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GLOSSARY AND ABBREVIATIONS

point of drilling

well site

Lafourche Crossing Prime
Prospect Area

A-F/yr

cfs
BPD
BWPD

dBA

Eh
ERDA
FHWA
FIA
hm3/yr

Is

LOH

the location of the well bore

The 5 acre area on which support fac-
ilities, including separators, cooling
towers, tanks and laboratories will be
located; includes point of drilling

an irregular shaped 9,183 ha (22,675 ac)
area .considered by DOE to be the most
desirable zone for geopressured-geo-
thermal resource exploration and develop-
ment at this time. The Prime Prospect
Area is in south central Louisiana. The
Prime Prospect sands are in the Middle
Miocene.

acre-feet per year
American Petroleum Institute
cubic feet per second

barrels per day

barrels of water per day

A-weighted sound levels taken with a
sound level meter and expressed as
decibels on the scale. The "A" scale
approximates the frequency response of
the human ear

redox potential

Energy Research and Development Administration
Federal Highway Administration
Federal Insurance Administration‘
cubic hectometers per year

island

permeability in millidarcies

Louisiana Office of Highways
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md
mgd
MMSCF
ﬂg/m3
‘PPt
psi-
SCs
St.

SWLMA

Tef: ~

“TDS

USACE

UsDI

UsGs ¢ - .

millidarcy

" millions of gallons per day

millions of standard cubic feet

‘micrograms per cubic meter

" parts per thousand

p0unds’perAsquare inch -

-Soil Conservation Service
“Saint -

~.State ‘Wildlife Management Area
~"trillions bf’dubi¢~fegt

' ©. total dissolved solids
‘U.S. Army Corps of Engineers
'1U.S.fDepar;ment'of*the Interior

‘United States Geological Survey
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How to Use the Impact Projecting Device and Well-Site
k Location Indicator (The Overlay)

The Overlay contained in the envelopé inside the back cover se:ves‘two
purposes: 1) to project the impacted area resulting from the proposed
action and, 2) to locate a specific well site in relation to known.
points on similar figures and the latitude and longitude grid system.
The Overlay is to be used on the photo-based figures, such as Figure 1-3
and 2-11, and on 15 minute USGS topographic maps, such as Figure 1-2.

By using the intersecting lines at the center of the circles as the site
of the proposed action, the circles may bé placed over any point on‘the
figure to indicate the potential area indirectly affected by the pro-
posed action. The well-site indicator is used in referenée to the ‘lati- -
tude and longitude lines on.thé photo-based figures and map-based figures
in this EA or to lines of latitude and longitude on 15 minute USGS topo-
graphic maps. The marginal and vertical axes are marked in meters and
scaled to 1:62,500. The small square at the intersection of the axes
shows 2 ha (5 ac), the size of the proposed.well site, while the large
square is 259 ha (640 ac). A discussion of how to use the Impact Pro-

jecting Device and Well-Site Location Indicator follows.

Example: Using the Overlay on Figure 1-2

Using either axis, align the well-site location indicator (Overlay)
to read 26 on the 90945' line of Longitude and 23 on the 29945’
line of lLatitude, With such an alignment, the 2 ha square will
fall over the number 7 in Section 7, T 15 S, R 17 E.

xiv
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Should this be the site of the proposed action, the site may
be transferred to Figure 2-11. One may then estimate if the
area to be directly affected by the installation of a well is
within the 100 year flood plain.

To estimate the area which may be indirectly affected by the
proposed action as a result of accidents or noise, place the
intersection of the lines at the center of the circles over
the well site location. Using Figure 2-11, we see what the
brine disposal pattern of a blowout would be if we used the
Section 7 location. Of course, this assumes a blowout of the
magnitude of the Intracoastal City accident {Castle, 1975
(See References, Chapter 5)}.

Finally, the process may be reversed. We manipulate the impact
device to establish a site which will have the least impact on
the surrounding area. We can then locate this site and relate
it to other figures.



SUMMARY

The proposed aétion wil}‘consist;of,drilling one geothermal fluiq‘ﬁ
well for iqte;mit;gnt‘grodgc;ion testing of 284 days over a,threé
year perioﬁ.\_The tgs;iwgiivyillbe‘drilled with a 21.6 cm (8.5 in)
borehole toaa’dgpgb‘pf:gorg ;ﬁap 3904 m (12,800 ft). iwo disposal
wellsfwi¥1l1nit{a11y‘peAdri;1eqrto prévidg d;spoéal of lower volume
fluids produced during initial testing. Two additional disposal
wells wil}‘be.Qrilled,vlqgged, pompletgd, testgd, gnd qpe:a;ed(prior
to commencement of high volume fluid production. vAll surface facili-
ties will be within .8 km (*s mi) of the proposed well. Surface
facilities will be constructed and installed on a 2 ha (5 ac) area.
Extensive tests will be ébﬁdﬁéted'oﬁlthé'pﬁySiCAI and cﬁémical compé—
sition of the fliids, ‘their temperatire, the nature of flow, fluid
disposal techniq0e§i aﬂd'fhe:feiiability'andzﬁéffdrﬁénce of eﬁuiément{
The objgcﬁive’bf the’piébbséd:éctidﬂ‘lé‘tb“determihe the economic

viability of fhe.éedpréséured resource.  °

The Prime 2roépgc§‘4rea is iqiépu;h_centrél Louisig#a.i The physical
settinghigjaqiabgqéqged;gg;tgéq;diSFFihutary,gystem Qf»natqralrigveér
ridges ggq{;ntefdigt:iggggryéggging oergngt:ége.i_?he Prime Prospect
Area ismcgnﬁegeézgqygheﬁ;gtiche;ZQ?QS’ngndrlépgigudeﬂQO?QGﬂWt:KWithin
,thé Prime Prospect Area are thercommunitieslof'Schriever:§Qd¢La£o§rche" |
Crossing. The‘nearest large town iSvThibodaux, 5 km (3 mi) to the

notth, vhile the nearest city is New Orleans, 72 km (45 mi) to ‘the

"northeast. Homes and some businesses are in a linear -séttlement -pattern -



along the major highways, LA 1, LA 308, LA 20, and LA 24 through the
Prime ProepeEt Area. Although ‘the ‘overall character of the Prime
Prospect Area is rural, mostly in sugarcane fields and‘swaﬁp, the

aree is developing fapidly with homes and businesses. Most of the‘
land to be used‘by the-pfoposed eetion is in private ownersﬁip."
There is a high potential for archeeological and historic sites aioﬁga
the crest of the distriButary natural levees. There are no known ’
archaeological sites or .National Register sites in the Prime Prospect

Area.

Construction of the proposed action will change the land-use of 2 ha
(5 ac) for the test well and each of the injection wells from agri-
culture or wetlands to resource exploration. Lands will;bezclearedrand
.erosioe aﬁd runoff will result.- Durieg operatioﬁ'of the well test,
the only expected impacts are from venting of gases or flaring of
gases and noise. After the tests are completed, the area will;be
restored as much as possible to its natural condition by revegetation
programs using native species. All sources of pollutants will be
collected and disposed in environmentally acceptable ways. Accidents
may result from this proposed action. However, numerous safeguards
will belinstalled to reduce the probability of such an oecurrenee”toa

an approved level.

If a blowout should occur, the environment may be polluted. Groundwater

and surface water may be contaminated by the geothermal brines. Vegetatien

and possibly some wildlife will be destroyed. Homes, businesses, and



churches will be evacuated, depending on the location and severity of
the accident. The air quality around the well site will contain HZS
and other gases which are harmful in too great a concentration to the

ecosystem,



CHAPTER ONE - DESCRIPTION OF THE PROPOSED ACTION

1.1 Introductioni,

This Environmental Assessment (EA) has been prepared to assess the environ-
mental implications of the Department of Energy s (DOE's) proposal to drill

poes

complete, and test one geopressure well located in Terrebonne and Lafourche
Parishes on a2 ha (5 ac) test site, 5 km (3 mi) south of Thibodaux, LA. |
(Fig. 1- 1) The test well is herein referred ‘to as DOE Lafourche Crossing
No. 1. A maximum of four disposal wells w1ll be 1ocated within 81m1(%mi) of
the proposed well._ The Department of Energy (DOE) and the State of Louisiana
through the State University System proposes to operate the test facility

for three years to evaluate the geopressure potential of the subsurface.
Tests to be conducted include flow rates, fluid composition, temperature,

gas content, geological characteristics, and the land subsidence potential
for subsequent production. The exact 1ocation of the proposed action has-
not yet been determined. This EA evaluates the impacts of the proposed

action on- the Prime Prospect Area and will be applicable regardless of the

selection process.

This EA activity falls under the broad SubprogrammaticzEnvironmental Impact
Assessment, Geopressure Subprogram, EIA/GE/77-3, July 1977 Division of Geo-

thermal Energy, Energy Research and Development- Administration. i
1.2 Site Location and Surface Features
1.2.1 The Regionl

The proposed action is located in sOuth;central Louisiana in a promising zone

1-1
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B 1-3
for evaluating the physical and. chemical characteristics of the resource
(Fig. 1-1, 1-2, 1-3). The well will be ‘drilled into the Middle Miocene

to a depth in excess of 3904 m (12,800 ft}. The geopressured interval

has a maximum thickness of 259 m (850 ft).

1.2.2 Site Selection

The Prime Prospect Area was seleéted for resource anelysis on the baéis of
four parameters: sand thickness, temperature, permeability, .and environ-
mental suitability for the proposed action and eventually possible full
utilization of the resource. The exact well location will be determined at

a later date by DOE.
1.2.3 Description of the Prime Prospect Area (Fig. 1-2 and 1-3)

All develbpment of surface facilities and injection wels will take place
within .8 km (s mi) of the poinf of drilling. The physical setting is an
abandoned deltaic distributary system of nafural 1évee ridges and inter-
distributary basins of Recent age. The Prime Prospect Area is centered on
the latitude‘29°45'N and longitude 90026'W. Within the Prime Prospect
Area are the communities of Schriever and Laf;urche Crossing. The nearest
large town is Thibodaux, 5 km (3 mi) to the north, while the nearest city
is New Orleans, 72 km (45 mi) to the northeast. Homes and some businesses
are in a linear settlement pattérn'along the méjor highways, LA 1, LA 308,
LA 20, and LA 24 through the,Priﬁé frOSpéct Area. However, the overall
character of the ftime Prospect Area is rural,vmost of the land-use 1is
~sugarcane fields and swamﬁ. Most of the land to be used by the proposed

action is in private ownership.
1.3 Project Description

The proposed action will consist of the drilling of one geothermal fluid .
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Figure 1-2. A topographic map of 'éhe Lafourche Crossing Prime Prospect Area (USGS 15' maps, Thibodaux, 1962; Lac des Allemands, 1962; Gibson,
1964; Houma, 1963).



Figure 1-3.

Aerial photograph of the Lafourche Crossing Prime Prospect Area (Color IR, BIN
No. 6293000800231, No. 6293000800232).
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well for production testingvand a maxiﬁum of four iniection wells. A test well
will be drilled with a 21.6 ém (8.5 in) borehole to a fotal depth in excess of
3904 ﬁ (12,800 ft). Two dispoéal wells will initially be drilled.to provide
disposal of lower volume fluids pfoduced during initial testing. Two addi-
tional disposal wells will be drilled, ;ogged;~comp1eted, tested, and operated
prior to commencement of high volume fluid production. Required surface
facilities will be constructed and inétalled in order to conduct the extensive
resource tests. Over a three year period the tests will assess the economic

viability of the geopressure-geothermal resource.

In this EA, the environmental implication is evaluated for the activities.
from well site preparation through site restoration after the testing is

completed.

1.3.1 Construction and Drilling

The construction phase of the pfo?osed action includes site and access

preparation., Drilling includes both well drilling and testing.
1.3.1.1 Site and Access Preparation'

Drilling activities require the construction of access roads and level
drilling pads for the pro&uction well and the injection wells on the
higher ground. Where possible, the access road will be constfucted

to disturb a minimum area by using existing roads when available, by
following the natural topography,band by avoiding cut and fill operations.
Roads will be 4.2 m (14 ft) Qide with a disturbed area of 0.4 ha/km

(1.7 ac/mi) of roadway.
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7-1/16" 15,000 1b.
Tubing Head

Adaptor
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<— Flowline

[ﬁfﬁi(::)‘F—Flowline Pressure

Master Valve

Master Valve

\

@i

Casing Valve

Casing Valve

Casing Valve

Casing Valve

Typical well head configuration for flow testing (General Crude 0il

Company, 1977).
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schedule has been formulated as shown on Table 1-1. The initial test will be
thestatic pressure test after the well is perforated. The well will be
circulated clean with saltwater and pressured up to 10,000 psi to test

surface equipment. The pressure will then‘be bled to 5,000 psi and the

hole will be logged for perforating depth control. The perforating gun

will then be lowered to shoot the first’permea§1e.interva1 bglow 3904 m (12,800 ft),
the geopressure zone. Perforation will continue until 38 m (125 ft) |

of zone is open or a perméability of about 5,000 millidarcy per foot (md/ft) is
obtained based on core analysis. The total perforated interval may be
increased to 67 m (220 ft) if the permeability is on the order of 10 md and

the logs show the sand development to be this extensive. After perforation

the well will be brought on stream in steps of 250 BWPD each day over a five
day period to clean the well bore,. Dufing this period, quart,samples will

be taken daily and checked for sand and tracer ion concentration. If sand
production is not a proﬁlem and the tracer ion concentration has changed
significantly, then the well will be shut in. The well will be sampled with a
bottom hole sampler, thé statié presgure will be measured and a high resolution
thermometer log will be taken along with other logs. A continuous bottom hole
pressure measﬁring instrument will be calibrated télagree with the static pressure
test obtained., The well then will be brought on production af 1,000 BPD

and increased by 1,000 BPD each day after samplihg the flow stream for

- sand production. If sand production is detectgd, rate incfeasés will be

" suspended while the sand production is observed, If the well cleans up,

- the rate of increase may stay ﬁhe same, however, if the sand ﬁroduption stays
constant’or increases, the rate willbhe'adjusted downward in 5N0 RPD

increments until the sand production stops. Once a rate is established

with ;ess than 1/2 percent volume sand production at or below 10,000 BPD, the
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well's producing pressure will be recorded for an indefinite period not

to exceed 40 days. The bottom hole pressure and surface pressure should
be stabalized and recorded. The well's Productivity Index can be calcu-
lated. A second dynamic test period will be run, resuming step size
increases in the well production rate at 2,000 BPD increments each day

up to a total rate of 20,060 BPD, and checking the flow stream for sand.
This test period will also last for 40 days and the productivity index

Vfor the zone will be calculated at each rate. At the end of the second
test period, the well will be shut in and the pressure allowed to sta-
bilize while measuring the bottom hole pressure, A second set of cased
hole logs will be run #t this time. At this point it may be desirable to
open twice as much permeable san& and tesf the potential of the combined
'zones-in the same manner. Ultim#tely, if sand production is not a problem,
the well's final flow rate éhould be 40,000 BPD sustained for a 30 day
period to allow stabilization as determined from pressure measurements aﬁd
calculations of the Prodqctivity Index. Aﬁ the end of this flow test, tﬁé
well should be shut in for a second build-up to a test static pressure.
The feserve pits or sumps will be lined with impervious material to prevent

or reduce leaching and groundwater contamination.

During the dynamic test on reservoir productibn, surface samples of the
‘produc¢d~fluid will be collected daily and checked for pH, hardness,

chloride and sand cut at the test site. Once a week a sample shall be
cheéked.by a laboratory for the sfandardrAPI ion analysis. Ihé static

bottom hole samples will be checked by a laboratory for the API ion analysis
in addition to selected heavy metal determination with the spectrograph. Gas
ang}ysis for CO2 and flight hydrocarbon gas-content and composition may be

run routinely at the test site on a weekly basis. Each month a gas\sample‘
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Installation of a reiﬁjection weil will require clearing of about
1.2 ha (3 ac) of land oF.wetland. The area réquired will be kept

to a minimum_by dsingvthe smallest feasible drilling rig and facili-
ties configuration. If a reinjection well exists, additional wells
will not be drilled, thus eliminating tﬁis impact.

Removal of vegetation and cohstruction activities will result in
increased runoff, erosion, and sediment concentration in streams.
Drill pads and roads will be surfacéd with réck or gravel where
appropriate to retard runéff. Barriers will béjinstalled to contain
runoff and ﬁrevent erosion.

Contaminants such as lubricants from vehicles and equipﬁent and

'chemicalsvfrom spills and accidents will be introduced into the

environment. The degree of impact will depend on the type,.amount;
and duration of the spill or accident. Some species of flora will
not be able to tolerate these.occurrgnces and may be destroyed.
Toxins m;y be picked up in the food éhﬁin and passed'to.hefbivores
and carnivores. Ponﬁs will be lined with impervious material to
reduce leaching and gfoundwater contamination.  To prevent animals
acquiring toxins in the sump area, the area should be kepﬁ dry and

the vegetation should -be eliminated, Portable sanitary facilities

will be provided for conétructidn crews and construction wastes will

be disposed of at suitable spoil sites. Gases will be flared, blowout
preventers will be installed, high pressure pipeé and valves will
be used, and a spill prevention control and counter-measure plan

wili be devised.
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high pressure pipes and vaives, and using weighted mud and
high pressure mud pumps capable of injecting mud into the well
to control pressures.

(11) Noise from machines and vehicles operating at the test site will
raise the ambient noiséllevel. This will be kept to a minimum
by muffling as many machines and engiheé as feasible.

(12) There will be an odor associated with the_release of HZS into the

atmosphere,

1.4.2 The Cultural Issues - A Summary of Adverse Impacts

(1) Some land use changes may occur as a result of the well test,
The area used for the reinjection well will be modified from its

present status to an energy related use. However. the extent of

‘changes will be kepg to a minimum by good Planning'before actual
‘work begins.

(2) -Noiée from thé drilliﬁgAand testihg operation will affect the use
of surrounding areas. Mufflers will be installed and maintained
on all engines and vehicles to minimize impacts.

(3) If there should be residue left from operations or acgidents at
the'site, selected future land-uses may be limited. The chances
of this will be minimized by removal of pollutants.

(4) Some archeolégicai—sitesrmaf be located in thé area needed for the
test prqgram.  These sites will ﬂe surveyed and evaluated for impact and
mitigation.

(5) The éesthetiC‘value oflan areé will be reduced‘by the presence of

a drilling operation.
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CHAPTER TWO - DESCRIPTION OF THE EXISTING ENVIRONMENT

2.1 Introduction

All development of surface facilities and injection wells will take place
within .8 km (5 mi) of the point of drilling. Most of the land within
the Lafourche Crossing Prime Proépect Area is in private ownership. The
Prime Prospect Area is centered on latitude 29045'N and longitude 90%46'W.
The region is part of the abandoned Lafourche-Mississippi Deltaic lobe of
‘natural levee ridges and interdistributary basins. The natural 1evee;
have been c¢leared for sugarcane fields while CXpress—tupelo gum swamps
form the basins. Homes and businesses are iﬁ linear settlements along
Bayou -Lafourche, Bayou Terrebonne, and Bayou Blue;. however, subdivisions
are rapidly expanding across agricultural fields. The nearest town is
Thibodaux, 5 km (3 mi) té the north,whiie the nearest city is New Orleans,
72 km (45 mi) to .the northeast. The following>sections describe the
existing envirénments of the Prime Présﬁect Area in sufficient detail to
permit a discussion of impacts of the proposed action on the environmental

system.

2.1.1 = Physiography

:The'Lafourche Crossing Prime Proépeqt Area is centered on latitude 29°45'N
and‘longitude 90°46'W,’o: on the deltaic plain of the Mississippi River.
The Prime Prospect Area is in Terrébonne and Lafdurche Parisﬁes. The
phﬁsiography is related to the séquence of delta building and abandonment
under conditions of ébntiﬁuing subsidence. Approximateiy 3500 years ago,

the region began to build as part of the Lafourche delta complex, overlapping
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2.1.2 Geology

Drilling in the Prime Prospect Area will be into the Middle Miocene
Formation, between the top of the Robulus "L" 43 section and the base
of the Operculinoides Plater Sand Series (Fig. 2-1 and 2-2). The

gross sand isopach for the Prime Prospect Area is shown on Figure 2-3.

Sedimentation in Louisiana is dominated by thé Gulf Coast Geosyncline whose
east to west trending axis is just seaward of the coastline (Fig. 2-4). Numerous
large deltas of the Mississippi River prograded into the geosyncline. Trans-
. gressions and regressions of the Gulf of Mexico left alternating sections
of sands, silts, and clays of continental and marine origin. The Prime
Prospect Area's sands are mostly deltaic sands separatedvby near-shore and
.lagoonal sands (Rainwater, 1964). Table 2-1 shows ‘the geologic column for the

Prime Prospect Area.

Jones (in press), Papadopulas et al., 1975, and Bernard (1978) discuss

the resource characteristics in the region containing the Prime Prospect
Area. Figures 2-5 and 2-6 are logs in the Prime Prospect Area. Similar
facies have beencwrrelafed to form two cross-sections through the Prime

Prospect Area. Figure 2-3 shows the total sand thickness in the prineipal

sand idne under the Prime Prospect Area and the known faults which bound

the Prime Prospect Area.

Characterisfics of the Léfourche Crossing Prime Prospect Area have been’
deﬁeloped by Bernard (1978). The top of the geopressured zone is at

3904 m (12,800 ft). The geopréséure interval is 259 m (850 ft). Average sand
thickness is 92 m (300 ff). Total sand volume for the Area is 6.26 km3

(1.5 cu mi). Temperatures range from 134°¢C to 164°¢ (273°F—327°F).



Figure 2-1. Structure Map - base of the Operculenoides Plater Sand Series (After Bernard, 1978).



CONTOUR INTERVAL = 100°

Figure 2-2, Structure Map - top of Robulus “L" 43 (After Bernard, 1978).
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GROSS SAND ISOPACH CONTOUR INTERVAL = 50 FEET ' .
Figure 2-3. Gross sand isopach map of the Prime Prospect Area sands (After Bernard, 1978).
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Table, 2-1. Geolbgic Column for the Lafourche Crossing Prime Prospéct Area.

AGE . | . SERIES T

 GROUP/FORMATION - |

'DESCRIPTION -

: o lRecéﬁﬁv>“K
‘. . Quaternary

‘Pléistoééﬁej'l

‘Undifferéntiated -

- ‘Terraces =

iDeitaic deposits
“"Alluvial and deltaic
:deposits‘

*Pliccene

Q»Citféﬁellef}tff: “

Tertiary

Miocene

'Uppér’ .

Middle

J_Lowerv

{ intéffingering deltéic

sands, silts and clays;}

‘brackish watetUSilgs
and clays.

. Massive deltaic.sands,

hpn-mérine gilt stones.

Silty clays, lenticular

sands, silty clays.

LT
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Figure 2-4. Gulf Coast Geosyncline: approximate
thickness of the Cenozoic of Louisiana
(After Hardin, 1962).

The porosity; pgrmeability, and pressure gradient of the prime prospect

zone under the Lafourche Crossing Prime Prospect Area have been determined

by analyzing cores from oil wells in the region (Bassiouni, 1978). The
Louisiana State University Department of Petroleum Engineering has deter-
mined that the porosity of the geopressured zone formations rénge from

19 percent to 30 percent,-and that an average porosity estimate is 25 percent.
As part of the same study L.S.U. estimates the permeability to fange from

7 md to 199 md and the average permeability to be 70 md, Somewpermeabiliti
figures were over 1000 md, but have been discarded as.anomalies. Finélly,
the pressure gradient in the high potential formations ranges frbm‘

.8 psi to .9 psi/ft.
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2.1.3 Land Subsidence

There are no‘known calculations of land subsidence through the Prime

Prospect Area. Evaluation of existing survey lines across the area

do not provide a sufficient number of points to accurately project

subsidence (Smith, 1978) ﬁoWever,'historic map studies of south-

central Louisiana (Gagliano et al, 1973) have ‘documented land loss

in the region due to subsidence, but do not establish rates. - Subsidence

is the result of regional settling and the reduction of sediment into the

subdelta which maintained surtace elevations and vegetation cover. Overbank

flooding:and'sediment deposition,no‘longer'occur because of the artificial

levees and flood~controlgstructures‘of'the’U,S.LArmy Corpsvof‘Engineers.' |
2;ll4"lMTectonichctivity'

Figure 2-7 shows the regional tectonic setting around the Lafourche
Crossing Prime Prospect Area. Two regional faults cross the frime
Prospect Area and;are downthrown to the south. The rate - of movement

A
B

along these faults is not known.

Seisnic hazard in the study area is very low to non-existent (Aléermissen,
1969; Alermissen and Perkins, 1976) Potential for seismic risk 1is
described on a scale of 0 to 3 where Zone 0 means no damage, Zone 1

means minor damage, Zone 2 means moderate damage, and ione 3 means

major damage. Such a scale is based on historical data'which considers
only the intensity of the earthquake; not the frequency. The Lafourche
Crossing Prime ?rospect Area has a seismic potential of zero (Algermissen

and Perkins, 1976), even though there have been two recent earthquakes in
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Figure 2-7. Regional tectonic map of the Lafourche Crossing
Prime Prospect Area (After Gagliano et al.,
1973).
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Louisiana. On October 19, 1930, an intensity VI [ Modified Mersalli

(MM) scale] earthquake Qas centered south of Donaldsonville at
approximately 30°N Latitude and 91% Longitude or 32 km (20 mi) north

of the Prime Prospect Area. Some brick chimneys were cracked or the

tops knocked down in Gonzales, Louisiana, 24 km (15 mi) north of the
epicenter. A second earthquéke occurred on November 19, 1958, in

Baton Rouge, Louisiana, 80 km (50 mi) north of the Prime Prospect Area. An
intensity of V (MM scale) is estimated for this earthquake which

shook houses and fattled windows. tThe Baton Rouge fault is active

and has moved 6 cm (.20 ft) per year from 1959 to 1969 (Wintz et al., 1970).
2.1.5 Soils

Figure 2-8 shows the soils éf the Lafourche Crossing Prime Prospect
Area.. The Prime Prospect Area is crossed by a series of disgributary
ridges of the Bayou Lafourche delta. The higher elevations of the
natural levees are Commerce-Mhoon Association loamy soils. These soils
ére the Eest drained in the Prime Prospecf Area énd are easily cultivated.

Cultivated fields of sugarcane and urbanized areas are the dominant

use on this Association (Table 2-2).

Toward the toe of the natural levees and at lower elevations is the
Sharkey-Tunica Association of clayey soils. These soiis are poorly
drained and subject to frequent flooding. Some parts of the Association
are drained for cultivation but most of the soil is in mixed hardwood
forest. In the center of the interdistributary basins is the Swamp
Association of élay and organics., Low elevations havé resulted in

flooding most of the year. Most of the land is in cypress-tupelo gum
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Figure 2-8.

Soils of the Lafourche Crossing Prime Prospect Area (After Soil Conservation
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Service 1960, 1969).



Table 2-2. Characterisitcs of Soils in the Lafourche Crossing Prime Prospect Area.

FEmrr ol e -2o7T a

ev i mapsmme PP R T E.crzzec.mis .sasss m—mi - e ime rsm = e - - . Lam
L Suftability Suitabilit. for
Type Flood for Pond Buildinps and
Soil irescriptlion Land kunof f liszard Fermeability pit Lbominant Use * Reservoir Arca Koads
TR SEEX. 3 £ S = 2 TaTeT Tt SE TR LY T mppea o
Commerce~-Mhoon
loamy soils
Slightly acid to Sugarcane
Commerce 507 Prime Nedium Slight Hoderate moderately alkaline Settlement Slight Moderate
Mhoon 30% Prime Slow Slight Slow Slightly acid to Sugarcane Slight Severe
mderately alkaline Cultivated fields
Convent &
Moderate
Sharkey 20% Medium to very Medium acid to Moderate to
Convent Prime to Slow severe Moderate moderately llkaliqe Cultivated field very severe Moderate
z:atkey-T::icl Drained for culti-
ayey soils Slow te . Slightly acid to vation or mixed Severe 2
. Sharkey 70% Prime very slov  Severe Very slow moderately alkaline hardwood forests Slight very sevare
s
Tunica 20% Prime Slow to . Severe Slow Slightly acid to Mixed hardwood Slight Severe :2
very slow moderately alkaline forest ’ very severe
Mhoon, Commerce Severe-
Harris 102 high shrink
Harris Very slow’ Severe Very severe Mildly alkaline Wildlife Severe svell
7’
Swamp Slow to Very Very slow + Medium to slightly Cypresd-tupelo Very severe Very severe
Clay & Organics very slow severe acid gum swamp; Wildlife
Marsh, Fresh water Slow to Very Very slow Slightly to Wildlife Very severe Very se.ere
very slowv severe strongly acid

Slight -~ The limitation is not serious and is easily tolerated or overcom;.
Moderate - The limitation needs to be recognized but it can be tolerated or overcome.

Severe - The limitation cannot be easily tolerated or is difficult to overcone.

Very czvere - The limitatfon is so restrictive that the stated use is penerally imoractical.

Source: SCS, 1960, 1969.

The stated use is questionable.
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2.2 Hydrology and Water Use
2.2.1 Groundwater
2.2.1.1 Occurrence

The Lafoprcﬁe Crossing Prime Prospect Area can be characterized as an area

of limited potable groundwater resoﬁrces almost totally dependent upon

surface water for consumptive use. Although abundant sands and gravel

beds of the Mississippi alluvial valley are present, electric logs of
exploratory oil and gas wells‘in‘the,area indicate a lense of fresh
groundwater, not more than 15 m (50 ft) thick, is present in sbme wells
between about 46 and 76 m (150 and 250 ft) below the surface. The base of
fresh g;oundwatér in the area as mapped by Rollo (1960) is shown in Figure 2-9.
However, chemical analysgs of samples taken by the USGS from five water wells in
the area showed éhat waters-were all slightly saliﬁe (1000 to 3000 ppm fotal
dissolved solids) to moderately saline (3000 to 10,000 ppm total dissolved
solids), indicating the pausity of-freéh groundwater locally (Table 2-4).

Table 2-4. - Chemical Analyses of Water from Wells in the Lafourche
Crossing Prime Prospect Area.

Well Date Screen = Screen  Total Chloride Total Hardpess pH
No. ) Depth Depth Iron _ Dissolved as CaCO3
m ‘ ft v : Solids

Lr-12  12-04-51 14 47.1 28 1260 3010 955 7.3
Lr-17  05-24-56 65 212.8 11 1950 3760 879 7.1
Lr-18 - 02-17-53 54 178 15 1480 3140 471 6.9
Lr-19 12-21-60 63 205.1 - 1500 2900 720 -
Lr-26 12-22-60 61 200 - 1540 2860 955 -

Source: USGS, 1978
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29°

WATER WELLS RECORDED BY USGS.

-~ ALTITUDE, OF BASE OF FRESH GROUND WATER (250 PPM c1). -
CONTOUR INTERVAL = 100'. (ROLLO, 1960). ‘

ALTITUDE OF BASE OF SLIGHTLY SALINE GROUND WATER

-
_200" (1000-3000 PPM DISSOLVED SOLIDS). CONTOUR

Figure

* INTERVALS = 100'. (WINSLOW, HILLIER AND TURCAN, 1968).

2-9, Groundwater of the Lafourche Crossing Prime Prospect Area (After Rollo, 1960; Winslow, Hillier, and Turcan, 1968).
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Slightly saline water which must be protected by. surface casing, extends
to between 92 and 122 m (300 and 400 ft) below the surface (Winslow, Hillier

and Turcan, 1968)

The shallow stratigraphic sequence at Lafourche érossing consists of Recent
alluvial sediments of the Atchafalaya basin. Fine grained silts and clays of
the "topstratum" (Fisk, 1952) extend to a depth of approximately 46 m (150 ft),
and sands and gravels of the "substratum" extend-from 92 to 122 m (300 to

400 ft) deep,‘,Ihe_topstratumvis dominated by backswamp silts and clays,

but locallyvcontainsﬁlimited sand beds.;:

Due to the lack'Of'sufficient groundwater’resources,.no studies of

local geohydrology have been published for the Lafourche area. However,
groundwater flow characteristics can be inferred from studies of aquifer
systems along the Mississippi (Cardwell and Rollo, 1960; Hosman, 1972)v
Water 1evel declines at the nearest centers: of groundwater pumping,
located eastward along the Mississippi River, do not extend into this
area. "Recharge of the" aquifers below 200 feet deep occurs from 1) rainfall
in the outcrop areas to the north and east, 2) direct hydraulic connection
with the Mississippi River, and 3) vertical discharge of water from deeper
aquifers. Recharge to the shallow sands in the topstratum is probably
derived from 1) rainfall, and 2) inflow from underlying artesian: aquifers.

' ’12:.2.1.2- Quality
Where fresh groundwater is available it is of- the ca1c1um and magnesium bicar-
_bonate type,,characterized by high concentrations of iron and hardness

(Cardwell and Rollo, 196Q). Chemicalfanalyses available for wells in the

area are listed”in Tahle72-4.’u v
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2.2.1.3 Quantity

Although the volume of fresh groundwater is limited, wellskcompleted’inrl
sands an& graQels of the substratum and the deeper Pleistocene s;nds' -
and gravels can yield as much as 4000 gpm (gallons per minute)r(Rollo, 1960).
Yields of wells completed in the topstratum are expected to be much less,

but data is not available.

2.2.1.4 Use

USGS files list ten wells in the Lafourche Crossing area which extend
78 m (255 ft) deep (Table 2-5). Tﬁree wells were originally
- listed for livestock use, the remainder are abandoned and unused.
Water fof public supply is‘taken from bayous and treated. Thé USGS

maintains no water level observation wells in the area.

"Table 2-5. Water Wells Recorded with the USGS in the Lafourche
Crossing Prime Prospect Area. )

Well No. Depth Use Date of Record

. m ft '
Le-1 43 140 Abandoned 1912
Lr-11 78 255 Unused 1945
Lr-12 14 47 Unused 1957
Lr-17 67 220 Livestock 1951
Lx-18 54 178 Abandoned 1953
Lr-19 63 205 Livestock 1937
Lr-26 - 61 200 Livestock 1957
Lr-28 60 196 Unused 1957
Lr-29 45 146 Test boring 1951
Lr-33 ’ 76 250 Unused - 1974

Source: USGS, 1978
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2.2.2 _Surface Hydrology

Since surface water‘is a residual component of precipitatlon,‘characteristics
of surface fldn such as quantity, quality, and drainage patterns are |
closely related to both physical and cultural features of the 1andscape.
Climatic and geomorphic factors of an area determlne the expected range

and character of surface activity, establishing predictable hydrologic
responses’ and drainage patterns in a natural setting. Cultural features
such as canals, levees, weirs, pumps, storage, consumption, :and other
control factors -interact with natural hydrologic events and regimes to
produce a distinctive -set. of hydrologic,processes and responses in a
region. Water resource developmentsin:the Prime-Prospect Area-are mainly
related to water supply, agriculture, recreation, and transportation,uses;
Water quality problems identified in the Prime Prospect ‘Area include

chronic high bacteria countswand low dissolved oxygen content, mainly

from municipal and residential discharges; seasonal seafood and sugarcane
processing; natural contributions from swamnmenvironments;fand slow,
sluggish water movement.  This section describes the resulting. surface

water characteristics of stream.regime, water quality, and water resources

development as they: pertain to the proposed action -in the Lafourche Crossing .

Prime -Prospect ‘Area.

2.2.2.1 " ‘General Basin Hydrology

The Lafourche Crossing Prime'Prospect Area is located on the deltaic
plain of the Mississippi River, entirely'within’the wetlands environment
of the Recent surface. The natural physiography 1§ of alternating

natural levee ridgES'and“inter@istriﬁntary basins.
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Under natural conditions, precipitation and overbank flow would move
from the crests of the natural levees down into the basin where it would
collecﬁ in'béyéus and tidal streams aﬁd fléw soutlward into mafshes,
bays, or the open Guif. VSurfaée sloﬁe.in thevwetlands is'minimal, thus
surface drain;ée ié sluggish énd éubjécﬁ;té directional fluctuatidns

from wind and tide influences.

Details ‘of the surface drainage patterns around theuPrime Prospect Area
are shown in Figure 2—10. The natural hydrologic systems .of the levees
and interdistributary basins have been modified by man to a large extent.
On the backslopes of levegs, canals collect runoff before it can spread'
into a natural pattern. For example, Béyou Cutoff and St. Louis Bayou
(Fig. 2-10) are former back slope depression bayous that have been

dredged for ‘drainage and water‘movemenf.

Between these collection canals, drainage in thg interior of the basin is
controlled by a network of drainage and irrigation canals to the extent that
little natural surface flow remains. Drainage divides, such as the highway embank-
ments, natural levees of the bayous, railroad embankments, and impoundment
structures, confine and direct flow; but all these restricting features

are breeched by one or more ditches, culverts, or canals. Local precipi-

fation, pumping rates, and seasonal use dictates direction of flow in

irrigafion canals and drainage ditches as well as amountls of surface

water stored in surface impoundments,

Surface water drainage in the marshes at the bottom of
the basin is regulated by the combined effects of runoff from

local rainfall, tidal oscillations, and weather events. Southerly
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winds pile Gulf waters up against the coéstline causing inland flow,
flooding of the wetlands, and rising stages in channels far inland.
Northerly winds have the opposite effécf; draining marshes and lowering
channel stages. Drainage patterns and water levels are

thus caused to fluctuate on an hourly or daily basis.

Excessive rainfall, stream flooding; and tropical cyclones ﬁhich

élevate Gulf waters (storm surge) iﬁundéte,portions of Louisiana'é low-
lying coastalArégion. Though relatively rare, the tfopical cyclone

ig aidangerous part of the ﬁétural environment of the Lafourche Crossing
Prime Prospect Area. Precipitation in excess of 760-89Q mm (30-35 in)
is nét unusual during the duration of these storms, and the probability
of hurricane-force storms in any year is about 12-13 percent in the

Prime Prosﬁect Area (USACE, 1976).

2.2.2.2 Physical Characteristics of Area Hydrology

The anticipated regime of stream flow in the geographic region of

the Lafourche Crossing Prime Prospect Area would fairlyrilluétraté

the nature of surface water regimes. A puﬁping station at Donaldsonville
provides the total flow of Bayou Lafourche from the Missiésippi River, |
therefore the flow is entirely regulated‘except for smallramounts of
storm drainage d#ring heavy runoff, Average discharge fér the‘l9-yea¥
period of record is about 7 m3/s (600 ft3/s) (USGS, 1977). No discharge.
data 1is available for Bayou Terrebonne or any of the other canals of
streams within the Pfime Prospect Area which exhibit natural

regimes.
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Fresh water input is derived primarily from local precipitation
with some intermittant exchange through canals connected to the
various natural watercourses. Annual precipitation averages

about 1524mm (60 in), and average ann;al runoff is estimated at
1.2 hm3/km? (1014 A-F/mi2) QMuller, 1975). Heavy rainfall causes
rapid rises in streéms and local flooding of low areas, whereas
periods of drought cause extremeiy low flows in canals and streams

with low water levels in swamps and marshes.

Runoff characteristics are governed by soil types, vegetation, and
land-use within the basin. Table 2-6 lists the percent of precipitation
expected as runoff from various surfaces. Reference to the soil type,

vegetation, and land.use sections of this report points out the

distribution and relative‘importance to surface runoff of these

differences across the Prime Proépect Area.

Table 2-6. Runoff As a Percent of Precipitation on Various Surfaces.

Surface % Runoff

Urban Residential

single houses ‘30

garden apartments : - 50
Commercial and Industrial : .90
Forested Areas (depending on soil type) 5-20 -~
Parks, Farmland, Pasture 7 , 5-30
Asphalt 6: concrete pavement , ~ . 85-100

Source: Linsley and Franzini,rl972

Expected flood hazard in the Prime Prospect Area is shown in Figure 2-11

where it is easily seen that the finger-like natural levees provide
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Figure 2-11.

The floodplain of the Lafourche Crossing Prime Prospect Area (After Burk and Associates, in press).
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preferred locations for development. Elevation of the Prime Prospect Area
.is below 1.5 m (5 fti between the natural leveeiridges,'consequently'the
backswampsuarelhelow the level exPected to be flooded by the 100-year

flood and tidal‘inundation eyent,:‘In‘general,'the’100-year flood and tidal
boundary lies between-the éiand 4 m (lO and'lS ft) eleVation contours in
areas inland from the marsh and with the exception of the higher

natural levee ridges, most of the Recent coastal area lies within the

" flood zone (McIntire gt_gl,, 1975).
2.2.2.3 Water Quality Characteristicsl

Surface water quality in the Lafourche Crossing Prime Pr0spect

Area 1is generally good with only sporadic minor violatlons

of water quality standards reported during the period

1975~ 1977 (La. Stream Control Commission, 1978) Most critical
water quality problems occur in the marshes and estuaries south of
Houma, La.' In that area, untreated domestic waste from the cities and
ﬁfrom the many camps in the area causes problems of chronic high |
bacterial concentrations. These problems are intensified by limited drainage
from upperrbasin sources and by weather and tide influenced water
level fluctuations,> In addition, dissolved oxygen violations are
common throughout the basin for two major reasons: 1) swamp water,
which is naturally low in ;0 lcombines with low flows and near stagnant
conditions in the bayous, ditches,‘and canals° and 2) sugar mill | |
effluent and seafood processing wastes, particularly along Bayou

Terrebonne, create seasonal violations. (Office of Water Planning and

Standards, 1974).
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Salinity.qonditions iﬁ surface waters are one of the most important
envi:onmental factors affecting water use and distribution of plants

and animals. Vegetation, wildlife, and soils adjust to a range of

water quality conditions produced by fluctuating salinities and water

levels. Figure 2—12 shows theraverage‘digtribution of sgrface salinities

in the Louisiana coastal zone. On tpe average,-salipity of su?facgf

water in the Prime Prospect Area is belgw OfS ppt (parts per ;hogéapd), indi-
catiﬁg that the proposed action is in an area_of freshwatér swamps. ﬁdwéver,
saltwater intrusion has been observed in Bayou Lafourche, fhé Gulf'Intracoastal
Waterway, and the Houma Navigation'Canall(Lé. Stream Control Comm., 1978), all

south of the Prime Prospect Area.

Available information on watef quality in fﬁe area is summarized

in Table 2-7, an&.water quaiity criteria kor stream Segments iﬁ\the'
vicinity of the Prime Prospect Area'ére sﬁéwn in fable 2-8. Lbcétidns
of the water quality sampling sites and the stream segments are showﬁ

in Figure 2-13. Comparison of these data shows that the most freqﬁent violation
of water quality standards is low dissolved oﬁygen.(DO). Additionally,
some violations of Cl1, 804, and TDS are evident in the data, but on a
more localized basis than the pervasive DO violations. Comparison of
1976 -data with those for 1974 and 1975 indicates that no significant
water quality“changes occurred during that time in any stream'segmenfs
in the vicinity of the Prime Prospect Areé (La. Stream Coﬁtrol-06mﬁ.,; )

1977a).
2.2.2.4 Water Resource Development

Municipél and domestic raw water supply is taken from surface water

sources throughout the region, and most stream segments are
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Parameter

TDS
C1
5%
DO

pH (units)
Temperature-(oc)

Conductivity
(micro-mhos/cm? at 25°C)

1%k
(1974-76)
26-282
11-62
0-28
0-8.0
6.3-7.5
11-28.5

Table 2-7. Water Quality Data (ranges of values in mg/1).

Sampling Stations¥

2 3 Lk 5 6 | 7 | 8

(1974-76)  (1974-76) (27 Mar 75)  (1976-77)  (1976-77)  (1974-76)  (1976-77)
106-730 56-3784 J— — 9-184 30-1470 -

10-42 8-2050 a— 30-7500 23-1600  10-1025 58-7500
6-70 0-111 —_— —_ 14-220 2-80 -
2.5-9.1 0-3.8 7,95 - . 5.3-8.9 1.5-9.0 . ——-
6.8-8.0 6.4=7.5 . 7.65 R 7.5-8.2  6.9-7.9 @ -
10-31.5 10-29 20.1 = 11-29.5 10-29 -
-— - 318 . mm= o0 363-4840 - -

0e-¢

* See Figure'Z-i3 for locations

** Observations during water years 1974, 1975, 1976

*** One~time saﬁple

Source:

Louisiana Stream Control Comm., 1977a; USACE, 1976; USGS, 1976-77




Table 2-8. Water Quality Standards** (selected paramefers) and Water Use Designations (selectedk
R S ETAH SEBEEHES), - T T e e e e 2 e e

DO pH TDS Temp.

P ‘ Water Uses* Cl SO e
' SEGMENT A B CD (wg/l) (mg/D) (mg/1) (range) (mg/1)-  (°C)
" Bayou Lafourche A B COD 70 55 -5 6.0-8.5 500 32
. - (above Larose) - :
':f Bayou Lafourche A B C —_—min Ay--f 4 6.5-9.0 - 35
., (below Larose-TIDAL) e O s
_ GIWW (Morgan City =~ A .B-°C' D 2500  ~ 75™ . -0¢S5. 6.0-8.5 500 32
_ to Larose) , 4 , o B L e T o . :
. Bayou Black A B C.D 82 39 . 5 6.0-8.5 291 32
- (GIWW to Houma) S e T EL SR "
o Bayou Terrebonne A B C 230 55 5 6.0-8.5 875. ° 32
~ (Thibodeaux to Bourg) | SR u"”Qw R E
- ,Béyou Terrebonne - A B C - e ST 6,5-9.0 -~ . . 35
~ _ (below Bourg-TIDAL) T 5 ' . S
o Ehyou Petit'Cailibu~ A  B.)C~ ; _t " — lj'xté;' 4 6.5~9.0 ~-— 35
- (below Houma-TIDAL) b i ST : ’
~ Bayou Blue(TIDAL) B C = e b 1 6.5-9.0 © - 35
* A = Primary Contact Recreation 'f‘ - ** Chemical Parameters and Temperature,é max. values
B = Secondary Contact Recreation - Dissolved Oxygen = min. values
C = Propagation of Fish & Wildlife '
D=

Domestic Raw Water'Supply .

f'sburce:_ Lquisiana StteamiCdntrol Comm., 1977b

1e-C
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Figure 2-13. Locations of water quality sampling sites and stream
segments (After Louisiana Stream Control Commission,
1977a).
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classified as suitable for "primary" and "secondary contact recreation"
as well as for-"propagation of fish and wildlife" (Table - 2-8).
Extensive surface waterrmanagenent practices are conducted in the
basin. for crop-irrigation, drainage, navigation, flood control, and-

in the lower part of the basin for saltwater intrusion: problems.

Specific lists of municipal:and industrial users, amounts of surface
water used for irrigation, -and point sources of ‘municipal and industrial
dischargers are available for the region‘around the Prime Prospect Area
" (USACE, 1973; USACE, 1974;: Office.of Water Planning and

Standards, 1974),. Table 2-9 lists representative types of -major
industrial dischargers_located within or near.the Prime Prospect Area.
No wild, natural and scenic, or recreational waterways have-been
designated in or,near the Prime: Prospect Area (La. Wildlife and

Fisheries Comm., 1976).

Table 2-9. Types of Major,IndnstrialvDischarges, Terrebonne Basin;

Oil and'gas mining
Non-métallic’ mineral mining -
Sugar and confectionary products
Seafood products -

Paper and allied products. . .. .. .

Water and sanitary services )

Source: 7 Office of Water Planning and Standards, 1974

2.3 Flora and Fauna of the Prime Prospect Area

A [ B T £ N BN LT S P A i ITiniaann

The Prime Prospect Area is situated in southeastern Louisiana on the aban-

doned upper distributaties of the former Lafourche—M1851951ppi River Delta
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complex (Fig. 1-1). The present distribution of vegetation is controlled
not only by the natural conditions, such as elevation above standing water
and distance from.salinigyinfluences, but ‘also by human activity such as
farming,  lumbering, and residental and industrial development. - Vegetation

observed in the Prime Prospect Area in July 1978 are listed in Appendix A.

Within the Prime Prbspect Area a number of terrestrial and aquatic habitat
types can be broadly defined by land-use and/or soil moisturg (Fig. 2-14).

. Terrestrial habitats include residential, agricultural, and bottomland hard-
woods. Aquatic habitats iﬁclude agricultural drainage canals, natural
bayous, cypress-tupelo swamps and crayfish ponds. ﬁhile many faunal species
frequently occur in one or more of these types, they are discussed in con-
junction with the areas in which they are most common or are of greatest
recreational or commercial importance. Fish, amphibians, reptiles, birds,
and mammals whose range includes the Prime Prospect Area listed in

‘Appendix A,

2.3.1 Terrestrial Flora and Fauna

A discussion of specific types of terrestrial flora, areas of location, and

utilization is given below.

Residential Areas- Virtually all of the Prime Prospect Area consists of

terrestrial habitats greatly altered by man's landscaping activities. The.
higher, better drained natural levees that formerly supporﬁéd dense stands

\
of mixed levee hardwoods have been cleared of natural vegetationm.

Human communities and industrial sites have been located on the crests of
these natural levees adjacent to the bayous and the remainder of the area

has'béen planted pfimarily in sugaréaﬁe.
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Figure 2-14, Major vegetation systems of the Lafourche Crossing Prime Prospect Area.
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A variety of vegetation has been planted around resident1a1 and industrial

sites. Common tree Species include live oak (Quercus virginica), pine

(Pinus spp.), redbud'(Cercis canadensis), mimosa (Albizzia julibrissin),

fig (Ficus carica), and satsuma (Citrus reticulata) Many area residents
also malntaln small vegetable gardens where they grow tomatoes, okra,
peppers, greens, and/or cabbage gardens for home consumption or sale on

a limited basis./

Faunal species occurring in residential areas have become adapted to man's .
horticultiral plants and maintenance of-early successional stages of.
vegetation. Some species frequently occurring and commonly enjoyed in

residential areas include greén anoles (Anolis carolinensis), green tree-

frogs (Hyia cinerea), Northern Cardinals (Cardinalis . cardinalis), Blue

Jays (Cyanocitta cristata), Brown Thrashers:(Toxostoma.rufum),-Northern c

Mockingbirds:(Mimus'polyglottos),ﬁﬂouse’Sparrows“(PaSSer domesticus), . -

Carolina’Wrens'(Thryothus~ludovicianus), fox squirrels'(Sciurus niger),'

and southern flying squirrels (Glaucomys volans).

Agricultural Fields - Agricultural fields are the predominant habitat type

within the Prime Prospect Area. Although some soybeans are grown, the
pr1nc1pa1 agricultural crop is sugarcane. By reduc1ng competltion with
other species, sugarcane growers can harvest an average of abOut 28 tons

of cane per acre in this area (Bordelon, 1978, Landry, 1978)

Due largely tofthe lack of plant species diversity and year around cover,
large areas of farm monoculture provide little wildlife habitat. Most of
the wildlife occurring in these areas are restricted to naturally vegetated

areas such as field borders, abandoned fields, ditchbanks and road shoulders.
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Some hunting for Bobwhites, Mourniﬁg Doves, or rabbits may occur where the

game birds are concentrated or where sufficient cover is available for rabbits.

Bottomland Hardwoods - The bottomland hardwoods fiankiﬁg the natural levees

in the north—soﬁth trending interdiétribﬁtory basins aré second grthh
communitieé (Connor and Day, 1976). These areaé were cut over for tiﬁbér
and cleared for agriculture in the past, The drainage in these areas was
accelerated. through construction of numerous sﬁallow drainage ditches.
However, they still remain wetter than the higher,:better drained'nétural i
‘levees and have, therefore, been abandoned for sugarcane production during
the modern period of declining sugar prices. These bottomland hardwood
communities occupy transition zones between the natural levee and swamp
and contain species from both enviromments. The§e species are distributed
according to their ability té withstand flooding, with those tolerant of
the longer hydroperiod being at the base of the levee. Common bottomland
hardwood species and vegetation characteristic of this habitat are listed in

Appendix A.

Of the habitat types available for wildlife in the Prime Prospect Area,
bottomland hafdwoods provide the greatest amount of outdoor recreation,
primarily hunting. ﬁost of the game and non-game wildlife in the bottom-
land forests are species associated with the more advanced suécéssionél
stages of vegetation., These areas provide important habitat for

the numerous migratory bird species which winter in south Louisiana or
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pass through the area in route to more southerly climates. Sguirrels

(Sciurus spp.), rabbits, and deer: (Odocoileus virginianus), all common in the

bottomland hardwoods, provide many hours of'hunter recreation.

2.3.2 Aquatic Flora and Fauna

Various locations of aquatic flora and fauna within the Prime Prospect

Area,fand,specific species. inhabiting these habitats are discussed below.

Agricultural Drainage Canals - Ditches and canals are dug to expedite the

runoff of excess water from agricultural fields to natural drainage
systems (Fig 2~ 14) The field drainage ditches and channelized bayous
generally do not have either rooted, submerged aquatics or floating
aquatics due to the frequenc& of ditch cleaning operations and periodic
flushing by heavy;rainwaterlrunoff;' Furthermore, the water is ‘usually
shallow.and heavilyﬂladdenrwithgsilt,<CQnditions which tend to.mininize,

aquatic flora: and fauna. .If the ditches have not been dredged for several

years, -a varietyof emergent aquatic and wet site plants colonize the site.

Common species include cattail: (Typha spp.), horsetail (Equisetum hyemale), -

rushes, (gpncus;Sp.iand.Rhynchosgora:spa),/cyperus:(ngerus spp.) .

'ﬁalligatorweed=(Alternanthefa;philoxeriOdes);,and,pennywort'(szrocotxle¢sp.).

,(i‘
I

Faunal species able to survive in these frequently turbid, warm, and
low—oxygenated waters include crayfish (locally referred to as’ crawfish)
(Camburus spp.), several species of gar (Lepisosteus spp.), mosquitofish'

(Gambusia affinis);cstinkpot (Sternotherus odoratus); several-of the water

snakes,(NatriX'spp.),tandfnutriat(Myocastor‘coypus).',These'canals:are(the

first aquatic recipient of agricultural pesticides.
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Natural Drainage Systems - Most of the natural drainage systems within the

Prime Prospect Area are bayous. These sluggish streams>usually have a
silt bottom and are turbid for quite a distance after :eceiving agricul-
tural runoff. Dﬁring late winter and sprihg when Bottomlahd:hardwoods
and swamps are flooded with these nutrient-rich waters, colloidal clays
are electrically attracted to leaves and detritus. . Thué, nutrients are
supplied to bottomland hardwood and swamp systems. The productivity of
these systems is theréby enhaﬁced.v Hoﬁéver, where the baydus:remain
muddy year round; these aquatic s&steﬁsbaré lésé préductiverdue to the
restricted depth of light peﬁetr;tign. Light is necessary for photosyn-

thesis, the most basic unit of aquatic production in such systems.

‘Species inhabiting these habitats are American alligator (Alligator °

mississippiensis), red-eared pond slider (Chrysemys scripta elegans),

water snakes, and western cottommouths (Agkistrodon piscivorus). Several

additional species are sought by recredational and commercial interests
for food. These species include alligator snapping turtles (Macroclemys

temmincki), common snapping turtles (Chelydra serpentina), bullfrogs

(Rana catesbeiana), garfish, buffalo (Ictiobus spp.), catfish (Ictalurus spp.)

sunfish (Lepomis spp.), largemouth bass (Micropterus salmoides), and crappie

(Pomoxis spp.).

Cypress=-Tupelo Swamp - The swamp habitats lie on the eastern and western

edges of the Prime Prospect Area. They are discussed with aquatic habitats

because it is common for these flat, low lying areas (less than 1.5 meters
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above sea level) to have standing water for one or more months of the

growing season..

The swamps flanklng each side of the Prime Prospect Area are second growth
commnnlties. The commer1cal cypress stands were cut around the turn of the
20th centnryra:Howeyer,“regrowth in these particular areas seems to be good
since the tree:standspare heelthy and rather‘dense;,iBald cypress andhwaterrk
tupelo are the dominant species (Chabreck, 1970, 1972), Other commOn

species include Drummond red_maple, pumpkin‘ash, and buttonbush (Cephal-

anthus occidentalis)A(Chabreck, 1970, 1972)?

The standing water in swamp areas and sluggish bayous is often covered by

dense mats of‘water”hyacinthsh(Eichhornie’crassipes);‘duckweed (Lemna spp.

Wolfiella sp., ‘and Spriodela spp ), water-meal (Wolffia spp.), and water

lettuce (Pistia stratiotes)

The swamp and its associated vegetation provides habitat for crayfish,
American alligators, and wading birds. Although wading bird rookeries
are common in cypress—tupelo swamps none were reported byﬁPortnoy‘
(1977) to be within the Prime Prospect Area.< The swempjennkhottoml;ndr”
forest habltats prov1de most of the wildlife associated sport and

commercial nct1v1t1es in‘the Prime Prospect@Area.

'

A very small portion of the southeastern part of the Prime Prospect Area
cons1sts of fresh marsh Normally, the dominant vegetation consists of

maldencane (Panicum hemitomon), cattail bullrush (Sc1rpus callfornlcus),
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saw grass (Cladium jamaicense), wapato (Sagittaria platyphylla), water

hyacinth, and alligatorweed (0'Neil, 1949). However, this site appears
to be undergoing changes due to grazing and alteration of drainage;

therefore, the species composition is being disturbed.

Crayfish Ponds - The catching, cooking and eating of crayfish is deeply

imbedded in the culture of south Loﬁisiéné. Historically(ahdtoday);‘cray-
fishing for home consumptibn has often‘Been a family or multiFfamily'affair.
Most crayfishing takes place in ditches and éanals, or in bottémland hard-
wood- and cypress-tupelo forests during spring flooding. Howeﬁér,“cranish
pondé have been developed for maximum crgyfish production. Several such
impoundments exist within the Prime Prospect Area. Water levels in these
ﬁonds are regulated for maximum crayfish production and elimination of

. competitor and preditor speciés. Most of the ecrayfish ponds in the Prime

Prospect Area are fished for personal consumption rather than commercial

sale.

Wildlife Related Activities — Area residents frequently participate in

several wildlife oriented recreationdl or commercial activities. School
kids limited by transportation fish in many of the accessible canals and
bayous. Although the bottomland hardwoods and swamps are privately

owned, most of them are hunted by friends and guests of the landowmers.

The trapping of furbearers is a large commercial industry in Louisiana
with much of the bottomland and swamp areas of the state being "leased"

to trappers.
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2.4 Endangered Species

No endangered or threatened plant species have been recorded in the vicinity

of the Prime Prospect Area (U.S. Dept. of Energy; 1978).

- One reptile and three b1rd species currently classified as- endangered
or threatened are either present or are potentially present in the Prime

Prospect Area.

The American alligator, originally listed as endangered throughout its

range, has made significant population gains in recent years and is
'currently listed as threatened 1n several south Lou151ana parishes, 1nc1uding
Terrebonne and Lafourche; Alligators could be present in any of the aquatic
habitats of the project area but would more 1ikely occur in the natural

drainages or cypress—tupelo swamp.

Bachman's warbler (Vermivora bachmanii), being the most: rarely observed.

North American warbler, is classified as endangered. The species inhabits
heavily ‘wooded swampy areas and is thought to nest in.different areas of . -

Louisiana each‘year:(Lowery;:1974)1”

The Bald Eagle (Haliaeetus 1eucocepha1us) is also classified as

endangered | Sixteen nesting territories have been located in the‘.
statedWith»théeclosest,nests beingrabout-19.2,km (lzrmi)Asouth-spntheast,,/
22.4Vkm1(14fmi)'southeast,»and'27.4~km (17 mi) east-northeast of the ..
PrimeuProspectTArea ‘(Aycock, 1978). gAlthough1immaturegand;adult eagles may
pass through the;area;-none,wouldrbe expected to spend any length of time

there (Lowery, 1974).
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Peregrine Falcons (Falco peregrinus), another endangered species; migfate

south in winter closely fqllowing concentrations of shorebirds and -
waterfowl, many of which winter along coastal Louisiana. Some falcons
may pass through the area during migration or in search of food but would
not be expected ﬁo spend an extended 1eﬁéth of time within theAffime o

Prospect Area (Lowery, 1974).
2.5 Noise
2.5.1 Ambient Noise

Noise has been defined as any unwantéd éound: Sound itself ié‘a pressure
level which fluctﬁates ‘through any media\éﬁcﬁ‘as air 6r wafer. Sound’is
quantifieq in terms of decibels, a légafithmic scale of pressure lévels
baéed'on a reference pressure of 2x105 newtons per squaré meter, The
human ear does not hear the high and low frequencies of sound as well

as the mid-range; therefore, a filter has been developed for use when
analyzing sound for human response. This is called the "A" filter and
the noise levels recorded through this filter are expressed as A-weighted
decibels or dBA. Table 2-10 shows the common sound levels aséoéiated

with selected activities which may occur in the Prime Prospect Area.

The ambient, or background, daytime noise level.for,the Prime Prospect
Area varies between about 50 dBA in the undeveloped areas to about 65dBA
or greater in Thibodaux (unpublished LOH data). Nighttimg noise levels
reach as low as 40-50 dBA depending upon the type of develoﬁmgnt and

atmospheric conditions.
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Table 2-10, Common Sound Levels

o * ) Intensity
Sound source dBA Respaonse criteria (Vi/re2)
Carrier deck jet operation 180 '\ ' 1'09
: . L340 . Painfully loud; limited . . 108
arnplified speech
SRR RO o 1300 T : . 107
Jet takecfi {200 f1) _ Maximum vocal effort
Unmuffled geothermal well A O ST
' 120 10°
Discotheque’ SR : rey st
110 10%
Jet taksoff {2000 f) e SR
Shout (0.5 f1) : 7 4
SRR 100 10t
Heavy truck {50 ft) ) Very annoying, hearing
h o 7 damage (8 hr)
s . 80 _ 10
Pneumatic drill {(50tt) © 7" Annoying IR
‘ 80 102
. Freight train (50 ft) :
Freeway traffic (5Q ft) Telephone use difficuit;
: intrusive _ L
70 10!
Air conditioning unit (20 ft) ’
Light auto traffic (50 f1) Quiet '
IR - ' 80 ..o oo . i 10-1—1 ‘
Living room
*-Bedroom : - e ST e
40 o : 1072
Library T S S L LI PR ST RS EOE S O S Tl
Soft whnsper (15 ft) Very quiet i
- T ¢ E AR TEE PSSR SURPRLPR | o MR
) 20 , 10~4
Broadcastingstudio ;7= ¢ Justaudible T
' 10 ' ~ 108
-7 Thresholdothearing - 0 T T
o : 10-¢

%Typical A-weighted sound levels taken with a sound’ level meter and -
expressed as decibels on the scale. The "A" scale approximates
the frequency response of the human ear.

Source: (‘ouncil on Environmental Quallty, 1970
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The healthy &oung édult ear can hear fluctuations of 1 4BA inbéound
levels under‘ideél conditions. Ho&ever,wﬁﬁéA;0¥ﬁa1 adult ear can

only distingﬁish changes at 3 dBA or greater. Because of. the lbgarithmié
nature of the decibel scale, the doubling of tﬁe sound pressure ievél\
will produce an increase qf only 3 dBA; Therefore, in order for noise
from the well site to be peréeiQe&_By the majority of the neafgy resi;
dents, it must at 1eaét equal the ambient level.‘ If.the noise from the
proposed actioﬁvis less than ghe afibient level, it will be masked by the
béckgro&nd noises. Thus, if during daytime hours the well producéé léss
than 50-65 dBA at the.nearest,receptof,Ait will not be heard by the
majdrity of tﬂe residents. The same is. true for the 40-50 dBA nighttime

noise level.
2.5.2 _ Regulations

In the absence of specifié Louisiana state standards applicable to

noise from geothermal activity, at least four different Federal regulations
may apply to the proposed action. The first Geothermal Resources Operations
Order No. 4 (USDI, 1975) sets a maximum allowable noise level of 65 dBA

for all geothermal-related activity as measured at the lease boundary‘or

0.8 km (0.5 mi) from the source, whichever is greater. This 1eve1 applies
in the absence of any, more restrictive criteria and may be exceeded

' undef emergeﬁcy coﬁdifions or with the permission of all the rgsideqts

within 0.8 km (0.5 mi) of the source.

Another Federal regulation applies to the personnel at the proposed action.
The Occupational Safety and Health Act (OSHA) set forth guidélinés (OSHA 1971)

restricting the amount of noise in the work environment (Table 2-11).
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Table 2-11. Permissible Noise Exposure.

- Duration per day;«hbﬁrs , -T . Sound level, dBA

6 ..

4o es
3. e

L2 oo 100

108

T 110

X 6r11ess L 115

Source: }QSHA,,19:‘71>-i

The United S;a#es ﬁﬁ;irqnmental'Protectipn Agency - (EPA) bas establisﬁed
"guidelinés foriééAérél-usé, bgééd on léﬁd use and type of éctivity.l They

are summg§1zed.1ﬁ iaﬁle 2;;2;"%1na11§,_the Unitéq_s;aies pgpércmeﬁc of

the In;e?iori(DOi):ki975):£a§kéﬁblished noise criteria for geotherm;l

related actiﬁitiesv(iab1e°2-i3).

Tabie'?—lB.' No;se'Lévels th‘éo be Exceeded.

Land Use - - - Daytime (dBA) Evening (dBA) . Night (dBA)

Industxiél.&rGéqtﬁgrﬁal“i;5;747; 70 65 - L 60
BusineSS'S“Comméféial N .. 65 '160';§‘ f>“ﬂ Sd
Residential - Urban = 60 Coss . s
Residential - Suburban . 50 | 55 7 35
Residential - Rural T 45 . - 40 30
Agricultural ' 70 . 65 . 55
Recreational 45 40 30
Uninhabited or Range Lands 70 : 65 60

Source: U.S. Department of the Interior, 1975

The above criteria will be the most difficult to meet of the Federal regu-
lations, particularly the night noise levels.



Table 2-12. Levels of Environmental Noise,

IO PREVENT - LEVEL AREA

HEARING LOSS Leq* (24) > 70dBA All areas

Outdoor Activity Ldri** > 55dBA Outdoor residential areas
Interference and . ‘ and farms and other out-
Annoyance door areas where people

spend widely varying
amounts of time, and
other places in which
quiet is a basis for use.

Leq (24) > 55dBA Qutdoor areas where people
) ' spend limited amounts of
time, such as school yards,
playgrounds, etc.

Indoor activity Ldn > 45dBA : Indoor residential areas

:nterference and Leq (2°4) > 45dBA Other indoor areas with
nnoyance ‘ human activities such as
schools, etc.

*Leq- the equivalent noise level, is a summation of all the sound pressure
levels over a given time period, which is then averaged out for that
period of time to give-.a single.sound level which is representative
of all the various fluctuations. Leq (24) 1s a 24 hour equivalent -
level.

**Ldn - the day/night noise 1eve1 is an Leq(24) with a 10dBA penalty added

to the nighttime hours.

Source: EPA, 1974

L9t
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2.6 Atmospheric Condltions
2.6.1 Regional Climatology

Since there are no‘meteorologioal measurements at this Prime

Prospect Area, and sinoe it isilocated on’similar‘terrain as Thihodaux‘

and Houma, we may use . long—term observations made. at theseitwo locations for
the Prime Prospect Area as a first approx1matlon. Thekmeteorological

data are given in Table j2—l4; These data were obtained from the

National Cllmatic Center in Asheville,. N.C.

The generalvclimatic classification for the Prime Prospect Area ls humid sub-.
tropreal yith a strong maritine oharacter; However, the Prlme ProspectﬂArea
is also:subject to infrequent-but important polar influences during winter,
as masses'of cold;airfperiodioally moue suuthnard’across the olains . -
states ano out over the Gulf of Mexico. .. These cold spells are

usually of short duration and the winterAmonths are normally mild.

The normal,temperature at Thihodaux fromiDecember,through February is
15°C§(569F). fhe'mean number of days with the temperature equal te or
less?thanTOQC (32°F) as»;bserued”at.ﬂouma areaapproxinately S'days |

per ;ear. The summer months are consistently quite warm. Although

the normal temperature at Thibodaux from June through August is

27 C (81 F), the mean number of days with the temperature equal to and

greater than 32 C (90 F) 18 ,nearly 20 days per month during this

period at Houma. f



Table 2-14. Meteorological Observations Near Lafourche Crossing Prime Prospect Area, Louisiana. '

Month

Temperaturea
(o

. ‘ a

Precipitation
mm

Wind Directionb

Wind Speedb

m/s ,
Wind Directionc

Wind Speedc
m/s

Thunderstorm Daysd

Relative Humidityd

percent

-Mixing Height? m
" Solar Radiat:lonf

Ly/day

12.4

116

390 -
200

13.7

134

75

680
315

16.3

140

SE
8.9

5
74

830
400

A
20.6

120

SSE
2.7

SE
5.9
5
74

1040

435

-23.8

143

SE
2.4

6
74

- 1040

520

26.7

150

SE
0.9

10
75
1290

565

27.6

215

W
1.4

SE
0.9

17

79 .

1320
475

27.6

156

.SE
0.9
15
78

1180
465

25.6

194

1140
430

20.9

77

NNE
2.0

NE
4.1

73

960
390

16.0

104

680
297

13.3

142

500
193

Year
20.4

1691

921
390

a. Normal for 1941-1970 period at Thibodaux.

b. At New :Orleans.

c. For Bayou Lafourche area with central position at 28°49'N .and 90°04'W.

d. At Houma for mean number of days having thunderstorms.
e. From Holzworth (1964) for mean maximum mixing height.

f. TFor 1963-1973 period of Lake Charles, the closest site having solar radiation measurements.

Source:

National Climatic Center, 1977.
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From March through -August the prevailing ‘direction of "the wind is from
the . southeast. The mean wind speed during this period is approximately
5 m/s (10 kts). ' From September through February most winds blow from

the northeast quadrant with a stronger mean éﬁeed of 7 m/s (13 kts).
Winds in excess of 77 h/sE(iSO'kté) are éstimafédito haveé occurred during

great hurricanes.

and 1691 mm (67 in) at Houma and Thibodau%, respectively. Amounts
are substantia11in'a11 seasons, although there is an early autumn
minimum in Octobér‘(éverégéd bétween Houma and Thibodaux at about
81 mm (3.18 in). All other months produce an average of more than '
102 mm (4 in), with July‘oftenimore°thaﬁ%20§wmm (8 in). Almost

all rainfall is of the convective éﬁd5aif’mass types, showery and
brief, exéept:d§c331dhélly’dufing ﬁiﬁéer when néarly‘continuous'

frontal rains may sometimes persist for a few days.
: 2.6.27v.Me;eorology'neat the Prime Prospect Area

,As described iﬁ the previbus séctioﬁ~(2.6:1)}fsince‘the’PrimeﬂProspect“
Area has no meteorological observafions and is lqgated on the same
general terrain as,band not very,faf from Tﬁibodéuﬁ énd)Houma, the

" meteorology of the Prime Prospect Area may be -approximated by the -
,obeéfﬁatibﬁé'madéfaé{theéeitw0'1déétion§‘_'HdWevef,\siﬁce'theseﬁ |
cities do ot héVé“ﬁind;cbéervéfibné; New Orléans Measurements °

and ‘climstological summary aré in¢1uded.ﬁ‘Tﬂeéé,dété»éré‘

summarized ‘in Table 2-14. A description of metesrological and
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climatological conditions has already beeﬁ given in 2.6.1. Since
the Table is self-explanatory, it will not be discussed in detail.
However, note that for air quality assessment, both solar radiation
and mixing height are added in the table in addition to those basic
parameters. . Although they were not measured in the Prime Prospect Area, .
_they may be used as a-first approximation because both New. Orleans and Lake
Charles are locéted in the same Air Quality Control Region.(i.e. 106)

as the Prime Prospect Area (EPA, 1978).

Since the atmospheric stability class is ve;yvimpoftant in the diffusion
calculation, Table 2-15 gives the p;rtinént iﬁformation as a first
approximation since there is no such measurement in the Prime Prospect Area.
They will be used in the impact computation section on air quality

due to the proposed action. Note that stability,Class A

representé extremely unstébie conditions, B unstable, C slightly

unstable, D neutral, E slightly stable, F moderately stable, and G
extremely stable (Slade, 1968). It is evident from the Table

that the combination of neutral and slightly stable conditions (D+E)

occupied about 60 percent of the year.
2.6.3 Air Quality

The existing air quality data in the Prime Prospect Area as measurgd for a
speciai study by the EPA Regional Office Group fesponsible for atmos-~
phéric éurveillance are summarized in Table 2-16. Carbon mqnoxidév

and nonmethane hydrocarbons were measured by the Louisiana Department of

Highways. For comparison purposes, measurements of carbon mqnoxide
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at Nederland and West Orange, Texas were also included in the Table
since these two areas ére located in fhe Samg,Air,Qﬁality Control
Region (;.e., 106) as the Prime Prospect Area (EPA, 1978). From
.Table 2-16 ié is evidentrthat, except for ozone and nonmethane hydro-
carbons;'dther pollutants as listed and regulatéd by Federal and

state agencies were within the National Standards.

Table 2-15. Percent Frequenc&rand Wind Speed for Stability Classes Measured
at Taft, Louisiana.

Stability Class Percent Frequency :‘{Average Wind Speed, m[s
A 10.33 R 3.7
e T 7 R s
c : C o237 CL b 4.2
B s s ;:;29;61x,, R TR L <~2.8771
F E s L6

¢ 1206 .. L0

Source: Loﬁisiana Power and Light Company, 1274
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Table 2-16. Summary of Air Quality Data Observed in Lafourche Parish as Compared
to National Ambient Standards.

Pollutant Average Time Primary Standards® . Lafourche Parish
Particulate matter - Annual o 75 41°¢
(Geometric mean) - I R d
24~hourP 260 103
Sulfur oxides Annual 80 3¢
(Arithmetic mean) c
24-hourP 365 13

Carbon Monoxide l-hourb 40 7.1d, 8.43, 7;'5f
Nitrogen Dioxide Annual . 100 : 7¢

(Arithmetic mean)

Photochemical 1-hour? E 160 .321°¢
Oxidants, 05 ' ’ -
Hydrocarbons 3-hour 160 . 327g

(nonmethane) (6 to 9 a.m.)

Units are in,ug/m3 except for CO which is in mg/m3.

a.
b. Not to be exceeded more than once per year.

c. For the year of 1976 (data source: EPA, 1978).

d. Highest reading as measured by the Louisiana Dept. of Hwy. at Gray, on LA 24

during March 1974,
Nederland, Texas, same as c., for comparison only.
f. West Orange, Texas, same as e.

g. Measured by the Louisiana Dept. of Hwy. at Raceland/U.S. 90 6 a.m. to 9 a.m,
three hour reading on 28 March, 1974.
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2.7(: Unique Resources .

2.7.1 Recreational Areas Existing and .Proposed

2

Lafourche and Terrebonne Parishes of fer ample outdoor aﬁdiwater oriented
recreational opportunities. The East Timbalier Wildlife Refuge [137 ha
(337 ac)]'ﬁéﬁaged:by‘the'Bﬁréau'Bf’Spéft Fisheries and Wildlife, is
1oé££ed‘in‘Terfebdnne'Périgh. "The Isles Dernieres Preservation Area

is also located Witﬁin”thiéhPafishi ‘Bdth,aréés are a héveﬁ for'waterfbw1,

shore birds, and other wildlife species (Fig. 2-15).

L
-’

. Y?‘ -}J\ié‘:‘""“’ A IR
\ !
727

" EOWARD DOUGLAS wWiITE
S sTatE Pank

{u"\ THIBODAUX
! iﬁi i

/ PRIME N
v’ Pnospesr AREA

GRAND ISLE STATE Panx |

: WISNER SWLMA
; 4
X .q“"l‘ ° y P \ i }Hﬂ’\enn TRMBALER 03!. wwin

ISLE DERNIERES PRESEAVATION AREA l

" Figure 2-15. Federal and state conservation areas =
: . and parks.

Three state wildlife management areas are located within these parishés.
The Pointe-au-Chien Wildlife Management Area 11,438.77 ha (28,243.88 ac)
in Terrebonne Parish, the Lake Salvador Wildlife Management Area

8,756.58 ha (27;498.83 ac, part of it in St. Charlgs Parish) and the

\
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Wisner Wildlife Management Area, 8,756.58 ha (21,621.20 ac) in Lafouréhe
Parish. They allow public hunting, fishing, camping, birdwatching, and

other forms of outdoor recreationm.

The only:area administered by the Lquisiana State Park and Recrea?ioﬁ-
Commission within the two parishes is,the Edward ﬁouglas

White State Monument, 2.43 ha (6. ac) in Lafourche Parish. Southeast of
Lafourchev?grish in the neighboring Jefferson Parish, stands Grand Isle
State Park, [56.7 ha (140 ac)]}, which is the closest state park to the
Prime Prospect Area (Fig. 2-15). Directly south of the Prime Prospect
Area is Lake Fields. The Lake Fields Game and Fish Management Commission
leases lots along ifs‘shores to spbrtsmen for the puf?ose of'bﬁilding

hunting and fishing camps (Central Lafourche Planning Commission, 1973).

However, there are no designated Federal or state recreation areas in the

Prime Prospect Aresz.

Hunting, fishing, and crawfishing, as well as water oriented recreational
activities, are popular in both Parishes. Numerous water bodies satisfy

these needs, including both Bayou Terrebonne and Bayou Lafourche.

Thibodaux (Lafourche Parish) and Sohriever and Houma (Terrebopne Parish)

have several private, semi-public, and public recreational facilities,

such as swimming pools, golf courses, playfields, and school grounds, which
"are near or within the Prime Prospect Area (Section 6.2.3., Fig. 6-1). Several
neighborhood parks and a regional park southwest of the Prime Prospect Area

are planned for Terrebonne Parish.
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2.7.2 Archaeological Sites

A Level I, Cultural Resources Survey was performed for the Prime Prospect
Area. This level of survey is defined as a literature and map search

to see if previously known sites are in the area and to determine high
probability areas for site occurance (Department of Culture, Recreation,
and Tourism, 1978). In éddition, a one day driving survey was made

through the area to observe the high probability areas.

No archaeological éites are located within the Prime Prospect Area.

Two types éf archaeological sites are expected within the areas,

prehistoric and ‘historic. The high probability areas for the

two.types of sites are approximatély the ééme‘(Fig. 2#16). Sites are expected
along the natural levees of the bayous from the crest of the levee to |
an‘area half way down the slope of the levee. Along Bayou Lafourche

the high probability érea differs from the usual pattern. The crest

of the levee along Bayou Lafourche was first settled by small farmers

in the 18th century. 1In the early 19th century Anglo-Americans came

into the area to establish sﬁgar blantations. Since the crests of

the levees were already occupied, the Angio—Americans settled half

way down the levees. Sometimes a small farmer would sell his land

fronting on the Bayou to a élantation ownéf..rThe "big house" would

then be buiif along the crest.of the levee{bu; the quafters, sheds,

and sugar house would be built half way down the’ieveg (Rehter, 1971).



Figure 2-16. Archaeological and historic sites and high probability areas in the Lafourche Crossing Prime Prospect Area.
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Aftef'the well loeation'is seiected and Before any site prepafation'
or’well‘constrﬁction begins, akievel II Cultural Resources Survey
will be oerforﬁed; AAjpedesttian survey will be made of the well site,
accese;roaas; and any other areas that wili.be‘direEtiy impaeted by
the prooosed actioo to determine if'ahy arcﬁaeological sites are
eligible for the National Register of Historic Places. Subsurface
testing will also be conducted if necessary.' A report of the survey
will be submitted to the State Historic Preservation Officer and

received prior to any site preparation or construction.

iIf an -;rciaéb ogical sité eli'giBie"for the National Register is in the Prime
Proépeot Aféa,'ané of two altetnatiQeahmﬁst Be chosen. One<a1ternative‘is the
avoidance of'the:atchaeoiogical gi&é'sy either ie16cating the proposed action
.or by protecting the site (ite,iplaeiné:a fence around it to protect ‘it from
construction activities'aod cooatfottionrﬁotkers); The second aitetnative

is the excavation ofjthe(archaeological;site.~»This alternative should

.be: chosen only if therevis«no»way‘to avoid the site. - Excavation of an
archaeological site is usually much more expensive than avoidance of the
site;;-A;report showing the location: of the survey, the survey procedures,
and the results of.the survey mostrbe submitted to the.State Historic.
Preservation Officer (SHPO). The SHPOfmustureQiew,and,ciear the: project

prior to any work at the site.

2.7:3 Historical Sites

e

The LafourcheAatea‘ﬁae settled byAsmall fatmets in the 18th'eeﬁtufy.

These farmers were of French and Creole origin and built on the crest
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of the natural levees. ‘Beginning in the 1820s, Anglg-American p}anters
arrived ip the area tQ establish sugar plantations. Since the crest of
the levee was already occupied, they settled half way down the levee
(Rehter,_1971). Several old historical structures are 1oca£ed within

. the Prime Prospect Area; however, none are listed in the National
Régister of Historic Places. The Cﬁatghie Plantation House is in the
process of being nominated to the National Register, and several

other strﬁctures are eligible for nqminaﬁion but lack of time has

delayed the process of nomination (Leslie, 1978).

Figure 2-165hows the location of the plantation houses. Associated
with these houses are tenant hoﬁses (6ft§n old slave quarters), sugar
héusgs, barns, and sheds. These ou;buildings are often away from the
"big housg"{ but they‘are also eligible for nomination’to the National

Register. These outbuildings are shown in Figure 2-16.

High probability areas for historic site occurance (Fig. 2~16) can be
‘determined from the historic settlement patterns. These high probability
areas are along the crest of the levees to half way down the levees.

This hypothesis is modified around Bayou Lafourche due to the unusual
settlement pattern found there. Along Bayou Lafourche the high
probability area should extend from the crest of the levees to the

toe of the levees.

A Level II Cultural Resources Survey will be performed after the well

site is chosen to locate sites elipgible for nomination to the
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National Register of Historic Places. A report of this survey will be
submitted to the State Historic Preservation Officer for review prior

to any site preparation or construction.

There are three alternatives for mitigation procedures. 'One alternative
is the total avoidance of the site.’ The second alternative is moving -
the structure to an aesthetically comparable area. The recording and

measurement before disassembling the house is the last alternative.

2.8 Demographic and Socio-economic Setting

2.8.1 Demography

The Prime Prospect Area 1s located within Lafourche and Terrebonne
Parishes. In 1975 Lafourche had a revised estimated population of
72 999 persons, y errebonne Parish had a rev1sed estimated population

of 83,401 persons (Louisiana State Planning Office, 1977) .

The most urbanized area of Lafourche Parish is represented by the City

of Thibodaux (14 925 persons in 1970), the parish seat, which is adja-

cent to the Prime Prospect Area. The greatest concentration of development
~\,i“ this parish is found in a linear corridor along the natural levees

of Bayou Lafourche following LA Highway l.t Part of this corridor 1ies

: within the Prime Prospect Area. Lafourche Farish had a population conoosition

in 1970 of 89 percent white and ll percent non-white.

“Terrebonne Parish had'a population of 76,0493persons’in 1970. “The Parish
“is classified as ‘an urban ‘parish sinceé over 50 pércent of its population

lives in urban centers (U.S. Department of Commerce, 1972). As in Lafourche



2-61

Parish, development is greater along the natural levees of the bayous

in a strip-clustered fashion.. ..

Tye Pfime Pfospect Area contains part of ;ﬁe linear corridor élong Bayoﬁ
Terrebonne, leading south of Thibodaux in Lafourche Parish and north of
Houma. in Terrebonne Parish. Terrebonne Pafish had a population composition
of 81.9 percent white and 18.1 percent non-white in 1?70} Although the -
majdrity of the Prime Prospecf Area's population 1s white, there are.a

few concentrations of non—white.groups,'especially along the left descending

bank of Bayou Terrebonne towards the town ¢f Gray.
2.8.2 Ethnic Groups

Although Anglo-Americans settled along Bayou Lafourche and Bayou Terre-
bonne, the area is still considered Acadian (Bertrand, 1976). The French
. influence started before the Anglo-Americans arrived and continues into

the present. There are no known Indian groups in the Prime Pibspect Area.
2.8.3 Socio-Economic Characteristics .

The principal -economic activities in Lafourche Parishbare mining, manu-
facturing, transportation, and trade; although most of the land in the
Parish is used for agriculturé (sugarcane fields) or is wetlands (marsh

and swamp). Transportation is the major industry employer (21.9%), followed
. by maﬁufacturing (21.8%), retail tfade (19.6%),‘and mining (oil and'gas
vextraction) (7.39%). Terrebonne Parish economic activities éfe élso
centered on mining, manufacturing, and retaii trade. As in the case of
Lafourche Parish, large tracts of land are in sugarcane fields or are marsh

and swamp. The major industry emﬁioyer is mining, followed by retail trade
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and manufacturing. Within the Prime Prospect Area are the following oil and

gas fields: Southwest Lake Boeuf, Lafourche Crossing, Melodia, and Rousseau.
2.8.3.1 Agricultural Economy

Agricultural activities play a dominant role within the Prime Prospect
Area. Therrihéipal1éfop~within‘th§'ﬁrime Prospect Area is sugarcane.
‘Some sm511 §éa1e'tfﬁék fafmiﬁéfﬁéfnbe found in the Pfime>ProspectlArea.
Both parishes have experienced a steady decline:in both the number of

farms and the number of‘férmefs in the last few years, althpugﬁ'the’éverage

size of farms has increased (Landry, 1978).
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CHAPTER THREEA- PhoBAhLEIMfACfS_—DIRECT AhD;lNDIRECT
3.1 ;. Impacts Due to Drilling:and Maintenance
3.1.1 Geology
Effects of hydraulic rotary drilling and well construction on the
physical geology of the Prime Prospect Area can be divided into two

classes: 1) effects related to well construction procedures,

. practices, or methods; and 2) well maintenance methods and procedures.

Most of the geologic effects of wellyconstruction such as mud 1nvasion and
acidizing are local and ‘can be measured in meters or tens of meters from the
borehole.: Only two procedures, hydraulic fracturing and sdueeze o

(high pressure) cementing, may have effects observable at distances

of hundreds or even thousands of meters from the borehole, in addition-to
having local impacts. Both .of these downhole operations are highly
dspecific with regard to depth and geologic setting, hydraulic frac-

turing is done to improve the permeability of a sandstone by filling (propping)
pressure—induced fractures with sand grains larger than those of the
fractured formation, and‘squeeze cementing is done to seal off a
'fluid-producing zone in a permeable formation. In some areas these

' procedures have been known to produce measurable.uplift of the land

surface, and even to result in observable fractures, but in the .

areas considered here,,where hydraulic fracturing and pressure cementing

in oil-test and productidn wells is & common practice, no such effects

have ever been known to occur.
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Well maintenance, in terms of proggdures that might be employed to
preserve or enhancé the yield chafaétéristics of geothermal produ;tioﬁ
wells, might include acidizing or hydraulic fracturing, or both. Again,
where properly employed, these pwocedures have not produced observable

changes at the land surface.
3.1.2 Physiography

Drilling and maintenance of the proposed action will have no known
significant adverse impacts on the physiography of the Lafourché Crossing
Prime Prospect Area. The natural levees ha&e a maximum slope‘of one to
Fhree percent and the backswamps are levél; thus installatiQn of the
propésed action will not require fewérking of large areas. There ;re no

geologically unique features in the Prime Prospect Area.
'3.1.3  Soils

Drilling and maintenance of thevproposed action will not have significant
adverse impacts on the soils of the Prime Prospect Area. Some soil
erosion on the natural levees is expected from the installation of the
drill pad and the access routes because of the léw slopes and medium to-
very slow runoff characteristics. Overall, erosion should bevless thgp
that associated with sugarcane cultivation because the drill pad:and
access route will be covered by rock or gravel and the soil wi;lAnp;i

be exposed each year during cultivation. A plank road and drill pad

surface will be used in the wetlands. The planks will retard runoff

and erosion.
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3.1.4 Groundwater

A groundwater well may be required to provide water during drilling
operations. No measurable impacts are expected due to the limited
duration of the activity and the limited volume of watéf iéquired.
BeqauseAgrognqwagg:‘needs}are negligible, impacts such as surface
subsidence and saltwater intrusion into the limited fresh groundwater
zone are not expected to result from any of the drillinghor~maintenance

operations, . ;.

It is likely that some Briné; drilliﬁg muds;'ahd possibly hydrocarbons
(fuels and lubfiéanis)vwili be lost to the surface at the well site
either by inadvertant spills or leakage from storage pits. Surface
sﬁiils”wiil'ﬁerhégté'féréﬁié‘soil;”espe&iéiiy during dry periods, but
only to some éﬁali&w BEbfﬁ&auerto theriiﬁiféd’ydluﬁes>like1§ to be
spiliédQ':Mihbrxaméuﬁtg 6% leékagé'éré'likeiy°froﬁ Ehe‘pité, e&en
tﬁbhéhfthéy may be lined with an impermeable material. Whether the
spill or leak is brine offfidid'hy&récarbdﬁ,'fhe effect will be long-
last;ng‘and_difficgltvoyrimpo§sipls f?[removef‘VHowgvex,_thgfi@pa;t}f
. yill:be‘small begause the dep;hﬁofAcontaminatioq‘will pe_limitgd to
ngar”the suffqee,§n¢a§hg=arga of tthggi}}fshpuld:beAlimitgdttoughg
dr;;}isite.)_Thgﬁl;mitgdsfresh,gfogpdyate?t?esopréesJofﬂthe_Priwgi‘
Prospect Ares, separated from the surface by pore than 46 m (150 £2)

of fine-grained deposits, should not be affected.

iSubsﬁrféceiimpaCts'ofrdriliihg:undér;hotméi operating conditions will -

be negligible because of the 'limited thickness of fresh groundwater and’
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the surface casing program required by rules and regulations of the
Louisiana Department of Conservation to seal off and protect the fresh

water resources.,
3.1.5 Surface Water

Potential impacts to surface watef'ffom‘drilling and maintenance are
related to construction and development activities. ' Land clearing and
leveling, road and drill pad comstruction, increased vehicular traffic,
and other such activities associated with development and maintenance

of theAproposed action will cause;increaggd runoff and erosion rates,
increasing ;urbidity locally, and thereby degrading water use desirability
or plant and animal habitat. This is an. especially important concern in
wetlands‘areas where rapid habitat changes result in’pervasive envirpnmental
impact. Runoff from construction areas will contain oil and grease

from vehicles and equipment, and chemicals from drilling muds. Existing
drainage patterns may be further altered by road, storage pit,kor levee

construction, or by resulting channel sedimentation.

Flooding of the well site is a viable threat because of its potential
location in a flood prone area. Site flooding could wash toxic materials and
pollutaﬁfs from the well site and storage pits into surrounding waterways
where they could be quickly spread throughoututhe wetlands environment.

The nature of surface water use for crop irrigation and domestic raw

water suﬁply in the Prime Prospect Area will make containment of such
potential impacts especially important. Flood walls orrimpounding levees
around - the construction site may be necessary, depending upon . the exact”

site selected within the Prime Prospect Area (Overlay).
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3.1.6 Wildlife and Vegetation

'Impacts.associatedlwitn tbe drilling’and‘maintenance,of the proposed
action may be of a direct or indirect nature and of permanent or temporary
significance. Expected»impacts are dependent upon suchvfactors as:

1) standard procedures innolved in well drilling and maintenance,

2) well siting, (whether in wetlands or better drained natural
levees,

3) care taken in drilling‘and maintenance operations, and

"’ 4) mitigation measures incorporated into the drilling program.

The major impact expected from well drilling will be loss of habitat.
Installation and maintenance'of“a'geotbermalrwell.site‘within.the Prime
Prospect Area will require a commitment of up to 0.4 ha/km (1.7 ac/mi)
for.roads and 1000 m (k ac) for drill pads. An additional 1. 6 ha

(4 ac) will be temporarily committed for the combined use of equipment
storage, sumps, and laydown areas during installation (Overlay) Vege—
tation, and therefore existing wildlife habitat, will be lost in these
areas. Wildlife presentlyﬁexisting on these proposed transportationA

corridors will be lost or displaced.

If roads are constructed such that natural drainage 1s impeded, water and

nutrient flow from naturalﬂlevees to7cypress;tupeloiawamps will be changed.

This change may’ alter vegetationiand‘productivitilin‘the’affected areas.
Where water is impounded, woody vegetation may be killed and replaced by

| aquatic vegetation. Roads generally have the least impact in these

areas if constructed parallel to drainage with culverts wherever necessary

to provide unimpeded water flows.
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Road comstruction and eventual road usage can also be expected to

generate dust, especially under dry weather conditions. Dust coatiﬁg-
the leaves of nearby vegetation can imp#ir growth and reduceﬂﬁhofo-
s&nthétic édtivity by reducing COZLeXChange (Treshow, 1970); vA élightly
lower’aquatié préduction'in nearby water bodies may also result from
increased surface water turbidity'dué td soil éfosidn during'fh; installa-

tion phase.

Other changes in environmental quality mayibe associated with chronic
and/or gudden ;éleése 6f gas, oil, Bleed water, drill mud, or ﬁachine
lubricants. Although there is little data available on thé effects

of such actions (st. Amant, 1972), certain potential impacts must be

discussed.

 Dril1ing'mud, digchafged at the surface and held-in an impervious sump,
will contain toxic-cﬁemicals and poliutanfs that should present only a
localized impact at the storage area site.‘ Some constituents used in
drilling fluids and muds are included in Table 3—15 There is a remote
pqssibility that some wildlife may use the sump area as a source of
water or for other activities such as féeding, resting, or;preening.

of eveﬁ lesser possibility is the potential for an individual animal

to pick up a sublethal dose of a toxic chemical and then be bagged and
eaten by an unsuspecting hunter. If the sump area ﬁas dklowed to dry,
.the contents could be blown over surrounding areas and become a problem

to vegetation and wildlife.
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Table 3-1. Some Constituents Used in Drilling Fluids and Muds and
Selected Toxicities.

CONSTLTUENT!

CONCENTRATION

COMMENTS 2 ¢
IN MUDSZ (ppm)

_96 hr. Tla®
Fish Sea

Twé
(mg/m)

X Quebracho extract
x Lignosulfonates, calcium

and chrome derivatives - =

Acrylonitrites (such as
~ hydrolyzed polyacrylo-
. nitrite) s
Sodium salts of meta and
pyrophosphoric acid
Natural gums
Tannins
Molecularly dehydrated
phosphates
Subbituminous products
Protocatechuic actd
Barite
Lignins(such as humic
acids)
Bentonite
.. ~Sugarcane fibers
" Lime

Granular material, such
as ground nutshells
Corn starch
Saltwater
Soluble caustic/Xignin - -
product
Carboxy methyl cellulose
X Crude oil
X Sulfonated crude oil
X 0i1 emulsions
X Sodium chromate

Anionic and nonionic
surfactants
Organophylic clay
X Soaps of long-chain fatty
acids

Pho:xpholiplds (e.g., lecithin)

<X Asbestos
Uniscecam

X.= Greatest potential adverse Impact on local vegetatlon and fauna

. Source: 1)

6,000~-15,000

Biodegradable
- 12,000

Yl

15,000-105,000

teritating to skin 1,500-6,000
and eyes ° .
. 6,000-90,000 -

-

sust not be discharged 150-6,000

to environment
1,500~6,000

ORUNR AR P R OO R E ...+ 66,000-120,000

-5 +;15,000- 30,000 -

covery ghxle 7 e

Colltns, 1975, p. 463 . - o ) L

- e H o

N SRR KT I R U Y )

3} 9% he. Than: the .
4)  TIV: Level of poabiutiant helow whileh o worker coibd be wabjert for R hourw a day Tor 5 days a uyuk.

pem required to kE1] 502 of the organlems in 96 hours

135 158
7,800 12,000

14,500 100,000

3,000 8,600
- S570 140

10.0

<10.0

5.0

10.0
S10.0

2 fiburs/ce



Drilling muds and their associated chemicals are to be reinjected
before the site is abandoned. However, if any toxic materials are
left in the sump area, they may be taken up by vegetation and thereby

incorporated into the local food web.

The hunting recreation currently provided in some of the Prime Prospect
Area will probably be curtailed for some distance around the well site.
The well construction and maintenance may also decrease hunter success

and the quality of the recreational outing.
3.1.7 Land-use

Impacts on land-use from the proposed action would largely depend on the
exact location of the well site. Urban and built-up areas, agricultural
areas (sugarcane fields) including Prime Farmland areas, and wetland

areas may be required by the proposed action.

About 0.69 ha (1.02 ac) for each kilometer (0.6 mi) of access route and
about 1000 m2 (0.25 ac) for each drilling pad will be altered as a

result of the proposed action. During well drilling, another 1.6 ha (4 ac)
(Overlay) per drill site will be altered adjacent to each well. After
completion of each well, the affected areas are scheduled to be converted
to their pre~-project conditions by planting native species or appropriate
crops. Land-use changes and environmental impacts will be minimized by

laying pipelines going to the injection wells next to the access route.
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‘311.8"’Socio;economic

Thedlabor_force to;be employed during the time of drilling and maintenance
for the proposed action is expected to be commuter oriented from communi-

ties near the Prime Prospect Area.

Impacts on public services as a result of the proposed action will be
non-existent or negligible since thermOrking force is expected to come from
nearby areas. Due to the small size of’thexoperation and its short duration,

economic impacts will not be significant.
3.1.9. Air Quality .. . . .

Since there .are only very limited.studies (ERDA, 1977a) relating to the
impacts on air quality due to geothermal exploration and production, -

the following discussions are given only as a first approximation.

ConstructionQrelated impactsion:air'qnality will result from dust;
exhaust emissions from construction machinery, and noncondensable gases
released from geothermal fluids during preconstruction flow—testing
Since the land will be disturbed in connection w1th construction of
additional drill pads,faccessxmutes pipelines, and other related
activities, dnst‘willtineyitably be generated. Because the concentration
of total suspended particulate in thebair is within ambient standards

inthe Prime Prospect Area as shown in Section 2 6 3, the added effect on

dair quality due to construction is minimum.

Exhaust .emissions from !drilling and construction machinery will. include .

805, NOX’ CO, hydrocarbons, and particulates. Diesel drives for the
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drilling rigs typically consume 2000 litres/day (550 gal/day) of fuel,
resulting in emissions of approximately 23 Kg/day of CO, 9 Kg/day of
pérticulates (ERDA, 1977b). The emissions associated with the operation
) oé diesel~powered equipment for'5lda§s'£o prepare a weli pad ﬁould be
equivalent to those associated with a'Siﬂgie day of drilling. A small
amount of polluting emissiénsrwillAalso result from the operation of
delivery truqks'and private vehicles. These releases arerexpected to
be minor; short-term, and should be readily dispersed because,about
sixty percent of the time the atmqsphgric>stability classes ére~1n D
and E (Section 2.6.2). The accumulated level of impacts due to exhaust

emissions from drilling and construction machinery is negligible.

Noncondensable geothermal gases will be released during drilling (ERDA,
1977v). Although the weight of the drilling mud_Shouid'prevehéfa lérge
release bf gases to the surface during drilling, the mud‘ﬁiilICEffy some
gases to the\surface. These gases will be released to the atmosphere
from the water/steam separatof at the well, from the drilling~mud
cobling tower, and from the liquiq sump. Maintenance of sufficient
pressure within the well to protect against blowouts should result in

acceptably low levels of gas emissions during drilling.

3.1.10 Recreation, Archaeological and Historical Sites

Depending on the exact location of the proposed action, the existing
recr2ational areas could be impacted by drilling and maintenance. Archeo-
logical and historic sites could be destroyed by site preparation and

drilling operations. If archaeological or historical sites eligible
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for the National Register of Historic Places will be damaged or
destroyed structurally or aesthetically by the proposed action, miti-

gation procedures will be taken prior to the work.
3.1.11 Federal, State, Regional, and Local Land-use Programs

None of the Federél, staté, and regional agencies contacted which
responded foresee any conflicts with their projects resulting from
the proposed action. Coordination with local governmental agencies
plans and activities will be obtained prior to dévelopment of the

proposed action.
3.1.12 Noise

Noise from fhe proposed action will vary in level and frequency depending
oﬁ the'partiéular operation occurring at any given time. During operation; .
an average drilling rig will produce a noise level of.approximitely 90 dBA
at 6 m (20 ft) from the engine room. An unmuffled, venting well will
produce about 120 dBA at 31 m (100 ft) from the wellhead. The topography
in the Prime Prospe;t Area is essentially level (less than three percent
slope). Figure.BJ; Appendix B, depicts the noise produced by normal opera-
tion of a drill rig as contouf lines. Any rural residences within 2000 m
(1.25 mi) (overlay) of the drillrrig will be in a noise level zone above
the DOI minimum criteria for night noise. The suburban criteria for

night noise is exceeded within 15d0 m (5000 ft) of the well. .Under normal
| operating conditions, anticipated noise levels will not exceed the
criteria established in GRO Order 4. (Figure 3-1). These are geherali—
zations because tree cover and structure type will affect noise attenuation.

This is discussed in detail in Appendix B.



S Kilometers

Figure 3-1.

AREA WITHIN .8 KM (.5 MI) OF MAJOR
CONCENTRATIONS OF RESIDENCES

The .8 km (.5 mi) noise zone around

high population areas.
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3.2 Impacts Caused by Flow-testing of the Proposed Action
3.2.1 Geology

The. possible geologic impacts of flow—testing or pperation of the proposed

action are l) land subsidence, and 2) contamination of or hydraulic effects upon
the surface environment in the vicinity of the proposed action, or the
subsurface environment, consisting»of both. fresh and saline aqulfer Q

systems. All such impacts are of a secondary nature, occurring as a conse-

quence of fluid withdrawal, or fluid escape, from formations in the

geopressure zone.

Effects of flow-testing on the physical geology of the Prime Prospect Area

are those resulting from fluid pressure changes in the reservoirs tapped

by the wells. Flow’tests involve relatively small total volumes of

produced fluids by comparison with the volumes of fluid withdrawn during

-

commercial operations.‘ Detailed records for wells -and well fields which
have produced from geopressured reservoirs comparable to the ones to be
flow tested at the Lafourche Crossing Prime Prospect Area indicate that
no adverse environmental consequences “should": result from flow testing.l
Wallace (1962) describes the relation oprroduction to reservoir pressure
(Pz versus cumulative production, and cunmulative water production) for
numerous geopressured gas reservoirs in south Louisiana. Graphs of the
relationships among”these*factorsVforefOur caSe”history“reservoirs are
shown in Figures 3-2 and'é;ﬁ;f-ﬁogland'suhsidencevwas observed as a con-
sequence of”fluid withdrawals,s:AVmoreidetailed.discussion—ofufluid
witha£;&5fswiﬁ‘fﬁé vicinit; fothé*érimégbkbspéé; hrea is presented in

Appendix C. Injection of brines will not result in fault activation. The

brines will dissipate in the saltwater aquifers.
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3.2.2 Physiography and Soils

Geologic analysis indicates that no adverse environmental comsequences

should result from flow-testing. Because there will be mno subsidénce
of»thé}surfaée due to flow-testing, there will be no adverse impacts on

the physiography or soils df the Prime Prospect Area.

3.2.3 Groundwater

During normal conditions, groundwater would not be impacted

by flow-testing with the exception of normal amounts of surface contami-
nation - of soils from inadvertantly lost brine, either from floﬁ éystems
or storage pits. The impacts would be limited in area and' would

affect only shallow zones. Maximum negative impact would occur at the
crests of the natural levees of Bayou Lafourche and Bayou ?errebonne
where soils are most permeable, land is most valuable, and the local

water table may be deépest, permitting greater penetration of contaminants.
3.2.4 Surface Water

Potential impacts to surface water from this stage of the propo$ed action
result from disposal of the fluid brought to the surface,;and from possible
elevational and drainage gradient changes brought about by unfqreseen land
surface subsidence or seismic-activity. Thermal and chemical;bollution
could adversely alter surface watzr quality which wduld be especially
significant to major bayous which are used for drinking water. Elevation
changes could alter surface flow patterns and présent limits of swamp or

marsh, disrupting-irrigation and navigétion uses or environmental systems
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dependent upon existing gradient flows and water regimes. Additionally,
such elevation changes could increase saltwater encroachment in wetlands

areas, 1mpacting 1rrigation and domestic water supply uses,

3.2.5 'wildlife and Vegetation

Flow7testing,and operation of the wellvmay either directlyvor indirectly
affectﬁbiota‘in the vicinity of the well site. Potential impacts
directly generatedrfrom flowetesting:and’operation include liquid and
gaseons effluents and noise. Potential impacts indirectly-generated
include dust, exhaust;Kand noise from increased”automotiye traffic to

and from the well site.

Geothermal efflnents are;extremely hot brines and may/contain concentrations
of toxic elements i¢.591id!;li€uid’ or gaseous fofmf, If released into the
environment, any of these properties could cause adverse biological

impacts. 'However, proper'containment,;insulation,ﬂand;disposalr(reinjection
into saline aquifers). of geothermal products during normal operations

should assure a minimal effect on the:plant and animal life. It may,
however, be necessary to flare uncondensable)geothermalvgases instead of
reinjecting them. This may cause local increases in HZS SO s O CO2

levels. If the H S is in high concentration, it may lead to acidification

2

of water which may in turn solubilize the trace heavy metals (Schieler,

1976)

HZS’ a possible air pollutnat resulting from a blowout, can be highly toxic

to terrestrial and aquatic flora and fauna. HZS could be toxic within approxi-

mately 91 m (300 ft) of the blowout site. Beyond this distance st will

oxidize and the SOx oxidation products could be toxic up to about 762 m
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(2500 ft) (ERDA, 1976). If wind conditions are light and these substances
remain in the atmosphere near the ground or are washed onto ground surfaces by
rainfall the soiis and surface waters could become more acidic and
less conducive‘to plants and aouatic life. The impact will vary because
plants and animals have differing tolerances to pH. The most severe
impact would be to those areas used for agrdcultural.production and/or
acidic soils such as swamp or marsh. A change in soil pH would cause
‘a change‘inﬁnutrient availability:and uptake hy plants. Thus,kplant”
growth and nroduction would be altered and certain heaVy netalsrmay
become'moreiavailahle‘to:plants'(and therefore the entire food chain).
Agricultural crops’may eitheribe Riiled, have low production; or be
unfit for human'cOnsumption;7 Soils already hauing a low pHJmay become

intolerable for most biotic species if pH is lowered considerabiy;

Noise, another direct product of the proﬁoséd'action, should cause

only temporar& movements of animals away from the well site.

During periods of flow-testing and operation, vehicular traffic to and
from the well site is expected to increase. Automotive exhaust and dust
may decrease vegetative productivity, especially for vegetation

close to the roads, but should not cause permanent damage.

If the well is tested or operates during the hunting season, noise
generated from the well operation and traffic moving to and from the
well site may lessen the quality of the outdoor experience and decrease

hunter success near the well site.
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‘3.2.6 Land-use

No impacts are expected on land-use from the flow-testing and operating
of the proposed action other than the commitment of land in the drilling

of the proposed action.
3.2.7  Socic-economic

No socio-economic effects are expected in the Prime Prospect Area as a
result of flow-testing‘and operation of the proposed action because of

the commuter oriented»worhforceand»its small size.
3.2.8 Air Quality

Well-testing will result in the direct release of steam and a variety
of other gases .and particulates for approximately 70 days (ERDA 1977a).
The contaminant of greatest concern is hydrogen sulfide. Other gases
that may be emitted are CO NO , NH3, CH4, NZ' and HZ’ based on typical

noncondensable gas content for pressure fluids. Particulates released

with the geothermal fluids or raised by equipment should not add 51gnifi-

cantly to the background level of particulates in the proposed well site
area. The short duration of these emissions makes it unlikely that the
air quality will be significantly affected outside of the immediate area

of the well,

The-impact of flaringfthe gases?from”a*single plumefiS?expected{to be
small, based:On'experiencesairomfsimilar geothermal well tests

(ERDA, 1977a). This particular project is miniscule when compared to
the many flares which exist in major refineries, such as in the Lake

Charles area, where the air quality is still within standards.
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"The impact of the cooling towgr is expected to be negligible because of
the small size required for the single well operation. A possible
impact would be the increased occurrence of fog or the_formatioﬁ’bf{“ .
steam fog during;freezing,femperatures in winter; but the fréQﬁency is

~ small, since the mean number of days with the temperature equal'or less

_than 0°C (32°F) as observed at Houma area is approximately 5 days per year.

\

3.2.9 Recreatibnal, Archaeological, and Historical Sites

There will be no adverse impacts on known recreation or archaeological
or historical sites as a result of flow-testing or operation4of the

proposed action.
3.2.10 Federal, State, Regional and Local Land-use Programs

None of the Federal, state and regional agencies-contacted‘whicﬁ responded
foresee any conflicts as a result of the proposed action. Iﬁpécts or
conflicts with the Lafourche waterway maintained by the U.S. Army Corps

of Engineers will largely depend on the exact location of the proposed
action. Coordination with local authorities will be sought before

starting operations.
3.2.11 Noise

Noise from engines and venting may impact selected receptors. The degree
'to'which this occurs will depend on the final location of the proposed

action within the Prime Prospect Area (Overlay) (Section 3.1.12).
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3.3  Unavoidable Direct and Indirect Impacts

3.3.1 Impacts from Drilling and Maintenance

The unavoidable impacts from drilling and maintenance may be summarized

as follows:

L

2

3)

Approximately 2 ha (5 ac) of wetlands will be destroyed

for the well site if the proposed action is located in

1the interdistributary swamps.

Approximately 2 ha (5 ac) of Prime Farmland will be removed

from productivity during the dyration of the proposed

action if the well is located .on the natural distributary

levees.

The natural levees are already modified by agricultural

practices. Soil erosion is expected duringltherpreparation

‘yof the road to the site'and at the well site; but for the

duration of the proposed action it w1ll not exceed that

already occurring in the agricultural fields.

Small amounts of brine, drilling muds, and hydrocarbons will

) be spilled during normal drilling and maintenance operations.

However, the impacts will be limited in areal extent and

“depth and ‘will not affect ‘the artesian groundwater resources.

_ySignificant impacts such as land subsidence and saltwater

intrusion, which accompany heavy groundwater use in some

coastal areas, will not occur as a result of planned drilling

‘4nd maintenance activities. = -



5)

6)

3-22

Access routes will alter existing drainage patterns. Runoff
will increase tufbidit& in watercourses énd‘degfade”water ﬁse
desirability and natural habitat during the installation phase.
The greatest impact due to drilling and maintnenance of a well
wiil be the loss of habitat for drill pads and access routes.

Biotic productivity in and near roads used for access to the

‘well site may be reduéed. .Hunter succéssaaﬁd the quality of

the outdoor experience near the well site may be reduced.

7)

8)

3.3.

Because the concentration of total Suspénded particulate in
the air is within National Standards in the Prime Préspect
Area (Section 2.6;3) the added impact on air ‘quality due to
construction is sméli. The accumulated level of‘impacts due
to exhaust emission from drilling and construction machinery
ié also negligible. However, in‘order to prevent.possible
blowouts, maintenance of sufficient pressure within the well
is very important. This should result in acceptably low levels
of gas emissions during drilling.

There is a potential for noise impact from the broposed action
in the Prime Prospect Area. The number of receptors affected

and the degree of impact will depend on the final site locatiom.

2 Impacts from Flow-testing and Operation

The unavoidable impacts from‘flow—testing and operation‘may'be summarized

as follows:

1)

i
In all probability, some brine will be lost to the soil but the

impact will be local and will not affect groundwater resources.



2)

3)
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Gaseous releases, noise, and increased vehicular traffic, either
directly or indirectly generated during testing and operation
of a geothermal well, may cause adverse biological impacts.

Well-~testing will result in the direct releaee’of steam and a

~ variety of other gases and particulates. The short duration of -

these emissions makes it unlikely that the air quality will be
Significaﬁtly”affected’outside'of‘the'immediate area of the
well. However, due to the noxious odor of HZS’ inﬁabitants

within a 3.2 km. (2-mi) radius of the well should be informed.

The'impactiof:flaringrthe gasesrfrom a;einglewpiume is expected

to be small. The impact of the cooling tower is expected to

"'be negligible due” to its small size. (However,aitxmay cause

4) "

e "steam fog" during freezing temperatures in winter,rbut the ‘

frequency of freezing temperature is only five days per year

“in the Prime Prospect Area)

Some noise impact is expected from flow-testing and operation

of the proposed action.
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CHAPTER FOUR - PROBABLE CUMULATIVE AND LONG-TERM ENVIRONMENTAL EFFECTS
4.1 Adverse
4.1.1 Geology’

VUnless the test well blows out”and craters, orlflows out of control for
a long time (months or years), there will be no long-term environmental
effects. Geopressured zone reservoirs commonly show rapid fluid pressure
recovery to conditions very closé to initial reservoir pressure following
long periods of production at very large.flom rates (Wallace, 1962).
No adverse effects to the physicsl setting, in terms of geology, should
be expected unless blowout occurs.

4.1.2v‘fhysiographyiendjsoils
lnterdistributery swamps will ‘be destroyed by the installation of the
proposed action (Overlay). During-normal operations, cumulative and
long-term adverse impacts will be'limited to soil ‘contamination by
small amounts of drilling fluids, fuels, lubricants and brine. . Soil
contamination by such fluids could have 1ong-term effects, but the

~{'3 B

volume of brine leakage should be small and the impact would be limited

s

to the production well, pipelines, and disposal well sites. Normal

system maintenance should insure that brine leaks are minimal and o

corrected when they are detected

KU RS SV

4.1,3 .Groundwater

Local “groundwater:resources should ‘not “be ‘adversely ‘impacted.
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4.1.4 Surface Water

Installation of the well will cause a change of water circulation

patterns as a result of roadbeds, levees, impoundments, and other con-
structed.impediments to wetlands hydrology. Water quality will be altered
) by‘chemicél of thermal-pollution; and ff&m runoff containingrluﬁricénté
and'other téiinsbintroducéd int; the éh§ironment by developmenﬁrof the |

well site.
4.1.5 Wildlife and Vegetation

The pfobablevcumuiative and long-term effects are similiar to those

of most oil and gas well operations in Louisiana. The chronic low level
discharges of oil, bleed water, machineilubricants and oil-emulsion
drilling mud %rom prolonged drilling acfivities may have a long-term,
cumulative effect on biological productivity in the vicinity of the
well. Coating of vegetation and bottom sediments by oil emulsion
drilling muds could lead to the imparting of an oiiy taste to animals

that feed on these materials, Drilling muds may render ducks inedible.

-Localized biological deserts are common sites around tank batteries,
separators and similar facilities (St. Amant, 1972). If brine discharges
are present on terrestrial sites, salt accumulation on fine-textured soils
such as are present in the Primé Prospect Area would retard; if n§£>
totally prohibit, reestablishment of vegetation foflmany yeafé (éooéy; 1578;

Landry, 1978).

Although vegetation and wildlife may recover from a short period of:

interrupted water and nutrient flow, roads which impede flow for a long
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period of time generally have a longer lasting impact on the affected
species. Thése impacts can be minimized 1f roads are constructed parallel
£§ &;éinaée kwhe?é paséiblé); and?cuiéé;ts, if ﬁséd, aré kept clean go
allow unrestricted water movement,

4.1.6 Land-use

The chlfufél‘éeﬁtihé of the Prime PrOSpecf Area is that of a:;utal community
which is éxpéri;ncihé.rapid'g¥bw%h.' Iﬁauétfial,'coﬁmercial, and ;esideﬁtial
expansion ;fkéﬁe ciziés-of %hibéaaui (takéurtﬁé‘Pa#iéﬁ) and Houma (Terrebonne
Pafish)‘iﬁflueh§é dé§ei6pﬁehtIid;thé P}imeaP;OSpect Area. Settlements are
predominantly in a strip Ciﬁgtéf'fé#hioﬂ; a1thoﬁgh more concentrated
clusters running back from the natural levees are beginning to occur.

Large tracts of land within the Prime Prospect Area are under sugarcane

cultivation, the area's main agricultural crop.

Since the majority of the 30 to 50 workers which would be required during
drilling and‘testingroffghejyroppged_action are expected to commute from
nearby communities, no major .cumulative an@ long-term adverse environmental

effects are expected upon land-use.
4.1.7 Socio-economic

No adverse cumulative and long-term socio-economic effects are gxpected
to occur ih thé Prime Prospect Area as a result of the proposed action,
éiﬁgeyfhé{driliiné‘gﬁaaEééfiﬁé’timé}isJGf’a”gﬁétf durafidn; and since

ﬁa'i&rgérinfiuQAOf %§éc£aiiiéd'ﬁ%fk;fkyintd‘tﬂé‘afea is expected, there

‘would not bé significant socio-economic impacts.
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4.1.8 Air Quality

There are no known long-term or cumulative impacts on the air quaiity of

the Prime Prospect Area.

4.1.9 Recreation, Archaeologicai and Historical Sites

No long-term effects are expected upon recreational areas resulting
frqm the proposed actiqn. One 1ong—terﬁ éfféct on cﬁl;urerwpuld:be
the damage to archaeologica}‘anqrhistorigai sites tha; could bé_r
caused byﬂgreétervaccessability to those sitesﬂnegr the g;qess routes.

Vandalism is a major p;oblém and is irreparable.
4.1.10 Federal, State, Regional, and Local Land-use Programs

The impact of the proposed actioﬁ on Federal,lstate, regional, and
local land-use plans.in.the Prime Prbséect Area depends on fhe‘site
location. There are navigable waterways, state lands and ‘highways,
and regional and local flood control projects and‘facilities which may
be affected by the location of the proposed action. However, through
coordination with all levels of government, adversé impacts will be

minimized by avoiding sensitive land-uses.
4.1.11 Noise

The wellygite wili be able to meet applipable Federal noise regulations
if positioned froperly and adequate mufflers are maintained.‘ Since the
majority of the noise produced by the operation wili be during drilling,
this effect will only be of short duration. Therefore, no négétive long~

term cummulative effects are anticipated from the proposed action.
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4.2 Beneficial
4.2.1 Geology

Beneficial effects to thé physical setting in terms of gealogy might include
the creation of a relatively shallow reservoir of Iowg;ade heat as a tesult
of waste-water disposal operation. This would be inconsequential if the

volumes produced and disposed of are small.
4.2.2 Physiography and Soils

No known cumulative or long-term beneficial impacts will affect the
physiography or soils of -the Primé Prospect Area as a result of the

proposed action.
4.2.3  Groundwater

Testing and producing a geothermal well at the Lafourche Crossing site
is not expected tbﬂprsdhéé”Eéhefiéiél efféects for the local groundwater

resources.
4.2,4A‘Sﬁxfape Water .

If the consistency of the produced fluids allows, the producéed waters

could be used beneficially t0'supp1ement low st;gam,f}pw; and tgvdilute
municipai and industrial waste effluent; or possibly they could supply

““a ‘supplemental source of industrial processing or make-up water, leaving
hé?&bof"thé'SthaéE'watef éﬁéilgbie‘fof higher categories of ‘use. ~Industrial
;§é&u1¥éméﬁts‘fégéfdiﬁgfdiésol@ea'sbiids c&ntéﬁt{dffraw waters are quite
variable. fable 4-1 indicates maximum vaiues accepted by various industries

for process requirements.



Table 4-~1. Total Dissolved Solids Concentration of Surface Waters That
Have Been Used as Sources for Industrial Water Supplies

Industry/Use Maximum Concentration (mg/l)
Textile LA S ... 150

Pulp and Paper » 1,080

Chemical o | 2,500

Petroleum : = 3,500

Primary Metals . ... 1,500

Copper Mining ‘ 2,100

Boiler Make-up - 35,000

Source: EPA, 1976

4.2.5 Wildlife and Vegétafion

Whenever land-use changes occur, habitat for existing vegetation and wildlife
is destroyed while habitat is.created for other sﬁeciés; Land disturbances
or changes in elevation, soil moisture, and soil or water chemistry will

benefit species more tolerant of the newly created habitats.
4.2.6 Land-use

There are no expected beneficial impacts upon land-use as a result of the’

proposed action.

4.2,7 Soéio—economic

Since the working force for the proposed action is expected to_ be commu@ing
from nearby communities, economic benefits will be non-existent or minimal.

Since no out-of-state workers are expected to move into the Prime Prospect
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Area as a result of the proposed action, the cultural setting of the

region is expected to remain unchanged.
4,2.8 Air Quality

There are no known benéficial impacts to the air quality of the Prime

Prospect Area as a result of the proposed action.

PR P

4.2.9 Recreation, Archaeological and Historical Sites

There are no known beneficial impacts to recreation in the Prime Prospect
Area as a resuit ¢ffthe prépégéd agtioh,HANéw érqhaeologiéaifor historical
sites may be located by the survey.for the proposed action. Thus, they

may be preserved or excavated before other uses destroy them.
4.2.10 Federal, State, Regional, and Local Land-use Programs

As local governments realize the area's potential for geothermal resources,
they may develop and adopt regulations concerning these resources. No
other beneficial cumulative and long-term environmental effects are

expected as a result of the proposed action.
4,2.11 Noise

There are no known beneficial impacts from the noise of the proposed action

on the Prime Prospect Area.
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CHAPTER FIVE - ACCIDENTS

As ofdthevpreparationkof.this‘document, there are no knownbdetailed studies of
well blowouts or other accidents associated with geothermal—geopressured wells_
in the Gulf Coast area. However, EPA conducted studies on two well blowoutsin
the wetlands of south Louisiana which indicate'the_possible areal extent of con-
tamination from such accidents. These two well accident studies were'on the Edna-
Delcanbre #4 well in Vernilion Parish, Louisiana (ERDA, 1976) and the McCormick
0il and Gas. Well 1.6 km - (l mi) south of Intracoastal City, Louisiana (Castle,
1975) The Edna—Delcambre well blew fluid into the air approximately 30 m

(100 ft). As a result of winds, brine fallout occurred at a maximum distance

of 610 m (2000 ft) (0véfié§5”f£on'che well site,blAt'the McCornich Oil and

Gas Well, maximum drift of fluid discharge was approximately l828 m (6b00 ft)

) (Overlay) Major contamination extended out 1525 m (5000 ft) and covered an
area of 269 ha (665 ac) (Castle, 1975) The type of fluid and amount of
'discharge will depend on the character of individual wells. Some indication

of what may. be found . in the Prime Prospect Area (Tables 5-1, 5-2, and .5-3):

is available from other studies (Hankins et al., 19775 Wilson et al., 1977
Karkalits and Hankins, 1978) These estlmates of components and concentrations
were used to estimate the potential adverse impacts resulting from the _"

7y

.proposed action.

OSHA guidelines protect worker health and welfare at the site of the proposed
action. These programs are well defined and are the responsibility of the
driller. The Department ‘of "Energy - 1s directly ‘concerned with reducing the
 potential of an accident which results in the uncontrolled release of heated
brines and other fluids and gases into the environment. In other words, DOE

wishes to avoid a blowout during the proposed action. In order t6 reduce the

5-1
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Table 5-1. Summary of Water Analyses from an Edna Delcambre Well.

Sand #3 Sand #1
Component. - f ‘ Concentration, mg/l
‘Total Dissolved Solids R 115,000 ' 133,000
Total Hardness (as CaC03) 6,100 6,800
Chloride * - ' 67,000 80,000
Silicate (as $i07) 58 57
Bicarbonate (as CaCOj3) : ' 1,100 © 1,100
Calcium 1,700 2,100
"Magnesium 160 --180
Iron 7 ' 11
Zinc <1 S |
Strontium ' 290 400
Boron ‘ : 60 : 63
Sodium 43,000 ' 46,000
Potassium : - 290 290
pH ' ' : © 6.2 6.1

—

Source: Hankins et al., in press

Table 5-2. Range of Concentrafions Reported for Louisiana Geopressured

Waters.
Concentration, mg/l Number of
Component Minimum Maximum Analyses Reported
Total Dissolved Solids 200 345,000 64
Sodium 10 103,000 65
Potassium 50 1,100 45
Calcium 8 33,000 65
Magnesium 0 24,000 63
Chloride 10 201,000 66
Sulfate 0 407 . 61
Bicarbonate 0 2,500 65
Lithium 2 18 46
Strontium. 3 265 10
Barium _ 4 1,000 34
Bromine 14 213 44
Iodine 5 74 ’ .45
Boron 18 67 38

Source: Wilson et al., 1977
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Table 5-3. Typical Gas Analysis from Delcambre Test Well

Mole 7

Component: -+~ = e : : Sand #3° Sand #1

co, - . ‘, | |  Los 2,03
N, "’ ﬂ‘ | ‘i .',7 B - '_i‘ 0.29‘ : | 0;1;’ "
cH, - ‘j . | i',  - 9278 1 ) 95.36:7
C,Hg - : 3.47 L3
'C3H3 S S a2 o 0037
i-C4ly o o042 0.09
n-C4H; o 0.32° . 0.09
i-CsHyp - N L TR e : R I 0,16 ; 0.05

n_CSHIZ N I EEECHUL TR LT 0409 I - ':‘:0‘,04

Ce's ... ... 0.09 0.02

Cy plus 0,20 0.09

Sou:ce:,nKarkalits,andgqukins,i.in;prgss



possibility of such an accident, blowout preventérs will be installed,
high pressure pipes and valves will be usé&, and casings will be'
cemented(into place and overlapped. Annglar space of each well will
be cemented coﬁplecely from the formation to the surface to provide
greater’stability fo énsufe sealing of aquifers. A spill prevénfion |
contr;izgnd-countermeésure plan will be devised. Weighted mud and
highrﬁressure mud pumps capable of injecting mud into the well to

control pressures will be used during the proposed action.
5.1 Accidents During Site Preparation and Access Construction:

5.1.1 Geology

Negligible effects on geologié conditions may be expected as a consequence

of accidéntsbduring site preparation and access construction.
5.1.2 "Physiography and Soils

- There will be no adverse effects on the physiography of the Prime Prospect
Area as a result of an accident during site preparation and access con-
struction because there are no unique physiographic features. Soils

may be contaminated if there is a spill of fuels or other toxic sub-
stances being transported to the site of the proposed action. The extent
and degree of impact depends on the type and quantity of substance '

spilled.
5.1.3 Groundwater

Spillage of fuels or other foreign substances may contaminate shallow

groundwater, but will not penetrate to deep groundwater resources.



" ‘However, the degree of iﬁﬁaét will dépehd on the amount and type of

spill and its location iﬁ;thé Prime ProSpéct‘Area; N
5.1.4 surface Water.

Accidents during*éifé préparation and access construction would be
those édmﬁoﬁ“toyénﬁlcbnsttﬁcfi&ﬁ'or indﬁsfrial develdﬁﬁgnt requiring
use of heavy méchinéfy,'¥eﬁiéléé,vénd petf&leuﬁ‘df othéfbfdiip>prodUCés.
Leaking or overturned lubricant tanks would introduce péllutaﬁts into
surface aréinaéerhet§6fksl 'Fire and expldéion would haﬁe:the'same
 effect. Toxins in driliiﬁé‘ﬁﬁdé and other materials being brought to
the site represent a poténtialfihﬁéét'if”théyiafe; By accident, leak,

or cdiliéioh;'ailoﬁéd”to'ﬁix wah'sﬁfféée waters and be distributed

throughout the swamps and marshes.

In the Prime Prospect Area, construction accidents could close drainage
ditches or breech levées and retaining structures. The effect would
be ‘to ‘alter established surface flow péﬁtefns;'éllbwingAbtherwisé

cE e

segregated water sources to mix.
5.1.,5 Wildlife and Vegetation

7;Atcidéhtéfhaviné‘tﬁé gfeéteéfiﬁrobébilit&’df oc¢u£rence duriﬁg>éité‘
pféﬁgration"éhd"adgésg'Eonstfﬁéfidﬁﬁiﬁciude}spills'andhfite; ‘Accidental
spillsidf'lﬁbripénfé;’fﬁéié,'driiiingAﬁdds’bflthémicais'ﬂifééfly on "
vegetaéibﬁ'ﬁoﬁld'bfobabiyjkiliﬂéxpéséa‘ﬁlénts;"5WHeh washed into aquatic
systems, they could damage the habitat disrupting the food chain frdﬂ
plants up to higher aquatic foﬁns. A list of some common constituents

in drilling muds and their relative toxicities 1s given in Table 3-1.



The extent of damage due to accidentsdepends upon the clean-up procedures.
Surfactants might prové more harmfulAto vegetation than the original
spill (Cowell, 1969). Burning might remove a major portion of the
hydrocarbons, and while it would destroy existing vegeéation, reestab-
lishments of perennialsrshould not be ;etarded. Bp;ning»as a.clean—up,
operation for major oil spills is cu:reg;ly practiced in:the brackish

to §aline marshlaqu of coastal Loqiaiana,énd has the support of thé
Louisiana Wildlife and Fisheries Commissiqn (St. Amant, 1972; Ca;tle,
1975). 1In other instances, plowing under in agricultural areas or .
pick-up from water bodies Qould be the most suitable cleanaup‘procédu:es.
Spills due to site and access preparatibn and constru;tion would probably
be localized and minor. Such spills should be contained and cleaned

up when they occur but should not necessitate major clean-up operations.

Depending on moisture conditions ét the time, accidéntal fires could
spread through the area until extinguished or until reaching waterways

or roads of sufficient size to stop them. In agricultural areas, fires
should have little impact on natural vegetation because this vegetation
is maintained in early successional stages, but they may have a large
economic impact by destroying crops. Fires on levees and in bottomland
hardwoods would have the greatest impacts by virtually destroyipg present
vege:a;ion. Vegetation in these areas would, however, recover inﬂ;ime.
It is not likely that fires woﬁld spread in cypress-tupelq swamps due

to the normally wet conditiﬁns on the swamp floor. Impacts would be

localized in such areas.
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5.1.6 Land-use

Impacts from accidents during site preparation and road construction
will vary depending on theAexact 1ocation of the well site. If the
accident involves yolatile or toxic cargoes and occursvnear or within
agricultural areas or Prime Farmland, these 'lands could be removed from
production and existing crops could be damaged depending on the extent
of the accident. ‘Wetland areas ‘could be ecologically damaged by such
an accident. Trucks or vehicles with volatile fuel cargoes involved

in accidents during site preparation or road construction could have
devastating effects if the accident occurs near or within settled or’

recreational areas -(Overlay).
5.1.7 "Socioeeconomic

There may be an adverse,impact to the individual should an accident
occur, but there will not be any regional impact on the socio-economic
structure of the Prime Prospect Area as a result of an accident during

site preparation and access construction.r
5.1.8 Air Quality

During site preparation and road construction, the impacts on air quality

will result from dust, exhaust emissions from construction machinery,
and noncondensable gases released from geothermal fluids during pre- '
'construction flow—testing. These releases are expected to be minor, V

short-term, and should be readily dispersed because about 60 percent of

the time the atmosphere stability classes are in D and E (Section 2 6.2).
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However, accidents such as blowout may occur due to preconstruction
flow-testing. TFor discussion of blowout with res?ect td air quality,

see Section 5.2.8.
5.1.9 Recreation, Archééologicalland Historical Sites

Accidents during site preparation and road construction would have
little or no effect on recreation, archaeological or historical sites.
The only problem would be the damage or destruction of the site if -the

plans given the survey archaeologist are not followed.
5.1.10 Federal, State,'Regionél, and Local Land-uée Programs

There are no long-term impacts foreseen on land-use programs at any
level of government. In case of an accident, disruption to a state
highway or the Lafourche Waterway may occur depending on thevpxdximity

of the well site in relation to these facilities.

Should the accident occur in a developed residential or industrial zone,
there is potential for disruption of these land-use activities until

the accident is under control and cleaned up.
5.1.11 Noise

With the possible exception of explosions, the loudest éééidental noise
level from the well site would océur if the wéll were Qeﬁted‘iﬁ an
unmuffled condition. Anticipated noise levels producedlﬂf tﬁis
ogcurrence are discuséed in Appdndi# B. Accidents of tﬁis -

nature may reéult in broken windows in buildings at the ﬁéllrsipe, and

minor disturbance at nearby residences.



5.2 Accidents During Drilling and Operation
5.2,1 Geology

Accidents during drilling ean”pernanentiy damage target reservoirs and
all prospective overlying reservoirs by pﬁysical’disrnption as well
as long-lasting hydrologic effects. The hydroiogio and‘hydrodynamic
effects could be widespread and 1ong—lasting,Aespeoialiy if dissolved
gas is released in 'vapor phase in overlying aqnifers, as has occurred

in many places in the Gulf Coast area. -

Accidents that might have seriousiinpaots’on'the"geoiogic'conditons
and subsurface hydrologp>sre ”Biowontwwith ératering; or uncon-
trolled-flon°st‘per}'highunstes; Whenever wells are drilled into the
geopressure ‘zone there is the’ danger ‘of blowout (Stuart, 1970) When
this occurs, the producing‘formétion may be seriously’damaged by
erosion, collapse, and struetursltoefornetionpinrtheppieinity:of the
well bore, with similar and even more . widespread effects in overlying

formations. W1th destruction of well casing by explosive upward

movement: of water and sand craterlng beginb. ‘Blowout craters more
than 610 m (2 000 ft) (Overlay) in diameter, discharglng steam, boiling
hot water, and mud,uhave,been;formed in,south,Louisiana‘asfa result of .
drilling accidents-where,Weiis;penetratedrthe geopressure zone.:
Craters'have boiled for months;before;the;wells,killed themselves,aor,

were brought under-control by relief wells drilled nearby...

P S
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5.2.2 Physiography and Soils

.~ Soils will be contaminated as a result of a blowout during the drilling
and operation of the proposed action. The extent and degree of con-
tamination will depend on the duration and discharge of fluids during

theiuncontrolled,flow.

5,2.3 Groundwater

Contamination of fresﬁrand slightly saline groundwater resources
could arise as a result of accidents which would cause deep formation
brines to enter freshwater aquifers during drilling and operating

the geothermal well and the associated bfine disposal wells. F;esh
groundwater could become permanently contaminated with briﬂg high in
NaCl and other constituents such as boron (Guétavsph and Kreitler,

1976). Possible groundwater contamination mechanisms-include:

o Surfaée brine spills from uncontrolled well blowouts
o Subsurface blowouts
o Lost circulation zones encountered during drilling

o Loss of brine due to hydraulic fracturlng of the disposal
aquifer or the casing cement

o Brine loss through leaky or inadequately plugged abandoned
well casings

o High pressure hazards to future drilling into disposal formations

- The former threg mechanisms - surface blowouts, subsurface blowouté and
lost.circulation - could occur with both Eroduction and brine disposal
wells. However, because production wells will penetrate gedpressured
reservoirs and brine injection wells will be completed in normally
pressured sands above 3050 m (10,000 ft), blowout hazards should be

limited to production wells.
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JThe latter three mechanisms - hydraulic fracturing, brine loss
through abandoned wells, and pressure build-up in disposal sands - are

potential problems limited to the brine disposal well operations.

of all' the hazards, the most immediate is a blowout of the deep pro-
duction well. Problems.associated with excessive pressures developed
during brine disposal are unlikely in view of experience in brine
disposal already operating in the Lafourche Cross1ng area. The Louisiana
Department of Conservation (1976) reports a total of 20 52 million
Vbarrels of brine had been injected by 1975 into saline aquifers averaging
ab°9t 458 m (1500 ft) deep from the following local oil and gas |
fieldst Thlbodaux, Lafourche Crossing, Rousseau, Melodia and S.W. Lake
Boeuf. This is equivalent to the volume of brine produced over a

period of 2. 8 years by a geothermal well flowing at a rate of 20 000 bbl'
daily. The largest brine disposal rate attained in the area, based on a
daily average computed from total annual disposal volumes, is 1900 bbl

per day at surface pressures below 350 psi into a zone 7.6 m (25 ft) thiCk at

397 m (1300 ft) below the surface. The rates and volumes of brine disposal required
for a geothermal test well at Lafourche Crossing should be obtainable in
the massive saline sands available below the base of slightly saline

waters .

In normal drilling operations the weight of the mud column in the hole
is higher than the encountered formation fluid pressures.~ Hence, fluids
do not flow from the formation into the well. 1f the weight of the mud

column is 1ess than formation pressure, an uncontrolled vertical flow
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of formation fluid can result in a blowout. Drilling into deep, geopres-
sured reserQoirs:fequires that ail feésonéble‘pfevéntiﬁe meaéhres bé‘téken
to maintaiﬁ‘control of the well.r Opefational blowout ﬁrévenfefs are |
required by tﬁe rules and regulaéiohs of the Departmént of Conservaﬁion.r
Drilling mud programs can take advantage of‘formation pressure data
obtained from wells already drilled into the geépressured resource to.

assure that adequate mud weight is maintained.

If equipment malfunctions or other accidents result in a well biowout,
drilling muds/gﬁd formatioh fluids ééilléd on the surféce.Qoﬁldrcéntéﬁiﬁate
thé soils and shallow sediments. rihe eifent‘of coﬁtaminatié; isvdependent
on the voluﬁe of fluid produced;'éhe lengtﬁ of time ;he Qeil is out 6%7
contrAI, and the location of the spill.. Limited voluﬁesrdf fluid caﬁ be
impounded at the well site to con;rol the area of impact. High’flow

ratés could result in contamination over a.larger‘area. The greatest
negative impact from brine infiltration into shallow soils would

result if the blowout occurred near the crest of the natPral levees

when the soil is dry. Potential for infiltration diminisﬁes in back-
swamp areas and as soil moisture increases. Groundwater resources are

not likely to be affected by a well blowout at the surface.

Blowouts can occur totally below the surface if fluid from one formation
(not necessarily geopressured) is lost to another formation ofvlower
fluid pressure. In thé worst case, a brine flow could be‘establishe&
from a deep saline aquifer into the fresh groundwater’sands and gréveis

around the well bore. Such an occurrence should be prevented by the'

required surface casing and cementing program which is designed- to
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seal off the fresh wateruresources. Should a subsurface blowout occur,

a 1arge volume of brine could be introducedrinto the shallow aquifer:

The impact would be negligible due to the lack of groundwater use in the
area. If necessary, the "slug of contaminating brine could be partially
removed from the aquifer; 'if it could be located, by d system of specially

designed wells.

During drilling, fluids can enter aquifers in zones of "lost circulation
where the aquifer is highly permeable (gravel zones) and the pressure
exerted by the column of drilling mud is greater than the f1u1d pressure
in the aquifer. Lost?circulation can usually be corrected by varying

mud weight and viscosity or ultimately c331ng-off the problem zone.
Aquifer contamination from‘this source is expected‘to be insignlficant
because the amount of fluid lost before circulation is reestablished

will be small (a few.barrels;perhaps);and the fluid will likely be fresh

_water’based mud.

Brine must be inqected intoﬁsaline sandsrwhich are under‘hydrostatic
pressure (i e.-, formation pressurevis equal to the pressure ‘produced

by a'column of water of height equal to the depth of the aquifer concerned)
If inJection pressure approaches or exceeds geostatic pressure [the -
weight of the overburden, about 2.2 Kg/.31 m (1 pound per foot of depthH;
the‘area arounduthe,wellVbore%and;theiformation‘cangbe_fracturedr Verj
tical flov paths%could;beucreated and brinevcould‘be forced into shallow

“fresh water aquifers or even to the surface.
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Hydraulic fracturing is unlikely in normal brine injection operations
because injection pressures are maintained well below fracture pressdres.
Aquifers of adequate volume for safe containment of the required

volume of brine disposal are expected to exist at the well site.

Brine injection will undoubtedly increase the formation pressure.

in the receiving formation. Although the increase is expected to be
localized around the well and to dissipate when injection is stopped, it
is possible that abandoned wells caséd thrbugh the’saﬁe disposal

reservoir have leaky, iﬁadequately plugged casings which providev

vertical flow paths for release of injection pressure build-up. Injected
brine or native formation brine could be displaced through shallower
casing leaks into saline sands, the thin fresh water zone, or even

‘to ;he surface. Subéurface leaks are unlikely to be detected.

If brine disposal aquifers aré of limited areai extent and afe,totally
confined they will permanently retain the pressure increase produced
during brine injection. It is possible the pressure could be higher
than that anticipated in:future drilling ventures in the area. Future
operators must be aware of any unnatural formation pressures created in-
previously normally pressured formations so that back-flows and blowouts

can be avpided.

Brine disposal experience in the Prime Prospect Area indicates the

creation of permanently pressured disposal reservoirs is unlikely.

Such a possibility can be avoided by monitoring the'disposal well to

assure the aquifer volume is sufficiént to receive the brine without
excessive pressure increase. Tault activation will not occur as a result of

a well blowout. Fluid discharge will not be great enough for this to happen.
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5.2.4 Surface Water

Accidental discharge of geothermal fluids to‘tﬁe”SUrface poses the
greatest potential impact™to surface'wateri High temperature and
pressures of -the geothermal resource increase the possibility of
accidents during drilling. . Blowouts, thermal wellhead and casing
cracksy:- scaling and clogging of>injection?wells} leaks, spills, and
human errors could allrre5u1t;in venting of theiproducedifluiderto the

- surface where they could be.introduceq into surface waters by drainage,
}:eeepege; cr fiooding;;‘.v h | o B
'Dorfmen aﬁd'belief:i1976)~1ist these iqpactsffiom surface dispoéei,

. whether routine or accidental:

1) contamination of shallow aquifers and soils from leaks or .
flooding,

2) destruction of non-salt-tolerant vegetation adjacent to water—
courses,

3) incerfcptioc‘cf.animal migration patterns,
4) disruption of food chains and ecological balance in estuarine
. waters, and. ERE TP S A . - . L

5) - thermal pollution. .

(302°F to 500°F) (Dorfman, 1976) . The highest recorded temperature in
the Gulf Coast region is 273°C (523°F) at a depth 'of 5859 m (19,225 ft)
(Dorfman, i97§), ChemicelQcompqsition-ofithelﬁpoduced fluids varies

from formation to.formation. ,Sehadellzang Axtmeﬁn (1975) report a high
probability oﬁ,envirqnmentel pollution by trace metals from.geothermai,

sources.
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Table 5-4 lists tolerance levels suggested by EPA (1976) for selepted
coﬁstituents. The range of relative hazard of»constituents for which data
are available can Be evaluated by comparing the listed tolerance levels

with levels of constituents found in Léuisiana geothermal fluids ﬂTable 5-2).
The range of relative hazard is»calculéted,by-dividing the dﬁse;ved

ﬁaximum and ‘minimum concentrations by the appropriate limit (Schieler, 1976).
This gives a number which indicates how much, if'any, a givep concentration

exceeds maximum allowable concentrations (Table 5-5).
1

Table 5-5. Range of Relative Hazard of Known Geothermal Fluid Constituehts.

Range of Concentration Tolerance'Lével for Range of
Constituent : (ppm) Domestic Supply (ppm) Relative Hazard
DS 200-345,000 500 0.4 -690
Chlorides 10-201,000 250 - 0.04-804
Sulfates 0-407 : 250 0 -1.6
Barium  4-1000 | ' 1 & -1000
Boron 18-67 : 0.750 4 24 -89
Sodium 10-103,000 ' 270 0.04-381

On the'basis of these available data, barium, TDS, and chloride ére the
constituents which appear to present the greatest potential hazard.

However, unknown hazards from toxic trace elements whose concentrations
are unknoﬁn aﬁd for which no tolerance limiﬁs have been estabiishgd may

prove to be far more hazardous.

All species of fish and other aquatic life must tolerate a range of
dissolved solid cdncent;ations in order to survive. Estuarine and marsh

species tolerate changes from fresh to brackish to sea water. Abfupt
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Constituent Domestic -_Aquatic
Alkalinity (CaCO3) 20 mg/1l -
Ammonia 0.02 mg/1
As 50 ug/1
Ba’ "1 mgl/l
Be 1100 ug/1
B 750 pg/l
cd 10 ug/l
Chlorides 250 mg/1
Cr 50 ug/1 100 ug/1
Cu . 1 mg/l. 0.1 96-hr.LCsp*
Cn 5 ugl/l
total dissolved gasses .110% saturation value . ,
Fe 0.3 mg/l 1 mg/l
Pb 50 ug/l - 100 ug/1
Ma 50 pg/1 100 pg/1
Hg 2 pg/l N 0.1 ug/1
i -0.01.96-hr. L050 B -
N 10 mg/1
Phenol 1 ug/l
P -+ 0,01 pg/l
Se 10 ug/l 0.01 96-hr.LCsq
Ag - 50 ug/l ©0.01 96"h1‘.LC50
Sulfates 250 mg/l- -
DS 500 mg/1
Turbidity limit 10% reduction in photosynthetic
activity point o :
HZS 2 ug/l ,,,,,,,
Temperature a) increase in weekly average no
greater than 1 C (1.8°F) : - ‘
o b) daily cycle not altered in amplitudef L
Jetel s or frequency, summer'maximum not-
exceeded
Zn 5000 ug/l , 0. 01 .96-hr.LC50

c Lt

*LC50 -~ the concentration of a toxicant which is lethal (fatal) to 50% of the

" organisms tested in’ a specified time.

Source:‘VéfA, 1976
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changes in these aspects of water quality resulting from accidentgl
discharge of geothermal fluids into surface waters could elimiﬁate
desirable habitat and cahse plasmolysis of leaves and stems in vege-
tation. The following limits in salinity variation have been recommended

to protect wildlife habitats (EPA, 1976):-

Natural Salinity (ppt) ygggafion Permitted (ppt)
0- 3.5 o 1.0
3.5-13.5 2.0
13.5-35.0 4.0

- Agricultural uses of water are also limited by dissolved solids concen-
trations. The following general classification of salinity hazards for

- irrigation water has been prepared (EPA, 1976):

Dissolved Solids Hazard for Irrigatioﬁ Water (ppt)

Water from which no detrimental ’
effects will usually be noticed.........:.....0.5

Water which can have detrimental
effects on sensitive crops..v.eeceeees...0.5-1.0

Water that may have adverse effects
ol many crops and requires careful
management practiceS...c.cccivienieccesees.1.0-2.0
Water that can be used for tolerant

plants on permeable soils with
careful management practices....... ceeens .2.0-5,0

‘Table 5-6 lists tolerance limits for agricultural water use of known
constituents in geothermal fluids. The Tab1e considers wa;grrqéeé
for irrigation and livestock watering, pointing out known results

of excessive concentrations of the constituents.
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Agricultural Use Criteria for Constituents in Geothermal Fluids.
Constituent Criteria Remarks
Ammonia IR No criteria suggested.'’
Arsenic 0.1 mg/1 Toxicity to some crops at 0.5 mg/1° no
R livestock criteria suggested.’
Barium No criteria suggested.
" Beryllium .001 to .500 mg/1 Crop toxicity acidity dependent; no
‘ livestock criteria suggested..
Boron 0.75 mg/1 Toxic to sensitive plants, e.g. citrus
at <1 mg/l; no livestock criteria suggested.
Cadmium - Reduced crop .yields at 1 mg/l; crop _
accunulation related to zinc concentrations;
: “no livestock criteria suggested.
Chromium No criteria suggested.
Copper ‘Toxicity for plants begins at 0.1 mg/l1;
no livestock criteria suggested.
“Iron No criteria suggested. '
Lead Toxic to plants at <30 mg/l' no criteria
t ‘ S Sl o guggested.
Manganese 0.2 mg/1 suggested  Toxicity to plants increases with decreas~
R - for acidiphilic <~ - ing pH; no divestock criteria suggested. °
CIrops -
Mercury “=0 2o e Bio-accumulation but no criteria suggested.
Nitrates No criteria suggested; nutrient for crops.
Phosphorus No criteria suggested; nutrient for crops.
Selenium No criteria suggested.
Silver No criteria suggested.
HoyS & - "No criteria suggested. '
Zinc Toxic to some crops at 0.4 to 25 mg/l may
- cause iron deficiency in plants} no live-
: , stock criteria suggested.
‘Total Dis- ‘£ 5,000-15,000 - Osmotic effects in plants; variable harm
solved mg/l suggested ~~ to both plants and animals., :
Solid (TDS) reoser TR S et oo knp T a : N R
_ Sodium Toxic to certain plants; ratio to other
I T '“cations important; no ecriteria given.
Source?y - EPA, 1978 & ~ oToono Coes
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Undetected or accidental venting of‘efflﬁents through surface or subsurface
faults could occur for several reasons. Faulty installation of casing, choice
of Hy&faﬁiically unsuitable disposal aQﬁifers or reinjeétioﬁ\ééll sites, aﬁd ;;
wells impropérly plugged during abandogment could allow the flpids_tq‘escape
undetected at some distance from the wgl; site thrqugh faults or’sand‘lenses
with surface outcrops. Coptamination of soils, reduction of water quali;y, and

consequent threats to terfestrial and aquatic biota could result.
5.2.5 Wildlife and Vegetation

Accidéhts induced from blowoutg, cracks in the wellhead or pipes, human error,

or natural hazards (i.e. hurricanes, floods, subsidence, fault reactivation)
couldvcéuse release of toxicants into the environment. The ‘range and seriousness
4of the resulting impacts are dependént oh the type, composition,-Quantity:and
length of exposuré of the biologically degrading material rgleased. vVarious
environmental factors such as wind speed And direétion, Jdight, and thospheric
moiéture also play an important part in determining range'andfseriousness of‘

impacts iesulting from accidents during drilling and operation.

'bf these accidents, the blowout will probably have the most de;rimental effect
on the surrounding vegetation and fauna. Tﬁe only quantitative data known to
be available on range of impacts resulting from blowouts pertains to the Intra-
coastal City, Louisiana gas well blowout and oil spiil. 0il was reported to

be blown 1828 m (6000 ft) from the wéll site (Castle, 1975). The gopstituents qf‘
geotherm;l effluents and their concentration will determine their toxicity.

Some of the expected constituents of geopressured brines are listed in Table 5-7.
Comparison of concentrations in brine and acceptable standards are shown and

those substances to be a hazard are marked with an X.
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Table 5-7. Constituents in Geopressured Brinés of Environmental Concern (ppm).

Hazard (X) - Component "+ Geopressured Waters of Louistanal Edna Delcambre No.l Well? Acceptable
winimum " maximum ainimum maximom Standard?
X Total dissolved solids 200 © 325,000 115,000 133,000
Total (CaC03) hardness 6,100 6,800 3003
X Chloride , © .. 10 , 201,000 . 67,000 . 80,000 2505
, Silicates (510,) C s 58
Bicarbonate 0 2,500 1,100 1,100
Calcium . 8 .. 33,0000 - 1,700 2,100
Magnesfum - - i SR} - 24,000 ’ 160 : 180 -
X Iron . 7 11 1.0
X Zinc } . ) <1 ] 1 0.009-0.46
X Strontium ~ . I 3 I i ’ 265 290 ' 400
X Boron 18 67(75'0) 0 63 0.5-1.0
X Sodtum 10 103,000 43,000 46,000 2705
Potassium . . - S0 o et - 1,100 290 290 o
pH - oo 6.2 6.1
lodine S 74 s
X Sulfate ] 407 : . 250
X Lithutm , 2 18 , - 0.?
X Barium: e ST T . 1710007 i HN 50.0
X Bromine 14 213 . 3
co, 1.083 2.03
EEREL ¢ T g Dok LA TN T e297- 3T
X H3S : gk 0.3-3.08
- cff, - : 923783 95.363
Other Hydrocarbon gases . B I T 0 el . 3.67;
Sources: 1) Wilson -et al., 1977, 6) .01 of the 96-hour Thyy for Fresh water fish fry or eggs
2) Hankins et al., (in press). o 1) EPA, 1976,
3)  Karkalits and Hanklns; (in press).: 7 - "‘8) ‘Thompson and Kats, 19/7, - ’
4) CSGPC, 1970. : 9) Treshow, 1970. # {mdicates & toxic substance but no
5) Tolerance level for domestle supply, : levels specificd,
ustog 7. . e i e T2 40)  Gustaveon and Keettler, 1976,
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Sodium, potassium, calcium and magnesium are all necessary nutrients for
plants. An elevated sodium level resulting from a blowout would be high
for domestic use but is expected to be diluted before it enters streams

or aquifers.

Chloride ion is the single most prevalent ion ;n brine. It can be
detected by aﬁiﬁals at low leVels.r Any increase in chloride, hérdhess
or TDS levels in an area must be compensatedfértnrincreased respiratory
demand of the local fauna and fléra. The salts may ''sterilize" the soil
for 10—25 years or more (Coody, 1978; Landry, 1578). The major effects

‘would probably be within 300 m (984 £t) (Overlay) of the well.

The salt wedge reaching aquatic systems would pfobébly sink td‘ﬁﬁé bottom
and cause disturbance pf benthic fauna and rooted aquatics. Those soils
in the Prime Préspect Area with a ﬂigh clay content and high cation
exchange qapacity coul& extend the persistence of salinity probléms. Levee
soils would be the least affected, while the Sharkey clay loam, swamp and
marsh soils would be most affected. However, Landry (1978) noted that
sugarcane fields receiving a well blowout 15 years ago were still unusable,
so the effects may be severe even in the better drained areas. Increased
hardness (Mg, Ca) due to geothermal well effluents, while exceeding
&rinking water standards, may actually be beneficial since calcium and
magnesium are necessary nutrients for plants. Increased water hardness

raises the tolerance level of plants and animals to other toxic metals.

Heavy metals have been commonly found in geopressured waters and have been
cited by many authors in the geothermal literature (Axtmann, 1975; Collins,
1975; Schieler, 1976; Balashov, 1975; Schmidt, 1973; Sabadell and Axtmann,

1975; and Koons et al., 1977). Similarly, Gulf Coast brines have been
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found to include significant levels of several heavy metals (Wilson gg‘gl.,
1977; Hankins et al., 1977; Mayer and Ho, 1977), particularly zinc,

" boron, lithium, iron, strontium,'barium;‘and'bfomide (Table 3-1).

Zinc may be a pollution problem in Gulf Coast brines (Table 3-1). It was
found to bg hgrmful‘tq fresh water fish‘f:y or eggs (EPA, 1976). The
levels of zipsvin soluble and egchanggable;formsihave,been reported to
increase with ggeatét acidi;y and ogidatiog—;eduction cénditions (Gambrell
et al., 1977)f It wgq;aibérmostibarmfulzqn”upland acidic soils under a

- dry conditioms. A sggqn@ary effect pf,zinc_;ontaminatiqn is to cause a
shortage of manganese uptaﬁe, noted especially in soybeéns, which lowérs

productivity and yield (Treshow, 1970).

Boron levels are very high in geothermal brines, sometimes over 75 times
- the maximum suggested by EPA (1976). Its effects are ameliorated on
neutral to alkalinergoi;s of high adsorption capacitiesr(Biggar and

Fireman, 1960). Vegetation of upland communities is most sensitive to

Bpron where additions of over 0.5 ppm would qause‘;nhipition\qf flowering,
chlorosis and’iéwered;plagg production (iyeshow, 1970),4gLiphigm, simi-
larly,rgausesvgp{qrosis,?bupning,Vgndhiégairedip@anc g:ow;hfgtvthe levels
_present in gquhgrmgl»bgiqes. ‘ixqq, strgptipm, parium, and b;omineumgy
5?,1Q ggcéss_ofﬁ;o}g;ab}g.}ééiéé to f;esh‘qgtgr.fauna gnﬁ tgrtgstrial
“and aquatic flora. The%;ﬁuptékéwy%1¥ p;oﬁaply bg'grgatest,pnder reduced
‘oxygen conditioné, suéﬁ ;s thése'present in the swamp, marsh, or other
‘“flooded soils.

AT T,
N i)

In summary, the avéilability of heavy'metals to plants and ultimately

the rest of the food chain is dependent on Eh, pH, and other constituents
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of Fhe;sqil. The alternating of reduced and oxidized conditions such

as }s present in the freshvmarsh, swamp, or in recentlyvdredged:sedi—
ments makes these locations ideal for complexing and then solubilization
of heavy metals. Thus, a spill during a flooded period would cause
‘metals toAbe‘éomplexed'undeere&uced conditions to form sulfide pre-
cipitates or to be surface adéofbed>onto orgahic matter 6r CIaYS...AV
dry period or dredging could oxidize and break these compié*eé{alioﬁihg
é>ﬁﬁlse'of heévy metals to be released. HZS gas has been méésured inT
thé field neaf a geopressured site blowout at levels toxié'o£ harmful
to plants‘(Coastal States Gas Producing Co.,'1970). This"isAﬁrébabiy

a very localized phenomena.

In conclusion, there are many constituents in geopressured brines which
can have detrimental impacts on'flora and fauna. Toxicities are com-
péunded by the high salt céﬂcéntratidn éf'the briﬁe and by high.
temperatures (Anderson, 1973), both of which may cause toxicity to occur
at lower concentrations than under normal conditions. Fauna surviving
the spray ﬁill avoid areas where vegetation has been destroyed. Fish
kills can be anticipated in édjacent'énd downstream aquatic systems.
Contamination of irrigation waters or agricultural fields may make
hazardous the use of food produced there. It may be necéséary to take
‘those areas out of production. Measures should also be taken to dis-

courage'wildlife'usage of the contaminafed'fields.

It is possible that a blowout may occur while drilling through an oil or

gas formation. In such a case, 0il or gas could fall on the surrounding
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areas and may cause local damage andAfires. The seriousness of such a
spill would be dependentbon the type of hydrocarbon, the dosage received,
the physiography of the area, weather conditions at the time of the
spill, the type of ‘local biota, the season of year, the previous exposure
of the area to oil or other pollutants and the type of clean—upltreatment

iimplementedf(Straughan,~l972).

Damage to flora would be most severe where the leaves are coated with
oil. Vegetation with oiled leaves will probably be killed (Baker, 1971).
Perennial plants w1th underground storage structures. will be most likely
~ to survive (Baker, 1971) However, annuals may‘not repopulate the
r.contaminated area in the immediate future following a spill. Continued
oilings may 1ncrease mortality of plants and even animals, especially

in aquatic systems (Cowell 1971) The time of year in which a blowout
occurs has a direct bearing on survival of the biota (Cowell 1969;

Baker, 1971), with the greatest damage occurring during the reproductive

seasons. The time of year 1east damaging to plants would be winter.

Hydrocarbons may migrate down into the soil (Dietz, 1973) and persist
there for years (Blumer and Sass, 1972 Whelan et al., 1976) since the
oxygen required for their microbial degradation (Zobell 1973) may be
limiting. An oil sheen on the sediment and leaf surfaces may reduce
oxygen diffusion into the soil and lower vegetation productivity even
l‘though death does not ensue (Gebhart 1973) Oxygen deprivation and
toxicity may cause drastic reducitons in aquatic animal life. The
-effécts of “such-a -spill would ‘be to eliminate oil sensitive species,:

thereby changing the community structure .(Burk, 1976). The significance
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of this to the productivity and diversity of the biotic community will
depend upon the importance of the adversely affected species within the

| community (Treshow, 1970)

‘A marsh community can be expected to recover from a spill within a :
relatively short period of time, either naturally or as a result of
clean~up operations involving burning (Burk, 1976; Castle, 1975).  The
perennials would probably return within the next season after the
ourning, while the annuals wouio oe siower‘tobreoopulateAthe aree.

Tree and shrub vegetation on-the natoral levees and epoil banks would
also takellohéer to‘become reeetaoiiehed after oiling and/or'burning
(Castle, 1975). | It ehouid aiso oe'ooted thatithe impact fromia blowout
is llkely to be confined to the immediate vicinity of the well (Castle,
1975). An oil slick resulting from a blowout could attract birds and
would be most harmful during mlgrating perlods when bird populations in
south Louisiana are high (Erickson,’1965). Oillingested during preening
could line the alimentary tract aﬁd give lethal or suolethal doses of

toxins tolbirds (Hartung and Hunt, 1966).

Aromatic compounds in oil are water soluble, thus increasing their
biological accessibility. They are also more toxic than other oil
fractions (Resource Tech. Corp., 1972). Their dispersal will depend

on the arep‘s physiography, air and water temperature, aod weather
conditons. Oils would be least likely tordisperee,répidly in the winter

and/or under calm wind and water conditions.

Clean-up operations might include burning, plowing, physical removal,

- surfactants, etc.' The practices least likely to harm the Prime Prospect
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Area would include controlled burning and plowing under in fields.
Agricultural areas are already segmented and ditched for drainage
making oil spills easily contained to minimize environmental impacts
by restricting the amount ofiarea affected. This would necessitate
prompt action immediately following an accident. Mechanical removal
of oil from the drainage ditches and burning of agricultural crops

or plowing of contaminated fields would result in short—term productivity

losses only.

Leaks, breaks, or washoverS'offthe reserve ponds will introduce oils,
.drilling muds:andémetal*shavings into.the ‘surrounding -area. - If the
Aspills are small, they will probably not affect biota on a long-term
basis (Marum, 1974; Fisk et al., 1974; Kritzler, 1974). A temporary
lowering of productivity and diwersity may resnlgiand clean—up should
be prompt to lessen damage. ::Subsidence, ‘earthquakes or fault reacti; '
vation are:considered‘verpzunlikely‘tofoccur;in the Prime -Prospect

Area:::

Inhsummary, the most detrimental impacts upon vegetation and wildlife;
from an accident would result from release of brine gas, or oiI' Cf
?these; brine would probably.cause the greatest impact lasting twenty
years or more. Sugarcane fields may have to be abandoned and natural
areas may suffer,habitat degredation. A spill into Bayou Lafourche
couldbcontaminate“local”water'supplies.”;Prompt’cdntainment7and'

| clean-up will mitigate these-reffects'." ‘ ‘
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5.2.6 Land-use

The degfee of impact from a well blowou£ on land-use depeﬁds oh’tﬁe
site of the accident and the surrounding land-uses. If thevaccidént

is ofrthermggnitude of the Tigre Lagoon or Iﬁfracoastal Cit&raccideﬂté;
large éréés around the Qell may be coQéred ﬁy brines or hydroéa:boﬁslr
Such #n'accident may require the evacuation of résidences, pubiic
faéiiitiés, #nd bgsinesses witﬁin 1830 m (6000 ft) or more of the
Prime Prospect Area. Spilling of brines on agricultrual fiéldsrﬁay
leave the fields unproductive for up to 10 years (Coody, 1978). Roads,
railroads, and navigable waferways may be closed until the blowout is-

controlled.
5.2.7 Socio-economic

The socio—econoﬁié impacts in case of an accident or well blowout wduld
largely result in damages to agricultural areas, Prime Farmlands, and
nearby buildings and structures. The amount of impact will be propdr-
tional to the extent of the éccident, the adjacent land—uses, and the
time needed to control it. Residential and builf-up areas as well as

recreational sites would have to be evacuated in case of a well blowout.

5.2.8 Air Quality

By standards of normal oil field operation, extraordinary precautions
will be taken in the proposed project to prevent blowout of the test

well., Yet the possibility of a blowout should be considered in view:
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of the high preSSures anticipated in the geopressured zone. Some
documentation exists on blowout occurrences at various geothermal fields

(ERDA, 1977).

Very little air quality.impact,data as. a result of blowout is available
in the 1iterature.j,Some,preliminarylinformation may be:inferred from
the blowout of the Edna Delcambre #4 gas well in the Tigre Lagoon area
in Louisiana (ERDA, 1976).: The blowout took place on Jnly 13, 1971, and
resulted from negligence during workover as rams were changed on the
blowout preventers. Depth»ofethefproducing_interval at_the time of
blowout¢<July 13, 1971) was between 4078 m and 4275 m (13,380 ft

and 13,880 ft);;with three to four thousand pounds. flowing pressure.

The well caught fire ten hours afteryblonopt_and the fire lasted for ten
days. - Discharge of the highly saline_(t.lsp_ppt))formationjtluid
continued for approximately three months until the well was made inactive.
The well was finally plugged and abandoned)on'November‘é, 197l, by

pumping cement through the relief well.

lfgincewthe eﬁissionhfate:of‘ﬁés dnedtoipossihlelblonout from the proposed
\pééﬁéet'ié“ﬁéi'kﬁéwﬁ; 5ﬁé:méy‘651eﬁiéfé'thé"imﬁact>bb*air'quaiity as the
result of the oxidation from HZS to’ 802 from the experience gained by
Edna Delcambre #4 well (ERDA 1976) ‘The computation of SO2 is based on
the following aSSumptions'l” el EL g R
1) Emission height is assumed to be about 30 m (100 ft). This is
o based on data that during both the first and second blowout
of Edna Delcambre #4 well, saline formation fluid was blown

about 30 m (100 ft) vertically into the air, It is pogsible
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that thg.gas may escape'from the lower portidns of the plume
andtingrease the éoncepttatipn 6f SO2 at the leyelrofiihe’weilg
howéver, the amount should be negligible due to the -high
velocity of the plume.

2)"Emission rate qf HyS is assumed to be about 6.8 Kg/hr. This
is based on a Union 0il Co. well testing, which produced a
total flow of 22,500 Kg/hr.g of which 3 percent was noncondens-
able gases. Ninety-nine percent of this was COy. If the
remaining percent is assumed to be entirely HyS, the total
emissions pf H,S would equal 6.8 Kg/hr.

3) Atmospheric stability is assumed to be F, the moderately =
stable condition commonly used.aé the air pollution compu-
tation for' safety analysis.

4) Wind speed during stability F (which occurs about 14 percept of
the year) in the Prime Prospect Area is 1.6 m/s. This is .
given in Section 2.6.2.

On the basis of the preceding information, the maximum concentration

of SO may be computed from standard EPA techniques to be about 192 ug/m3,

which is below national ambient air quality standards of maximum 24 hour

concenfration of 365/pg/m3. The distance of this maximum concentration
is expected to be aboﬁt 1.6 km (1 mi) downwind from the blowout Qell;
Although the concentration of S05 is below air quality s;an@érds,because
of the unusual odor of HyS, the area within a 3.2 km (ﬁrmi)Lradius of
the blowout well (such as campsites, if any, in the‘Prime P:éspecé

Area) should be =dvised to evacuate.
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In summary, the impacts of the proposed project on air quality are insignificant
during construction and operation. However,.should blowout occur, important
pollutants will be SO2 and st. The maximum concentration of SO2 is estimated
to be below national ambient air quality standards. At present there is

no national ambient standard for H,yS. However, because the."rotten egg" odor
of HZS can be detected at leveis of 30 ppb, estimated H,S concentrationsv

of 80 ppb as a result of d blowout will be a nuisance. The distance of

this maximum concentration is expected to be about 1.6 km (1 mi) downwind

from the blowout well. No adverse effect on air quality is anticipated

even under conservative estimates during stable atmospheric conditions.

The effect of inversion layer is also small, because the minimum height of

that. layer is about 390 m (1280 ft) above ground (Section 2.6.2).

5.2.9 Recreation, Archaeological and Historical Sites

Accidents or blowouts may cause nearby recreational areas to be closed
until the accident is under control. Accidents during drilling could
release substances that are harmful to archaeological artifacts and
“historical structures. Deterioration of these sites could be the

result of these accidents..

5.2,10 - Federal, State, Regional, and Local Land-use Programs

In case of an accident or well blowout, state highways and/or the
Lafourche Waterway may have to be closed depending on the proximity of

the well site to these areas and the extent of the accident.



5.2.11 Noise

Unmuffled release of fluids and gases can produce a 120 dBA reading
lat 31 m (lOO ft) from the wellhead Such a level will adversely affect
receptors near the proposed action which would not otherwise be impacted

by normal operations.
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CHAPTER SIX - COORDINATION WITH FEDERAL, STATE, REGIONAL, AND LOCAL AGENCIES
6.1 Programs and Permits

Several government agencies at the Federal, state and local levels have

rules and regulations, programs and permits concerning the testing,
exploration, and development of é¢9therma1 resources (Harrel et al., 1978). A
number of these agencies were conﬁécted‘and asked to identifyrany regulations
or permits which they may have rggérding the propoéed action in the

Prime Prospect Area. A liSt'enumeraéing thé égencies contacted

appears in Appehdik ﬁ.' An asterisk identifies those that’

r¢Sponded.
6.1.1 Federal = .
- Table 641’idehtifies Fe&é£a1 agencies having rules, permits and programs
relating to geothermal activities. The Table also identifies executive
orders whichAméykaffect the proposed action. Major Federal legislation
concerning valuable resources is listed in Table 6-2.
6.1.2 j,State.;

Table 6-3 identifies agencies which have rules, permits or programs

. .concerning or affecting activities related to exploration or development

of geothermal resources ;ﬁ Louisiana. Dfilling and production'of geo-
théfma) ?egéﬁfcés:iﬁxloulsiaﬁa is regﬁlated by the Office of Conservationm.
Rules and fegula;ioqs pertginiﬁgito these activities became effective |
on July 20, 1978. _Theyﬂare compiled upder Statewide Order No. 29-P,

and are available at thé-Stété of Louisiang Officevof Conservation,

Department of Natural Resources, Baton Rouge, Louisiana.
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Table 6-1. Matrix of Federal Actions on Geopressure-Geothermal Well Testing Activities and Related 0il Activities.
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Table 6~2. Major Federal Legislation Pertaining to Valuable Resources

Resources . Federal Legislation

Wateér. . « « « o o o« o o o o o o« o o o Federal Water Pollution Control
- Act )

LT, v o e ee e e . ... ..Clean Alr Act
Ehdaﬁgered.Fibré and Fauﬁa .« s s s ... Endangered Specieé Act
Floodplgins and Erosion Hazard Areas . Flood Insurance Act
. ‘Barrier Island and Beaches . ... . . . Coastal Zone Management Act
Historic and-Cultural Resources. . . . National Historic Preservation Act
 Wildlife Refuges and Resques. . + + « Pitman-Robinson Act; DingallQ
: Johnson Land and Water Comservation
Fund Act

Areas of Unique Cultural Significance. National Historic Preservation Act
 ;Mingral$u.-. s e e v e « s s s e« .« . Mineral Leasing Act
- Erime'Agriéulturai Lands . . . . . . . Homestead Act
foreé_t_’s;if.._. O '..v.' . . . National Forest Management Act
:tiV{né Marine Resources. . . . . . . . Fisheries Conservation and Manage-

. ment Act; Marine Mammal Protection
Act

Coastal Resources. : + « » « « « » - « Federal Consistency Provisions of
: . the Coastal Zone Management Act

"Pfimé‘Farmlands. W e s s s v « e s « « Section 302 Rural Development Act -

Note: For more ekfénsiVeadatéxconcerhing,Federal programs, rules and
regulations pertaining to geothermal and goepressured resources,
see Department of Energy (DOE), 1978.

Source: Federal Register, 1978a, 1978b; SCS, 1978.




Table 6-3.
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Matrix of State Actions on Geopressure-Geothermal Well Testing Activities and Related 011 Activities.
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: 6.1.3 . Regional . -

The South Central Planning and Development Commission, as the regiomal
planning agency. encompassing the Prime Prospect Area, does not have any

specific rules,‘or require any permits regarding geothermal activities.

'j'This agency is in the process of helping Lafourche Parish develop a

) Coastal Zone Management (CZM) program, After the program is adopted, any
‘activities‘proposed'ﬁithin.the Parish would have to be coordinated with

the CZM program objectives.
6.1.4 Local

Lafourche Parish and Terrebonne Parish participate in the Nat10na1
Flood Insurance Program. Thus, any action that is taken in a flood
prone area must comply with all the necessary requirements of various
related ordinances The Department of Energy will coordinate all of

its activities with the local governmentragencies.

6.2 Land-use Plans

Severalvfederai;”state and local agencies were contacted by letter

B datedudulyﬁio, i978lreqoesting identification’of conflicts with any of
their active or proposed plans thatimight result from the proposed

action. A list of agencies contacted appears in Appendix D.

Agencies which replied are identified by an asterisk.

A summary of the forms necessary for the drilling and production
of geothermal resources in the State of Louisiana is shown in

Table 6-4.



Table 6-4. Forms that Must be Submitted in the State of Louisiana for the Drilling
and Production of Geothermal Resources.

Agency : ' Office ' Form No. - " Description
Dept. of Natural Conservation GR-10 Applications for permits to drill
Resource . (District Office) "7 wells for geothermal development

below the frgsh WaterAsands

" " GR-4 Applications for permits to repair
S : or workovers o

" " WH-GR Well History & Work Resume Report
" District Manager GR-Operator's Monthly Production
original to Office Monthly Rept. o
of Conservation

Baton Rouge

" District Manager ‘GR-4 and Directional drilling

- Office of WH-GR
Conservation
" District Manager GR-10-A" Change of Operator
(Application v
Office of
Conservation for Amended
Permit to
drill for
Geothermal
Resources)
" " GR-5PD Well off production or no longer in
use as a service well
" A " GR-4 Intention to plug any well or wells

Work Permit



é.i.l "Federal

U. S. Army Corps of Engineers, New Orleans District ~ This agency

requested more detailed information regarding the nature of the work |
to be perforhed, a more precisehlocation of the proposed action,

and the duration of any testing before commenting on the action.

An environmental assessment is now being prepared regarding the B
proposed action and will be supplied to the u. S Army Corps of
Engineers,,New‘Orleans District}foritheir'review and comment.

Bayou Lafourche, a waterway which runs through the Prime Prospect .

Area, is presently maintained by the U.S. Army Corps of Engineers.

Soil Conservation Service - This agency sees no conflicts with their

plans"and'the geopressure’resource wellltesting at the proposed
area. They‘do‘identify parts of'theiﬁrime:frospecthArea‘as_PrimeﬁFarm-
land, namely, the natural levee corridors which feature Commerce,

Mhoon, and Sharkey soils. .

United States Department of Commerce. Maritime Administration - The '

only potential“conflict-identified by this ‘agency regarding the
proposed action ‘would be if the exact'location‘interférred with

waterborne commerce ‘on ‘a‘navigable waterway.

United States Nuclear Regulatory Commission - This agency is not

i IR S

aware of any conflicts or potential conflicts between their‘activities .

and the proposed action.
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United States Department of the Interior. Geological Survey - The

Geological Survey 1s not aware of any conflict between their plans

and the proposed action.

United States Water Resources Council - Tpe U.S. Water Resources

Council has no on-going programs which would be in conflict with

the_proposed action.

United States Department of the Interior. Heritage Conservation and

Recreation Service. South Central Region - According to this agency,

the proposed project appears to have no adverse impact on recreation.
6.2.2 State

A list of state agencies contacted regarding conflicts of their plans
with the ﬁroposed action is included in Appendix Di.: None of the state
agencies which responded foresee any conflicts between the proposed

action and their plans.

The State Coastal Zone Management plan is not complete at this time,
but it is expected to be in operation within a year. Since the

Prime Prospect Area is adjacent to the defined Coastal Zone, care
will be taken to assure that the testing is consistent with developing
local and state Coastal Zone Ma;agément plans, and precautions will be

taken to minimize impacts on wetlands. A large tract of public 1land,
property of Nicholls State University, is located within the Prime Prospect

Area in Lafourche Parish (Fig. 6-l1).

6.2.3 Regional

The South Central Planning and Development Commission administers the

South Central Planning District which.comprises the south central |



AGRICULTURAL LAND

URBAN & BUILT-UP LAND

WATER

WETLAND (FORESTED)
Figure 6-1.

WATER BODIES

Land-use of the Lafourche Crossing Prime Prospect Area.
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Louisiana parishes of Assumption, St. Charles, St. John the Baptist,

Terrebonne, and Lafourche.

Both Lafourche and Terrebonne Parishes have extensive wetland areas
which restrict‘urban development to/higher grounds.' Usuallv built-up
areas are located along the natural. levees of bayous where better founda-
tion conditions are found VThe most fertile soils are also commonly

found on the natural 1evees and away from 1ow-1ying areas. Thus,

development activities and agricultural endeavofs sometimes compete for

_the best available land. Tables 6-5 and 6-6 show a land-use summary ‘

for Lafourche and TetrebonnekPatishesl

" Existing land-use‘plans'develbped‘by the South Central Planning & Develop-

ment Commission (Fig. 6-2) for the Prime Prospect Area show - built-up lands’

_on.the corridors following Bayous Lafourche, Terrehonne, and Bayou Blue.

The heaviest concentration of developed land follows Bayou Lafourche

from Thibodaux to Raceland and along Bayou Terrebonne towards Houma.

:;Within Lafourche Parish the natural levee areas along Bayou Blue-

‘are being developed for residential land-use. Some backswamp areas

between the natural levee ridges are being reclaimed and developed

" ‘along Hwy. 649. '

Agricultural lands within the Prime Prospect Area are along the back--
~ slope of the natural levee ridges. The'main crop is sugarcane;7

2 although some small truck farming operations can be found.,
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Table 6~5. Summary of Existing Land-use - Lafourche Parish

LAND USE CATEGORY

Urban and Built-up Land

11.
12.
13.
14.
15.
16.
17.
18.
19.

Residential. . . . . . . . . .
Commercial and Services. . . .
Industrial . ¢+ « ¢« ¢ ¢« ¢« o & &
Extractive . . . . .%o o s
Transportation, Communications
Institutional . . . . + « o W
Strip and Clustered Settlement
Mixed. . . . .
Open and Other . . . . . . . .

Agricultural Land

21.
22.

23.
24.

Cropland and Pasture . . . . .
Orchards, Groves, Bush Fruits,
Horticultural Areas. . . . . .
Feeding Operations . « . « . .
Other. .« ¢« ¢« ¢ ¢ ¢« ¢ & o o o =

Rangeland - Not Applicable

Forest Land

41.
42.
43.

Water
51.
52,
53.
54.
55.

VWetland
61.
62.

Deciduous. . .

s o = e & s o

and Utilities

e o o o .
o = . o o
s e e e =

*« o e e e

Vineyards

Evergreen (coniferous and other) . . . .

Mixed. . .

Streams and Waterways. . . . .
LakeS: o o o o ¢ ¢ o o o o o «
Reservoirs . ¢« « ¢ ¢ ¢ o o o« &
Bays and Estuaries . . . . . .
Other. . « o« o s o o s o o o

Fores ted L ] * - » . L ] [ ] L ] L ] - L ]
Nonforested. . & ¢« &« ¢« ¢ ¢ o @

Barren Land

71.
72.
73.
74.
75.

TOTAL ACREAGE . , .

Source:

Salt Flats .+ v ¢ 2 o o o ¢ »
Beaches. « o v o ¢ ¢ o o o o «
Sand Other than Beaches. . . .
Bare Exposed Rock. . . «. . .+ .
Other. . . . .

* ¢ ® e o s * ° * o

Louisiana State Planning Office, 1975.

.

HECTARES

1,200
200
400

37,313
100
200

3,701

-0
200

48,917

0
0
0
1,400

70C

. 23,508

2,300

© 42,514
.199,869

. 49,617
144,550

0
0
0
0
2

5,60

*562,296

ACRES

2,964
494
988
92,131
247
494
9,139
0

494

120,783

3,458

1,729
58,045

5,681 -

104,975
493,506

122,512
356,915
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Table 6-6. Summary of Existing Land-use - Terrebonne Parish

LAND USE CATEGORY ’ HECTARES ACRES

Urban and Built-up Land : ‘ ,
“11. Residential: i v v a . e e e e v e e v e s 2,200 5,434
©12. Commercfal and Services. « “« s « v o6 o o & o s 600 1,482
13. Industrial . o v « o o o o o o o o s o o 6. o o 700 1,729

14, Extractive . . 0 o v sia e o s 6 6 o o-u o o o, . 38,713 95,589
:15. Transportation, Communications and ‘Utilities . , 300 741
716. Institutional . . 4 ¢ 2 e 6 ee s s s e a0 .. 0 0
"17. Strip and Clustered Settlement’. ¢ e s e s.e e . 3,201 7,904
18, Mixed. o v h s e v e e s et e e s e e 0 0
19. Open and Other . « .« v v+ o o o « o, 0 o o o o « 100 ' 247

Agrlcultural Land T 7 5,5,;” S :
©21. Cropland and Pasture . . + v s o e o o o o o o & 22,407 55,328
- 22, Orchards, Groves, Bush F;uits, VineyardS‘and L

) Horticultural Areas. .j. .i.'. e .’.,.".g.‘;i.‘ , 0 0
"~ 23. TFeeding Operations . . ..o e oTaie o oo aie o s 0 0
26, Other. « o v v o o s v e no v s w o i e 0 0
Rangeland - Not Applicable
Forest Land ' T o e !
41. Deciduous. . « « o o o o s 0 o e v e o W ae e w 8,603 0 21,242
42. Evergreen (coniferous and other) . . . . . . . . = 0 0
43, Mixed. . . . s 4 s e e e e e e e e e 0 0
Water L ‘ ;
51. Streams and WaterwaysS. « « s o o s o o o s o » » 31,351~ 7,410
£ 52, LakeS. . + 4 o o o o o s s s o o o o s e e . 27,309 67,431
. 53, ReSErVOLITS « « o« o o o o o o s o o o o o o « o o - 100 " 247
54, Bays and Estuaries . « « « o« o « o ¢ o o o o o o 97,133 .- 239,837
" 55, OtheT. & o « o o o o o o o o o o o =+ o oo o » »121,662 - 300,352
Wetland _ o ‘ T ;
61, Forested . . « . ¢ ¢ 4 o s s s s s s s s e e s » 36,512 90,155
; 62. Nonforested. . « o ¢« « « o o o o o o s o o o o +226,579 559,455
Barren Land o SR ] , :
¢ 71, - Salt FLatS o o« o o o o o o o o o o s o e°s soe s 0 ‘ ‘ 0
: 72, BeacheS: « « o s s o o s s o s s o6 o s s o .. 300 741
: 73. Sand Other than BeacheS. 4 s « o o o o o o o o o 0 0
. 74. Bare Exposed Rock. + o ¢ ¢ ¢ 0 ¢ ¢ o o o o o s 0 0
. 75. Other. « o+ o o o s 2 ¢ o o 5.6 5 o s s o = « o « 6,302 15,561

TOTAL ACREAGE L] [ ] L] L] L L] L] L] L] L L] L2 L) . L] L] L] L] L] L] L] .595 ’ 708 1 'Y 470 ’ 885

Source: - Louisiana State Planning Office, 1975."
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Figure 6-2. Proposed land-use for the Lafourche Crossing Prime Prospect :
Area (After South Central Regional Planning and Development
Commission, 1974).
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Present lsndusesrv;tmmfthe frine Prospect Area are shownrin Figure

6-1. This figure was developed from 1974 NASA aerial photos, 1974
USGS maps, and a 1978 fiéld check. Expandlng development is
between Thibodaux and Raceland and Thibodaux and Houma where resid;
dent1a1 nelghborhoods are sprouting. Other built—up areas are
found in a strip development along secondary roads in both parishes.

MaJor transportation routes, churches, schools, and  other public and‘

recreational facillties are also deplcted in this figure.

6.2.4 Locai-i

In Lefourche and Terrebonne Parishes!the Parish Police:Jury(hes

executive and Legislative authority. Apart from the City of Thibodaux
Planning Commission, the Central Lafourche Planning Commission and

the Houma—Terrebonne Regional Planning Commission are the two local
commissions with land-use‘;ﬂans and studies which cover'the ‘Prime

Prospect Area. The Prime ProspectrArea within Lafourche Parish is

expected to continue to grow at a rapid rate as part of a parish
yhich’isrepid}ypgrowing.erab;e6—?:showstprojected ;and reqnirenents>

for Y3?19“$;9$?? within theVQentrelyLsfourche p;enning_district com-
prising Wardsﬁd, 4, 11, 7!78,_and;9 on-hoth,banks:of Beyon:Lsfourche.
The:CentrallLafoprche Planning Conmissionfs;;future'land—use;plsn”des;gnates
the area.south of the Hollywood Canal, bounded by Bayou Cutoff on one .
side: and Hwy. 645 on thegotherl and the aresywithin;the,Prine:Prospect Area

limits as.future industrisl,acreagesn‘



6-15

Tablex6-7. Projected Land Requirements for Various Uses - Central
S Lafourche Planning District.

HECTARES (Acres)
Lan@ Uses 1970 1992 Net Change
Residential 464 . 725 ‘ 261
(1,145) (1,790) (645)
Recreational : |

(Public & Semi-Public) 124 248 o124
(306) (613) (307)

Commercial 134 237 103
- (331) (586) . (255)
Industrial 79 156 77‘
(195) (385) (190)

Streets & Highways 486 156 410
(1,199) (385) (1,013)

TOTAL 1,286. 976

(3,176) (3,063) (2,410)

*Future acreage needed per projective 100 persons for each category.

Source: Central Lafourche Planning Commission, 1973

Within the Prime Prospect Area is the area of Terrebonne Parish which

is experimenting the greatest growth, i.e., the area south of Thibodaux

from Schriever to Houma where new residential areas are developing.

(Houma-Terrebonne Regional Planning Commission, 1973). The -

Parish will require about 2174 ha (6,700 ac) to accomodate residential

development by 1990 according to the Planning Commission studies.

Forced drainage projects planned for the Parish would allow expansion

of urban development.

Table 6-8 shows projected land-use acreage for

different land-use activities for Terrebonne Parish.
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Table 6-8. Projected Land-use-'and Comparison, Houma-Terrebonne, LA, 1973.

Land U Existing | Projected % Projected| Additional
Ca:e o:e Land Use Land Use of Total Land
—f——gffzf; 1970 ; o 1990 , {Urban Area | ' Required
ha ac ha ac ha ac
Single Family 3,918 9,675 6,116 | 15,100 42,5 2,197 5,425
Residential ' '
Multi-Family 85| 209 | 608 | 1,500 4.2 523 | 1,291
Residential E ' L R g
CBD Commercial || ~ 15| - 36§ ~ 81 - 200 || -0.6 66 164
General Commercial 547]|°1,351 § ©3,321 | 8,200 || 23.1 [{2,764 | 6,824
Public & Quasi- 252 622 770 | 1,900 5.4 518 | 1,278
Public con : o o o -
Recreation 17 43 446 1,100 3.1 428 | 1,057
Light Industriall 67 165+ S 6891 1,700 4.8 622 1,535
Heavy Industrial . 65 160 1,053 2,600 7.3 988 2,440
‘Utilities . |l 69| 1704 - 122 300 || 0.9 53 130
Transportation f;f ‘668 | 1,649 | - 1,175 {. 2,900 - || 8.1 507 | 1,251
Agricultural & ' 354,844_876,159 346,154 | 854,700 - 8,691 | 21,459
TOTAL URBAN: =<7 "5,702}]:14,080 el ST

‘Source: Houma-Terrebonne Regional Planning Commission, 1973

RN

Both iafoﬁrche é;d;férrégoﬁﬁe’f;risheské%§é(iéhd—;éé érdinaﬁqés ana
control measures which comply'with’Federai guidelines for flood
inéﬁfaﬁé;:bécéugé'ﬁdth afe’éiigiﬂié:for'fIOAd‘ihéuréncerpﬁaérjthe
National Flood Insurance Act of 1968, as ammended in i971, aﬁd thé

Flood Disaster Protection Act.of 1973, as ammended in 1975[

R
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CHAPTER -SEVEN - ALTERNATIVES
7.1 Delay

This project is destgned-tb drill a well .into a geoptesaute,reservpirvto
evaluate the reservoir potential over'a sustained period;qf‘flpw testing.

A previous well‘test:in—Lpnisiana was in an abandoned 011 well, and altheugh it
nnovided important;data,‘it;was,not‘in‘the_optinun location.. The deiay}of this
‘project will restrict the availability of geopressure reservoir data on geo-
_pressure exploration techniques and severely restrict the amount of infor-

.. mation available on the geopressured resource.

7.2 No Build

The No Build alternative is not consistent with Cnngressional mandate as
rdirected by the Geothetmal Energy Research Development and Demonstration
Act of 1974 (U.S. Congress, 1975). This act,directs the Federal Government
to encourage and assist private industry in the development and demonstra-
tion of practicable means of producing energy from geothermal resources in
an environmentally sound manner. This assistance is to include resource

assessment and research and development projects.

7.3 Alternative’Approaches

The DOE through the geopressure subprogram is evaluating alternative methods
for obtaining the necessary chemical and physical data on the geopressure

resource. One method is to conduct a literature search of published and
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unpublished reports or data. A second method is to redrill oil wells

after they have been abandoned and tﬁe rigs are moved from the lpcaFion.

The literature search has not provided the necessary data in a form which

is required to evaluate the resource. Schmidt (1973), Hankins (in press)
Wilson et al,{1977), and Karkalits and Hankins (in press) provide gome'baSic
‘data 5ut‘not in sufficient quantity or in the optimum location for future
development of the reSburce; Redrilling of abandoned oil or gas wells is
economical but' the wells do not always -occur in optimum resource areas. It
becomes a decision,:then, of whether to expend limited funds for projects which

may never be developed because of physical, cultural, or économic constraint.

7.4 Location

A specific well site will be selected within the study area. Well site

selection will be based on geologic, economic, and environmental consideration.
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VEGETATION AND WILDLIFE

Table A-1l. Vegetation Noted at Belected Stops.in Lafourche Crossing Prime
Prospect Area (see Fig. 2-14 for location).

Stop I  Backswamp adjacent to Louisiana Highway 20.

Common Name Scientific Name

bald cypress ‘ A  o Taxodium distichum )
Bittér pecahf s e Carya aquatica

black willow I Salix nigra

button bush B "‘i' Cephalanthus occidentalis
cyperus SR Cyperus sp.

duckweed R Lemna sp.

ladies' ear drop AR Brunnichia cirrhosa

red ‘maple Aéer rubrum

rush . ’ o TR Juncus sp.

water-tupelo R ha;f?_k( Nyssa aquatica

- Stop II  Backswamp-levee ecotone adjacent to Ldﬁisiaﬁé ﬁighwéy 20.‘7

Common Name R ﬂ”rr,'  Scientific Name
baldcypress A 'Téxodiuﬁ distichum o
cottonwood L Populus deltoides
hackberry T © Celtis laevigata
nutfall oak BRI :l”'ﬁrgi, Quercus nuttallii

red maple S e Acer rubrum

water oak RIS Quercus nigra
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Table A-1 continued

Stop III  Sugarcane field and drainage ditch.v

Common Name

Scientific Name

Trees & Shrubs
black willow

button bush
eastern baccharis
hackberry
red maple
swamp dog&ood
wax myrtle
Vines
morning glory
pasgion flower
trumper creeper
Herbs, Grasses, & Sedges
barnyard grass |

black—eyed susan

brier

cattail
chocolate weed
coffeeweed
cﬁrly dock
cyperus

horsetail

Salix nigra

Cephalanthus oécidentalis
Baccharis halimifolia
Celtis laevigata

Acef rubrum

Cornus drummondii

Myrica cerifera

Ipomoea spp.

Passiflora incarnata

Campsis radicans

Echinochloa crusqalli

Rudbeckia sp.

Smilax spp.

Typha sp.

Melochia corchorifolia
Sesbania exalta

Rumex crispus

Cyperus spp.

Equisetum hyemale



Table A-1 continued.

Common Name

Scientific Name

Johnson grass
pigweed
sensitive briar
smell melon
spurge
sugarcane

verbena

Stop IV  Second growth bottomland hardwoods.

Common Name

Sorghum halepense
Chenopodium sp.
Schrankia spp.

Cucumis melo var dudain
Euphorbia sp. '
Saccharum officinalus

Verbena spp.

Scientific Name

Trees & Shrubs

‘American elm

ash

‘black willqw :
box eldef& -
cottonwood

red maple

swamp dogwood
sweetgum

water oak

Vines
blackberry
poison ivy

Virginia creeper

Herbs, Grasses, & Sédgéé

coffeeweed

) Cornus drqmmon@i;

Ulmus americana .
Fraxiﬁus sp.
Salix nigra

Acer negundq_ '

Populus deltoides

Acer rubrum

Liquidambaf'styraciflhé )

Quercus nigra

Rubus spp.

Rhus radicans

' Parthenocissus quinquefolia

Sesbania exaltata



Table A-1 continued.

Common Name

A-4

Scientific Name

‘elderberry
elm
hackberry
red maple
swamp dogwood
water oak
wax myrtle
~ yaupon
Vines
common green-brier
grape
poison ivy-
rattan vine
Virginia creeper
Grasses, Herbs, Sedges

bugle-weed

East levee Bayou Lafourche

sugarcane
black willow
Chinese tallow
hackberry

live oak

pine

sweet pecan

water oak

Sambucus canadensis
Ulmus sp.

Celtis laevigata
Acer rubrum

Cornus drummondii
Quercus nigra
Myrica cerifgra

Ilex vomitoria

Smilax rotundifolia
Vitus spp.

Rhus radicans

-Berchemia scandens

Parthenocissus quinquefolia

Lycopus spp.

Natural levee.

Sacchérum officinalus
Salix nigra

Sapium sebiferum
Celtis laevigata
Quercus virginianaA
Pinus SPP- |
Carya illinoensis

Quercus nigrs
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Table A~1 continued.
Coﬁmon.ﬁéme . , Scientific Name
giant ragweed - - - - - Ambrosia trifida’
lesser ragweed . o Ambrosia artemisiifolia
beakrush P - Rhynchospora spp.

Stop V¢ Second growth bottomland hardwoods.

Common Name . y Scientific Name

Trees & Shrubs .

black willow .. . Salix nigra

bitter pecan . . . Carya aquatica
cottonwood . . . : Populus deltoides . :: ...
cypres; S S . Taxodium distichum .-
elm e | - Ulmus sp. |

red maple . . . Acer rubrum

water oak . w;:;lf,“{ Quercus nigra

wax myrtle S ; e e Myrica cerifera

Stop VI Backswamp-levee_ ecotone

Comhon Name . .. b . Scientific Name
American elm- . ... -~ . . . 7 Ulmus americana
bitter pécan T P Carya aquatica
black willow . - . ,jft.r»~;!” Salix nigra

box elder T | Acer negundo

cottonwood . : .. . . . Populus deltoides



Table A~2. Fish Whose Range Includes the Lafourche Crossing Prime Prospect

Area. :

Common Name

- Scientific Name‘

spotted gar
longnose gar
bowfin

American eel .
gizzard shad
threadfin shad
golden shiner
river carpsucker
smallmouth buffalg
largemouth buffalo
spotted sucker
blue catfish
channel catfish
flathead catfish
golden topminnow
mosquitofish
'sailfin molly
brook silverside
sunfish
largemouth bass
white crappie

black crappie

Lepisosteus ocuiatué
Lepisosteus osseus
Amia calva

Angﬁilla rostrata
Dorosoma cepedianumv :
Dorosoma petenense
NotemigonusAcrysoléucus
Carpiodes carpio
Ictiobus bubalus
Ictiobus cyprinellus
Minytrema melanops
Ictalurus furcatus
Ictalurus punctatus
Pylodictis olivaris
Fundulus chrysotus
Gambusia affinis
Poecilia latipinna
Labidesthes sicculus
Lep§mis SPP-
Microsterus salmoides:
Pomoxis annularis

Pomoxis nigromaculatus

Source: Douglas, 1974

-



Table A~-3 Reptiles and Amphibians Whose Range Includes the Lafourche Croéssing

Prime Prospect. Area...

Common Name . -

. Scientific Name

American alligafor
alligator snanoing turtle
common snapping turtle
stinkpot

razor—backed musk‘turtle‘
Mississippi mud turtle
Mlssissippi map turtle - 7k 
southern patnted turtle
Mobil cooterv T
Missoufi sliden‘A
red—eared pond elider
three-toed box turtle
Gulf &nst box turtle ‘ ;

western chicken turtle

midland smooth softshell

Vspiny softshell

green anole

ground skink

Freeoon g} b

five—lined skink

broad-headed skink

eastern glass lizard o

e

western slender glass lizard

broad-banded water snake

Alligator mississippiensis :.
Macroclemysrtemmincki
Chelydra serpentina
Sternotherusrodoratus
Sternotherus carinatus
Kinosternum’subrubrum hippocrepis
Graptimye kohni

Chrysemys picta dorsalis
Chrysemys conicinna mobilen91s
Chrysemys floridena hoyi'
Chrysemys sc;;pta’elegans
Terrapene carolina tf#nnguis
Terrapene‘ca:olina.major
Deirochelye neficulerieﬂmiaria
Trionyx muteooelﬁntieus
Trionyx spiniferne‘;i |
Anolis eerolgnensie
Leiolooieme iaferale

Eumeces fasciatus

- Eumeces laticeps

Ophisaurus ventralis
Ophisaurus attenuatus attenuatus

Natrix fasciata confluens
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Table A-3 Continued

Common Name

Scientific Name

yellow—belliéd water snake
diamoﬁdback water snake‘
green watef snake

delta glossy water snake'
Graham's water snake
eastern gartér snaké
brbwn snake :

eastern hognose snakg
Mississippi ringneck snake
rough green snake~. |
western mud snake
black-masked racer

Texas rat snake

Louisiana milk snake
speckled king snake
western cottonmouth
southern copperhead
western pigmy rattlesnake
canebreak rattlesnake
western lesser siren
three- toed ampt\xiuma

central newt

Natrix erythrogaster flaviggster
Natrix rhombiféfa .

Natrix cyclopibn cjﬁlopion
Natrix rigida>dé1tée' *

Natrix grahami

Thamnophis sirtélisrsirtalis
Storeria)dekayiu | .
Heferodon platyfhiﬁos’:

Diadophisbpuﬁctétus strictogenys

Opheodrys aestivus'.

Farancia abacura réinwardti
Coluber constriéfor latfunculus
Elaphe obsoleta iindheimeri
Lampropelfis triangulum amaura
Lampropeltis getulus holbrooki
Agkistrodon piscivorus leucostoma
Agkistrodon contortrix contortfix
Sistrurus miliarus streckeri
Crotalus horridusratricéudatus
Siren intermedia‘ﬁettingi‘
Amphuima ﬁridact&luﬁh

Notophthalmus viridensens
louisianensis



Table A-3 Continued

Common Name

Scientific Name

small-mouthed salamander
marbled salamander |
soutpern dusky salamander
dwgrf salamander

eastern narrow-mouthed toad
Woodhouse's toad
Fowler's toad

Gulf Coast toad

northern sprigg,peeper
green treefrog

squirrel treefrog

uplapd chorusﬂfrpg
nqrghern cricket frog
grayJFreefrogzz‘

bronze frog

pig frog

bﬁllfrog

“southern leopard frog

Ambystoma texanum

Amhystoma opacum

Desmognathus auriculatus

Eurycea quadridigitata

Gastrophryne carolinensis

Bufo woodhousei woodhousei

" Bufo woodhousei fowleri

Bufo valliceps

Hyla crucifer'cruéiféf )

‘Hyla cinereé |

Hyla squirrella

fseudoacri; triseriata fériarum

Acris crepitans crepitans

Hyla versicolor and H. chrysoscelis

Rana clamitans clamitans

~ Rana grylio

Rana catesbeiana

Rana utricula:ia

Source: Conant, 1975
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Table A-4 Density of Breeding Birds Registered on Study Plots in Habitats
Similar to Those Found in Lafourche Crossing Prime Prospect Area,
‘May and- June, 1973.

: - - TERRITORIAL MALES
Common Names : Scientific Males Per Acres
100 Acres Per_Male

Bottomland Hardwoods

Cardinal . Cardinalis cardinalis 57.5 1.7

White-eyes Vireo Vireo griseus 45 2.2
Carolina Wren _ " Thryothorus ludovicianus 40 B 2.5
Yelléﬁ—billed Cﬁékoo Coceyzus aﬁericanus 30 3.3
Red—bellied‘Woodéeckéf Cénturus carolinus g 12.5 8.0
Yellowthroat Geoth}ypis trichas 10 ©10.0
Yellow-breasted Chat Icteria virens 7.5 13.3
"Blue Ja§ . Cyanocitta cristata ' 5 20.0
Prothonotary Warbler Protonotaria citrea 5 20.0
Indigo Bunting Passerina cyanea - 2.5 40.0
Carolina Cbickadee Parus carolinensis 2.5 - 40.0
Tufted Titmouse Parus bicolor 2.5 40.0
Rufous~sided Towhee Pipilo erythrophthalmus 2.5 40.0
Hooded Warbler Wilsonia citrina _ 2.5 40.0

Sugarcane Field

Red-winged Blackbird Agelaius phoeniceus 40 2.5f

Source: Adapted from Chabreck, 1973
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Table A-5. Bird Species Present but not Established as Breeding Birds on
Study Plots in Habitats Similar to Lafourche Crossing Prime
Prospect Area, May and June, 1973.

Common Name

Séientific Name

Mourning Dove

Painted Bunting

Ruby—throated'Huﬁmingbifd

Orchard Oriole.
Red-winged Blackbird
Purple Gratkleh :
Brown Thrasher ~
Mockingbird

Wood Thrush

Kentucky Warblefv
Paurla Warbler S
Swainson Warbler
Summer Tanagefh%niﬁﬁ
Hairy'Woodpeckér
Pileated Woodpecker
Red-headed Woodpéckér'f'

Red—eyedEﬁifébx e

Common Crow
Bobwhite
Mourning Dove

Hooded Warbler

‘ ﬁbftomiénd Haf&woods

Zenaidura macrour;
Passerina ciris-
Archilochus colﬁﬂris
Icterus spurius
Agelauis phoeniceus
Quiscalus quiscula
Toxostoma rufum

Mimus poiyglottds
Hylocichlétﬁuéiéliﬁé
Opo}ofﬁié fbrﬁésu;
Parula americana
Limnothlypis swainsonii
Piranga rubra
‘Dendrocopos yillosus
Dryédopus piieétué
ﬁel&nerpes erythrocephéltér

Vireo olivaceus

')éﬁéarcane Field

Corvus brachyrhynchos
Colinus virginiands; -
Zenaidura Macroura

Wilsonia citrina

Source: Adapted from Chabreck, 1973



Table A;&> Mammais Whose Range Inclu

Area.

des Lafourche Crossing Prime Prospect

Common Name

Scientific Name

Virginia opossum
least shrew

eastern pipistrelle
red bat

seminole -bat
northern yellow bat

evening bat

Rafinesque's big-eared bat

Brazilian free-tailed bat
nine-banded armadillo
eastern cottontial?
swamp rabbit?2

gray squirrel2

fox squirrel2

southern flying squirrel
marsh rice rat

fulvous harvest mouse
white—footed‘mouse
cotton moﬁse

hispid cotton rat
eastern wood rat

common muskratl

roof- rat

norway rat

Diadelphis virginiana
Cryptotis parva
Pipistrellus subflavus
Lasiurus borealis
Lasiurus_seminoius
Lasiurus intermedius
Nycticeus humeralis
Plecotus rafinesquii
Tadarida braziliensis
Désypus novemc inctus
Sylvilagus floridanus
Sylvilagus aquaticus
Sciurus cafolinensis
Sciurus niger
Glaucomys volans
Oryzomys palﬁstris
Reithrodontomys fulveséens
Peromyscus leucopus
Peromyscus gossypinus
Sigmodon hispidus
Neotoma floridana
Ondatra zibethicus
Rattus rattus

Rattus norwvegicus
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Table A-6 Continued

Common Name Scientific Name
housé ﬁouée’ 7‘   T MUS’ﬁﬁéculus

nutrial - B " Myocastor CGypusl“""'
northernraccoonl' Lo T Procyon lotor

North American mink - '7 . Mustela vison
Neartic River otter1 Lutra canadensis
bobc-:atl R * Lynx rufus

white-tailed.deer Odocoileus virginianus-

lcommonly trapped in Louisiana for its fur (0'Neil and Linscombe, 1977).
200mmonly-sogght after as’a game species in Louisiana.

Source: Lowery, 1974 -

(W)
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TableVA—L>Commop Bottomland Hardwood Species Ranked by Dominance.

COMMON NAME

SCIENTIFIC NAME

Drummond red maple

water tupelo

box elder
cottonwood

bald cypress
roughleaf dogwood
black willow
American elm
shagbark hickor&
pumpkin ash
water oak
persimmon
deciduous holly
bitternut hickory
Shumard red oak

sweetgum

Acer rubrum var. drummondii
Nyssa aquatica

Acer negundo

Populus deltoides
Taxodium distichum
Cornus drummondii
S8alix nigra

Ulmus americana
Caryé ovata

Fraxinus tomentosa
Quercus nigra
Diospyros virginiana
Ilex decidua

Carya cordiformis
Quercus shumardii

Liquidambar styraciflua

Source: Chabreck, 1970



APPENDIX B

NOISE



NOISE

Noise from geothermal-related activities will vary in both level and
frequency depending on the particular operation occurring at any

given time. Therefore, for the purpose of this assessment, two of these‘
possible noise levels will be analyzed; an operational or average, and

a maximum anticipated. An average drilling rig in operation will

output approximately 90 dBA at 6 m (20‘ft) from the engine room. This
level will be used as the operationalb;eyel. An unmuffled, venting,
geothermal well will produce about IZQEdBA at 30 m (100 ft) from the
well head. This noise level wili be;used as the maximum level that may

possibly occur.

Noise reductions.canibe,obtained by's ysriety of methods. The most
dependable of'tbese is the reductionzdue to increased”distance from

the source. The geometric spreading - ratio of noise reduces a known
1eve1 at a rate of three decibels for every doubling of a given dlstance
from the source over hard surfaces. Over vegetated surfaces the
drop-off rate increases to six decibels per doubling of distance. Other
. factors enter into the calculations to further increase the drop-off
rate. Molecular absorbtion will attenuate 1 dBA per 305 m (1,000 ft)
after the first 610 m (2000 ft). Atmospheric effects will also add

1 dBA per 305 m after the first 305 m“to the drop-off rate. Figure

B-1 depicts noise produced by normal Operation of a drill rig as

contour lines. As can be seen, to meet the DOI rural residential

B-1
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Figure B-1l. Noise Contours from Well Site, Normal Operations (dBA) . -'_'f
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criteria at night, the drill rig would need fb be placed a minimum of 2,000 m
(1.25 mi) (Overlay) from the nearest residence. To meet the surburban
criteria at”nighf, the distance would be 1,500 m (5,006 ft). 1If the

,vweli were vented in an unmuffled conqition, except during an emergency,

the distances would be 7,050 m (4.5 ﬁi) and 6,300 m (4 mi) respectively,

as shown in Figure B'Zﬂ Under normal operating conditions, antici-

pated noisellevéls Qill not exceed the criteria established in Geothermai

Resources Operations Order (GRO) No. 4 (Section 2.5).

The Lafourche Crossing Prime Prospect Area ié.generally devoid of
landforms which might nathf;ii;‘éid iﬁ‘fédﬁéing npise.levgls. Trees
abound inrsdhé.areas and may be used-té screen the weil site not only
from view but also from a noise standpéint. Experiments have shown\
(Cook et al., 1974) ghat rows of denﬁgutrees, about 31 m (100 ft) thick,
will reduce a given noise level’byﬂfdﬁf:ﬁd six dec;beis in addition to
the normal distance reduction. Land#ﬁrﬁs, such as b;rﬁs, dikes or hills,
will produce/;s much attenuation as LO-lS decibels dépen&ing upon their

height;‘ Greater reductions have beeﬁ produced by a combination of

trees and landforms, again depending%upon height and relationship to
the noise source. Gepefaily, the higher the screen, and the closer the

source, the greater the attenuation: - .

All the currgﬁt noisevrégulations aré;based in soﬁe,manner 6nrthe land-
use of the receptor area. The 1andéﬁseé’qr4activities which are most
likely to be affected by noise are called sensitive receptors. .A

sensitive{receptof can be défingdrasﬁgtlénd-usé whose primary function
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Figure B-2. Noise Contours from Well Site, Maximum Anticipated Level (dBA)



is devoted to an activity where quietude is a critical factor of use
[u.s. Federal Highway Administration (FHWA), 1978].’ A list of sensitive
receptors would include, but would not be limited to, churches, school,

hospitals, cemeteries, rest homes, and certain parks.

Another major category of receptors; less critical than sensitive
receptors, are residential receptors. Residential receptors présént
more of an aga1y§1§ﬁp:ob1em-th§n‘dq sensitive receptors because there

is no general agreement hetween Fedgra;,agenciesrper:ain;ng‘to a‘specific
noiserleVélvwhichAgonsFitutes impaction. The U.S. Department“qf Housing and
Urban ngelopment(l97i) gives the criteria level at a residence as
ggceedi#é 65 dBA?forvnine 6rrmorg bpurs‘ip any giyen»24 bou:‘time span.
Tﬁé U.Sdegderal_ﬁighygy Administrat}qn (1978) suggest§>tha; 70 dBA during
_ peak fraffic hours sﬁéhldgbé,éhe m§x;mum“dgsirable levgl from higbways.
The U.S. Dééarfﬁen;’quEhe;Intetiér(1973) gives 45 dBA as a maximun

davtime level for rural residences.

To further -compound .this problem,gsome,agenCies allow for reduptions

.due -to ‘the ;structure if there are no consistent outdoor:-activities.
For..instance,  the EPAYs:criteria;aIIOW*up to an tdn of 55 dBA for. the .
-pqtside;ofqresidences ory45deA'for therinside.;;Since:any,air-conditioned
dwelling will attenuate more than;lQ;aBA, ;he 1eve1v0utside~may,fin:'f&;
certain cases, be greater than SSVdBA. |

- . The effects of structures bn noisefwill‘varvaith the type of construction.

Therefore, to adequately address this: situation, some discussion of noise trans-

mission is necessary. When noise from an outside source strikes a building, some

of the noise is reflected and a part is transmitted through the structure.



The reduction of the noise level due to reflectioh and abéorptidﬁ byv
the walls, roof and wiﬁdows is dependant ﬁpon the type of constfﬁétién’
of the building and the living habits of the occupants. For example,
a house with the windows open, at the same distance from a nbise‘source
as one with the windows closed, will experience a higher interior

noise level. ; , _ .

The greatest influences on noise feduction for a structure ére determihéd
by the type of éonst;uction of the windows, walls,‘and>robf. These‘éll
relate to the density of the structure itself.A The more dense a étruc-
ture, .the greéter the attenuation of tréﬁsmiﬁted noise. For noise
reduction, solid concrete proddces gfeafér atﬁenuation than bfick Veneer,
which is better than wood frame.. Similarly, the type of interior
construction, such as paneling of sheet rock,;aﬁd the thickness of the wall

insulation will also affect the degree of attenuation.

Factors which influence sound transmission through the roof are primarily
the type of shingles, type of ceiling construction and thickness of

insulation. Windows also ﬁave a significant effect on a building's noise
attenuation. The newer aluminum windows fit tighter than wood and there-
fore allow less noise through. Double-paned windows provide the greatest

noise attenuation, while jalousie windows afford the least.

A graphic portrayal of the effect of construction on attenuation is
shown in Figure B8-3. Air-conditioned residences are generally considered

to have the windows closed most of the time.
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. GEOLOGY.

The possiblejgeologic impacts of flow—testing or operation of the proposed
action are 1) land subsidencé, and 2) contamination of or hydraulic effects upon
the surface environment in the vicinity of the proposed’action, or the

subsurface environment; consiStingvof both fresh and salinevaquifer

systems. All such impacts are of a secondary nature, occurring as a
conseguencerof,fluid withdrawal, or‘fluid,escape, from formations in the

geopressure zone.

Land—surface subsidence as a result of fluid production from the subsur-
face is a complex hydrodynamic phenomenon related to the drainage

function of fine—grained sediments mainly swelling varieties of clay; This
subsidence is closely controlled by the geometry of sediment facles distri-
bution in the zone of hydraulic stress, the salinity and temperature of
formation waters set in motion by the hydraulic stress, and the effects

of structural deformation, mainly faults; as subsurface hydraulic

barriers. Faults in the Louisiana Gulf Coastal Plain reflect natural‘
hydrodynamic effects Their 1ocation and the movement on them is
mainly‘the consequence of differential~compaction of sandy sediment

facies and adjacent clayey sediment facies, in response to progressive
compressive stress due to increasing overburden load concurrent s
with continuing prograding deltaic deposition. Movement on such faults

is likely to be renewed if the pressure of interstitial fluids in thev‘

fine-grained sediments is reduced, resulting in effective stress' L

differentials greater than.any the sediments have previously -experienced.

C-1



Reactivation of movement on existing faults as a consequence of com-—
pressive stress ipduced by removal of fluids from the subsurface by
wells is common in the Gulf Coastal P;ain of Texas, and is evident

in a few localities in Louisiana. All such movements are attributable
to fluid pressure declines in reservoirs of the hydropressure zone

only.

Susceptibility of any locality to land subsidence as a consequence

of fluid withdrawal from reservoirs in the hydropressure zone is
related to the hydrologic histo;y of the locality and of the région
rin which it occurs. <If the deposits in a coastai area havevbeen
ﬁreconsolidatedﬁbyloading stress as a cdnseduence of Pléistoceng
lqwéring of sea level, deep trenching and excavation of’aquifers by
reﬁu?enated coéstal streams, and consequent drainage and widespread
lowering of the water table several hundreds pf meters below its
present "static level" (the natural water level in aquifers before
fluid withdrawais through wells); there will be no subsidence of the
land surface until the head éf water in these deposits is lowered

by pumping below the ievel reached in the geologic past. The Holocene
deposits, which ovgrlie the Pleistocene deposits, have not been pre-
stressed by natural drainage, and are highly susceptible to compaction
as a result of fluid withdrawal énd consequent head decline; 1andv

subsidence from fluid withdrawal is common where Holocene deposits

are affected.

- The major cycle of sea level decline that began with Late Wiscoansin
glaciation resulted in deep entrenchment of the Mississippi River

system (Fig. C~1). Sediments were then transported to the outer edge
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of the Gulf Cdntinental Shelf, forming deltés on the Continental Slope.
Deep oxidation of the eroded surface accompanied falling water tables

as the scour trenches cut into the regional sand and gravel aquifer

(the Chicot aquifer) and partially drained it. The trunk stream scoui
french reached a depth of more than 122 m (400 ft) below modern sea level,
about 32 km (20 mi) from the Lafourche Crossing Prime Prospect Area,

and tributary scour trenches in the:vicinify of the Prime.Prospect Area

range in depth from 31 to 92 m (100 to 300 ft) or more.

As sea level rose, the site of deposition shifted up the, channel, and’
the entrenched valley system was gradually filled and buried. The
£111 was mainly sand and gravel at fﬁe base, grading upward into sand,

sandy silt, and clay.

Since sea level reaéhéd its preSeﬁt stand, the river has prograded the
Gulf shoréline, constructing a 322 km (200 mi) wide deltaic plain
between Vermilion Bay ana Clandeleur Sound (Fig. C£-2). Abandoned river
courses are plainly evident on this deltaic plain (Fisk, 1944); the
modern river crosses the entire width of the Gulf Continental Shelf.
Some 33,324 cu km (8;000 cu mi) of sediment have been deposited in
this latest cycle, and the underlying Prairie terrace has been
dbwnwarpedbas shown in Figure C-3 (Fisk and McFarlan, 1955). Sub-
sidence of the Lafourche Crossing Prime Prospect Area as a result of
this dswnwarp exceeds 31 m (100 ft), but Holocene deposition contem-
poraneous with subsidence more than offset the downwarp and produced

the present land surface conditions.
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Figure C-2. Holocene Mississippi River deltas (After Kolb and Van Lopik, 1966).



EXTENSION
OF

...---.II"' 0.... ' 0 . 8°km
. 7 n———

OLDER PLEISTOCENE TERRACES

PRAIRIE TERRACE

_~700=_ CONTOUR SHOWS AMOUNT OF
/7——— DOWNWARP IN FEET

yeeeerecesd HINGE LINE

AXIS OF LATE WISCONSIN
MISSISSIPPI RIVER TRENCH

RECONSTRUCTED MARGIN OF LATE
- QUATERNARY CONTINENTAL SHELF

Figure C-3. Downwarp of the Prairie terrace in the area of

Holocene deltaic deposition (After Fisk and
McFarlan, 1955).



Bayou Lafourche, which passes through the Prime Prospect Area, marks
the conrse of an abandoned channel of‘the MissisSippi River. Holocene
deposits, mainly alluvial channel sands,.range in thickness from 31 to
153 m (100 to 500 ft) or more in short distances (a few km), because
of the reliefion the#underlying pre-Holoceneaerosional surface.
Pleistocene denosits, mainly of deltaic:origin, occur to a depth of
about1549 m (1,800 ft);' These are'underlain by deltaic and near-shore
marine Pliocene sediments to a depth of about 1830 m (6;O00 ft);

the base of ﬁpper Miocene,deposits>of similar origin is about %440 m
(8,000 ft) helow'sea level. Middle‘ﬁiocene deposits, somewhat more
calcareous than thoserabove, occur to a denth of 4575 to 4880 m |

(15, 000 to 16 000 ft) under the Prime Prospect Area.~ These include

the principal oil and gas reservoirs.‘

Structural deformation of’d;positS‘that underliefthe'Prime Prospect
Area, mainly growth faulting (sedinentary tectonics)’and diapirism
(salt'tectdnics)ihas a narked”effect on-conditions{below a depth-of about
2440 m (8 OOO ft), as indicated on the structure. map of the Lafourche
Crossing field (Fig C—&) / This map, based upon the depth of occur-
rence .of the Blgenerina Humblei sand (near the base of the Upper;
Miocene), conforms only in a general way with the maps of ‘the.Robulus
'"L" 43 marker and the underlying Operculinoides Plater marker, prepared
by Louisiana State University under Department of Energy Contract No.
EY-76—SOOS-4889. The fault complexity increases with depth but ‘the
maps provided by the L.S. U prOJect do not indicate the diSplacement
along fault boundaries of the site area. At the Bigenerina Humblei

marker, however, the wedge~shaped fault block on which the Prime
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Prospect Area occurs is less than 3.2 km (2 mi) wide from north to
south; and the boundary faults converge westward at a point less than
3.2 km (2 mi) from the site. Both faults are downthrown to the south,
the displacement on the northern fault being about 61 m (200 ft), and
on the southern fault between 92 m and 122 m (300 and 400 ft). Other
faults that cut this marker in the site area trend generally east-
northeastward, are spaced 3.2 to 4.8 km (2 to 3 mi) apart, and are
downthrown gulfward. All faults die out upward, and almost no dis-

placement by faulting can be mapped at depths less than 1220 m (4,000 ft).

A broad, gentle uplift of the land surface is, however, associated with
the Holl&wood-Houma énticlinal structure which trends east-west and is
located about 16 km (10 mi) south of thg Prime Prospect Afea. According
to Meyerhoff (1968), deformation at depths below'2440 m (8,000 ft) is
reflected at the land surface by .6 to 1.5 m (2 to 5 ft) of relief.

This might escape notice elsewhere, but hefe it separates habitable land
from the marsh. For this same reason, any land subsidence as a conse-

quence of fluid withdrawal from oil and gas reservoirs would be highly

conspicuous. As a matter of record, l9.9vbi11ion m3 (703 billion cu ft)
of natural gas and 9.4 million barrels of condensate were produced
between 1953 and 1965 from the Hollywood-Houma reservoirs, most of
which are geopressured. No land subsidence attributable to these fluid

withdrawals has been reported.
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APPENDIX D

Agencies Contacted During the Pfeparation of the Environmental Assessment

*U.S. DEPARTMENT OF THE INTERIOR
HERITAGE, CONSERVATION AND RECREATION SERVICE °
18th and 5th Street C
Washington, D.C. 20240

*U.S. WATER RESOURCES COUNCIL
2120 L Street, Suite 800
NW Washington, D.C. 20037

*U.S. DEPARTMENT OF THE INTERIOR
Geological Survey
Reston, Virginia 22092

U.S. DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT
Plaza Tower, 1001 Howard Avente
New Orleans, Louisiana 70113

*ADVISORY COUNCIL ON HISTORIC PRESERVATION A
1522K Street, Suite 510 L
NW Washington 20055

*U.S. DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION
Herring Plaza Box # 4377
Amarillo, Texas 79101

*U.S. DEPARTMENT OF COMMERCE -NOAA
- NATIONAL MARINE FISHERIES - .~
Duval ‘Building
9450 Gandy Boulevard
St. Petersburg, Florida 33702

*U.S. DEPARTMENT OF COMMERCE
MARITIME ADMINISTRATION
Central Region Office
Number 2 Canal Street =
New Orleans, Louisiana 70130

*u.s. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE: '
P.0. Box 1630
Alexandria, Louisiana 71301

*FEDERAL ENERGY REGULATORY COMMISSION
Fort Worth Regional Office
819 Taylor Street, Room 9A05
Fort Worth, Texas 76102

*NUCLEAR REGULATORY COMMISSION
1717 H Street, ' NW - . ¢
Washington, D.C. 20555
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*U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)
Region 6 - First International Building
- 1201 Elm Street
Dallas, Texas 75270

*U.S. ARMY CORPS OF ENGINEERS
New Orleans District
P.0O. Box 60267
New Orleans, Louisiana 70160

DEPARTMENT OF TRANSPORTATION.
U.S. COAST GUARD - EIGHT DISTRICT
Hale Boggs Federal Building
500 Camp Street
New Orleans, Louisiana 70130

U.S. DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY )
Water Resources Division
Federal Building
300 East 8th Street
Austin, Texas 78701

U.S. DEPARTMENT OF THE INTERIOR
NATIONAL PARKS SERVICE
Southeast Region Office
1895 Phoenix Boulevard
Atlanta, Georgia 30349

U.S. DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
P.0O. Box 44753
USL, Lafayette, Louisiana 70504

U.S. DEPARTMENT OF THE INTERIOR
BUREAU OF LAND MANAGEMENT
7981 Eastern Avenue
Silver Spring, Maryland 20910

DEPARTMENT OF WILDLIFE AND FISHERIES
Wildlife and Fisheries Building
400 Royal Street
New Orleans, Louisiana 70130

STATE OF LOUISIANA STREAM CONTROL COMMISSION -
P.0. Drawer FC
University Station
Baton Rouge, Louisiana 70893

LOUISIANA AIR CONTROL COMMISSION
325 Loyola Avenue
P.0. Box 60630
New Orleans, Louisiana 70160

*STATE OF LOUISIANA DEPARTMENT OF CULTURE, RECREATION AND TOURISM
OFFICE OF STATE PARKS
P.0. Box 44426
Baton Rouge, Louisiana 70804
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DEPARTMENT OF COMMERCE
LOUISIANA OFFICE OF COMMERCE AND INDUSTRY
P.O. Box 44185 . . '~
Baton Rouge, Louisiana 70804

DEPARTMENT OF HEALTH AND HUMAN RESOURCES
OFFICE OF HEALTH SERVICES AND ENVIRONMENTAL QUALITY
P.0. Box 60630
New Orleans, Louisiana 70160

DEPARTMENT OF NATURAL RESOURCES
LOUISIANA GEOLOGICAL SURVEY. "
P.0. Box G
Baton Rouge, Louisiana 70893
LSU Geology Building

DEPARTMENT OF NATURAL RESOURCES
OFFICE OF MINERAL RESOURCES (State ‘Mineral Board)
P.0O. Box 2827
Baton Rouge, Louisiana 70821
Natural Resources Building

*DEPARTMENT OF NATURAL RESOURCES
OFFICE OF CONSERVATION - GEOLOGICAL OIL AND GAS DIVISION
P.0. Box 44006 - Capitol Station
Baton Rouge, Louisiana 70804

*LOUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT
. OFFICE OF PUBLIC WORKS
. P.0. Box 44155
Capitol Station
Baton Rouge, Louisiana 70804

¥LOUISIANA DEPARTMENT OF TRANSPORTATTON AND DEVELOPMENT
OFFTCE OF COASTAL RESOURCES PROGRAM
Hoover Building Annex
2156 Woodale Boulevard
Baton Rouge, Louisiana 70804

Y OUISIANA DEPARTMENT OF TRANSPORTATION AND DEVELOPMENT
OFFICE OF HIGHWAYS
P.0O. Box 44245 Capitol Station
Baton Rouge, Louisiana 70804

LOUISTIANA DEPARTMENT OF COMMUNITY AFFAIRS
OFFICE OF STATE CLEARING HOUSE
626 North 4th Street - - :
Baton Rouge, Louisiana 70802

LOUISIANA STATE PLANNING OFFICE
P.0. Box 44425
Baton Rouge, Louisiana - 70804
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*SOUTH CENTRAL PLANNING AND DEVELOPMENT COMMISSION
P.0. Box 846’
Thibodaux, Louisiana 70301

CENTRAL LAFOURCHE PLANNING COMMISSION
160 Church Street
Lockport, Louisiana 70374

*LAFOURCHE PARISH POLICE JURY
Mr. Thomas M. Barker, President -
P.0. Box 507
Thibodaux, Louisiana 70301

*HOUMA-TERREBONNE PLANNING AND ZONING COMMISSION
Post Office Box 446
Houma, Louisiana - 70360

TERREBONNE PARISH POLICE JURY
P.0. Box 6213
St. Joseph, Louisiana 71366
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