. 13447, 13456, 13465,
3.200 1--_t.7._. 134840 13494, 13504,135140 lSSa4. 13534, 13544..13554, 13564.
3,220 13574, 13584, 13594, 13604, 13614. 13624, 13634.113644..13654, 13664.

• 3,240 13674, 13684, 13694. 13704, 13714. 13724, 13734, 13744. 13754. 137640
:. 3.260 13774, 13784, 13794,_'13804, 13814, 1382_, 13834. 13844. 1385_0 13864.

3.280 13874, 13884, 13894, 13904, 13914, 139a4,\13934,'13944. 13954, 13964.
" 3.300 _._J..4t, 13983, 13993. 14002. 140120 140_1, 14031;:14040, 14049, 1405_.

3.320 14068, 14078, 14087. 140970 14106, 141_60 14125. 14134, 14144, 14153.
3,340 14163, 14172, 141820 14191, 142000 142_00 142190 14229, 142380 1424.8o

3,360 1_.._5_. 14266, 14276o 14285, 14295, 14304, 14314, 14323. 14332. 143;2.
3.38_ 1_351, 14361, 14370, 14_80, 14389, 14399. 144080 14417. 16427, 14436,
3.400 144460 14455, 14465. _tLTJ_, 14483, 1_492, 14500, 14509. 14518. 14527.
3.420 14535. 14544, 14553. 14562, 14570, 1_579, 14588, 14597, 14606. 14614.
3.440 14623, 14632, 14641. 14649, 14658, 14667, 14676, 14685, 14693, 14702.

3.460 14711, 14720. 14728, 14737, 14746, 14755. 14763, 14772, 14781, 14790,
' 3.480 14799, 14807, 14816.14825, 14834, 14842, 14851_14860, 14869. 148T8,

3,500 14886, 148951 14904, 14913. 14921, 14930. 14939, 14948, 14956, i4965,
34526 |_, 14987, 15000, 15012, 15025, 15038, 15051. 15064. 15077. 15089.
3,540 15102. 15115, 15128. 15141, 15153. 15166. 15179, 15192, 15205, 15218,
3.5h0 15230, 15243, 15256, 15269, 15_82, 15255, 15307, 15320. 15333, 15346,
3,5R0 15359, 15371, 15384.15397. 15410, 15423, 15436, 15448, 15461,_4._A.7...4.,
3,600 15484. 15494, 15504, 15514, 15524. 15534, 15544. 15554, 15564, 15514,
3.620 15584, 15594, 1560_, 15614, *15624, 15634. 15644, 15654, 15664, 15674.
3.640 15684. 15694, 15704, 15T14, 15724, 15734. 15744, 15754, 15764, 15774.
3,660 15784. 157940 15804, 158140 15824. 15834, 15844. 15854, 158640 158r4.
30680 15884. 15894, 15904,15914, 15924, 15934, 15944, 15754, 15964. 15974.
3.700 159840 15997, 160090 16_22. 16034, 16047, 16059, 16072. 16085, 16097,
3.720 16110, 16122, 16135. 16147, 16160, 161720 16185. 16198. 162100 16223,
3.740 16235. 16_8, 16260. 16273, 16286, 16298, 163110 16323, 16336, 163_8.
30760 163610 16373, 16386. 16399e 164110 164_40 164360 164490 16461. _.
30780 16484. 16494, 16504, 165140 165240 165340 165440 16554, 1656_, 165T40
30800 165840 165940 166040 16614. 16624. 166340"16644, 166540 1666_, 16674,
3_820 16684. 166940 16704. 16714. 16724. 16734. 16744. 16754, 167640 167740
3.840 167840 16794, 168040 168140 168240 168340 16844, 16_54. 16864, 1_8'7_.
30860 16884. 168940 169040 169140 16924. 169340 169440 16_540 16964. _.(1.77_40
3.RRO 16983. 169930 170020 17_12, 17021, 170310 170400 17049. 17059, 170480
30900 170780 170870 170960 171060 171150 17125, 17134. 171440 17153. 17162.
3.920 17172. 17181, 171910 17200. 172100 172_9, 172280 17_380 172470 17257.
3.940 17266. 17276. 17285, 172940 17304, 173_30 17323, 17332, 173_10 173510
30960 173600 17370, 173790 173890 173980 _74070 17417. 17_26, 174360 17445.
3.980 174550 1._._0 174750 174860 17497. 17508, 17519 o 175300 17541. 17553.
40000 175640 175750 175860 17597, 176080 176190 176300 176_10 17652. 17663.
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0.000 .002 ,004 _ ,006 ,008 ,010 .012 ,014 ,016 .018
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5'.000 22317. 22322, 22328. 22334, 22340, 22345. 22351, 22357. 22362, 22368.
5.02n 22374, 22379_ 22385. 22391. 22396, 2_402. _2408. 22414. 22419, 22425.

' 5.040 22431. 22436, 22442. 22448. 22453. 22459, 22465. 22470, 22476, 224_2,
' 5..060 22488. 22493. 22499. 22505, 22510. 225_6. 22522. 22527. 22533,'22539,

5.080 22544. 22550, 22556. 22562, 22567, 22573. 22579.'22584. 22590, 22596,
5.100 22601. 22607, 22613. 22618. 22624, 22630. 22636" 22641. 22_47, 22653,
5.120 22658. 22664, 22670. 22675. 22681. 22567, 22692. 22698. 227040"22710.
5.140 22715, 22721, 22727. 2273_, 22738, 227_4, 22749. 22755. 22761, 22766.

." " "" 5.160 22772. 22778, 22783. 22789. 22795, 22801. 22806, 22812. 22818. 228a3,
" 5.180 22829. 22835, 22840. 22846. 22852, 22857, 22863, 22869. 22875. 22880.

5_200 22886. 22892, 22897. 22903, 22909. 229_4, 22920, 22926, 22931. 22937,
.!" 5_220 22943, 22949, 22954. 22960. 22966, 22971, 22977, 22_83, 22988, 229V4,

5.240 23000, 23005, 23011. 23017. 23023. 23028, 23034. 23040, 23045,'_3051,
• 5.260 23057.'23062, 23068, 23_74, 23079, 23085. 23091, 23097. 23102, 23108.

5.280 23114. 23119, 23125. 23131, 23136, 23142. 23148. 23153. 23159, 23165.
5.300 23170, 23176,.23182.'23188. 23193, 23197. 23205. _23210, 23216, 23222.

• 5_320 23227. 23233, 23239. 23244. 23250.'23256, 23262, 23267, 23273. :23279,
5_340 23284. 23290. 23296.'23301, 23307, 233b3, 23318. 23324, 23330,.23336.

" 5.360 23341, 23347, 23353. 23358. 23364, 23370, 23375. 23381, 23387, 23392.
. 5_380 23398, 23404, 23410, 23415. 23421. 23497, 23432. 23_38. 23444, 23449.

5.400 23455. 23461. 23466. 23472. 23478, 23484. 23489, 23495, 23501, 23506.
5.420 23512. 23518, 23523. 23529, 23535, 23540, 23546, 23552,'23558. 23563.

' 5.4_0 23569, 23575, 23580. 23586.23592. 23597 . 23603. 23609, 23614. 236?0.
5.460 23626. 23631, 23637, 23643, 23649. 23654. 23660, 23666, 23_71. 23677.

•. 5.480 23683. 23688, 23694. 23700, 23705. "23711, 23717, 23723" 237Z8, 23734,
5.500 23740. 23745, 23751. 23757. 23762. 23768. 23774. '23179,"23785, 23791.
5.520 23797, 23802, 23808. 23814, 23819, 23825. 23831, 23836, 23842. 23848,
5.540 23853, 23859, 23865, 23871, 23876, 23862, 23888, 23893, 23899, 239U5,

_ • 5_560 23910, 23916, 23922, 23927, 23933, 23939, 23945, "23950, 23956, 239_2.
'5.580 23967, 23973, 23979, 23984, 23990, 239961 24001, "24007, 24013, 24018,
5.600 24024. 24030, 24036. 24_41, 24047, 24053, 24058, 24064, 24070, 24075,
5.620 24081, 24087o 24092. 24098, 24104. 24110. 24115, 24121, 24127, 24132.
5.640 24138, 24144, 24149. 24155, 24161, 24166, 24172, 24178, 24184. 24189,
5,660 24195. 24201. 24206. 24212, 24218, 24223, 24229, 24235. 24240, 24246.
5.680 24252, 24258, 24263. 24269, "24275, 24280, 24286.' 24292, 24297,'24303.
5.700 24309. 24314, 24320. 24_26. 24332, 24337, 24343. 24349, 24354, 24360.
5.720 24366. 24371. 24377. 24383, 24388, 24394. 24400. 24405. 24411, 24417,
5.740 24423. 24428. 24434, 24_40. 24445, 24451. 24457. 24462. 24468, 24474,
5.760 24479. 24485. 24491, 24497, 24502. 24508. 24514. 24519, 24525. 24531,
5,7A0 24536. 24542, 24548. 24553, 24559, 24565, 24571, 24576, 24582, 24588.
5.800 24593, 24599, 24605, 24610, 24616, 24622, 24627, 24633, 24639, 24645.,
5.820 24650, 24656, 24662, 24667, 2_673. 24679, 24684, 24690, 24696. 247U1,
5,840 24707, 24713, 24719. 24724, 24730, 24736, 24741, 24747, 24753, 24?58.
5.860 24764. 24770, 24775. 24781, 24787, 24793. 24798. 24804, 24810, _4815,
5.880 24821. 24827, 24832. 24A38. 24844. 24849. 24855, 24861, 2&S66, 24872.
5.900 24878. 24884. 24889. 24_95. 24901, 24906, 24912. 24918, 24923, 24929.
5.920 24935. 24940, 24946. 24952. 24958, 24963, 24969. 24975. 24980, 24986.
5.940 24992, 24997. 25003. 25009, 25014, 25020, 25026, 25032, 25037, 25043.
5.960 25049. 25054, 25060. 25U66, 25071. 25077, 25083. 25088._25094, 25100.
5.980 25106. 25111. 25117. 25123, 25128. 25134, 25140, 25145. 25151. 25157.
6.000 25162, 25168. 25174, 25180. 25185. 25191, 25197. 25202. 252U8, 25214.
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" 6.00_ 25162. 25168, 25174. 25t80. 25185, 25191, 25197. 25202. 25208, 25214.
6#020 25219, 25225, 25231. 25236, 25242, 25248. 25253. 25259, 25265. _5271.
6.040 25276. 25282, 25288. 25293. 25299. 25305. 25310, 25316, 25322. 25327,
6.060 25333, 25339, 25345, _5350. 25356. 25362, 25367, 25373, 25379, 25384,
6.080 25390. 25396, 25401. 25407. 25413, 254_9. 25424,25430, 25436, 25441.
6,100 25447. 25453. 25458, 25464, 25470. 25475, 25481. 25487, 25493, 25498,
6,120 25504. 25510, 25515. 25521. 25527, 25532, 25538. 25544, 25549. 25555,
6.140 25561, 25567, 25572. 25_78, 25584. 25589, 25595. 25601. 25606, 25612.

6.160 25618, 25623, 25629. 25635. 25640, 25646, 25652, 25658, 25663, 25669.
64180 25675. 25680, 25686. 25692. 25697. 25703, 25709. 25714;25720, 257a6.
6..200 25732, 25737, 25743, a5749. 25754. 25780, 25766. 25771, 25777,:25783.

_i • 6,220 25788, 25794, 25800, 25806, 25811, 258_7, 25823, 25828, 25834., 25840,
_6,246 25845, •25851, 25857, 25862. 25868, 258_4, 25880. 25885, 25891, 258_7,
_6,260 25902, 25908, 25914, 25919, 25925, 25931, 25936. 25?42, 25948. 25954,

_, 6,280 25959, 25965, 25971, 25976. 25982, 25988, 25993, 25999, 26005, 86010.
6.300 26016, 26022, 26028. 26_33. 26039, 26045, 26050, 26056, 26062, _6067,
6_380 26073, 26079, 26084. 26090, 26096, 26101, 26107, 26113. 26119, 26124,

_. 6_340 26130, 26136, 26141. 26147, 26153. 26158, 86164. 26170, 26175, 26181,
_'6.360 26187, 26193, 26198. 26204. 26210, 262_5, 26221. 26227, 26232,_26238.

, 6.380 26244, 26249, 26255, 26261, 26267. 26272, 26278. 26284. 26289. 26295.
6.400 26301. 26306, 26312. 26318. 26323. 26339. 26335, 26341. _ 26346, 26352,

_" 6.420 86358. 26363, 26369. 26375, 26380, 26386, 26392, 26397,'26403. 264_9.
6.440 26415, 26420. 26426. 26432, 26437. 26443, 26449. 26454, 26460, 26466."

_ 6.460 26471, 26477, 26483, 26488, 26494. 26500. 26506, 26511, 26517, 26523.
" 6,480 26528. 26534, 26540, 26545, 26551. 26557. 26562. 26568,.26574, 26580.

6.500 26585. 26591, 26597. 26602, 26608, 26614, 26619. 26625, 26631, 26636.
6.520 26642. 26648. 26654. 86659, 26665, 266_1, 26676, 26682. 26688. 26693.

.... 64540 26699, 26705, 26710, 26716* 26722, 26728, 26733. 26739, 26745, 26750.
_. 6.560 26756. 26762, 26767. 86_73, 26779, 26784, 26790. 26796, 26802. 26807,

6458n 26813. 26819, 26824. 26830. 26836, 26861* 26867, 26853. 26858, 26864,
6.600 26870, 26876, 26881. a6887. 26893, 26898, 2690_. 26910, 26915, 269E2,
6.620 26927, 2693_, 26938, 86944.26949, 26955. 26961, 26967, 26972, 26978,
6.640 26984. 26989. 26995, 27001. 27006, 270_2, 27018, 27023. 27029. 27035.
6._0 27041, 27046, 27052, 27058. 27063, 27069. 27075. 27080, 27086, 27092,
6.620 27097, 27103, 27109. 27115, 27120, 27126,. 27132; 27137, 27143, 27149.
6.700 27154e 27160, 27166, 27171. 27177. 27103, 27189. 27194, 27200. 27206,
6.720 27211. 27217. 27223, 27228. 27234, 27240, 27245. 27251, 27257. 27263,
6.740 27268, 27274. 27280. 27285, 27291, 27297, 27302. 27308. 27314, 27319.
6.760 27325. 27331. 27336. 27342. 27348. 27354. 27359, 27365, 27371. 27376,

• 6.780 27382, 27388. 27393. 27399. 27405. 274}0. 27416, 27422, 27428. 27433.
6,800 27439,. 27445, _7450, 27456, 27462, 27467,.'27473,'27479, 27484, 27490.
6.820 27496. 27502. 27507, 27513. 27519, 27524, 27530. 27536. 27541, 27547.
6.840 27553. 27558. 27564. 27570. 27576, 27581, 27587. 27593. 27598. _J_U4.
6.860 27610e 27615. 27621. 27627, 27632, 27638. 27644. 27650. 27655, _7661.
6.820 27667. 27672. 27678. 27684, 27689, 27695. 27701. 27706, 27712. 27718.
6.900 27723. 27729. 27735. 27741. 27746. 2#752, 27758. 27763. 27r69, 27775.
6.920 27780. 27786. 27792. 27797, 27803. 27809, 27815. 27820, 27826. 27832.
6.940 27837. 27843. 27849. 27854. 27_60. 87866. 27871. 27877. 27883. 27889.
6.960 27894. 27900, 27906. 27911. 27917. 27923, 27928. 27934. 27_0. 279_5.
6.980 27951. 27957, 27963. 27968. 27974. 27980. 27985. 27991. 27997. 2800_.
7.000 28008. 28014. 28019, 28025, 2A031. 28037. 28042. 28048. 2805_. 28059.
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T.o00 28008, 28014. 28019. 28025, 28031. 28037, 2804Z. 28048, 28054, 28059,
7_020 28055. 28071, 28076. 28082o 28088o 28093. 28099. 28105, 28111+ 28116.

7_049 28122, 28128o 28133. 28139o 28145. 28150, 28156. 28162, 28167, 28173,
7e060 28179, 28184o 28190, 28196, 28202, 28207, 28213. 28219. 2822_, 28230o
7_080 28236, 28241, 28247. 28253. 28258. 28264, 28270. 28276, 28281,.28287,
7.100 28293, 28298. 28304, 28310e 28315. 28321. 28327. 28332, 28338, 28344..
7.12_ 28350o 28355, 28361. 28367+ 28372o 283780 28384o 28389, 28395o 28401.
7,140 28406, 28412, 28418. 28424, 28429, 284_5. 28441o 28446, 28452o 28458,

7.16_ 28463o 28469, 28475, 28480, 28486, 2849a, 28498. 28503, 28509, 28515,
7,180 28520o 28526, 28532o 28537, 28543, 28549o 28554. 26560o 28566e 28571,
7.200 28577. 28583, 28589o 28594. 28600, 28606. 28611. 28617o 28623o 2862Qo
7;220 28634, 28640+ 28645o 28651, 28657o 28663. 28668. 28674e 28680o 2_685,
7o240 28691o 28697e128702, 28708, 28714, 287_9, 28725, 28731o 28737, 28742e
7.260 28748. 28754, 28759. 2R765. 28771, 28776, 28782,28788, 28793,28799,

" 7.280 28805o 28811, 28816. 28822. 28828o 28833, 28839, 28845, 28850, _8856o
7.300 28862, 28867o 28873. 28879, 26885, 28890, 28896, 28902, 28907,'28913,
7,320 28919. 28924, 28930. 28936o 28941, 28947, 28953, 28959, 28964.'28970,
7.340 28976, 28981, 28987. 28993o 28998, 29084, 29010. 29015, 290_1, 290_7,
7.3h0 29032, 29038. 29044o 29_50, 29055, 29061o 290h7, 29072, 29078, 29084o
7,380 29089, 29095, 29101, 29_06o 29112, 29118o 29124. 29129, 29135, 29141.

'" 7,400 29146s 29152o 29158. 29_63, 29169, 29175. 29180. 29186, 29192. 291Y8,
7.42_ 29203, 29209. 29215o 29220, 29226o 29_32o 29237. 29243. 29249, 29254,
7o440 29260o 29266, 29272o a9277, 29283, 29289, 29294, 29300, 29306, 29311.

"" 7e4_0 29317. 29323, 29328..29334. 29340, 293_6, 29351. 29357, 29363,. 29368.
7.480 29374, 29380, 29385. 29_91, 29397o 29402, 29408. 29414, 29419, 294a5.
7.500"29431. 29437. 29442, 29448, 29454o 29459, 29465, 29471, 29476o 29482.
7,520 29488. 29493, 29499, _9505. 29511+ 295_6, 29522. 29528, 29533, 29539.
7o540 29545o 29550, 29556, 29562, 295_7, 29573e 29579o 29585, 29590, 29596,
7.560 29_02.'2960T, 29613, 29619, 29624o 29630, 2963b. 29_41, 296_7, 296_3.

• 7o580 29659, 296_4, 29670, _9676, 29681, 29687, 29_93, 29698, 29704..29710.
7.600 29715. 29721, 29727, 29733o 29738, 297_4. 29750. 29755, 29761o 29767.
7.62_ 29772, 29778, 29784o 29#89, 29795, 29801, 29806, 29812. 29818, 29824.
7.640 29829o 29835, 29841o 29_46. 29852® 29858. 29863. 29869o 29875o 29880,
7._60 29886o 29892, 29898o 29903, 29909e 29915, 29920+ 29926. 29932, 29937.

• 7.680 29943. 29949, 29954. _9960, 29966. "299_2o 29977. 29983_ 29987,'29994,
7.700 30000, .

• , '..

.+



Louisiana State University

Center for Coastal, Energy, and Environmental Resources
(CCEER)

CCEER is a group oforganized research units and related academic programs managed through a college-
like structure to facilitate innovative, cooperative research that leads to a better understanding of resources
and environmental issues important to Louisiana and the Gulf of Mexico region. CCEER k increasing the use
ofits expertise in international programs through cooperative projects in other countries. Students benefit from
CCEERresearch through participation in its academic programs in environmental studies, oceanography and
coastal sciences, and nuclear science. An Information Services Division provides strong educational outreach
to the schools and citizens of Louisiana. The units that comprise CCEER are as follows:

Basin Research Institute

Center forEnergy Studies
Coastal Ecology Institute

Coastal Fisheries Institute
Coastal Studies Institute

Department of Oceanography and Coastal Sciences
Information Services Division

Institute forEnvironmental Studies

Mining and Mineral Resources Research Institute
Nuclear Science Center

Special Programs
Wetland Biogeochemistry Institute

For further information please contact

Office of the Executive Director
Center for Coastal, Energy, and Environmental Resources

Louisiana State University
E302 Howe-Russell Gececience Complex

Baton Rouge, Louisiana 70803
(504) 388-6316




