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ABSTRACT
E. J. Newchurch

This: report presents the results of research by the Institute for
Environmenta1 Studies at Louisiana State.University. to develop a plan
for the long-term environmental assessment of geopressured/geotherma]r
resource development in the Louisiana Gulf Coast region. This work was
sponsored by therLawrence Livermore Laboratory as part of a contract
with the U.S. Department of Energy.

It has been assumed that full-scale development of the Louisiana
geopressured resource will involve 50 or more sites, each 130-160 km2
(50-60 miz) in area. For each site, we;envision 15-20 producing
wells, each producing some 40,000 barrels/day offf]uid, 30-40 disposal
“wells, ‘gas. separation’facilities; one 25 megawatt power plant, and
about: 200 miles of pipe]ine. |

Whereas this study considered the effects of the deveiopment
«‘activities with the above 1isted faci]ities, it was beyond the scope
. of the study to consider the possibie effects of anciilary deve]opment

gactivities - that is industrial commercial and residentiai activities

"'”'fresulting from non—eiectric uses’ of geopressured f]uids.: It is recom-

mended thatfimpacts stemming‘from such anciliary actiVities be care-

l fu11y studied, and the results incorporated into the overa11 envir->

~ ,“onmentai assessment._;

7 The maJor environmenta] 1ssues stem- from possib]e impacts which
'might resu]t from (1) subsidence associated with removing a 1arge
"fvolume of fiuids at high rates, and (2) disposa] of equai]y large }vn.

| "volumes of spent fiuids_by reinqection into shallow aquifers. Plans



for the measurement and analysis of geologic effects include: (1)
measurements related to subsidence, fault activation,'and.seismicity;
(2) sampling and testing to determine the mechanical properties of
the geologic units involved as an aid in the interpretation of the
effects measured in (1); and (3) computer modeling by the finite
element method to provide a basis for predicting future geologic effects.

The south Louisiana coastal region is characterized by highly
diverse and productive aquatic and wetland ecosystems. The economic
value of these wetlands derives from their use as habitat by important
commercial species of fish, waterfowl, and fur animals; and from
mineral production. The value of the coastal wetlands in terms of
recreational activities is also very high. Subsidence, should it occur,
would have a significant adverse impact on this region. Much of the
study area has very low elevations and relief, and is therefore vul-
nerable to extensive inundation from any measurable amount of subsi-
dence. Marsh would be converted to open water, markedly reducing
biological productivity, with the geopressured producer possibly facing
private suits for damages or even injunctive relief. Plans have been
developed for the assessment of impacts on ecosystem quality (1) off-
shore; (2) in the coastal region; and (3) in the upland and forest
regions. Each plan inVo]ves’the sampling of the biota, the water, and
the substrate, with bioassays on selected organisms.

Regarding water quality, there is concern that the large volumes
of water that must be disposed of, subsurface, may overtax the receiving
aqiifer with perhaps leakage of fluids up fault planes; or that aban-

doned o0il and gas wells in the vicinity may be breached. Both ground



water and sorface<waters-cou1d be adversely affected should this occur.
Causes for concern include salinity, temperature, and total qoantity
of heat to be dissipated; as well as low dissolved oxygen content, and
possible trace amounts of hydrogen sulfide, ammonia, copper, boron,
end other toxic ions. Pians for assessing impacts on water quality
include provisions for determining ground-water uses in the vicinity of
a,geopressured.site,‘mapoingaground-water’resources. identifying sites
of possible leakage, and sampling ground-water sources used for'donestic
and agrichlturaT water supply. Surface water quality studies are to
1ncTude-month1y-sampling,and,testing;

Air quality impacts are expected to be minor as compared to poten-
‘tial 1mpacts,on water and ecosystem'qualtty. The major atmospheric
emission from a geopressUred power'plant will be the steam plumes from
wet cooling towers. Loca112ed fogging will be possible; Fortunafely,
weather conditions in south Louisiana are:genera11y favorab1e‘for the
. dispersion'of afmospher1c~po11utants. ‘If the Lake Charles, and Baton
Rouée to New OrTeansxareas arerevoided; it is Tikely that all state and
‘federa1 air qua]ity standards can be met. There-wi11"of course. be
some localized noise, but 1t should be possib]e to design around this ‘
"potential problem., Plans for air quality assessment studies 1nc1ude

the insta]1at1on of three fixed 1ocation baseline air monitoring sta-

’ﬁ,t1ons, equipped to obtain meteoro]ogicaT data. Additional fixed

monitoring stat1ons my be needed depending on the locations and con-

figurations of the well sites once selected Mob11e test1ng wi11 also

"“v'be desireable to determine upwind and downwind concentrations of

selected po]]utants



The Tikely extent of the above described potential environmental
impacts is unknown at the present time; thus, detailed studies should
continue, beginning with reservoir testing activities. As more infor-
mation becomes available, appropriate definitive plans must be incor-
porated into the overall design of the resource development so as to
strike an acceptable balance between energy development and environmental

quality.

A brief summary of the overall plan for the assessment of environ-
mental impacts from geopressured resource development activities at a

single prospect concludes this abstract.

GEOLOGICAL EFFECTS OVERALL PRIORITY: HIGH

o Establish baseline conditions: subsidence history, surface
elevations, seismicity.

e Monitor impacts: surface elevation changes, fault
movement, seismicity.

¢ Determine compact1on characteristics through laboratory mater1a1s
testing and in situ rock mechanics tests.

¢ Model reservoir and overburden response to production.
e Analyze data and report results.

AIR QUALITY 4 OVERALL PRIORITY: LOW

e Establish regional baseline conditions.

e Establish site specific baseline conditions.
o Test and monitor emission streams.

e Monitor air quality.

o Perform dispersion modeling studies.

e Analyze data and report results.



(& WATER QUALITY: SURFACE WATER OVERALL PRIORITY: MEDIUM

| o Establish baseline conditions: hydrology, water quality, usage.
o Test and monitor emission streams.
o Monitor surface water quality.

o Analyze data and report results.

WATER QUALITY: GROUND WATER : OVERALL PRIORITY: HIGH

o: Establish baseline conditions: configuration, depth, ground-
water quality, usage.

e: Inventory existing wells..
. Monitbr ground water‘quality.
o: Analyze data and report results.
ECOSYSTEM QUALITY o - OVERALL PRIORITY: MEDIUM TO HIGH

o Establish baseline conditions: substrate, biologica1
surveys, bioassays. .

. Moni tor bioiogical populations.
- o Assess impécts.
o Conduct special studies.

a3 Ana]yze}data»and”reportjreSults.
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I. INTRODUCTION“
E. J. Newchurch

This report presents the results of‘research,,by the Institute for
Environmental Studies, to develop a plan for the long-term environmental
assessment}of'geopressured/geothermal resourCe development in the Louisiana
Gulf Coast region.. This work was sponsored’by the Lawrence Livermore
Laboratory under Purchase Order No. 8316603, as part of its Contract
No. W-7405-Eng. 48 with the U.S. Department of Energy (DOE).

The~geopressured/geothermai’resource of’theJLouisiana Gulf Coast
region has the potential of becoming an important source of energy in the
forms of natural gas, electricity and process'heatt DOE-sponsored efforts
are underway to assess the energy content of this:resource. and eventually
to test its deliverability with the‘goai of eStabiishinQ commercial
viability. In addition to environmental considerations, specific questions
deal with number and iocations of'reservoirs, reservoir deliverability,
natural gas content, disposa1 of spent f1uids economics, 1ega1 aspects,
and 1nstitutiona1 requirements.

Prior to commerciai operations, it wi]i be necessary to understand

5 :',the potentia1 environmentai impacts S0 as to ensure that all activities

' oinvoived in resource development take place in an environmentaliy sound

5" manner. Accordingly, Lawrence Livermore Laboratory has' authorized the

'7study described herein to identify key environmenta] jssues, to assess

;.7 the adequacy of presently avaiiab]e environmenta] data, and to prepare a

' ”,‘plan for (1) acquiring addit10na1 baseline data, and (2) monitoring ‘the

'f‘environmental effects of geopressured resource deveiopment., This p]an is

designed to provide information necessary for informed decision-making



10

éoncefning the long-term environmental assessment of geopressured resource
development in Louisiana.

The study area covers that region of Louisiana which is bounded

on the north by an east-west 1ine drawn through Baton Rouge, and which
extends south into the Gulf of Mexico (Figure I-1). This region includes
the currently identified major propspect areas and is characterized by
three major considerations:

o The geology varies significantly from east to west as a result
of relatively recent geologic events, particularly changes in
the course of the Mississippi River. This has resulted in
deltaic formation and erosion in the central and eastern portions
of the study area. The northwestern portion of the study area is
of Pleistocene origin, while the southwestern portion is char-
acterized by the chenier system.

e The land is flat with a very low elevation--the 5 ft contour
extending some 50 miles from the coast. Thus, there is a wide
band of mixing between the surface waters of tﬁe wetlands and
the Gulf of Mexico, resulting in very productive aquatic eco-
systems. There is also much general flooding, and a potential
for large impacts if subsidence occurs.

e The surface water varies from fresh to saline, with the salinity
gradient generally running from north to south. The hydrology
of this coastal region is much altered by resource develop-

ment activities.

In this setting, we find a very complex mosaic of ecosystems,

with large numbers of species of both plants and animals including many

o
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commercially important species and several rare or endangered species.
In addition, some parts of the study area are heavily populated and
display a wide variety of cultural and economic activities.

The plan described in this report deals with the environmental
aspects of geopressured resource development in the context of the above
considerations, and is structured as follows:

e Integrated assessment

o Description of the proposed activity

o: Geological effects

o Air quality

o Water quality

o Ecosystem quality

e Socioeconomic and cultural considerations

In the section, Integrated Assessment, an overall plan for the long-
term environmental assessment of geopressured resource development activities
is presented. The plan is drawn from the work described in the subsequent
sections. Key environmental issues are also identified and reviewed in
the Integrated Assessment, as well as the approach taken in identifying
these issues and the criteria for assigning priorities. The section includes
a discussion of those factors considered to be beyond the scope of this
projéct. Finally, three natural regions within the study area are iden-
tified as to their relative vulnerability to development activities.

The section, Description of the Proposed Activity, is presented as a
prelude to the subsequent sections dealing with environmental quality. This

section describes the resource and the energy extraction operations; both

O
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developed in sufficient detail to provide a basis for identifying the
potential sources of impacts on the various sub-systems of the environment.
The section on geological effects describes the geological frahe-
work of the study area and discusses the potential effects on this
geology stemming from the development of the geopressured/geothermal
-resourcé. A plan is presented to measure, interpret and predict geolog-
ical effects. This discussion lays the groundwork for a consideration of
three sepérate~areas of potential impact--air, water, and ecosystems.
In each of these sections, the environmental setting is described, poten-
tia]“imbacts are 1dentified.\and p1ans'arefproposedffor-baseline and moni-
toring studies. A1l of the plans are preceeded by a discussion of the
data required to establish baseline conditions as well as for monitoring
potential impacts. The adequacy o? these data is also considered.
The final section, Socioeconomic and Cultura) Considerations,
discusses the land hses. resoufces, and natural hazards of the study
- area, and relates these conéiderations to the development of the

f‘geopressured/geotherma1 resource..
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IT. INTEGRATED ASSESSMENT

B E. J. Newchurch and A. L. Bachman
A. INTRODUCTION

The: purpose of this section is to present an overall view of the
environmental issues facing decision-makers in the area of geopressured
resource development in Louisiana, along with a plan for monitoring poten-
tial environmental impacts. The material presented here draws from the
separate assessments and plans~for'geological effects; air and water quality,
and ecosystem quality described in”detaiT.in Sections IV through VII; and
from the discussion of socioeconomic and cultural considerations in Section
VIII.

~ In each of these sections, the relative significance of potentieI
impacts is discussed. We have combined these assessments to arrive at
the,overa11‘priorites:of,the issqes.{;This\priopjty_list, the approach
and criteria used to develop it, and a discussion of the issues are pre-
sented 1n,Sectioﬁ1II-C,Afojlowing}~ To place tﬁe issues in the appropriate

techno1ogica1'context. Section II-B'gives a brief summary of a development

A’scenario that will be typical of full-scaIe resource development activities

- in Louisiana.

‘*The'research problem”eddressed 1n this'report"is a*d1fficu1t one to

} treat comprehensively, given the size and variation in: the’ study area, and
| ftime and funding constraints. The Lsu 1nvestigators circumscribed ‘the

'«problem in severa] specific ways, as set fbrth in Section II-D. These

inc1ude 11mitations on the k1nds of 1mpacts examined ‘and assumptions
concerningeexisting,geologic data. The size and var1ab1lity of the study

area also calls for a summary of which natural regions could be most
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severely impacted by resource development acti&ities. This subject is
addressed in Section II-C, as well.

The overall plan for assessing potential environmental impacts is
given in Section II-E. The plan is essentially an overview of the in-
dividual plans presented in the main body of the Report, except that the
overall plan is not specific as to natural region or ecosystem type. It
is, however, directly keyed to the nature of the Louisiana resource and
the characteristics of the Louisiana natural environment. The overall
plan, as well as the individual plans, emphasizes baseline data collection

and impact monitoring and prediction for the full-scale development case.
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B. DIMENSIONS OF THE OPERATION

The dimensions of’a;model geopressured operation are summarized in
Table II-B-1 for the fu]]-scale development of a prospect area 50-60
square miles in extent It is envisioned that such a fully developed
-geopressuredffield‘w111 have 15-20 producing wells, each producing ap-
proximately 40,000 bb1/day of fluid. |

A In this scenario, it,is:assumed that the spent’fluids will be pumped
back into the ground, into a different formation, but safely below the
base of’fresh*ground4water.:’The'f1uids=wiTT flow in the producing wells
underetheir_own pressure, but it will be necessary to pump them against
thevresistance of the/receiving formatton for disposal' therefore, it is
assumed that there w111 be a need for two d1sposa1 wel]s for each pro-
duc1ng well. Well spac1ng, for produc1ng wells, 1s assumed to be one
per 3-4 square m11e -area. Disposal wells w111 be-interspersed among the
.producwng wells. o » .

' The- fu]]y deve]oped well field will support a power plant of approx-
imate]y 25 megawatts capac1ty, 1ocated in the well field. Approx1mate1y
200 miles of pipeiine w111 be required to transport ‘the fluids from the

vproducing wells to the power p]ant and back to the d1sposa1 we1ls. Energy

e"output from the reservoir will 1nc1ude e]ectr1city. methane stripped from

'°'f7the geopressured water, and res1dua1 heat in the spent f1u1ds which can

tvvfbe used 1n nearby industries for process heat
It w111 of course, be recognized that the dens1ty of we1ls 1n ‘this

"~foperation 1s sma11 as compared to a typ1ca1 011 and gas fie]d w1th one

hhi”#we11 for: each 40 acres._ On the other hand, the rate of f1u1d remova1 in»”

"'a geopressured we]] 1is proaected to be perhaps 100 t1mes as great as in .



TABLE II-8 -

'DIMENSIONS OF GEOPRESSURED OPERATION

Prospect Area
ProduCin’g Wells
Flow Rate
Disposal Wells
Power Plant
Pipelines

1

15-20

(FULL SCALE DEVELOPMENT)

50-60 sq. mi.

0z

40,000 bbl/day/well
30-40

25 megawatts
200 miles
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the case of a typical oil well. It's this large volume of fluids that pro- °
vides for a largefpart‘offthe environmental concern.

The. type of activities which will be involved in the development of
thefgeopressured'resource, all of which are potential sources of environ-
mental impact, fall under*the broad headings of site»preoaration and;
constructfon, operations, accidental occurrences, and natural hazards.

During site preparation and construction, it will be necessary to
build roads and levees, structures of various types, pipelines, and canals
to provide access. in wetland sites. Operations will include drilling of
wells, operation of the successful producing wells, drilling and operation
of two reinjection wells for each producing well, and operation of the
pipelines. Al1 of these types of operations, of course, are similar to
- those encountered in 0i1 and gas‘production. But now we add an energy
plant, pipelines, anditranSmission lines to de]iver‘the net energy re-

~covered to consumers--perhaps some diStance‘away. These represent addi-

““tional potent1a1 sources of impact in a fragi1e environment

-~ As in:the case of 011 and gas operat1ons, there will be some risk

"of accidental occurrences such as we11 bIowouts and we11 casing fai1ures,

which would result in fluid sp111s. “Also,. 1n the Gulf Coast there is
always the risk of natural hazards such as hurricanes, and storm re]ated
‘?flooding, causing acc1dents and possib]y add1ng to the environmental risk
: of the overall operation. f*(' o |
A number of poss1b1e non-electric uses of geopressured fluids are
'issbeing explored, ranging from process and space heating to the recovery '
c?fof m1nera1s present in’ the f1u1ds. Non-e]ectric customers w111 have to

~ be’located close to the well field in order to min1mize heat loss and
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fluid delivery costs. Thus, if non-glectric uses prove feasible, consider-

able ancillary development activities could take place including industrial,

commercial and residential development. The impacts from these ancillary
activities have not been considered in this report solely because of time

and funding constraints.

o
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C. KEY ENVIRONMENTAL ISSUES

“The primefapproach'taken,in.identifying those environmental {ssues

that could impede development'of the geopressured resource in Louisiana -
involved consultations with industry andrreguiatorv agency representatives.
'These~meetings werevconductedias interviews and in workshop settings. In

each case, the LSU researchersepresented a:scenario for the full-scale
deVelopment of geopressurediresonrces..as summarized 1in the preceding: sec-
tion, and'then'asked for input.on the major environmental concerns. The approach
‘was. very successful. The,industrveand regulatory agency representatives

were chosen on the basis of a strong interest in'development of the resource
and/or-direct'involvement.in'environmentai regulation of development activities.
A complete summary'of'these contacts'is'given in Appendix'B of this report.

Representatives of‘research groups with expertise in the environmental

setting of the geopressured prospect region were also interviewed. These
- contacts were particularly helpful in p1ating;future geopressured activities
within thefcontext*of‘present'and7projectedf1and use in the area. Conflicts
v"among goals for use of the coastai wetlands upiand regions. -and ‘of fshore

‘ portions ‘of the study area were identified and this information considered '
»'in assigning priorities to potentia1 environmenta1 impacts. A iist of

" research groups and individuals consuited is. given 4n Appendix B.
From these contacts, criteria for prioritizing environmenta] issues

;were estab]ished.; ‘These criteria are as foi]ows

o Probabiii;y of Occurrence Is there a highfdegree of"
f probabiiity that impacts will resuit from this fssue?
= o agnitude' Wil this issue resuit in impacts both 1arge in

_areal extent and highiy destructive to the environment?
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o Existing Impacts: Does this issue involve an impact that is already o
affecting the region and is expected to affect the redion in the

future?

o Management: Is this issue or the impacts resulting from this issue

subject to management, mitigation, or control?’

¢ Alternatives: Can this issue be resolved by employing alternat{ve

technologies or by engaging in alternative activities?

o Legal Setting: Is this issue subject to legal means of control?
Could legal redress halt or delay development?

o Uncertainty: Is there a high degree of uncertainty concerning this
issue and the impacts that arise from it? Does this uncertainty

constitute a risk for the developer?

1. High Priority Issues

a. Subsidence

The most critical issue affecting the development of geopressured resources
in Louisiana is possible surface subsidence due to compaction of sediments
at depth as large quantities of fluid are produced. The effects of even a
small amount of subsidence in the large portion of the study area that is at
low elevation and low relief could be highly destructive. These effects wdu]d
include inundation of large areas; increased areas prone to flooding; reduced
biological productivity in the inundated areas causing economic losses in
fish and shellfish harvests; loss of important water-fowl and fur animal
habitat; and damage to roads and structures. It is likely that surface sub-
sidence, if it occurs, would extend beyond the boundaries of the producing

geopressured reservoir.
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There~i5‘considerab1e~uncertainty as to whether subsidence will occur and
~ how much will occur in-theffu11—scaie»development case. There are no analogous.
situations. Subsidence-fromrground-water withdrawal is well documented, but such
subsidence has occurred as. a resuit,of'compactionfat“depths considerably
shaiiower than those that will be»encounteredrin'geopressured operations,
Surfacevsubsidence.,if'it oCCurs; is Tikely tofiag behind peak production,

thus compounding:the‘uncertainties that otherwise exist. Subsidence from
natural compaction of sediments in the Gulf of Mexico region is an on-
vgoingiprocess:resuiting in7ioss of coastal marshes, and this impact is

already of concern.. Subsidence from geopressured operations would add
| to~the existing probTem, and it may be difficult to discern the subsidence
»effects from the separate causes.
 The State of Louisiana is sufficient]y concerned about the potential

for subsidence to provide for monitoring activities in the regulations

for geopressured7operations.d whether:or not the‘StateVis satisfied on
ithis issue, it is thought that private 1and owners adjacent to the leased
acreage cou]d file suit against the operator for: damages or injunctive

‘;reiief_because.of subsidence;effects.a (Lessors would be presumed to have

"‘ffagreed to the‘effectsfofisubsidence‘which}wou1dfbe"considered a normal

: result of operation of the lease) | l

Management of subsidence effects or management to reduce the prob-

N 'abiiity of occurrence is a subaect that has received iittie study One

'Jtaiternative that has been suggested--reinjecting the spent f1uid into
the producing formation--appears not to be economicaliy feasible

The 1ssues are Wiii subsidence occur? How much will occur? What

' "”5?7w111 be the area] extent of subsidence effects? Can sub51dence be pre-

dicted?;}Can,compaction_at depth'beuprevented?v Can- subsidence effects

“be mitigated?
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b. Fluid Disposal

Large quantities of spent geopressured fluids, as much as 800,000
barrels/day in the full-scale operation of‘a'single geopressdred pros-
pect area, must be disposed 6f in a manner compatible with environmental
quality. Surface disposal will be possible only into the open Gulf, and
this alternative seems unlikely because of the 1ikely presence of toxic
substances in the geopressured fluids. Subsurface disposal is thus the
most Tikely disposal method; in many areas it will be the only feasible
alternative.

Subsurface disposal of wastes in the total quantity, and at the rate
anticipated in the full-scale development of a geopressured prospect,
has never been attempted in Louisiana. Geologists generally agree that
1arge volumes of suitable receiving sands exist in the disposal zone
(at depths of ~ 1500 meters). This thesis is not proven for the cir-
cumstances of geopressured development, however. Industry representatives
have expressed considerable concern about disposal because of the great
risk involved in the failure of a disposal system where no alternative
methods exist. |

Possible environmental impacts of the failure of a subsurface dis-
posal system include fouling of fresh-water aquifers; contamination of
hydrocarbon producing areas; bleeding of fluids to the surface alona
fault planes with possible severe surface effects; and bre&ching of
abandoned wells with possible severe surface effects. These impacts
- could result because of intercommunication between the disposal aquifer
and other aquifers and fault planes; overpressuring the disposal

aquifers; and improperly abandoned wells in the area.

C
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South Louisiana is already faced with the problem of salt water
< encroachment of fresh-water aquifers pumped for rice irrigation and

- other domestic"and agricultural uses. Failure of a subsurface. geo-

Lpressured‘disposal system_would;add to these problems.

,» Difficulties have arisen in the-sub§surface‘disposal of brines in
~the Strategic Petroleum ReServe-Program,inlLouisiana. These problems
include plugging of disposal wells, and other technological failures.

- U.S. Department.of Energyirepresentatives‘have expressed concern over
the~environmental impacts:- of further failures; The State of Louisiana
has evidenced:its concern over this fssue through extensive regulation
of drilling practicesyin geopressured operations to prevent contamination
of fresh-water aquifers and hydroCarbon zones;.and to minimize the like-
1ihood of leakages. | | ,

Subsurface disposal system failures can be minimized by assuring
,that suitable disposal aquifers are used; by employing an adequate

: casing program in disposal wells; by careful operation of the disposal

" wells and extensive monitoring of the disposal system, and by replugging

i improperly abandoned wells , g ,
‘ The latter two courses of action will be very costly and difficult to

»;aChieve;v First, it will be difficult to monitor the fate of spent fluids ,

"—disposed of at depth. “Fingerprinting" the geopressured fluids defini-

' 'tively may not be possible because contamination will occur as a result

, ”‘1fof brines m1grating from depths of approximately 1500 meeters (500 ft)

i through non-homogeneous formations. Determining the direction of ground- L

7agwater flow in an. area of special concern may require a costly network of

‘ ilobservation wells. Second the areas of interest for geopressured re-
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sources have been extensively explored for 0il and gas. Wells drilled
before 1920 did not come under casing or abandonment regulations. These
wells, and some more recent wells, are difficult or impossible to locate

because of land use changes and surface disruption. The other management

methods can be achieved successfully; although, at the present time, the
most critical factor--availability of suitable disposal aquifers--is not
khown. |

The issues are: Do suitable disposal aquifers exist? Is the tech-
nology available adequate for disposal of fluids in the volumes en-
- visioned here? Are monitoring and management methods adequate?

¢. Surface Disruption in Wetland Areas due to Site

Preparation and Construction Activities

The scenario for full-scale development of a geopressuréd prospect
specifies a total‘of 20 producing and 40 disposal wells, 320 km (200
miles) of-pipelines, and a 20-30 megawatt capacity energy plant with
gas separators. This level of activity in a 130-160 km2 (50-60 miz)
area will cause a considerable amount of surface disruption. This is
particularly true in wetland areas where access canals, pipeline canals,
and impoundments will be réquired. The cumulative effects of wide-
spread geopressured resource development (there are 63 identified pros-
pects in south Louisiana) would indeed be serious;
| The environmental impacts of this kind of surface disruption in
wetland areas include: 1land loss and attendent habitat loss; disrup-.
tion of normal hydrology resulting in salt water intrusion in coastal

wetlands with subsequent habitat loss for important commercial species;
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possible warming of waters locally; and'Toss of archeological sites of

* which there are over 40011nvthezcoasta1 regiona (In upland portions of
theistudy area,'impacts wou1d be much Tess severe. Some land use

changes would result, the most 11ke1y being some- Toss of crop and pasture
Jand )

Thefimoactsvfrom geopressured site preparationvand construction
activities. are of partioular concern shou1d~theyAtake place in the coastal
wetlands. Thtsvregioh'is both unosually sensitive to these kinds of
activities and unusua11y va]uab1e~in‘term§ of commercial productivity,.
recreation, and cultural and scientific interest' Most'of thea1dent1f1ed
geopressured prospects are within this area. There is a]ready a problem
'in coastal. wetlands w1th Tand loss due to natura] subsidence and erosion:

and as a result of canal dredg]ng. channe11zatwon and other human activ-
it1es.fiThe“total amountﬁand rate of land loss is large and the effects
'are'serious in the area as the COastal marshes'perfofm°severa1 vital
.functiohs; The coastaI wetlands act as habitat for- commercially impor-
*7tant fish and she]1f1sh fur-bearers and waterfowl as buffer of storm
"rsurges, and as ‘a natural filtration system fbr pollutants or1ginat1ng
- in the more populated upland regions. ‘
There are no state regilations concerning this issue at the present

"t1mee However, if the State of Lou151ana develops a- coastaT resource .

'x;”Vwmanagement p]an~(plann199.Qrants.made avai1ableionder ‘the 1972 C°§$t31

 Zone MahagementhctehaVe»been'used.to~deve1opva*data base for a plan.

fVWhiCh'is3befofe?the’State‘1egislature at'thié time),‘some‘State’effort |

v ito reconcile land and resource uses in the coasta1 region w111 result. f

3“nTh1s could have an 1mpact on geopressured resource deve]opment The
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U.S. Army Corps of Engineers is responsible for issuing permits for the
disposal of dredge and fi11 material in the coastal wetlands. This
regulatory function allows an avenue for private groups to attempt to
block certain kinds of activity: an avenue that is being used more fre-
quently in Louisiana.

The surface effects of site preparation and construction activities
can be mitigated to a certain degree. Directional drilling might be
employed; helicopters can be used to emplace certain kinds of equipment;
canals can be properly oriented‘and maintained to minimize 1a9d loss and
impacts on the hydrologic system.. In order for managemeni‘mefhods to be
effective, however, information on the biota of each geopressured site,
and oa the hydrology of the site, must be obtained. Currently available
data are not adequate for such an assessment. Hydrologic data in the
coastal region are sparse.

The issues ére: What is the extent of impacts on wetland eco-
systems? A satisfactory answer to this question hinges on a thorough
understanding of the biology and hydrology of the area and on moni-

toring capabilities.

2. Medium Priority Issues

" a. Accidental Spills

In many types of‘activities, accidental spills of produced of waste
fluids would be cdnsidered a low priority issue because of the low prob-
ability of occurrence, and because of effective prevention technology
and clean up procedures. Accidental spills are a meédium priority issue
in the geopressured case, however. First, the impact invterms.of air,

water and ecosystem quality would be severe in the immediate vicinity,

o
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depending'partIyron the biotic communities present, meteorological con~
ditions,,hydrologicbpatterns;sand soils properties. Certainly..thesnature
ofﬁgeopressured fluids is such that[any plant species, at least, to come
.inoeontact,with spiTTedtf1uids would not survive. Volumes and rate of
f]owrof'Spilled'fTude~is Tikely,to be high.. Second, clean up methods

commonly used in the'oinand gas 1ndustry may not prove as effective

~inithe event of,a~geopressure»we11 blowout. The emissions-in,the geo-~
pressure case would fnclude-btines’and methane gas, and these are not
as readily susceptible to containment as are the more viscous and
flammable 1iquids of o011 well blowouts. Also,. because bottomhole
pressures.wi1T be h1gh--in'excess of 10, 000 pSi well blowouts in the
geopressure case may be more difficult to bring under control.
Blowout prevention technology is. advanced ‘as regards the conven-

- tional 0il and gas industry. It is uncerta1n whether,there are differ-
ences between the effectiyeness ofgb]owoutdpreVentors,On we11s,producing
geopressured f1uidsoas«opposed tofoiTiand[gaSgneITS;‘or Whether geo-

o pfessured we11$-w0u1d’be'nore:likeTysto?BIoWjoutdthan;oil and gas wells.

fﬁcertainlyhthevoiirand'gassindHStrynis experienced in drilling through
':1Qeopnessured iones;fprodueing‘geopreSSured“f10idsvmay be another matter.

“In any event, shou]d a blowout occur, the 1mpacts would generally be

‘“ﬂi?more:severe-in the geopressured case. A thorough understand1ng of the

'fffimpacts in different environments is: required to assess the risks of

’}"facc1denta1 spills.

The 1ssues are.: What are the impacts of acc1denta1 sp111$? What

Liffcontainment methods are effect1ve? Is prevent1on techno]ogy adequate?
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3. Low Priority Issues.

a. Air Quality and Noise Impacts from Normal Operations

Atmospheric emissions from the normal operation of producing and
dispoal wells, gas separators, and the power plant, in the full-scale
development situation are not expected to contribute significantly to
air quality degredation. The major and most visible emission will be
the steam plumes from wet cooling towers which could cause localized

fogging under unfavorable meteorological conditions. Atmoépheric dis-
persion characteristics in the study area are generally favorable, however.

Also, the relatively small size of the power plant will tend to limit
adverse effects to a relatively small area.
The study area is a non-attainment region for ozone; however, geo-
pressured operations are not expected to contribute to this problem.
Atmospheric hydrogen sulfide emissions are of major concern in ﬁany
of the world's geothermal resource areas, but pollutant gas concentrations
of HZS are not expected in the Louisiana geopressured fluids. However,

because HZS concentrations could vary from well to well, the presence of
HyS must be considered an unknown at this time. If appreciabie HpS levels
are found, control technology is commercially available and, it is assumed,
would be employed.

High localized noise levels can be expected during normal operations.
Noise abatement equipment is available to ameliorate this problem, however.

b. Induced Seismicity and Fault Activation

Seismicity and fault activation as a result of producing or injecting
‘geothermal fluids are major concerns in geothermal areas in western states.
The Gulf Coast region, however, is generally lacking in the generation of

seismic activity. Evidence from drilling seismic exploration for oil

C
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and: gas- have documented thefs]ow and coﬁtinuous~release of stress along

the many growth faults in the: region. Only two seismic events have been
reported in Louisiana inrthis century. If stress were to accumulate

along fault zones as a result of reduction in pore pressure in geopressured
reservoirs, release could result in many small "earthquakes" or micro-
seisms. These would‘like1y be too weak to be felt by humans, or to cause
damage due to earth shock.

It is remotely possible that accumulated stress. would be released

in a more drastic fashion.. Fault“movement'shou1d therefore be monitored -
during geopressured fluid productidn; Ground-based instruments are

available for this purpose.

c. Natural Hazards

~ Tropical storms and hqrriéaneS‘with,gale force winds and storm
surges'occur fréquent1y in the‘Gulf Coast régibn comparedfto other parts
of the countfy. They represent a sighificant threat to human 1ife and
property in the area. However, hurricane_moniforing usually allows
7 sufficient time for.evééuatidn of pefsonnel;zand the shutdown bf’vu1~
nerab1e:dri1iiﬁ9 6pef§tioﬁs;<‘HUrriéane"damage-rare]y,résultS'in.we11

blowouts or other accidental spills.
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D, QTHER CONSIDERATIONS

The- area of interest for geopressured resource'development, depicted

in Figure I-T, includes all of south Louisiana.  This large region varies .
considerably in both natural setting and in human use of these environ-
ments. Given time'and.fUnding'constraints,.this.fact‘imposed-certain :
Timitations on the range of impacts considered., Possible environmental
impacts offanci]iary developmentfactivities were judged beyond thet,
scope of this work. rThese'include_the-potentia] impacts.of industrial,
‘,residentiaT and commercial activity generated either by extraction
activities or becausefof’non-electric’utiTization of the hot fluids.
These- kinds of activities couid:impact'both the natural and socioeconomic
environments. Also, the effect of normal operations and accidental
occurrences.on the heaith'of workers wasvconsidered beyond the scope of
thiS'project. VA,plan%for?assessing_impactsvon the socioeconomic.and
cultural environments was not developed‘because ofﬁthe major‘contribu-
tion heaith considerations and ancil]ary development activities would
, make to such an assessment.‘ | , ,
, In order to develop comprehensive p]ans in the time aiiotted for )
'if the project, the LSU investigators 1imited the scope of the work in-

j"severai additional areas. _The major assumption was made that suitable

':Aaquifers for the subsurface disposa1 of spentgeopressured fluids are _

avai'lable. Neither the individual p’lans for geo‘logicai effects and water

‘tiquality studies described in sections IV and VI respectiveiy, nor the

"ifloverall plan summarized below include activities designed to locate such

‘:‘V5Z5aquifers._ These activities ‘are fundamentai to- the success of geopres-

“t*Psured operations. as. discussed in the preceding section. Also, the

f,effectiveness of various impact abatement and management techno]ogies
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and practices were not explored in depth.'AThe overall plan and individ-

ual plans do not include activities that will resoive questions on thisl

subject. “There is a need for these kinds of activities, barticular]y

in conjunction with subsidence studies.

Finally, the plans were developed for prototype geopressured pros-

pects or reservoirs, and not for geopressured prospects in specific
‘geographic settings. There:are 63 identified geopressured prospect

areas. Of these, fewer than 10 have been studied in depth geologically.

Authors of this report felt that a more efficient approach was to develop

plans based on average Eouisiana reservoirwcharacteristics, and to
specify, when necessary, differences in implementing the plans in three
basic natural settings. These three areas are upland, coastal, and off-
shore regions.

Coastal regions are the most vulnerable to the impacts discussed
in the previous section. The coastal wetlands are uniquely productive
biologically, providing habitat for many commercially important species.
The key to both the biological diversity and productivity of Louisiana
wetlands is the unbroken intercommunication among many ecosystem types
and the predictable cycles of physical events. Subsidenée and surface
disruption from site preparation and construction actiyities could
seriously disturb these balances. Although sparsely populated, there
is already competition among land uses in the éoasta] areas .resulting
in significant deterioration and destruction of the marsh ecosystems.

Upland regions would be less vulnerable than coastal areas to
impacts from subsidence and construction activities. The higher
elevations of the upland region will help contain subsidence effects

if they occur, although damage to structures and roads is a possibility
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in these areas. The upiaﬁd‘areas would be:moré vulnerable to failures
in subsurface disposal systems, which would be the only feasible disposal
a]ternative."The»prihcipai‘1and use in the upland portions of the study.
area is agricu]ture;tspeéifica]1y rice in the westérn and central parts
of the study érea. Ri;e'is'an irrigated crop, using fresh ground water
resources extenéively. |

Offshore geopressured resource development would conflict least
with the goal of maintaining environmental quality. qusidence would
have no adverse effects if confined to the offshore areas. Accidéntal
sp1l]s,would:disperse'morefquick1y-than’in'coasta] and‘upland‘enviroh-,
ments. Also, surface.disposa]imight~be a feasible alternative, if
federal and state water quality standards can be met.
‘ The plans for water,énd'gcbsystequua1ity'deécribed in Sections VI
‘and VII take into account;these differeﬁceé*among ecosystem types. fhe
.ovéra]l plaﬁ summarized in Section II-D below, is not spe¢€fic"as to |

.thefnatu;ai setting..






39

E. OVERALL PLAN FOR THE LONG TERM ENVIRONMENTAL ASSESSMENT
' OF GEOPRESSURED RESQOURCE DEVELOPMENT
IN THE LOUISIANA GULF COAST REGION -

The Plan outlined below is. for collecting baseline data; and monitoring
the impacts, from fuil-scaievgeopressured;resource»deve]opment'at a single
geopressure prospect‘area. ThevPlan“is not Specific-to‘a particular pros-

pectffor‘environmental setting. but is generally applicable in the study area.

Monitoring efforts will continue at a reduced level for the entire
period of production: approximatelyrzoryears. The level of effort in
monitoring activities will be*contingent:on the occurrence of impacts from
deveiopment'activitieS‘or*other environmentai changes. Some: monitoring
activities are contingent on data availabiiity or the development of ade-

| quate instrumentation.

GEOLOGICAL EFFECTS '

. Issues Addressed: PreSence,.extent, and causes of surface subsidence,

faultfactivetion.sandrseismicity.i Prediction of'surface-subsidence.
"Prioritxc“—Surface'sUbsioence;?high; fault activation--Tow; seis-
micity--low. | b o |
:‘=;I.i Pre-DeveIOpment Activities..
| ,A.' Leve1 1 Detection Activities--Baseiine Data. Coiiection.

o og»Establish 1eveiing network and perform initial
' leveiing survey. '

B o.*Instail seismic monitoring system. |

”‘o:rEstabiish subsidence history from aerial photos and
:_.other data. , :

e BAnalyze results‘tq estabiish beseiineiconditiohs-
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B. Level II: Materials Testing. o

o Perform near-surface soils test and analyze results for
correction of tiltmeter readings.

C. Level III: Prediction.

o Develop preliminary model to simulate reservoir and over-
burden response to production.

II. Post-Development Activities.
A. Level 1: Detection Activities and Preliminary Interpretation.

o Extend leveling network to cover all well clusters and
perform annual releveling.

e Install integrated tiltmeter system and monitor continuously.
o Monitor seismic system.

e Perform annual aerial photographic surveys to measure
subsidence effects (i.e. inundation) if necessary.

e Log representative wells and prepare geologic cross sections.
e Record production and reservoir data.

o Analyze data to determine extent of geological effects and
preliminary causal interpretation of field data.

o Report results to appropriate agencies and impacts
assessment groups.

B. Level II: Materials Testing.

e Core representative wells and perform laboratory tests
on cores. '

e Perform in situ rock mechanics studies if adequate instru-
mentation is available.

e Analyze data to determine compaction characteristics and
to measure extent of compaction at depth.

C. Level III: Prediction.

e Revise model with relevant data from Level I and Level II
activities until agreement with field conditions exist.

e Analyze data to develop predictive capability. ‘(i;

e Report results to appropriate agencies and other impacts
assessment groups. -
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Issues Addressed: Extent, cause, and pFediction of atmospheric

emissions and dispersion..

Priority:

Emissions during normal operations--iow, accidental

emissions--medium.

I. Pre-Deve]opment‘Activities.

A. Regional Activities.

Ll

Install fixed Tocation monitoring stations.

Monitor ambient air quality conditions, including
background activity of HZS NH. and others.

Collect: meteorologicai data for atmospheric dispersion
characteristics.

- Perform dispersion’modeiing studies

Identify existing emission sources.

fAnaiyze data to estabiish regionai baseline conditions.

- Determine level of compiiance with- federa] and

state standards.

B.: Site Specific Activities.

e
-*».background activity of HZS ‘NH, and. others..

Instaii fixed ]ocation monitoring station.

Moni tor ambient air quality conditions, including

3

Collect meteorologicai data- for atmospheric dispersion
characteristics. ,

- Perform’ dispersion modeiing studies. E
JfIdentify existing emission sources.

,Analyze data to estabiish site specific
 baseline conditions.

_ Determine level of compiiance with federai and
*state standards ' :
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II. Post=Development Activities.

A. ‘Emissions.-

Perform laboratory tests on emission streams: heat,
HpS, NH3, methane, and others.

Monitor emission streams: cooling tower exhaust, main
condenser purge, and others. '

B. Air Quality.

Monitor ambient air qua]ity‘conditions from fixed
location station.

Conduct'mob11e testing.
Perform dispersion modeling studies.

Analyze data to determine and predict conditions under
normal operations and in event of accidental emissions.

Determine level of compliance with federal and
state standards.

Report results to appropriate agencies and other impacts
assessment groups.

WATER QUALITY: SURFACE WATER

Issues Addressed: Extent and cause of water quality impacts.

Priority:

Impacts from disposal--high; impacts from site prepara-

tion and construction activities--medium; impacts from accidental

spills--medium.

I. Predevelopment Activities.

A. Hydrologic Studies.

Inventory surface water bodies.
Determine drainage, discharge, mixing characteristics.
Determine recent history of hydrologic changes.

Analyze data to establish baseline hydrologic conditions.

B. Water Quality Studies.

Conduct sémp]ing program: physical and chemical parameters.

Monitor water quality conditions.
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‘¢ Inventory surface water usage.
e: Identify pollution sources.
e: Analyze data to establish baseline water quality conditions.

o Determine level of compliance with federal, state, and
local standards.

¢ Report results to appropriate agencies and other impacts
assessment groups. , R

II, Post-Development‘Activities.
A. Emissions,

o: Perform laboratory tests on fluid emission streams: TDS,
boron, radon, and others.

o Monitor fluid emission streams: spent brine, separator
condensate, condenser condensate, and others

‘B. Hydroiogic Studies. ‘
e: Monitor hydroiogic conditions

o:-Anaiyze data to determine extent and cause of
hydrologic changes.

e Report results to appropriate agencies and other impacts
assessment groups.

~ C. Mater Quality Studies.:;vfn
‘oa'Monitor water quaiity conditions.
o Perform dispersion studies. '

‘oi,Anaiyze data to determine extent and. cause of water
. water quaiity impacts.‘- L

i]o Determine level of comp]iance with federa1 state. and
- local. standards.k R . =

o vifoﬁiReport results to appropriate agencies and other impacts
o ~‘:assessment groups. - ‘ 4

WATER QUALITY. ~GROUND WATER

Issues. Addressed. Extent and cause of ground-water impacts. '

S rioritx., Impacts from disposa]--high impacts from accidental

& occurrences--medium.T
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I. Pre-Development Activities.
A. Ground-water Resources.
¢ Determine ground-water usage.

‘o Determine and map configuration and depth of ground-
water aquifers from existing data and well logs.

B. Ground-water Quality.

o Conduct sampling program: specific conductance, tem-
perature, dissolved solids, and others.’ ,

¢ Monitor ground-water quality conditions.
o Identify pollution sources and pollution history.

e Analyze data to establish baseline ground-water
quality conditions.

e Report results to appropriate agencies and other impacts
assessment groups.

C. Abandoned Wells.
¢ Inventory abandoned 0il, gas and water wells.

o Field inspection of abandoned wells.

o Review abandonment records.

o Make recommendations to appropriate groups on replugging
improperly abandoned wells.

II. Post-Development Activities.
o Review data on fluid emission streams.
‘0 Collect and review data on production and disposal.
e Conduct shallow induction logging program on all we11§.
e Revise maps of ground water resources.
¢ Conduct sampling program and monitor ground water quality.
e Monitor conditions at abandoned well sites.

¢ Drill observation wells and monitor for hydraulic and
water quality changes, if necessary.

¢ Analyze data to determine extent and causes of impacts on o
ground-water quality and impacts from subsurface fluid
disposal system failure.
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. Report.resuTts t0’operator,.apuropriate:agencies, and
other impacts assessment groups.

ECOSYSTEM QUALITY

Issues Addressed: Extent and cause of impacts on ecosystem quality.

Priority: Impacts from subsidence--high; impacts from fluid dis~
posal--high;. impacts from site preparation‘andhconstruction'activ-
ities--medium; impacts from accidental occurrences--medium; impacts
from:nermal atmospheric*emissious--1ow.

I. Pre-Development Activities.

A. Biological Survey.,'
* Identify~controllarea.

eo: Perform biological surveys in control and deVe]oped areas.

'Comp11e:biolbgica1 inventories.
o Map vegetation..
B. Other Studies.

o Obtain data-and resu]ts of pre-deve1opment studies of
'water quality. DRI PRI

: 71e« Determine substrate composition B
"‘o{vDetermine 11fe histories of selected species.
-quVConductracute and}chronicebioassaysron selected'organisms.
o Analyze datayto estabiish'base11ne conditions.

'__’;:O\IReport results to appropriate agencies and other impacts
. assessment groups , ,

}II; Post-DeveIopment Activities.
: Bio]ogical Surveys. o
. Monitor biological populations.-

: o Assess 1mpacts on bioIOgical popu1ations from normal
- operations and accidental occurrences
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" B. Other Studies.

o Collect data and results from other impacts
assessment groups.

e Perform periodic bioassays on selected organisms.

e: Monitor substrate composition.

e Conduct special studies, if necessary.

¢ Analyze results to determine the extent and cause of impacts.

o: Determine level of compliance with federal, state and
Tocal regu{ations;

o: Report results to appropriate agencies and other impacts
assessment groups.

OVERALL RECOMMENDATIONS

The LSU investigators recommend that this plan be implemented, with
appropriate modifications, for the first fully-developed geopressured
prospect in each of the following natural settings:

e Offshore areas.

e Coastal areas.

e Upland areas.
The results from each of these areas will indicate the level of effort
required in development of additional prospects. Portions of the plan

may be applicable to less than full-scale development situations.
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| III"fDESCRIPTIONVOF,THE“FROPOSED ACTIVITY.,_ o

* A. Introduction
~ B. Technological Scenario

:,C, ResotrcerCharactérizatibn



O
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III. DESCRIPTION OF THE PROPQOSED ACTIVITY
\i; D. P. Harrison

A. INTRODUCTION

Geopressured/geothermal (hereafter referred to as geopressured)
systems are known to exist throughout the entire Gulf Coast regions of
Louisiana and Texas. As shoﬁn ih Figure III-A-1, identified Louisiana
prospect areas extend.sompletely across the state in the east-west direc-
tion, and approximately as far north as a line drawn through Baton Rouge
(1atitude 30° 30').. Although not shown on the map, the resource is also
known to extend fnto the Gulf of Mexico for distances as great as 160 km
(100 miles) (Hawkins, 1977).

Recent resource.assessments indicate that the most favorable
prospects»are Tocated in the southwestern and south-central portion
of the state: kspecifica11y 1n'Cémeron, Vermilion, Iberia, St. Mary
énd TerrebqnnevParishes and adjacent waters; and in the inland parishes:
Calcasieu, Si. Martin; and ASSumption. Table III-A-1 gives the locations
and‘pertinent‘data for a preliminary rénking of the 20 most promising prospect
areas (Bernard, 1977). However, because prospect areas exist throughout

the régioh in the southerh th{rd of the state, the entire area south of
"the 11ne drawn through Baton Rouge in Figure III-A-1 is defined as the study
'7\area in this report. |
Geopressured systems are unique in that recoverab]e energy may be
}'ss dbta1ned4from as many as three sources. Reservo1r pressures‘in excess of
72X 107 Pa (10,000 pst) may be tapped by means of hydraulic turbines to
o l‘produce e]ectr1c1ty or. other forms of usefu] energy The'highftemperatures
w1th1n the reservo1r, be11eved to be in the range of 90 200°¢ (200-400°F),

o/ may be used for a number of purposes ranging from electrical power generation
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‘ Tabie III—A—]' Preliminany ranking of geopressured prospect areas in Louisiana: first 20 ranked '
S ; prospect areas. (From Bernard, 1977)

\ R R o Avg, Temp. No. Geop.
Overall Prospect R . Area Percent Avg. Mud o8radient Wells in Geop. Wells/
Ranklng Number = Parish Twp. Rge. Sq. Mlles Sand Welght, PPg F/1000 ft Prospect All Wells

1 10  Cameron © Block 12 90 20.3 15,0 11.30 20 1,000
2 30 ' Terrebonne 20S 12E 132 34.6 14,4 10.53 27 1,000
3 2. Vermilion 178 1l 67 11.8- 16.2 12.20 12 1.000
4 13~ Cameron - 128 3W 30 8.4 15.8 12,47 15 1.000
5 21 Iberia & 128 9E 49 . 24,5 14.5 11,57 11 1,000
o8t Mary : ‘ oy L : o ‘ -
6 19 St. Martin lls 6E - 84 ¢ 23.3 - 14,9 10.13 20 1,000
17 9 =~ Cameron 128 W 45 14,9  15.7 11,95 35 0.972
8 23  St. Mary " 14S ‘9E 60 - - 18.8 15.2 11.12 11 1.000
9 40  Terrebonne 18S 15E - 48 - 17.5 15,8 10,73 . 10 1.000
10 8  Calcasieu 85 8W 11 16.9 15.1 11,79 ' 8 1,000
11 22 . St, Martin 13S 12E = 42 . 21,2  15.4 10,48 18 0,947
e A & Assumption = s o ‘ : ‘ ‘ ,
12 3 Vermlllon lSS' 2W .51 13,2 15.9 13.00 4 1.000
o B & Cameron : ' : ; ‘ ' v ’
13 . 7 Vermilion’ 118' 3E 42 7.3 16.8 : 11.43 10 1,000
14 12 = Cameron  Block 26 54 20.8 - 16.3 12,23 9 0.900
15 20 Iberia  : 138 7E 60 21.8 13.9 10.29 17 1.000
16 16 ~Vermilion 14S A4E. 72 ‘ 15,2 15.0 10,65 11 1,000
17 4 Cameron 14s 5w 60 9,8 16,1 12,37 25 0.694
18 29  St. Mary  Block 16 . 54 - 19,9 15,0 10,91 6 1.000
19 11 ~ Cameron  Block 9 27  18.4 14,6 11,62 - 15 .0.938
20 14 Vermilion 12S 1E 96 19,2 15,5 11.26 21 0.955

LS
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to space heating. Finally, there are strong indications that large volumes (-
of natural gas may be recovered from geopressured waters and used to-supple-
ment the nation's dwindling natural gas supply. At this stage in the devel-
opment of the resource, estimates of the total energy in Louisiana range
from a high of just over 1 x 1021 joules (965 quads) to a low of approximately
3 x 109 joules (34 quads) (Papadopulos, et. al., 1975, high estimate;
Hawkins, 1977, low estimate). Regardless of the uncertainty, the overall
potential is sufficiently attractive to warrant major funding from the
U. S. Department of Energy to prove the resource potential. |
Activities in the overall development will range from short term
testing under the DOE "wells of opportunity" program, to possible eventual
commercialization of a geopressure field with natural gas recovery, electric
power generation and perhaps process uses of the hot waters. Each of these
activities will have its own unique set of environmental impacts. Full
discussion of the impacts of each level of activity is clearly beyond the
scope of this study; hence, this analysis concentrates on those environmental
impacts expected from the full-scale commercialization of the resource. This
approach should include all potential impacts, although the relative impor-
tance of each may shift at different stages in the course of development.
For example, the most significant impacts when the activity is limited to
drilling and short term testing of a single well will be .different from
those expected from full-scale resource development.
Considerable interest has been expressed by industry in recovering
only the natural gas from geopressured reservoirs (e.g., Wilson; Rust,
personal communication, 1977). However, to meet the objectives of this
study, the activities described below involve producing'the total energy

" ‘content of the geopressured fluids.
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B. TECHNOLOGICAL SCENARIO

1. General

Theractivities discussed in this section comprise the technological

‘scenario'on which the identification of‘environmenta]’dmpacts is based.

This scenario and the alternatives specified'representrthe most likely

course of development. The scenario is based on published reports (Wilson,

et al., 1977; Zinn, et. al., 1978), and on discussions with industry and regu-
latory agency representatives (Christopher, Rust, WiTson, Durham,

.Chauviere, LaFleur, personal communication, 1977).

A1l potential actiyities of a totally developed geopressured reservoir
are shown schematically in Figure III-B-1. F]uid from a number of producing
wells wi11 be piped to arcentral proceSsingrsite. At this site natural
gas (methane) will be recovered, compressed, and shipped to consumers via
pipeline. Electricity will be generated using the hydraulic and/or thermal
energy of the f]u1d Geopressured fluid ex1t1ng the power generat1on step

Tw1]1 be in the temperature range of 60-90°C (140- 200°F) have a high |
sa11nity,.and poss1b1y contain components which are toxic to p1ant or
: animaI life. The remain1ng therma1 energy may be further utilized for
j»such applications as space or process heating or as a chem1ca1 feedstock
for the recovery of va]uable components. Fo1low1ng this potential secon-

dary use, proper disposa1 of ‘the “cool" f1u1d must be accomplished In

= the absence of secondary ut11izat1on, the fluid 1eav1ng the power generat1on

'feplant must be d1rect1y d1sposed of. Under elther opt1on, 1t 1s assumed,

':"for the purposes of this study, that it w111 be the respons1b111ty of

» the primary resource deveIoper to see that proper disposal procedures
are fo]lowed. Each of these act1v1tes is described in greater detail in

‘the following sections.
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2. Well Field Development

A Louisiana_geopreSsured.reservoir, assessed ds having good resource
recovery potential, 15 expected to support approiimately 20 geopressured
wells, each producing at a rate of 6.4 x 103 m3 (40,000 barrels) per day.
These wells will support a power generation facility with a 20-30 MW
generating capacity. If the spent fluid is disposed of via subsurface
injection, an additional 40 disposal wells will be required. Production
wells will be spaced at one per approximately 8-10 km2 (one per 3-4 miz)
area with disposal wells interspersed between producing wells. The areal
extent of the prospect is expected to be approximately 130-160 km? (50-60 mi2).
The geopressured field will be crossed by some 320 km (200 miles) of
producing and disposal pipelines. Table I1I-B-T summarizes well field
parameters and pertinent*assumpt1ons B

Drilling and completion of a producing well is expected to require
approximately four months with 1 1/2 months required for each disposal
weil ” P]antcconstructionnis expected to take somef3 to 4-years. An overall
act1vity time 1ine for the proaect is shown in Figure III-B-2. This well

field deve1opment’scenar1o is specific to the Louisiana geopressured

V _’reservoirs as described by Hawkins (1977),‘ nd was deve]oped in consul-

tat1on w1th Bernard and Waguespack (persona1 communication, 1977) and

- from Z1nn, et al (1978)

'7.~3 Energy Recovery

Two processes shown schemat1ca11y in Figures III- B-3 and III B-4,

& j'have been proposed for the ful]-sca]e ut1lization of the geopressured

:’t*resource Each recovers the methane present in ‘the geopressured f1u1d

| end utilizes both the hydrau11c and thermal energy of the resource.



Table III-B-1.

Well field parameters and assumptions for a Louisiana

geopressured prospect with favorable reservoir charac-

teristics.

Rate of flow, producing wells

No. of production wells drilled
Success ratio

No. of producing wells

Ratio, disposal to producing wells
No. of disposal wells

Well spacing, producing wells

Well spacing, disposal wells

Areal extent of prospect

No. of energy plants supported
Power plant capacity

Extent of pipeline required for
collection, disposal

6.4 x 103 m3(40,000 barrels) per
day per well

20-27 wells

.75

15-20 wells

2

30-40 wells

1 per 8-10 km? (3-4 miz) area
interspersed among producing wells
~ 130-160 km? (50-60 miZ)

1

20-30 MW

~ 320 km (200 miles)
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Fig. III-B-2. Timing of geopressured well field development activities.

ACTIVITY TIME LINE (post-exploration)

Year
0 1 2 3 4 5 to -24
Rctivity ;
Well drilling t v —
Energy plant constructioni— —
Energy production — mﬁﬁhﬁﬂe;221x___ — —+ methane, -
electricity
ASSUMPTIONS | |
Drilling time required (assuming o | 120-160 months
4 months per producing well; 3
months per dry well; 1.5 months
per disposal well)
,Nb. of rigs available - SR g 4
Months of drilling activity o 30-40 months
Months of plant construction 42 months
activity ' '
" Economic 1ife of plant S 8 20 years
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The flashed steam cycle shown in Figure III-B-3 has been described
in several recent papers (e.g., Wilson, et al., 1977). Geopressured fluid
from a number of wells will be collected for processing. Pressure reduction
associated with flow from the reservoir to the well-head will cause much
of the natural gas to come out of solution. This free gas will be recovered
in the high pressure separator with the geopressured 1iquid directed through
a hydraulic turbine connected to an electrical generator. The remaining

natural gas may now be recovered and piped to the gas processing portion of

the facility. Further pressure reduction causes a portion of the geopressured

water to vaporize and the steam may be used to drive a low-pressure steam
turbine connected to a second electrical generator.

The geopressured 1iquid emerging from the low pressure flash chamber
may be either further utilized or disposed of directly. Steam turbine
exhaust has lower concentrations of total dissolved solids than the liquid
from the flash chamber. Depending upon the particular case, the condensate
may be utilized either separately or in conjunction with the bottom liquid,
or disposed of either in conjunction with or separately from the bottom
liquid. '

The binary cycle, shown schematieally in Figure III-B-4, is similar
to the flashed steam cycle in its early stages. Natural gas separation is
the first step, followed by electrical generation through a hydraulic tur--
bine. Thermal energy is recovered, however, by using the heat from the
geopressured fluid to vaporize a suitable high pressure working field
such as isobutane. The working fluid is used to generate electricity by
passing it through an expansion turbine, a water or air-cooled condensor,

and the vaporizing heat exchanger in a closed cycle operation. Brown and
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Root (1976) have provided a detailed analysis of this system.

o The binary cycle system may be particularly appropriate for the
Louisiana resource. While the general temperature range of Gulf Coast
geopressured fluids is expected to be 90-200? c( 200-400?F), the

data currently available indicate that Louisiana‘s-geopressured

fluids are likely to be in the vicinity of 120°C (250°F). As the fluid
temperature decreases, the amount of steam which may be obtained by
flashing also. decreases thus providing added incentive to substitute

an appropriate secondary working fluid.

Because of the low fluid temperature, geopressure energy cycles
have inherently low efficiency. For example, the flashed steam system
considered hy Wilson (1977),vproduced an overall cycle efficiency
(neglecting methane) of only 10.3% using as a design basis geopressured
water available at the surface at‘1 38 x 107 Pa (2000 psi) and ’
163°C (325°F). As a genera] ru1e, cycle eff1ciency will decrease
with a‘decrease in both surfaoe‘pressure and temperature. Lower cyc]e
efficiencies would not change the kind of enVironmenta1_1mpacts
. expected' but‘wouldrtend»tokinorease the magnitude of each of the
separate 1mpacts since greater product1on rates would be requ1red

"to achieve a spec1fied quantity of usab1e energy

' y4, Non-eleotr1C'Uses'of Geopressured F]Uids :
The geopressured f?uid ‘exiting the power generation facility w111
be in the temperature range of 60- 90°C (140 200°F).  Numerous sugges-

e tions have been made for the additional use of these spent brines for

purposes ranging from process and space heating to the recovery of
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chemicals present in the watef (e.g., Schnadelbach, 1977; Hornburg,
1975; Pile, et. al., in press). Schnadelbach (1977) has studied the
south Louisiana food and related products industry to identify areas
where hot brine might be effectively utilized and thereby replace
natural gas and/or electricity. Pile, et.»a1., are examing agri-
cultural uses of the waste heat from geopressured brines. A group
at Johns Hopkins University is researching space conditioning appli-

cations of the spent brines. (Toth, personal communication, 1978).

There is general agreement, however, that non-electric use of
geopressured fluids will only develop as a by-product from the methane
recovery/power generation industry. The costs of resource development
could never be Jjustified for process heat applications alone. In
the development scenario presented here, we have charged the primary
developer with the ultimate responsibility of satisfactory disposal
of the brine. The potential environmental impact, therefore, will
be 1ittle changed from the previous case of direct disposal following

power generation.

5. Fluid Disposal

At the flow rate required to supply a 20-30 MW plant, a fully-
developed geopressured field would produce as much as 12.8 X 104 md
(800,000 barrels) of spent brine per day. Two disposal alternatives
are anticipated: surface disposal into the Gulf, and subsurface
disposal into relatively shallow aquifers below the base of fresh

water. Water quality considerations prohibit the disposal of spent
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brines into fresh-water streams or coastal lagoons (LaFleur, personal
communication, 1977).

A number of geopressured prospect areas in the coastal region of
Louisiana ( and, of course, in the Gulf itself) are located near
enough to open Gulf waters for surface disposal to be considered;
Wilson, et. al. (1977) have suggested that the economic distance
of the geopressured energy plant from the nearest body of saline water
for surface disposal is less than 65 km (40 miles). At this distance
(in rural areas) surface disposal would be less costly than subsurface
reinjection. Of course, the presence of toxic components in the spent
brines could eliminate surface disposal a]together;

if surface disposal were permitted, either an open-ditch system
or pipeline would be used to transport the spent brines. Wilsou, et. al.
(1977) note the conditions that must be present for an open ditch
system to be feasible: rural areas, few natural or'constructed
-~ obstructions, gently sloping terrain, 1ittle or no tqbographic relief,

f]iti]e 1ikelihood. for run-off flood wateks greater tﬁan approximately
, 00 66 meter (2.feet) deep. L - ; \‘
Subsurface disposa] of geopressured brines will be in aquifers
Hfbelow the base of fresh water. Approximately two disposal wells will
: lfbe requxred for each produc1ng well‘ The‘pfesence of*suitab]e’ﬁ

) ,‘receiving aquifers. under]ying the we11 f1e1d is the principa] constraint

»f‘rifor th1s method of d1sposa1
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C. RESOURCE CHARACTERIZATION

t this time, we must consider the physical characteristics of the
geopresSure'reservoireetemperature, pressure, andkf1uid composition--to
be largely unknown. Much of the available data.was’originaliy collected
for other purposes and ts,,therefore,.incdmp]ete and. subject to numerous
questions regarding samp1ing and analysis techniques. Wilson, et al.
(1977) have pointed outvthe:questionable nature of the data in their tab-
ulation. -

As previously noted,'the‘general temperature range-of'Gulf Coast
geopressured fluids is expected to be 90-200°C (200-400°F) (Wilson, et al.,
1977). The average temperature;for'all prospects in Louisiana is 98°C
(2099F)--on the Tow end of-this‘range.:,Maximum Louisiana geopressured -
fluid temperature is reported as 220°C (4289F) (Hawkins, 1977). Bottom
hoIe pressures in excess of'7‘x 107‘Pa (10,000 psi) and well-head pressures
under- operat1ng cond1tions of 1.4 x 107 Pa (2,000 psi) are expected (Hawkins,
1977 Bernard personal communication, 1977).

Table II1-C-1 summarizes the range of fluid composit1on va]ues from

' .the 1nd1vidua1 tabu]ations of wiISOn Thus, we could encounter water

‘rang1ng from near potable qua11ty to brines approx1mate1y ten time more

saline than sea water

| One shou]d not assume that the absence of any component from the Tab]e

,;-III C-1 11st 1mp11es the absence of that component from geopressured
;fluads The correct conc1us1on is that the component was simp]y not

;analyzed fbr Further, one should not assume that the analyses of Tab1e

"‘JIII -C- ] wi]1 be representat1ve of reservo1rs selected for geopressured

idevelopment, These samples or1ginated,from 0i1 and gas development where

,7aVOidance of geopressured formations is normally desired.
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Table III-C-1. Range of concentrations reported for Louisiana geopressured

waters. (From Wilson, et al., 1977).

Concentration, mg/l| Number of
Component Minimum Max imum 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 a4
Iodine 5 74 45
Boron 18. 67 38

<
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~In May, June and July 1977, the abandoned Edna Delcambre #1 gas well,
near Delcambre, Louisiana, was reopened expressly for the purpose of geo-
pressured fluid testing. Two geopressure sands: sand #3 at approximately
3.93 x 103 m (12,900 ft); and sand #1 at approximately 3.84 x 103 m (12,600
ft) were perforated.and produced. Ihese tests marked the first instance
in which geopressured fluids in south Louisiana were deliberately produced.
Rather complete Tiquid and gas analyses were obtained. These results pro-
vide perhaps the best data currently available on the composition of
Louisiana geopressured fluids. However, they should not be assumed to be
representative of all Louisiana geopressured fluids for several reasons.
First, they represent data from a single site, and we can expect fluid
composition to vary s1gn1f1cant1y from site to site. The tests were of
short duration and, therefore, do not necessarily represent steady state
conditions. Finally, the original well was drilled because of its natural
gas potential; the site‘most probany wou]d not have been selected solely
for deve]opment of geopressured resources. '

A summary of water anaIyses from the Edna DeIcambre well appears in
'TabIe III C-2. The data was presented by Hankins at the Third Geopressured-
‘ GeothermaI‘Energy.Conference_iddevember 1977 (Hankins, et al., 1978).
The'overaII agreement between the:data in TapIes I11-C-1 and III-C-2
~ is good. ;Eachjof the entries of Table III-C-2 1lies within the range}estab-'

Tished in Table IIIeCeI'witH the exception of strontium where the measured

i :vaIUes from the De]cambre weIIIexceed'the previously reported‘maximum values.

“The concentration of boron 11es near the previously reported maximum values.

Hankins, et al., (1978) note certain- trends 1n their data For

| ‘f'exampIe the concentration of iron decreases W1th increas1ng flow rate.

JThey attribute at least a portion of the fron content to contact with
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Table ITI-C-2. Summary of water analyses from the Edna Delcambre No. 1 o
well. (From Hankins, et al., 1978).

Sand #3 Sand #1
Component Concentration, ma/l
Total Dissolved Solids 115,000 133,000
Total Hardness (as CaC03) 6,100 6,800
Chloride 67,000 80,000
Silicate (as Si0y) 58 57
Bicarbonate (as iaCO3) 1,100 1,100
Calcium 1,700 2,100
Magnesium 160 180
Iron 7 11
Zinc <1 1
Strontium 290 400
Boron 60 63
Sodium 43,000 46,000
Potassium 290 290
pH 6.2 6.1
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the processing equipment; Zinc values continually decrease with time, and
this result is attributed to the zinc content of the pipe dope which is
gradually flushed from the system..

| Additional analyses are being. conducted by laboratories across the
country,.but most. of the results are not yet available. However, radio-
—activity data determined by the U.. S. Geologic Survey Laboratory in Denver
has been reported and is summarfzed in Table III-C-3. Certain of these
values are reported to be a factor of ten hfgher‘than those observed in
nearby surface waters. The potentiaT radioactivity problem obviously
requires additional attention.

Chemical analysis of the gases from the Delcambre production test was
the subject of a paper by Karkalits and Hankins (1978) at the Third Geo-
pressured-Geothermal Energy Conference. -As far as can be determined, this
is the only Gulf Coast geopressured gas analysis which has been reported.
A sommary of the results is shown in Table III-C-4. Clearly, methane is
the major comoonenf of the gas. The heating value fsvneported to be near
3.4 x 107 9/std. m® (920 Btu/scf).

In general, hydrogen sulfide and perhaps, ammonia are the primary
B poIIUtant;gases‘assoc1ated wt1h geothermal fluids. Hydrogen su1f1de
3 concentrat1ons in excess of 15 mole per cent and ammonia concentrations
f;approaching 2 mo]e per cent have been reported in some of the wor]d s
igeothermal fluids (Kruger and Otte, 1973) Po]]utant gas concentrations
; fof this level are not expected in the geopressured f1u1ds Wilson, et al.
' ‘(1977) d1scount the 1mportance of hydrogen sulfide a]most completely,
i but Gustavson and Kre1t1er (1976 Gustavson, persona1 commun1cat1on, 1977)
fanote that it is not known if geopressured f1u1ds will conta1n potential

air pollutants. Neither hydrogen sulfide or ammonia were reported in
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Representative radioactivity analysis of Delcambre geopressured
fluid. (From Karkalits and Hankins, 1978).

Component Sand #3 Sand #1 Units

Rn (gas) 60 40 pCi/1
(1iquid) 400 200 pCi/1

137¢ 1,500 1,000 pCi/1

Gross a 10,000 6,600 as ug U/1

Gross 8 1,300 900 as pCi/Sr/1

226pa 350 240 pCi/1

U 0.12 .05 ug/1

K (dissolved) - 300 mg/1

40¢ - 220 pCi/1
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'Table;III-C-4; Typical gas ana1ysis*fromADe1cambre test well. (From
Karkalits. and Hankins,. 1978).

— Mole %
Component Sand # 3 Sand # 1
€0, | | | | | 1.08 ~2.03
Ny | | 0.29 0.13
CH, | 92.78 95.36
C,Hg | 3.47 1.73
C3Hg | 112 0.37
i-Cqthg o 0.42 0.09
n-Cpty | | : 0.32 0.09
i-Cghyp 0.14 0.05
n-Cghyz I 0.09 0.04
C's T 0.09 0.02

" Cy plus | - 0.20 0.09
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the Delcambre data (Tab]es 111-C-2, II1I-C-4). In supplementary discussions,

Karkalits (personal communication, 1977) stated that sulfide concentrations
in the water were less than 1 ppm, and that no hydrogen sulfide odor was
detected in the gas samples.

However, because of its toxicity and low odor threshold, it is impor-
tant that baseline environmental data acquisition plans be based upon a
presumption of HoS being present. The presence or absence of hydrogen
sulfide in other situations seems to be quite unpredictable. Sweet natural
gas fields lie near sour fields. In an Oklahoma project involving the
production of geopressured fluid for iodine and methane recovery, it is
reported (Reed, personal communication, 1977) that hydrogen sulfide levels

from different wells in the same formation are quite variable.

-
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IV. GEOLOGICAL EFFECTS
R. Wilcox, J. A. Rehage, and K. J. Cunningham

The purpose of this section of the report is to provide a rationale
for the assessment of geo1ogica] effects from the development of the geo-
pressured-geothermal resource based on the geological setting; and to
present a plan for the assessment.of potentially adverse effects to surface
and subsurface geological regimes which could result from geopressured

resource development in southern Louisiana.
A. Rationale

1. Introduction

The potential effects on the environment of geopressured resource
development are both varied and complex in relationship to the geological
setting in southern Louisiana. Ground-surface subsidence, earthquakes,
and extensive ground-water pollution by toxic sa]ine waste water are the
most:important environmental-geologica] changes which‘may result from
production and disposaluof geopressured water; (Water quality aspects

of subsurface fluid disposa] are diScussed in Section VI)~—/Because

o there has not been extensive product1on of geopressured waters from.

any Gu]f Coast reservoirs in the quantﬁties and at the rates antic1- |
,'ﬁpated al estimates and projections of. possib1e consequences of such
g production must be v1ewed with considerable caution

Geo]ogical effects of geopressured resource. deve]opment are of two types:

| '.(1) changes 1nduced by the remova1 of Iarge volumes ‘of water and dissoived

’”*gases at high rates which aiter the subsurface (reservoirs) pressure regime,

| and (2) effects related- to disposal of the generally saline waste water
in equally large volumes by reinjection into the subsurface or by surface

“dumping. The surface disposal alternative is generally agreed‘to be unlikely
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because of salinity and toxicity, unless the waters are suitably piped to -
and dispersed into the open Gulf of Mexico.

Removal of the geopressured water and consequent lowering of reservoir
pressures may cause adverse effects on any production of oil and gas from
nearby fields producing from the geopressured zone. Proposed state reg-
ulations on the production and disposal of geopressured waters are designed
to protect oil and gas production from these effects (Harrell, 1978). For
this reason, the investigators making the resource assessment in Louisiana
selected geopressured prospect areas which, if produced, would avoid any
possible interference with established o0i1 and gas production (Hawkins, 1977;
Bernard, personal communication, 1977). Of greater general environmental
concern is the pdtentia1 for surface subsidence and induced seismicity
(earthquakes), both of which are related to subsurface compaction and faulting
in the vicinity of geopressured water production.

Subsurface disposal of the saline waste water should be accomplished
without difficulty if sufficiently large masses of highly porous and perme-
able sands are present below the fresh-water (near-surface) zone and above
the geopressured zone, There is some disagreement on this subject among
geologists and industry and regulatory agency representatives. Deter-
mining the actual presence of suitable aquifers in the study area is
beyond the scope of this study. However, the subject should be studied
in depth given the large quantities of fluid that must be reinjected,
and the likelihood that subsurface disposal will be the only alternative
in most of the study area.

The following two sub-sections describe the geological setting of the
geopressured-geothermal zones in the northern Gulf of Mexico basin and the

‘potential environmental impacts of production from such zones. Q_J
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.‘Ei 2.

Geo]ogica] Setting: Northern Gulf_of Mexico Basin

a. General GeoTogy

The following summary of the geology of the northern Gulf Coast is
based primarily on and in partsquoted’from the papers of Jones (1975, 1969a,
1969b). He has utilized many of the CTassic papers and books on Gulf
Coast geology (e.g. Burst,.1969; Murray,v1961) and for many yearS‘has been
a strong advocate of energy deveTopment.from the geopressured formations
of the Gulf Coast.

The Gu]f of Mexico bas1n has been a prolific source of oil and gas
from Mesozoic and Cenozoic deposits.. . These sediments overlie the southern
continenta] margin of North'America-and, therefore, are underlain by
Paleozoic rocks on'thevcontinentalfbasin‘nargins'andﬂby'thetoceanic floor of
the Gulf in the basin center (Figure IV-A-1).

| W11he1m and Ew1ng (1972) have presented the geolog1c h1story of the Gulf
of Mexico as interpreted from modern geophy51ca1 and dr1111ng data. It is
"probabTe that the Gu]f of Mexico formed. and has been progress1ve1y en-
Targed as a result of slow hor1zontal displacements of crustaT p!ates in
. _ the western hemisphere The mOVement of crustal plates may have caused -
“rifting 1n a continenta] crust foTTowed by the r1se of basa1t1c magma to .
, form the present oceanic (simatic) crust 1n the centraT Gulf Around the o
- dh Gulf from north F]orlda, northwestward and westward via the Ouachita-
:Marathon foned beTt in Arkansas OkTahoma, and Texas and thence south~ ‘
"ffswestward 1nto Mexico, the Pa]eozoic basement was conso]idated by the middleu'
';f Pennsylvanian Ouachita orogeny Postorogen1c erosion and deposit1on durvng
“the Tatest Pa]eozoic, Triassic, and earTy Jurassic covered the simat1c

crust w1th a layer- of cont1nenta1 (redbed) c1ast1c sediments. Dur1nglthe
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late Jurassic, evaporites (sait'and anhydrite) &éﬁé deposited in the

northern Gulf basins, which are now the Gulf Coast salt dome basins, and
elsewhere along the southern basin margins. The Florida and Yucatanacarbonate
platforms were constructed during the Cretaceous and early Tertiary times as
the Gulf subsided and became a mediterranean deep-sea basin.

The final major episode‘in the'deveiopment'of'the present Gulf of Mexico
began with the continent-wide Laramide orogeny during the late Cretaceous and
Paleocene (earliest Tertiary)é' Huge quantities of Cenozoic clastic sediments
derived from the continental interiorswand deposited by the Mississippi River,
the Rio Grande, and smaller rivers haue blanketed ailiearlier’deposits in the
Gulf except/the carbonate piatform’of Florida and Yucatan which continued to
'grow as the basin subsided. iAiong the northern Gu]f'margin (southern United
States)}this great thickness of sediment constitutes the Gulf Coast geo-
«synciine“' It is this thick accumulation of Sands and shaies, Tocally
fau]ted ‘and 1ntruded by salt domes, which contains the geopressured ‘formations.

, The Cenozoic sediments are primariiy clay and sand the clay fraction
‘ is dominated by montmoriiiinite with lesser amounts of illite, kaoiinite and

‘-fchiorite, the sand is mainly quartz These: Cenozoic deposits compiete]y fill

o if.ithe Gulf Coast geosync]ine, aTong the northwest margin of the Gu]f basin, and

have a voiume exceeding 1. m111ion cubic m11es The aggregate thickness of

’:*'tOTigocene and younger sediments exceeds 17 6 km (58, 700 ft) in coastai

| ifLouisiana (Figure IV—A 2) Th1S enormous mass was deposited over some 37

e s (s, 1979,

" The fi]iing of the Gulf Coast geosynciine was accompiished in eight

V'Qv,major cycles of prograding sedimentation. corresponding to eight maaor o

| i fde]taic systems and their marine equivaients The principal area of -

| fdeposition during the early Cenozoic- was the Texas coastal p]ain and the
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adjacent Gulf continental shelf and slope; the'riuers that provided the
sediﬁents ranged widely between-the Sabine Uplift and the Rio Grande. Since
early Miocene time, the Mississippi River system and its precursors have
drained the central North American continent and have deposited sands and
‘clays in the Gulf Coast geosyncline underlying what is now the Louisiana

coastal pTain and adjacent Gulf continental shelf and slope (Jones,.1975).

As each younger deltaic system overrides its predecessor, a wedge of
deposits is formed which gradually thickens gquward. Fluvial sandy deposits
accumulate at the gquWard'extremity of each wedge,.thickening downward along
shear zones that cut deeply into prodelta and marine clays of older deltaic
systems (Jones,. 1975).

Basically, the shear zones (faults) deveiop:as the prograding sandy |
deposits hegin'to over10ad’the undercompactéd'older-shales which lose water,
as in'a“fiTter‘press;'-Loss'of suchVinterstitiaT‘water leads to compaction
in the overloaded shaTes and maintanence of a normal fluid pressure gradient
‘w1th depth Therefore, increasing sedimentation is accomodated by progressive~

?.sub51dence of the geosync]ina] mass due to compaction. The subSidence rate

4"'1s reduced or temporariiy stopped and fluid pressure becomes abnormally high

"”-.(geopressured) when there is resistance to water eprTSion from deeper’ deposits

due- to Tow permeabilities in the shales and isolation of sand bodies within
*-sha]es ' L

The fTuid pressure distribution within the Gqu Coast geosyncline -

= \_lcan be subdivided into the upper hydropressured zone and the deeper geo-

 pressured: zone In the hydropressured zone. f1uid pressures are in equili- <

V'T"brium w1th the surface of the earth, as if an open pipe EX1sted from the

' 5“surface toa depth Within the hydropressured zone. ‘The f1u1d pressure

2% atvany depth is, therefore, hydrostatic and dependentTSOTeTy'on‘the weight
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of the water column. In the geopressured zone, fluid pressuresvare greater (;j
than hydrostatic because there is a lack of fluid communication to the
surface, or at best a restricted connection, either of which results in a
part of the rock column being supported by the interstitial fluids within
the rocks.
Jones (1975) states further that this cycle of depbsition, water
expulsion, downwarp, shear, and progressive rotation of deposits into the

fault plane (with resulting reversal of dip) and stabilization (at least
for a time) characterizes the contemporaneous fault zones of the Gulf basin.

Locally, these faults are called "growth faults". Sand beds in the down-
thrown blocks drain adjacent shale beds and discharge water into the master
faults which are connected upward with the hydropressure zone--probably via
a complex and Tittle-known network of branching faults. This cycle was
repeated at differing scales in the distal parts of each major delta system,
and the depositional processes define the geometry of the sand-bed équifer
systems in thé down-thrown blocks. In plan, growth-fault zones of the
northern Gulf basin trend roughly parallel to the modern shoreline. Although
individual faults are discontinuous, the fault zones are continuous for’
hundreds of kilometers.

The depth to the top of the geopressured zone generally increases with
age of the sedihent (Figure IV-A-3). Jones (1975) gives the reasons for this
as fdllows: "This is because the drainage of the younger Tertiary growth-
faulted deposits is less advanced than in the older deposits, and the volume
of the deposits formed in the younger cycles was progressively greater. The
top of the geopressured zone in Quaternary deposits may be very shallow or
very deep, depending upon sediment facies. Drainage is at a very early stage,

. the size of the depositional mass is very great, and the relative amount of (;j

" coarse-grained material is large."



~|A__ coastaL PLAIN | CONTINENTAL SHELF |sLoPe A

\ HIGH PRESSURED SHALE

> LOW DENSITY

PRE-TERTIARY SECTION

ADAPTED FROM BRUCE, 1972

Fig. IV-A-3. Geologic dip sec'tio‘n‘.across South. Texas Coastal Plain. (From Jones, 1975).

£8




84

In profile, fault planes are concave upward and gulfward (Figure IV-A-3). (_;%
During rapid burial, increasing fluid pressure in the fine-grained deposits
reduced their resistance to shearing stress and faulting occurred. The dip
angle is high where fluid pressure is low, and may be as high as 60° at the
top of the geopressured zone; deeper, where the fluid pressure is much higher,
the dip is only about 15° (Jones, 1975).

Thermal diagenesis of clay minerals, especially montmorillonite, results
in the release of bound and crystalline water when the temperature exceeds

IOOOC. The volume of water released by clay-mineral conversion may be 10 to
15 per cent of the compacted bulk volume of the rock (Burst, 1969). Expulsion
of enormous volumes of water can therefore take place, accompanied by volumetric
reduction at depth through upward escape of hot, high-pressure water via fault
planes. These mechanisms make possible rapid, large scale subsidence of

fault blocks with attendant vertical and horizontal components of mqvement.
Superheated waters released to the hydropressured zone aquifers heat adjacent
clay beds, causing progressive thermal diagenesis of montmorillonite in them,
thus releasing water and triggering new shearing stresses and additional
faulting. The faults serve as a valve to release fluids when pressures

exceed a critical value near the lithostatic load, or to trap fluids by
remaining closed until fluid pressures again exceed near-lithostatic values

(Jones, 1975).

b. Hydrodynamic Regime

The hydrodynamic regime of the northern Gulf of Mexico basin is a
function of two regional hydrodynamic systems (Jones, 1975):
(1) geopressured zone--fluid pressures reflect part of the weight

of the rock overburden. Q=Q
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(2) hydropressured zone--fluid pressures ref1ect'weight of super

“incumbent water column and back pressure of out-flowing water.

The geopressured zone iS'theblargest. Leakage from the geopressured zone
affects the hydropressured zone because &ll water'that escapes from the geo-
pressured zone must pass.through‘the hydropressured zone to reach the
surface. - In deposits of the hydropressured zone, a loss of porosity occurs

with increasing‘depth. A]so,,compaction 1ncreases with increasing depth

along with expulsion and upward discharge of water. PermeabiTity decreases
with 1ncrea51ng depth, causing an increase in hydraulic head required to
cause f1u1d d1scharge and thus an 1ncrease in 1nterstitia1 fluid pressure.
‘Loss of permeab111ty with- depth is offset somewhat by a decrease in vis-
cos1ty of pool waters with r1s1ng temperature (Jones, 1975)

| Waters in geopressured zones decrease in sa11n1ty with depth which
increases effective permeab111ty. This sa11n1ty grad1ent is due to the
concentration of disso1ved soiids‘in the'upperygeopressured zone caused by
the hyperf11trat10n of waters w1th1n the sha]es at the geopressured-hydro-
pressured boundary (Jones, 1975) |

An abrupt 1ncrease 1n poros1ty occurs when pass1ng downward from a :

hydropressured zone 1nto a geopressured zone -'up to 10% increase in _.‘

porosity. The porosity change in the geopressured zone is a function of :

‘*?~f£chang1ng pore pressure of the 1nterst1t1a1 f1u1ds (Jones, 1975)

The pressure grad1ent in the Gulf Coast 1s normally about 107g/cm

' 1,(0 485 ps1/ft) Unti] about 1950 many wel]s b1ew out upon reaching a

: >”;;5jgeopressured zone ' Modern techno1ogy enables dr1111ng 1nto geopressured

'~}‘zones because of better methods of pressure pred1ct1on beIow the dr111

bit and 1mproved dr1111ng methods
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c. Hydrothermal Regime

An important aspect of the geopressured energy resource is the rela-
tively high temperature of the geopressured waters. In general, water
carries out the major role in the redistribution and subtraction of heat
in the geothermal field (Bogomolov, 1967). Because water surrounds mineral
grains, heat flow is a function of the mass transfer of water. If water
is held motionless the heat flow is reduced. The temperature increase

with depth is approximately linear within the hydropressured'zone inrthe
Gulf basin. In the geopressured zone, the gradient is common]y.2-3 times

greater than in the hydropressured zone (Jones, 1975).

Bottom-hole temperatures measured in wells can be used to produce
maps showing isothermal surfaces, and to identify the areas in which high-
- temperature water may be found at shallow depths. The 660C isotherm is
always within and near the base of the hydropressured zone and the 93°C
isotherm is always within or near the top of the geopressure zone (Jones,
1975).

The isotherms of the geopressured zone may upwarp in areas where
water leaks up fault planes. Upwarping of isotherms may also be caused
by the updip movement of water in sandy deposits. The_top of the‘geo-

pressured zone rises gulfward and sinks landward (Figure IV-A-3).

- d. Hydrochemical Regime

Dissolved solids in the geopressured water may be potentially harmful

to the surface or ground-water environments. High salinities may exist
in geopressured waters, because the expulsion of water from shales with
) porositieé Tess than 45% is restricted by hyperfiltration (Jones, 1975).

This restriction in flow and resultant increase in salinity is created
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by osmotic pressure which opposes the flow and 1s created by the fine-
grained sediments behaving as:semipermeable membranes . Jones further
states: "The selectivefretention of onized dissolued solids within
clay beds'from'which7water is_expelled:by compactionv(with increasing
depth'of‘burial and'over-burden'1oad)’produces an osmotic pressure

- gradient resisting compaction as water squeezed into adjacent sand beds.
is. freshened "

A very large gradient in head is present between the geopressured
zone»and;hydropressured zone, The:resistancegof‘atc1ay;bed to compaction
(t,e., 1ts load;bearing strength) depends upon the salinity contrast
between the’clay pore-water"and water in the adjacent sand beds. Any
change in salinity of water in sand beds cou]d resu]t in a delayed or an
vacce]erated compaction of adJacent c]ay beds, depend1ng upon the resulting
pore-water salin1ty contrast The escape of high-salinity water from a

”geopressured Zone upward along fault p]anes can increase the salinity of

: r'water in basa1 sands of the: hydropressured zone. This process has f1ushed

'-the geopressured zone of h1gh-salin1ty water in broad areas (Jones, 1975)
The Targe-scale release of fresh water from c]ay beds into sand beds

h*,“of the geopressured zone is the result of c]ay mineraT diagenesis at

e e]evated temperature Th1s process reduces the load bear1ng strength of

'e“iclay by converting bound and crysta111ne water to fresh pore water that

'_15 able to drain from the clay bed without hyperf11tration res1stance

: »”5‘The IOOOC (212°F) 1sotherm triggers the therma1 diagenesis of montmor-'

"hrillonite and 11berates fresh water that s10w1y r1ses as a front through

: . the depos1ts.v The upward f]ush of fresh water drives salty connate water |

= ;;ahead of 1t sweeping sa]t water upward Loss of salty water from: the geo-

':pre55ured'zone has caused widespread freshen1ng.of.water in sand beds at
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great depths. If water from one of these fresh-water areas of the geo-

pressured zone escapes, it may flush the hydropressured zone.

e. Hydrocarbons Associated with Geopressured Zoneé

A major source of energy from geopressured waters should be dissolved
methane. Petroleum hydrocarbons are formed by alteration of organic
matter; the rate of hydrocarbon generation increasing with depth. The
temperature at which hydrocarbon generation begins depends upon: (1) type
of organic matter, (2) sediment type, and (3) time-temperature regime. The
depth at which conversion begins depends on the geothermal gradient (Figure
IV-A-4).

In the geopressured zone, the thermal diagenesis of montmorillonite
in clay beds releases water as pore water which moves out of the clay
beds ahd moves upward along fault planes toward the top of the geopressured
zone. At the same time that montmorillonite is dehydrated, thermal matur-
ation of hydrocarbons occurs in the clay beds. The saturated hydrocarbons
are dissolved in the high temperature waters of the geopressured zone and
are carried out of the clay beds as a hydrocarbon-water solution. Methane,
which is soluble in water at high temperatures and pressures, is generated
in large quantities and saturates the water of the geopressured zone.
Hydrocarbons dissolved in water may move upward along growth faults which
cut the c]éy-bed seal of the geopressured zone and move into the trahsifion
zone between the geopressured zone and hydropressured zone. As the high-
pressure water enters sand beds cut by the faults, solution pressure
drops énd hydrocarbons exsolve and accumulate, if a suitable trap is

present.



89

v

3. Potent1a1 Environmental Impacts

a; Subsidence of the Ground Surface

_ In southerniLouisiana; the ground surface has Iow relief and Tow
elevation above'seacleve]vgrading down to marsh lands at or slightly
below sea level. Even small amounts of subsidence, therefore,’may cause
significant‘and wideSpread'effects in the'environments of such areas.
Natural geoTogicaI; pedologicai, and bioidgicalhprocesses combine to
produce slow and continuous subsidence inrthe Louisiana coastal zone
(Adams, et al., 1976)." Extraction of fresh water for“human'and industrial
consumption has contributed to subsidence near several large population
centers in Louisianaf(Smith and Kazmann, 1978; Wintz, et.al., 1970;
Kazmann and.Heath, 1968),1‘0i1'and gas:production causes local subsidence
: over some-fields; but not others, aIthough,systematic_Studies of many
fIE]dS seem to be Iacking _ | ‘ 7
| Prob]ems resuIting from subsidence can be grouped as follows: '(I) _
_ damage or dispiacement of man-made structures within the subsiding area i
~or anng its marg1ns (discussed in Section VIII) (2) changes in ground-
o water: Ieveis and hydrodynamics, (3) w1despread changes 1n the- character v
'iof the Iand surface and potentia]]y its va]ue as defined by its biological
| 'productivity (discussed in Section VII), and (4) p0551b1e (though unIiker) vi
'*5-,*earthquake hazards | Vi ‘}
i ’ None of these probIems can be predicted w1th any certainty based on -
| (dfTstudies of naturai phenomena and 1t is- possible that each probIem couId
"‘h‘be 1n1tiated or augmented in any area of geopressured water production
5‘7f1n view of this uncertainty and the cons1derab]e 1mpacts that subsidence

din coastaI Louisiana would generate, ‘the state agency charged with regu]ating
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geopressured resource development (Louisiana Department of Natural Re-
sources; Office of Conservation, 1978) has proposed regulations that
will require the collection of baseline data on surface elevations and
reservoir and overburden characteristics. Specifically, fourth order
levelling results must be filed annually, and a gamma ray-neutron log
must be run initially. The proposed rules give the Office of Conserva-
tion authority to require additional data if subsidence is evident;during
production (Harrell, 1978). Harrell also has presented a detailed
analysis of the substantial legal implications for producers of geo-
pressured waters if such production is considered to be the sole or con-
tributing cause of subsidence. It is Harrell's opinion that the geo-
pressured water producer could be faced with private suits for damages,
or even injunctive relief, should a landowner of property adjacent to
the property leased to the geopressure producer believe his or her land
has been damaged due to subsidence from geopressured development.
(Louiéiana courts have ruled that persons leasing property for hydro-
carbon production are considered to have agreed to the consequences of

normal operations). Given the large risk that it appears Qeopressured water
producers must assume in connection with the possibility of subsidence,

this particular potential environmental impact is of significant concern
to industry representatives in Louisiana (Christopher, Durham, Rust,
Wilson: personal communication, 1977). State agency representatives with
planning and regulatory functions in the coastal region of Louisiana
also consider the effects of subsidence, shou1dlit occur, of major conse-
quence (Templet, St. Amant: personal communication, 1977).

Production of geopressured waters from zones in the Louisiana Gulf

Coast has the potential for causing land subsidence associated with
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_ tectonic adjustments along faults, or with gradual sinking due to compaction
and dewatering of the rocks at depth. No studies of land subsidence and its
effects due to fluid withdrawal in thefdeepVgeobreSsuredsreservoirs,of the-
Gulf Coast have been conducted. However, some inferences regarding such possi-
ble subsidence,can be made from studies of land subsidence effects due to ex- |
.ploitation of shallow reservoirs. Studies such asrthose.COnducted:by Gabryscb'
and Bonnet (1974,. 1975), in‘the'Houston-Galveston-area,.indicate that the:
potential exists for horizontal and vertical Iand-subsidence effects

due to withdrawal of Targe quantities of fluids from a geopressured reser-
voir. Hunt (1970) indicates‘that the surface area affected by subsidence

may be much 1ar§er-than, andrmay‘be offset‘laterally from, the area of

maximum geopressured watervproduction. 'Because of the magnitude (areal

extent) and consequences:(iand ioss due to submergence, and ecosystem 7
effects) of the subsidence prob]em it is ‘recommended that several 1n-depth
programs for estab11sh1ng base11ne data and for monltor1ng Iand subs1dence
s}changes in the Louisiana Gulf Coast be considered , ,
D1ff1cu1t1es w111 be encountered when attempts are made to 1so]ate

’subs1dence effects due to geopressured water production from those

}'caused by natural and other man-induced processes EXtenSive'lowering o
of the land surface in the Louisiana Gu]f Coast results from:
| (1) Reg1ona1 subsidence due to natural sed1mentary loading causing geo-

Nsyncllnal downwarping, natura] processes of sediment compact1on, and natura]

~-lg‘tectomc processes (growth fau1t1ng, fo]ding, fractur1ng. and f]ow1ng)

(2) Man 1nduced subs1dence due to: the w1thdrawa1 of subsurface f1u1ds
"fiftfrom re1at1ve1y sha11ow reservo1rs (less than 5 000 feet deep), principally
4“ground water for 1rr1gation or industria] use. | o '

(3) Local subsidence caused by the min1ng of su]fur and salt from

| ,relatively shallow depths
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(4) Subtle and often unrecognized subsidence due to the withdrawal of (ﬁ;

oil, gas, and formation waters from deep normally-pressured reservoirs, as
well as from geopressured reservoirs. .

(5) Subsidence resu]ting.from volume reduction of organic sof1s and
sediments; volume reductions as great as 85 per cent due to oxidation,

dehydration and erosion in march soils are not uncommon.

Figure IV-A-4 shows preliminary estimates of e]evati&nrchange--the_SUrface
expression of these processes--in the entire Gulf Coast region.

Efforts to separate each component of subsidence should be made in .
order to delineate baseline levels of subsidence for different producing
fields or geograbhic areas. One approach could be to establish the_back—
ground subsidence levels as a constant and then compute.activity due to
geopressure reservoir exploitation. Another possibility would be to
select sites that are away from any producing water or mineral fields.
Research on fluid-pressure decline in shallow subsurface aquifers indicates
that ground movement may include both horizontal and vertical components.
Subsidence and other forms of deformation occur as a result of compaction
of unconsolidated sediments and/or deep-seated tectonic readjustments
triggered by fluid withdrawal (Lofgren, 1977).

The magnitude of the compaction depends upon characﬁeristics of
the deposits and applied stres§es such as: (1) tﬁe compressibility of
the deposits, a function of their physical and chemical properties; (2)
the nature, magnitude and history of stress application; and (3) the
thickness of the compacting interval. Knowledge of assumed field parameters
and Taboratory information from analyzed mechanical properties of the
reservoir system cah be utilized to mdde] subsidence effects, but |

data are sparse and such models are in the early stages of devé]opment.
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Effective changes in fluid pressures of reservoirs, pqssib]y correlated
to the net volume of fluids extracted, are an important factor contribﬁfing
to formation compaction and land subsidence. In the Texas and Louisiana
Gulf Coast region, few unequivocal correlations have been made between
heavy development of deep 0il and gas fields and land subsidence. Failure
to detect subsidence effects in these areas of deep fluid withdrawal must
be accounted for by one or a combination of these conditions:

(1) field data are not adequate to show subtle changes of the

land surface, or sufficient scrutiny of the data has not been
made.

(2) ground movements, perhaps along growth faults, has accounted

for part of the assumed formation compaction.

(3) stress changes in the reservoir system are minimized by fluid

circulation replacement of withdrawn fluids.

(4) very low compressibility of the formation, due to physica1 and

chemical aspects of grain arrangement, leading to low compaction,

and hence to little or no subsidence.

Geertsma (1973) considers the causes of subsidence above 0il and gas
reservoirs, a method for estimating order of magnitude of compaction and
subsidence, and a review of prédiction of subsidence. Also he demonstrates

that land subsidence due to hydrocarbon production seldom leads to serious

subsidence and pinpoints potential problem areas. There is no way to directly

apply Geertsma's conclusions to geopressured water production because of the
great differences in volume and rate of production compared to normal oil
and gas production. However, his data and conclusions may be indicative
of‘the kinds of problems to be encountered during geopressured water

production.

s
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| Geertsma reports that some or all of the‘fol1owing conditions are
fulfilled when considerablé subsidence occurs in oil and gas fields:

.‘1) significant reduction in reservoir‘pressure during production period;

2) production is from a large vertical interva]; 3) oil or gas, or

both, are contained in loose or weakly cemented rocks; 4) reservoirs have

small depth of burial.

Geertsma derives estimates.of formation compaction, a compaction
coefficient, and a deformation’constant;- These are useful in estimating
the magnitude of compaction and subsidence, and can also be useful when
combined'with‘other’parameters in predicting subsidence An estimate of
formation compaction is expressed as a change in reservo1r height relative
to the initial height. The compact1on coeff1cient is the- change in reser-
voir height divided by the product of initia] height and pore pressure. The

~deformation constant'isrderived from mechanical experiments performed on

core mater1a1

Pred1ct1ng a compact1on d1stribut1on can be derived by combin1ng these

'data' 1) 1ab measurements on core mater1a] in order to get a deformation

constant, 2) map’ shOW1ng vert1ca1 and Iateral d1str1bution of product1ve
~ zone; 3) pred1ctions of reservo1r-pressure distributions, 4) corre]at1on

of 1ab compact1on data with petrophys1ca1 propert1es measured or der1ved

"'from logs

Geertsma (1973) concludes that 011 reservoirs of depletion type in
d]oose sands and extreme1y 1arge gas reservoirs 1n e1ther loose: sed1ment

"‘or friable rock are most sensitvve to subs1dence. However certaln

‘"~1,“w"hard, strong" rocks may behave more like loose sedlment or fr1able rocks

e under the reservo1r cond1t1ons 1mposed by pressure changes re]ated to

.Lgeopressured:water product1on., Research is 1n progress at many institutions
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on the complex problems of reservoir fluid dynamics and rock mechanics,
all of which are relevant to attempts to predict ground surface subsidence

caused by subsurface compaction related to fluid production.

b. Faulting and Induced Seismicity (Earthquakes).

The possible effects of geopressured water production on faulting
and seismicity are closely related to ground surface subsidence caused
by compaction of sediments at depth. In fact, faults (especially growth
faults) are an integral part of the subsidence mechanism. The displace-
ments of fault blocks downward allow for adjustments in the differences
in stress and strength throughout the mass of accumulated sediments.

The Gulf Coast of Louisiana and Texas is generally considered to be
lacking in the generation of seismic activity. Growth faults, and smaller
faults antithetic to the major faults or related to salt-dome emplacement,
are planes (more correctly, irregularly curved surfaces) along whiéh
deformation is concentrated as adjacent masses subside differentially.
Abundant evidence from drilling and seismic exploration for oil and gas
have documented the slow and continuous release of stress. With such a
continuous release of stress, seismicity is normal.

Only two seismic events have been reported in Louisiana in this

century (Gulf States Utility Co., 1973). An earthquake near Donaldsonville,

Louisigna in 1930 registered VI on the modified Mercalli scale causing
slight damage to poorly built structures. A localized earthquake near
~ Baton Rouge in 1957 registered V on the modified Mercalli scale.

The effects on the Gulf Coast of producing geopressured water from
fault b]ocks,‘and especially from rocks near faults, are unknown. Research

~in other areas (e.g. Colorado) has shown a relationship between injection
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- and. removal of fluids and seismicity (Evans, 1970; Raleigh, 1972). It is
possible that reducing the pore pressure in geopressured reservoirs will
produce a "locking" effect on the nearby faults thus perhaps allowing the
accumulation of stress along the fault zones. After reaching a certain
(but now unknown) critical stress value, the fault blocks might slip past
each other in such a way as to cause a (probably) small earthquake. A
less. drastic release of the accumulated stress might result in many small
"earthquakes" or microseisms, far too weak to be felt by humans or to
’cause~damage due to earth shock. Clearly more fesearch is needed in this
area and & seismic and microseismic monitoring program should be included
in any environmental evaluation of a geop;;ssured energy site.
 Fau1ts at th; surface,‘or fault "lines" projected to the surface

from subsurfatg.fault data, should be monitored by ground-based instru-
ments and surveys and by aerial photography and other remote sensing
'ﬁechniques; Damage to structures and changes in the landscape alohg the
surface traces‘of'faultslare’wé11»known. As with general (perhaps more
o uniform)‘subSidence;”it'is likely that'considerab]e uncertainty and

'pdtenti§11y significant 1ega1‘]iabi11ty'may be involved if production from

: fjQeopressured>reSerVOirs'actiVates faulting, either on old or new faplts.
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~ B. DATA REQUIREMENTS AND AVAILABILITY

1. Introduction

The pre-impact assessment. of the geologic effects of geopressured
resource development includes collecting information for difinition
of geopressured reservoirs, and providing baseline data for later

monitoring of subsidence, fault activity, and induced seismicity.

2. Data Requirements

a. Defining Geopressured Reservoirs

In*theﬂTean‘Gqu'COast,the Bureau of Economic Geology and -
Department of Petroleum Engineering of the University of Texas, Austin
for more than two years has conducted a search for geopressured-
geothermal energy (i.e., Bebout, et.al., 1975). Their search consisted of
two major phases: regfonal resource assessment and detatled site
B SeTection. The objective of the regiona] study was to out]ine
geotherma1 fairways. B Geotherma1 fairways are areas which inc]ude the

appropriate temperatures, pressures, and 1ithologies totbe*considered

‘ -~-vas1appotent1al producer.of geopressured'Waters. eFairways which resulted

from‘reéionaivstUdvaere then investigated further to determine
nreserv01r size, relationship to growth faults, porosity and permeabi11ty,
'.Zand nature of porosity (diagenetic fabric) From this s1te-se1ection
:’phase, specific locations for testing were selected

In order to define geopressured reservo1rs 1n Louisiana, bottom-

"f!'fpho1e temperatures and pressures of a statistica11y appropriate number

’1of wells have been acquired using well 1ogs (Hawkins, 1977 Bernard

“",1977) Deta11ed geo1ogic mapping of prime geopressured prospects
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(reservoirs) in Louisiana is presently underway (Bernard, personal
communication, 1978). Well logs would also be useful in defining lith-
ology, porosity, and permeability of geopressured reservoirs and in
locating appropriate horizons that could accept spent fluids during
reinjection.

b. Subsidence

Subsidence involves a number of physical parameters, such as com-
paction and compressibility of sediments, which can be monitored in
order to determine subsidence resulting from fluid withdrawal. The
types of data needed for studying subsidence potential of deep reser-
voirs in the study area include: (1) measurements of land surface
elevations; (2) compressional measurements on subsurface samples: and
(3) aerial photographs and other remote sensing data.

Leveling Surveys. Subsidence is measured as the lowering in ele-

vation of the land surface. Three types of field data are useful in
detecting and monitoring subsidence: (1) leveling surveys that are
tied to a stable reference datum, such as surveys conducted by the
National Geodetic Survey (NGS) and the U.S. Geological Survey (USGS);
(2) surveys of tidal bench marks for menitoring isostatic sea level
changes by the National Oceanic and Atmospheric Administration (NOAA);
and (3) tiltmeter data which record relative vertical movement (para-
11el liquid-level tiltmenters) and rotation (borehole tiltmeters).
Compaction. Compaction is the decrease in volume of sediments in
response to an increase in effective stress. Predominately one-dimen-
sional vertical consolidation occurs for thin formations of considerable
lateral extent. Two techniques are useful for measuring compaction:
| (1) Measurement of bench-mark subsidence gives a diréct measure

of net compaction at the surface which may be the result of differential
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compactlon at one or more depths. _

(2) Repeated we11 109 surveys that can define density 1ncrease.or
porosity decrease in specific rock units or_can show-subsurface
subsidence -of certain rock layers'compared'to well casing joints.

Compressibility. Reservoir compressibility is a critical para-

meter'for'estimating compaction and subsidence. Data from field
measurements of compaction and laboratory consolidation tests of core
samples are useful in estimating formation compressibilities.

Change in Effective Stress. A decrease'in formation fluid

- pressure caused by production{of geopresSured,fTuidS'results in a
:corresponding increase in effect stress on minerai grains in the rocks
'(Lofgren, 1968). A record of’formationéoressure decline is a measure
of the increaserin”effective stress tending to,conpact the fiuid- |
bearing‘depoSitsvofftheﬂreserVoir system. Dril]-stem’tests run'on all
‘welisfwhen.first drilled are useful tools in measuring formation
= pressures. | B | | R

“'flﬁ; Thickness of Compressible Deposits Based on electric iogs and

: ;vgeologic sections available, a sequence of beds can be subdivided into
lithologic units and compressibiiity values assigned to each unit.

Vo]ume of Fluid Produced There is a close interre]ationship

| b:among the voiume of - f1uids produced from a particuiar reservoir, the
*"'fluid-pressure dec]ine that occurs in the reservoir, and the surface
s subsidence that may resuit : i £ ’ |
Modeliinq.- Bacquound data from numerous sources is necessary

©n order to establish baseline data for numericai mode]]ing studies of
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subsidence. Computer techniques are available for studies of this

kind once suitable data have been acquired,

Aerial Photography and Remote Sensing. Before land loss rates
caused by subsidence or other natural or induced processes can be
properly evaluated, an inventory of land and water environments as
they presently exist is necessary. In addition, an inventory of
historical data to establish a quantitative base level of land/water.
changes in the past would be needed in order to isolate the future
subsidence effects due to geopressured operations.

The detailed study of aerial photography and other remote sensors
along with USGS quadrangle sheets may be uéeful for measuring compara-
tive land losses over long periods within specific geographic areas.
For instance, methods such as one developed by Gagliane and van Beek
(1970) for determining land loss rates and marsh deterioration may
be adaptable for long-term subsidence studies. In this study, aerial
photographs, USGS quadrangle sheets, and USGS orthophotoquad sheets
were evaluated by a point-counting system to determine changes in
land/water ratios over time periods of approximately 15 years,

Evaluation of historic data from early USGS quandrangles and
aerial photography can furnish information on past levels of land loss
due to subsidence or other processes. Likewise, the most recent
coverage by maps and sensors can serve as a base for future environ-
mental inventory.

¢. Fault Activation and Seismicity

'Impéct on the environment due to fault activation and induced

| 'seismicity is a complex problem which could result from fluid
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withdrawal and/or subsurface disposal. Since~no historical monitoringv
of fault activation and seismicity on the Gulf Coast has been conducted,
baseline data'requirementS'would have to be obtained during the pre-
impact. period. A network of tiltmeters; periodic study of aerial
photographs and ground leveling,surveys,would provide some of the
data necessary to monitor any possible faulting. Since no seismic
stations exist in the Louisiana coastal area, establishment of a
seismic monitoring system would be required. to observe~any seismicity.

d. Post-impact Data

| The data requirements for post-impact evaluation of subsidence
involves the monitoring of established pre-impact parameters. For

example,. leveling surveys that are tied to a stable reference datum
,would require periodic re-surveying to establish existence of subsi-

~ dence. Likewise, any baseline data- concerning faulting and induced

- seismicity as outlined in the previous section would need continuous

fupdating. :Evaluation of the effects of fluid reinjection necessitates
' '“thermonitoring of the same parameters included in monitoring faulting

~ and seismicity;‘

| '3.‘ ‘Data Availability

Below is an outline of the availability of data required for

assessment of the geologic effects of geopressured development on the

Louisiana Gulf Coast ’

Location of Faults in Louisiana

Location of faults-on and beneath the- surface would be very useful

’~in addre551ng the problems of subsidence and fault activation due to

i o% fluid withdrawal and/or subsurface disposal. Although the extent of



104

coverage is unknown, detailed maps of Louisiana 1qcating faults are
available through Geomaps of Gulf Coast, Inc., Houston, Texas.

b. Well log Acquisition

Interpfetation of well logs is essential to defining target
geothermal/geopressured fairways. Information such as 1ithology,
porosity and permeability, and sometimes temperature, is available
from well logs.

Well logs may be obtained for viewing from either the Louisiana
Geological §urvey, Baton Rouge or the Louisiana Department of Natural
Resources, Office of Conservation, Baton Rouge. The state Survey has
in its files only those logs which it has utilized in past and
present projects. A complete log library containing all well logs
filed with the state of Louisiana can be found at the Office of
Conservation. However, not all Togs filed with the Office are
available for public inspection. The o0il and gas industry has the

right to hold its logs confidential. Almost all logs from offshore

are held confidential and onshore logs at depths greater than 15,000 feet
can be held confidential for a longer period than logs of wells shallower
than 15,000 feet. Most onshore logs are available to the public al-

though a few onshore logs are held confidential.

¢. Information Available in Annual Summaries of Field Statistics

and Drilling Operations in Louisiana

Annua1]y the Louisiana Office of Conservation compiles and
publishes a summary of field statistics on drilling operations which oc-
curred in Louisiana during the year. Included in the report are: (1)

district and state summaries for the year; (2) a list of new field
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discoveries; (3) field statistics by onshore conservation districts
and offshore; (4) a salt water disposai and disposition report; and
(5) a miscellaneous well report.

The district and state summary includes such information as:
‘number of wells drilled,inumber of oi1 well completions, number of gas
well completions, number of multiple CQmpletions. number of field wells
drilled, number of field wells drilled dry, number of wildcat wells
drilled, number of discoveries, field footage drilled, wildcat
footage drilled,. average depth per well drilled, average depth per
field well, and average depth per wildcat well. A1 of the above
statistics are summarized for each state district and for the entire
state. ,

- The list of new field discoveries per district includes statistics
,oni }operator,elease,and-weii»number, location of the well, completion
date, total depth, producing depth, daily rate of production and
other'production"data;'and7geologic age of producing formation.

The  Summary of field statistics by district includes 'such infor-

' ;mation an specific fields as fieid namevand parish name, age, and

.depth of producing formation. year of discovery; estimated area

g proved number of wei]s, number of . wells producing at the end of the
“_year, and deepest zone tested Aiso inciuded are statistics on the
| e’producing formations such'as oii gravity,~average porositv, pro- .
ducing thickness and type of structure encountered |

The statistics on sait water disposal per fie]d include umber
'J~of we]is, average wel] depth, pressure range, vo]ume of inaection per o

~ year, cumulative volume of injection, parish totals and district totals.
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The statistics on the disposal of salt water produced for the
year per district and state include: total amount for districts,
total amount disposed in pits, total amount disposed in streams and
rivers, and total amount disposed in non-potable water bodies.

Finally, a miscellaneous well report includes the number of wells
per district other than oil and gas, and the types of wells (e.g.,
sulfur). |

d. Extensometers

A network of extensometers in south Louisiana could provide
valuable information related to fault movements and subsidence.
However, preliminary inquffy into the location of extensometers in
south Louisiana has not located one.

e. Research and Development Programs in Geothermal Resources

Several federal government projects‘have been initiated since
1973, which include specific concerns such as brine disposal, subsi-
dence related to fluid withdrawal, subsurface temperatures, hydrology,
and remote sensing of prospective geothermal/geopressured areas.
These studies would be useful in providing background material and
data sources for site-specific studies in Louisiana. The USGS is
actively involved in a five year program initiated in 1975 to study
the ramifications of brine disposal. In 1973 the USGS began a Gulf
;Coast study which includes defining subsurface temperatures and
hydrologic parameters. The USGS is also involved in studying the
effects of fluid withdrawal on subsidence and seismic activity in

the Imperial Valley, CaIifthia. '
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f. Status of Photographic and Other Remote Sensors

‘The“compilation of information presented’in this section was
taken from severai sources and inventories of'photographic and sensor
data. Much of‘this information {s also presented,in fPTanner‘s
Mapping Guide for Louisianaf.Aaupubiicationof the Louisiana State
Planning Office (1975). This guide'conSists*of an inventory of many
types of maps and mapping tools, and also indicates the amount of
state-wide'coverage for each item. Supplemental information concerning
remote sensor coverage for the study area obtained by personal
communication with Dr. A. J. Lewis/(LSUv 1977) is also included.
Undoubtedly more photographic and sensor information exists, including
proprietary information beTonging to private companies which is not
avaiTabTe, and coverage by government agencies ‘that is not generaliy
known, and therefore cannot be included at this time.

Agricuitural Stabiiization and Conservation ServicegLASCA)

Aerial Photography. The Agricultural Stabilization and Conserva-

tion Service (ASCS), a part of the U S. Department of Agriculture, has

S ‘availabie probabTy the most extensive Tow altitude aeriai photographic

coverage of the study area. Individual photographs are ‘available at
ea scaTe of T 20 000 for aerial photography before 1971 After 1971

.ASCS converted to 1: 40, 000 scale. photography Most parishes have |
r‘coverage from at Teast 2 time periods, at approximateiy 10 year

| Tintervais The ASCS office in ATexandria, Louisiana, maintains a

"-fcomplete set of the index sheets for Louisiana These sheets are

: ‘navaiTabTe for pubiic inspection The LSU Geoscience Library serves

as a repository for older ASCS photographs.
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Five of the thirty parishes included in the study area have no
aerial photographic coverage by ASCS. These parishes include the
urban areas of Baton Rouge and New Orleans and environs. Twenty-seven
per cent (8 parishes) have been covered twice by ASCS flights. Sevén
parishes have coverage from 3 time periods. Ten of the parishes have
coverage from 4 differerit flights. A1l ASCS coverage extends from
1939 to 1968.

" 'U.S. Geological Survey Low Altitude Aerial Photography. The

U.S. Geological Survey has been using low altitude aerial photography
to facilitate topographic mapping since the 1940's. The covérage
dating from 1947 to 1972 includes standard photographic imagery,
usually at a scale of 1:24,000. Approximately 18% of the study area
is covered by these photographs.

Since 1975, the USGS has published aerial photographic coverage
in the form of orthophotoquad and orthophotomap prints. The scale
and format of these prints is the same as the convential 1:24,000 USGS
tobographic maps. Orthophotoquad prints are usually produced from
uncontrolled photo mosaics by bringing the mosaic to a defined scale,
relating it to a geodetic reference system, and providing a map
border. The orthophotomap prints have color-enhancements of district
physiographic features, such as the 1imits of marshlands, boundary of
salt-water encroachment, fault lines and other prominent geologic and
biologic features. The orthophotomaps are also enhanced with the
conventional cartographic symbols used on line maps. Coverage of the
study area by orthophotomaps is approximately 28%; and by orthdphoto-

quads, approximately 11%. Because it includes both photoimagery and
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and.topographic.detail, the orthophotomap format is the most useful
for environmental inventory stodies,i Production costs for acquiring
new orthophotomaps range from $15,000 to $30,000 per 7 1/2 minute
quadrangle, depending upon topographic detail and accessibility to
the area being mapped (Schwertz and Larimore, 1976).

* High Altitude Aerial Photography. High altitude photography

generally shows less detail than photoimagery of a larger scale. The
extensive‘coverage of the study area by aerial photography of a scale
smaller than 1:56,000 may, however, warrant its use in connection with
this study. The U.S. Geological Sur¥ey has available high altitude
aerial photography at scales of 1:56,000 to 1:80,000 for approximately
8% of the study area. High aTtitude imagery for the entire study
- area fis alsoravai1ab1e from NASA.. From 1972 to 1974, black and white,
color, and color infrared ohotography was taken at a scale of 1:130,000.
The majority of:thfssphotography is of high quality’and:good}reso]ution
and can be enlarged satisfaétori1y; .Addit{ona1 coverage at different
times is available from various NASA flights. |
‘. The EROS App]ications Assistance Fac11ity in Bay St Lou1s. |
'Mississippi, inc1udes a remote sensing reference 11brary, a»LANDSAT
I and IT Sate]Iite Imagery Browse File, a computerized 1nterrogat10n

;system for LANDSAT I and 11, NASA. and U. S Geological Survey photog-»

”*f*] raphy, and various photo-interpretation/enhancement instruments wh1ch

*S_are avai]able for use by the general public (Schwertz.and Larimore,1976)

g Status of Topographic Mangoverage

In order to. quantify the amount of subsidence 1n any area, it

“ '{s necessary to measure the net change in elevation during a spec1f1ed
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time interval. As discussed earlier, analysis of old and,recent
topographic maps of the USGS may yield data on natural rates of
subsidence in the Louisiana Gulf Coast area and serve as a base for
subsidence monitoring studies.

Topographic surveys for establishing vertical control and-dé]inea-
tion of relief differences in the low lying coésta] area are referenced
to the mean tide sea level position. Considerations of changes in
this datum, i.e. subtly eustatic or isostatic changes in sea level,
and methods to calibrate such effects, are necessary.

Topographic mapping produced by the federal government is
considered to be the most accurate and the best available. Federal
agencies making topographic maps include the U.S. Geological Survey,
the U.S. Army Map Service, the U.S. Army COfps‘of Engineers, and the
National Geodetic Survey (Schwertz and Larimore, 1976).

U. S. Geological Survey Topographic Maps. Coverage of the entire

state between 1961 and 1966 is available on the 1:250,000 scale.
However, because the lowest elevations delineated on these maps are
greater than 25 feet above sea level, these maps have only limited
usefulness.

Fifteen-hinute quadrangle maps on a scale of 1:62,500 are avail-
able for approximately 83% of the study area. These maps are usually
printed in color and have a 20-foot or 5-foot contour interval. A
large number of 15-minute quadrangles were published from 1953 to
1964. Approximately 46% of the study area has such coverage from two

or more different time periods. The oldest coverage, those maps



m

published in 1930, are available for the Lake Decade, Maringouin, and
Lake Chicot quadrangles. |
A series of 7 1/2-minute quadrangles, produced at a 1:24,000 scale,

are the most detailed maps available. These maps are produced. in
three formats: (1) the standard color line maps, (2) black and white
orthophotoquads, and (3) color enhanced and cartographically finished
orthophotomaps. Approximately 70% of the study area (including all
of the area not covered by the 15-minute quads) is covered by this
series. of maps. ApproximateTy 422 of the areas have duplicate map
coverage from two to as many as four different years. The oldest
coverage by 7 1/2-minute quadrangles was published from 1932-1934.
It includes an area of approximate1y 2500 km2}(1,000 miz) west of
Marsh Island in ‘southwest Louisiana. Recent coverage from 1973 to
1975 is avallable for. these areas: (1) approximately 34% of the study
’*:area west of,1ongltUde‘93°wvas-photorevised maps or orthophotomaps;
(2),’approximate]y‘BSOO-km2 (1,350 mi2) of Mississippi Delta below
) ‘New‘Ohieehs,eZOOO'kmz_(7507miz)»ofvsduth-centra] Louisiana, and
"600‘km2’(250 miz);heeheLoreahv111e-as‘orthoﬁhotomaps '

.S, Army Corps of Engineers Topographic Maps. Topogréphic

: 'coverage of the lower Mississippi River Basin at a 1:62, 500 scale is

»savaiTable from the U Sy Army Corps of Eng1neers This series covers

‘”';'approximately ha1f of the study area. Corps of Engineers maps - differ

7,~'from the standard USGS 15-minute quadrangle sheets in that they
‘"=vinc1ude navigational and flood contr01 features Sim11ar maps at a

;1 250,000 sca1e are.available for the ent1re state
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h. Status of Leveling Surveys

Precise leveling surveys by the National Geodetic Survey will be
useful for detection and monitoring subsidence if the existing lines
cross areas of geopressured production. In general, leveling surveys
in the coastal and low-lying areas are of three types: (1) local
traverses that measure elevation differences of bench marks along the
traverse - usually highway or industry surveys of low precision for
engineering purposes; (2) geodetic networks of high precision of
regional extent, designed to establish absolute elevations of bench
marks throughout the net (Lofgren, 1977); (3) short lines of high
order levels, such as the Interstate Highway System traverses.

i. Additional Materials

A number of additional published maps, bulletins, and other

material are available from various state, federal, and private agencies.

For some portions of the study area, geologic parameters have been

investigated in detail and much useful information is available for base-

line studies in connection with the assessment of geological effects
of geopressured resource development. Other areas have been investi-
gated only in a cursory manner in the past and will require extensive
mapping of the geo-hydrologic and structural elements before long-
term environmental effects can be determined.

Geologic Bulletins (Louisiana Geological Survey)

. Howe, H.V.; and Moresi, C.K., Geology of Iberia Parish, 187 pp.,
18 figs., 1931. Includes discussions of the physiography with
special reference to the Pleistocene terraces and to drainage;
stratigraphy, historical and theoretical considerations of the
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salt domes and associated caprock; mineral resources; and a
bibliography of 224 papers.

Howe, H.V., and Moresi, C.K., Geology of Lafayette and St. Martin
Parishes, 238 pp., 52 figs. 2 pk., 1933. Under physiography, the
Pleistocene terraces, Mississippi River meanders and drainage are
given special attention. Stratigraphy, salt domes and prospec-
tive domes. are also discussed. The bibliography contains 141
references. - ‘ '

. Howe,: H.V., et. al., Reports of the geology of Cameron and
Vermilion Parishes, 242 pp., 24 figs.. 10 pls., 1935. Pleistocene
Mississippi River deltas, cheniers, Gulf Coast subsidence and
isostatic data of Mississippi are discussed under physiography.
Salt domes and prospects; mineral development; descriptions of
some- microfossils; 1ist of maps and references are also included.

RusseTl, R.J., et. al., Lower Mississippi River Delta: Reports

on the geology of Plaquemine and St. Bernard Parishes, 454 pp.,

36 figs., 17 pls., 1936. Includes reports on the physiography

of lower Mississippi River Delta; salt domes; bibliography of

41 pages; 1ist of maps; petrographic analysis of two Mississippi
River subdeltas and pebbles of Chandeleur Island; Recent mollusca;
Indian mounds; and vegetation of marshes and Indian mounds.

Howe, H.V., et. al., Reports of the geology of Iberville and -
Ascension Parishes, 223 pp., 25 illustrations, 1938. Report on
the geology and physiography of the central portion of the existing
delta of the Mississippi River, and adjacent terraces, salt domes,
bibliography, 1ist of maps, Indtan mounds and fossils.

Holland, W.C., et. al., Geology of Beauregard and Allen Parishes,
224 pp., 28 pls., 13 figs., including colored geologic map of '
Beauregard-and Allen Parishes, scale 1:62,500, and structural
- maps, 1952. A comprehensive report on the subsurface stratigraphy,
 structure, and petroleum geology of the area.:

Varvaro, G.G., Geblognyf Evangeline and St. Landry Parishes,

. .295 pp., 28 pls., 26 figs., and 2 tables, including a colored
" “geologic map of the parishes, scale 1:62,500, 1957. Describes .

~ - the physiography, subsurface, and surface geology of the parishes -

~ and surrounding area. :

’1Paine,°w.R;, Geblogy:ovaCadia and Jefferson Davis Pariéhes; 277 pp.,

~ 7;‘33rp1s;;;8figs;;13:tab1es, 1ist of wildcat wells, 1962, Primar-
ily a subsurface study of Tertiary geology and principally of

" “the Frio and Anahuac Formations. Included are a tectonic map of

" the area with a discussion of growth faulting, regional faulting,

- and sedimentation; regiona1‘struCtureimaps;‘and:isopach:maps.
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The 60 producing fields of the two-parish area are discussed in
detail, and 10 field structrual maps are illustrated. Complete
list of wildcat wells give pertinent statistics.

Dixon, L.H., Cenezoic Cyclic Deposition in the Subsurface of
Central Louisiana, 124 pp., 23 pls., and list of selected wells,
1965. Primarily an electric log study supporting the concept
that major cycles of deposition represent the natural divisions
of the Cenezoic on the northwestern margin of the Gulf Basin.

Geologic Maps. Color parish geologic maps for 6 of the 30

parishes in.the study area at a scale of 1:62,500 (1 inch = approxi-
mately 1 mile) are available from the Louisiana Geological Survey. The
maps are included in the following geological bulletins of the
Louisiana Geological Survey and are not distributed separately

(Schwertz and Larimore, 1976):

Geological Bulletin Parish Cost
No. 27 . Allen $2.00
No. 27 : Beauregard 2.00
No. 31 Evangeline 2.00
No. 31 St. Landry 2.00
No. 8 (no map) St. Bernard 1.50
No. 8 (no map) Plaquemines 1.50

Subsurface Structure Maps. A number of subsurface structure maps

are contained in various bulletins and pamphlets published by the
Louisiana Geological Survey. Coverage is sparse in the coastal parishes

and a copy of the Publications of the Louisiana Geological Survey

should be consulted in identifying those parishes in which subsurface
maps are available.

Surface Soil Surveys and Maps. Soil maps and taxdnomic information

are available for much of the study area and may be applicable for
several interpretative uses. For 21 of the 30 parishes, detailed soil

surveys published by the National Cooperative Soil Survey, in connection
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with the Soil Conservation Service and.the U. S. Department of
Agriculture, are available or-are-present]y»in preparation.. Capa-
bility classes for engineering and agricultural purposes are assigned
f for 1nd1vidua1 soil units on the basis of soil properties such as:
sl reaction, soil wetness, grain-size distribution, natural soil
structure, depth to seasonal water table, plasticity index, organic
matter content, mineralogy, and soil chemistry. On the basis of these
properties, inferences concerning the degree of erodibility, permea-
biTity,'corrosivity,.subsidence upon~drying, shrink-swell potential,
shear strength, compressibility, and slope stability of soils and
their behavior under various engineering uses can be estimated (i.e.,
Murphy, et. al., 1977). "IncTuded in these parish soil surveys are
1: 20 000 black and white aerial photos with s0il mapping units
cartographical]y out]ined

The Louisiana State PTanning office has avaiTabTe‘soil subsidence
~maps. and maps of Iand Toss potential due to channel construction for 22 of
4Athe 30 parishes 1in the study area. These maps are produced on a scale of
'~1.125,000,"Soilvsubsidence potential]mapszor the entire study area

'are a1s0fava11ab1e from the Louisiana State Planning Office at the

':;-] 250, 000 scale. These maps are- produced in co]or and are keyed to the

- standard USGS topographic quadrangles.< A11 of the maps discussed in

k"this paragraph have been prepared using information obtained from

'=*ifparish general sofl maps published by the Soil Conservation Service.

J’5General sofl maps reflect the properties of the major. 5011 associations

in the Tandscape. Therefore, soil property potentia]s are rated for



116

the dominant soil bodies in the association and may not apply to
variations in properties that occur in minor soil bodies. Detailed soil
mapping and on-site field investigations may be needed for some areés
in connection with geopressured resource developmental planning and

operations.
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C. PLAN FOR THE ACQUISITION OF DATA FOR THE
~ ASSESSMENT OF NTI EOLOGICAL EFFECTS -

1. Introduction -

B The.kinds»of‘data needed to assess potential geological effects
of geopressured resource development were reviewed in the preceeding
section Because: such data must be site specific, the usefulness
of avai]able data 1is 11ke1y to be:11mited to tasks such as developing
histories of natural subsidence in areas of interest, and compiling
case histories of geological effects from fluid withdrawal and dis-
posal from similar geological settings. Data specific to each
geopressured reservoir.must7befgenerated to measure actual geologic

effects as well as to predict possible geological effects. The plan
proposed here focuses on the acquisition of new data with respect to

potential subsidence, fault activation and seismicity (earthquakes).
iThevimpacts:of‘edverse environmenta1 effectSﬁoffgeoTogica1 |

‘events are not addressed’here’ Discussions of such impacts on water

~quality, on the biota of the study area, and on the socioeconomic

Akand cu]tural environments, are 1nc1uded in ‘Sections VI, VII, and VIII,

| ff‘respectively. with emphasis on the effects of possib]e ground surface

subsidence. The plans in. these sect1ons (VI and VII) cover the data
 needs fOr assess1ng such 1mpacts The: plan wh1ch follows in this

771 section provides for acquisition of information on the geolog1c effects

' Which are. the source of 1mpacts as’ discussed 1n the above referenced

‘f“sections This section dea1s with the occurrence of the geo]og1ca1

, ,;;events We need to know in the case of subsidence, for example,

';o{whether 1t occurs, and, if so. how much occurs, why - it occurs, and if

~its occurrence can be predicted.
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Three levels of effort are proposed for the assessment of geo-
logic effects:

Level 1: Detection of Geological Events. Collection of field

data to measure, detect, and monitor the occurrence of subsidence,

fault activity and seismicity.

Level II: Materials Testing. Laboratory and in situ testing

to determine the mechanical propert1es of subsurface rocks and
field testing of soils will be used to aid in the interpretation
of field data. The objective is to discover the causes and con-
ditions of geological effects, and to distinguish where possible
among the effects from the several underlying causes, including
the development of geopressured/geothermal resources. Level II
data will also be used to verify the modelling efforts under-
taken in Level III work.

Level III: Prediction. Using the finite element method, com-
puter model1ing of geologic events of each reservoir will be used
to provide a means for predicting their impacts on other environ-
mental systems. Input to this effort will include the results of
the Level I and Level II efforts.

2. Level I: Detection

Level I activities represent the absolute minumum level of

effort required to assess geological effects. The objective is to

determine if subsidence, fault activation, and seismicity are occurring

in the vicinity of a geopressured reservoir; and, if so, how much is
oécurring. Data collected before geopressured fluid is produced will
provide information on baseline conditions. Measurements of relative
vertical and rotational movements at the surface and of seismicity
will establish rates of change relative to baseline conditions. Well
logs, drill stem tests, geologic and production data wil] also pro-
vide supporting information. Specific measurements which are planned

are discussed in the following paragraphs.

O
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Precise Leveling. Precise leveling is essential to establish

relative vertical movements. of the surface, i.e., subsidence. Annual
precise leveling should be performed with the=1eve11ng network ex-
tending fromrthe,center»of the geopressured reservoir to a distance
approximately twice the radius of the reservoir beyond the reservoir
boundaries. This large net is necessary because when,fluids,are pro-
duced, subsidence may form a bowl with a larger diameter than that of
the reservoir. A1l producing wells should be tied into the network
because thevmost:seVere,subsidencesis 1ikely to be: localized around
the: wells. Theventire,net:must.bevtied,to'tidal bench marks. and/or
a stable reference datum, such as that of the National Geodetic
Survey. | o

It is recommended that Second Order, C1ass I leveling be per-
formed. Second order, Class T 1eve11ng has an accuracy of GmWf—_-
where k- is the distance of the. line between benchmarks 1n kilometers.,
For example, over a distanee of 9 km a vertica1‘disp1acement greater
than.18mm could be deteeted. This will give the required precision.

for~detecting_VertfcaT'movement;»*A]so,vtrained:persone1 are readily

" available in Louisiana to perform Second Order Teveling (Thoms,

7"?persona1 communication, 1978)f Annual leveling is recommended ini-

kh5a11y. More frequent 1eve11ng can be performed later as needed, The
-f‘entire network shou1d be emplaced and the first measurements taken

‘:‘before fluid production begins. Any produc1ng we11s com1ng on 11ne _

i after the network has been estab]ished shou]d be tied 1n to the system

T1Ttmeters | It is recommended that both 11qu1d 1eve1 and bore-

lfhole ti]tmeters be used 1n an 1ntegrated system to measure subsidence
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effects as well as fault activity. The liquid-level tiltmeter will '(_J
give a.precise,‘constant record of relative vertical movement,'ahd is

therefore appropriate for long-term, continuous monitoring of subsi-

dence effects. Its advantages over the borehole tiltmeter are its

stability and long base-length measurement capability (Huggett and

Slater, 1975). The borehole tiltmeter measures surface rotation and

will thus record the rotational component of surface movements due

to subsidence with an accuracy in the field of 1 x 10-6 radians (Thoms,
personal communication, 1978). The borehole tiltmeter will record epi-
sodic tilts which could occur as a result of differential subsidence,

fault activation, or as precursers of seismic events.

The integrated tiltmeter system should cover each c]dster of
producing and disposal wells and should extend outside the boundaries
of the reservoir. It is likely (depending on well spactng and config-
uration) that several clusters of producing and disposal wells can be
tied into a single liquid-level tiltmeter system. Borehole tiltmeters
should be placed along major growth faults to record rapid tilts. The
overall tiltmeter system should be in place early so as to obtaih '

baseline data before production begins.

Seismic Monitoring System. A system of seismometers should be

installed along major growth faults within the geopressured reservoir

to ménitor seismic activity»possib]y initiated by geopressured devel-

opment. In the size reservoir used in the model presented 1n Section III,
approximately 10 seismometers would be required. Seismic instruments

similar to those used in other geopressured/geothermal areas will be
appropriate (e.g., the seismic system to be used at the Brazoria County, i

Texas geopressured test well site under the direction of Teledyne Geotech (-J

Co., Inc., Sorrells, persohal communication, 1977).
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Basic Geo]ogic-and'Production Data. - For‘a»preliminary inter-

pretation of data from the 1eveiing surveys and tiltmeters, basic

geologic and production data are requ1red Well log data will provide

information on the,degree»of compaction associated with fluid with-
drawal during thevcourse<of'geopressured'fiuid'production. Well logs
and‘review«of'geologic.cross~sections wiiT_also.provide data on

thicknesses of compressible units. 3-D velocity logs and gamma ray

neutron logs are recommended at minimum to provide data on material pro-
perties.. The Togs: should be.runlimmediateiy;after each producing well is
ldrii]ed and then repeated at’6 month*intervais; Fewer"(or more) logging
runs can be made after the first year of production, as needed It may
be possible to estimate changes in effective rock stress from measurements
of reservoir fluid pressures obtained from drill stem tests. However, it
wiii probabiy be necessary to make improvements in instrumentation in
order to obtain more re]iabie data

. Anaiysis of aerial photography, if avaiiabie, covering a fifty year
;period prior to the deveiopment project wouid provide usefu1 baseline in-

n'formation on the history of subsidence for a specific site. A]so, annual

}"aeria] surveys shou]d be made of the site to analyze post-development

"Tf‘subsidence effects. This wiii be particuiarly useful in areas where

'*f‘subsidence results in the inundation of marsh

1.,,,;;}3 Levei II: - Materiais Testing

The activities of the Levei II effort have as their objective the

| ‘«discovery of the causes of geoiogical events as monitored in the fieid

5t~, Preliminary interpretations w111 have: been made using the data collected'

as a result of Level I activities.
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Enginéering Geology Studies. Engineering geology studies of the

thermal and mechanical properties of near-surface soils are needed in
order to aid in interpreting field data from the instrumentation system.
For example, the data collected from the tiltmeter system are directly
affected by the properties of the soils in which the tiltmeters are
embedded. These effects must be understood so as to separate near-
surface natural effects from geopfessured extraction effects. Thén
surface instrumentation data will provide maximum information for both
the measurement and modelling efforts.

A number of in situ soil evaluation methods (e.g., borings, sfan-
" dard penetration, cone penetration, vane sheer, and pressuremeter) are
available. Further study is required in order to select the system
appropriate to the problem at hand.

Field sampling of soils down to 30 meters (100 feet) is recom-
mended. Laboratory study should include testing for water content;
specific gravity, void ratio, relative densities of granular soils,
compressibility characteristics, thekma] conductivity, shear strength

-and reaction moduli for analysis of stress.

Laboratory Testing of Rock Cores. Laboratory testing of rock samples

from different formations should be made to determine the mechanical pro-
perties of the producing reservoirs and the overlying geologic units.

The results will be used in the predictive model and are necessary to in-
terpret the field data collected from the monitoring syStem. The objec-
tive of laboratory and, if possible, in situ tests of the mechanical pro-
perties of reservoir overburden rocks is to develop estimates of formation
compaction, compaction Coeffecients, and deformation constants for input

}7into the mathematical model of subsidence.



123

~ Laboratory tests should provide detai]s_on specific gravity,. ab-
sorption, and mechanical,behavior of rocks for stress conditions anti-
cipated under actual field conditions.

The number of rock samples taken wii]‘depend in part on the vari-
ability of the geo]ogy in the well field. Therefore, it is recommended
that a minimum of 3 wells in different sections of the field be cored
to obtain adequate samples.

In Situ Rock Mechanics Studies. In situ:rock'mechanics studies,

when possible, would be highly desirable to interpret field measure-
| ments and‘iaboratory'testS"and to‘provide data and verification for a
modeltofisubsidencet The obJective is to measure compaction at depth
in the actual temperature, pressure and chemica1 environments of the
geopressured reservoir and overburden It is difficult to reproduce
in situ boundary conditions for rock mechanics studies in the labora-
'tory, particulariy if subsidence is due to disp]acements along faults
'.which differ wide]y in size, orientation and spacing.’ Aiso, in situ
f testing is necessary to interpret sca]e effects in the 1aboratory :
‘51tuation _
L Current methods of in situ rock testing (extensometers, casing-
s {co]]ar 1oggﬁng, and radioactive bu]let 1ogging) are inadequate for the
~'problem at ‘hand.. Specifica]iy, these methods are. temperature sen51tive,
_f;untested at the depths required and 1ack the accuracy required for this -
'":fgprobiem.l It is recommended that an on-901ng state of the art review
‘E:fof improvements in instrumentation for in situ monitoring at depth be
"'lfconducted The studies shou1d be impiemented as soon as- adequate

e'instruments are developed
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Recently, downhole testing by hydrofracturing has beem employed U
to obtain a measure of in situ stress and formation strength at depth.
This type of testing may also prove promising in the geopressured case

(Haimson, 1977).

4. Level IIl: Prediction. The overall objective of the efforts in

 measurement and data interpretation is to develop a predictive capa-
bility with respect to geological effects--particularly subsidence.
Subsidence is a time dependent phenomenon with asymmetric effects ex-
pected to lag considerably behind production. Because some degree of
mahagement of these effects may be possible (e.g., reinjection into
different formations), operators need to know in advance of potential
surface effects the degree and configuration of displacements at

depth. In addition, predictions of subsidence are desirable in order to
ameliorate the impacts on the hydrologic, biotic, and socioeconomic

environments. |
The steps in developing this predictive capability are shown in Figure

IV-C-1. The first step is to develop a preliminary numerical model of the
geopressured system that will simulate the reservoir and overburden response
(including the surface) to production. Existing models of subsidence should
be reviewed to determine if an appropriate model exists for the problem at
hand. The preferred model type employs the finite element method which has
beén applied in the study of subsidence as a result of subsurface withdrawals
(e.g., Gambolati, 1977; Geertsma, 1973; Gupta, et.al., 1975). The finite
element method is particularly suited for use in geophysical problems because
it éssumes any continuous quantity, such as displacement, can be approximated
by a set of piecewise continuous functions. This assumption allows for

the following conditions: adjacent materials in the geomechanical system do (=j
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Fig. IvV-C-1. Interaction of efforts related to prediction
_ of subsidence. ‘

L No_..

Step:
1 o R
Develop Preliminary Model
2 ' “Revise with Relevant Data
‘32 : Numerically Model Producing Geopressure System
R 2 .
4  Monitor Behavior from Field Instrumentation System
L
5f”'f°°“‘AgbeENEntabetweeh<BehéViﬁr{andvPreliminarerodé1'
o 1Yes‘f¢i f .

Yes, Model Revised, Longer Term Prediction
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not have to be homogeneous, irregularly shaped boundaries can be utilized, Q;J
the size of the elements employed in the model is variable and easily changed,

and_boundary conditions can be discontinuous (Segerlind, 1976).

Data input for the development of the preliminary model include basic
géo]ogic information, production scenarios, laboratory tests on rock cores, .
and the results of well logs and drill-stem tests.

. The fidelity of numerical modeling of any geomechanical system will be
limited by the quality of input data on configuration and the constitutive
relations (material behavior parameters) of the geologic formations and rocks
(Thoms, et al., 1977). The importance of proper constitutive laws cannot be
overemphasized--particularly in the case of geologic media; Computer output
from any simulation attempt is of no significance unless the material was
properly characferized.in the first place. Thus the preliminary model must
be continda]ly revised as new data becomé available (Step 2).

Step 3 provides for incorporation of fnput on actual production into
the model (the preliminary model used production scenarios). Once data .
from the field instrumentation network is obtained énd‘interpreted, the actual
behavior of the geopressured system can be determined and monitored (Step 4).
In situ monitoring of displacements at depth, if possible, would be |
particularly helpful here, both as input to the model and in verifica-
tion of the laboratory tests results. Agreement between the behavior
of the system and the preliminary model will then be examined (Step 5).

If there is agreement, longer term predictions can be made (Step 6). If

not, the model must again be revised (Step 2). Revision and the re-

maining steps will be required whenever new data become available.

‘given in Table IV-C-1.



127

Tab1e~IV;C~1. Estimated costt‘ef'performing geologieal effects studies at

a geopressured site 50-60 sq. mi. in area.

Activity

Estimated Cbsts

Cost Bases

i LEVEL r

LEVEL T

Precise Leveiing

Integrated tilt-
meter system

Seismic system

Well logs

Development of
-geologic cross
~-sections

Aerial survey

Review of existing
- aerfal photos

LEVEL II

' Engineering geology I‘*

studies o

Lab testing of rockf'

COY‘ES .

Modeiing effont

PR

Prbje6t>management‘f
- and data anaiysis o

$50,000-60,000 per site

: $250,000 per site

$150,000: per site

$32,000 per welld

~ $11,000

$15 000 per site,
~ per year

$5,000 per site,i;

" per year

-sso,000gper:site‘;e°~

$600 000 per site,l';,‘

oo coring
$200 000 per site,
1ab studies _

'"'*;r$90 000 per site, salaries “
$20, 000 per site, computer,
' ‘ time :

$125 000 per year

- $375,000 per year
- $300,000 per year

Subcontracted; emplace-
ment and first reading
costs only.

Subcontracted; equipment
and emplacement costs.

Subcontracted; equipment
and emplacement costs
only.

 Subcontracted; 15,000t

well; 3-D velocity and
gamma ray neutron log;
truck-on-barge operation.

Subcontracted; salaries;
data available at Tow
cost.

Subcontracted; black and
white infrared photo-.

graphy.

| Existing satellite and

other data acquistion
only..

Soils sampiing and Tab-
oratory equipment only.

Subcontracted; 3 wells

‘cored. = Including labor-
‘atory equipment.

1st yr. costs
Ist yr. costs

' cSenior investigators

Assistants
‘Benefits and overhead

—

lA per we11 rather than a per site cost is:given because the number of wells
- to. be: logged depends on site specific conditions. ‘
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- V. AIR QUALITY
D. P. Harrison, R. A. #uller, and R. Hilding

The’purpose of this section is to provide the rationale and plan
for the assessment of potential environmental impacts on air quality

from geopressured resource development in Louisiana.

A. RATIONALE

1. Introduction

Impacts on air quality from geopressured resource development will
vary in extent and significance depending on the type and extent of the
activities, and on the geoqraphical 1ocation>of“the activity. Scenarios
for geopressured resource development have been described in Section III.
It is clear that air quality impacts associated with a variation of the
full-scale development scenario~-methane production-alone, for example,
or a testing 51tuation--wiil vary con51derab1y Two‘principal'factors

account for the geographical variation First, the meteoroiogicai

'.‘conditions that determine atmospheric dispersion rates and patterns

”'vary somewhat between the coastai region and ‘the inland region in the

\,f study area Second]y. heavy concentrations of industries in several

’;~parts of the study area have contributed to. high ioadings of severa] :

-.poi]utants--particuiar]y sulfur dioxide, oxidants, particulates and
ff;,hydrocarbons The plan proposed here is based ona consideration of
irr'7i:hese factors, as well as the cumulative effects on air quality of

; thhe 1arge—sca1e deveiopment of geopressured resources in the study

‘“_oiarea. ‘f°.,‘7'

'“-f-]5;2 Environmentai Setting

.“;General

The ciimate of the study areavis classified as humid subtropical.
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Warm, moist maritime tropical air from the Gulf of Mexico dominates
south Louisiana throughout much of the year. But during winter and
spring especially, the maritime tropical air is displaced by intrusions
of continental polar air. These outbreaks of cold air accur less
frequently during autumn and only rarely in summer.

Due to the moderating effects sof the Gulf of Mexico, there is a
sharp thermal gradient between coastal and inland sites in Louisiana.
This gradient is most notable during winter and can be illustrated by
studying maps of freeze days. The 1969-70 winter, a relatively cold
winter, shows a gradient ranging from 10 freezes near the coast, to
more than 40 freezes near Baton Rouge, approximately 80 miles from the
open Gulf of Mexico. During 1971-72, the same gradient ranged from
no freezes at the coast to 15 near Baton Rouge.

Precipitation is usually associated with the passage of warm and
cold fronts. Heavy intensity showers, usually lasting no more than an
hour or two, occur within squall lines ahead of cold fronts during
winter and spring. General rains of more than 24 hours duration are
uncommon. During summer, precipitation often occurs as brief, heavy
showers and thunderstorms between late morning and early evening, with
each shower covering a very small area. Average annual precipitation
over the study area ranges from 138 cm (55 inches) in thé west up to
162 cm (65 inches) in the east.

Average weather conditions across the study area in an east-west
direction tend to be similar. However, an ana]ysfs of the frequency
and duration of occurrences of synoptic weather types (Muller and Wax,

1977, dsing a classification system developed by Muller, 1977) shows

O
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some differences between Lake Charles in}the western portion of the
study area, and New Orleans in the eastern portion. Figure V-A-1
11lustrates the comparison between the frequencies of synoptic
weather types and percentages of precipitation at both locations.
Table V-A-1 lists the: synoptic weather types and their character-
istics (Muller, 1977).

A variety of tropicalrdisturbances, ranging from weak easterly
‘waves to severe tropical hurricanes, occasionally influence Louisiana
during summer and fall. In'Muller‘s;system these disturbances are
classified as Gulf Tropical Disturbances. :The:east-west variation in
the frequency of this weather type is insignificant.‘ |

A further oOmparison'Ofisynoptic‘weather type properties at
| Lake Charles and New Orleans;soggests that‘the‘average properties of
'veaoh Weather'type*are“similar at'thevwestern and7eastern margins of
?coastal ‘Louisiana (Muller & Wax, l978) This conclusion is par-.

}*ticularly useful because it provides a means for estimation of ueather

i"i?ofproperties at intermediate locations where there are 1ittle to.no

’-%climatological data. It should be noted from Figure V-A-1 that )

tl“l'although the properties of the weather types at Lake Charles and

'~fff New Orleans are similar, ‘the frequenc1es of occurence of the weather

' '%°?4types are somewhat different, there 1s more Frontal 0verrunning (FOR)

:lffand less Frontal Gulf Return (FGR) at Lake Charles than at New: Orleans’

"“”*'7on the average.l N

Further preliminary analyses suggest strong gradients of synoptich

' ’ereather type properties 1n the wetlands near the coast and especially o

£y at:the coastline (Muller &'Wax,»l978). At 0600 EST in October,
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Table V-A-1. Synoptic weather types.(From Muller, 1977).

Name

Characteristics

Pacific High (PH)

Continental High (CH)
Frontal Overruning (FOR)
Coastal Return (CR)

~ Gulf Return (GR)

‘M‘. F?6ntaT Gulf Return'(FGR)',. L

_ GuIf Tropical Disturbances (GTD)

. Westerly winds, fair mild weather; rela-

tively poor ventilation at night.

Northerly winds, fair and cool to cold
weather; low-level inversions and fair to
poor ventilation at night, especially after

~third consecutive day; high-level inver-
- -sions and intermediate mixing heights

during daytime.

Strong northerly winds with cloudy, cool,
temperatures and intermittent precipitation;
windy with good horizontal dispersion, but
with relatively strong inversion aloft.

Easterly winds,;fair'weather, cool to mild
in winter, hot and humid in summer; high-
level inversions during summer and fall

~with fair ventilation in the mornings,
- especially after the third consecutive day.

Brisk~southeaster1y winds, partly cloudy
to mostly cloudy, warm and humid weather;
in the morning poor ventilation in winter,

- fair in summer, excellent ventilation in
“the afternoons.

o 'Strong and gusty southerly winds, cloudy,
~warm,and humid weather with showers, thun-
. -derstorms, and squall lines; fair to good

ventilation in the afternoons.

. Includes weak tropical weather systems over
- the northern Guif as well as tropical storms
...and hurricanes-restricted to summer and fall-

mostly cloudy, warm, windy, and rainy;

- good to excellent ventilation.

- Southwesterly winds, fair and cool to mild
- weather in winter, hot and humid weather in
. symmer with scattered thundershowers; fair
" ventilation at night, good ventilation in
_gtthe afternoons G . ,
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for example, the air temperature at Boothville, located about 96 km
(60 miles) downstream from New Orleans, and nearly surrounded by

. very warm water from the Mississippi River and the Gulf, averages
about: 10°F warmer than New Orleans during the Continental High (CH)
type. During Gulf Return (GR) weather, in contrast, the 0600 CST
temperatures are essentially the same at both locations. In January,
as an additional example, the average temperature at 0600 CST during
the GR type is somewhat Tower at Boothville than at New Orleans,
probably because Boothville is just about surrounded by very cold water
during this season. Henée, the synoptic weather type system permits
interpolation of atmospheric properties by synoptic weather types to
coastal locations with very limited data.

b. Atmospheric Dispersion Characteristics

A general description of the atmospheric dispersion character-

istics of the coastal zone of Louisiana has been presented by Hsu (1976).

He assérts that the ventilation factor, which is the product of the
atmospheric mixing height and the wind speed averaged through the
mixed layer, is inversely proportional to pollutant concentration. A
large ventilation factor, therefore, indicates broad and rapid dis-
persion of po]]utants.

Hsu has also included maps of the mean seasonal and annual mixing
heights and wind speeds. for coastal Louisiana; these maps are small
portions of maps of the United States prepared originally by
Holzworth (1972); the original maps are based on data from 62 locations

across the United States. From these maps it is possible to make some

-
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tentative,judgements about ventilation‘and'dispersion characteristics
in the Louisiana coastal zone, but the very limited data base must
be;keptwfn mind. Perusal of the maps suggests the following general-
izations: -

1) On the average,.ventilation is always greater in the afternoon
than in the morning. | |

2) During the afternoon throughout the year, on the average,
vent11ation tends to be greater inland, at Baton Rouge for example,
than at or near the coastline.

' 3) DUring the:morning throughout the year;.on the average,
ventilation tends to be greater‘at or near the coastline than inland.
4) 1n1and;‘in the morning;'vénti!ation.tends to be greatest

during W1nter and spring and least during fall.
5) ~ Inland, in the afternoon, ventilation tends to be greatest
~ during spring or fa]l and 1east during w1nter |
6) Near the coast, in the morning, vent11ation tends to be
\ greatest 1n fall and 1east during wwnter and spring.

7) Near the coast in the afternoon. vent11ation tends to be

: greatest in fa11 with the other seasons just s]ight!y less favorable

8) Fronlﬂsu s maps _there are not. enough data to judge

V*'Least to west coastal gradients of vent11ation.

The climate and terra1n of southern Lou1siana have properties :

d7*;hwh1ch minimize extended and severe periods of air po11ution From a -

" national perspective, the high 1nc1dence of deep mixing layers and

L hkdre1at1ve1y unstab]e air contr1bute to good dispersive qua11t1es

| ’*ff(Ho]zworth, 1972). In- add1tion,,frequent,precipitat1onvhelps to
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clean the air by washing out suspended particles. In Table V-A-2

the ventilation properties of each of the synoptic weather types have
been outlined briefly. These preliminary estimates could be put on a
more firm basis by means of an analysis of radiosonde data at Lake
Charles and Boothvi]le: _

Despite the apparent advantages of the coastal zone for dispersing
pollutants, certain mesoscale and microscale phenomena might act to
increase pollution concentration in the hearshore region (Hsu, 1976).
In particular, with the existence of a well developed sea breeze/land
breeze system, pollutants could be trapped within the circulation,
which would increase concentrations. Also, the formation of an
internal boundary layer within the sea breeze/land breeze circulation,
due to aerodynamic roughness changes across the coastline, might
increase concentration. However, the apparent general absence of a
well developgd sea breeze/land breeze in Louisiana and the flat
marshy coastal zone, which would dampen the formation of a strong
internal boundary layer, probably diminishes the effect of these
mesoscale and microscale phenomena.

¢. Air Quality Characteristics and Regqulations

Ambient air quality standards in Louisiana are summarized in
Table V-A-3. The state standards are, with few exceptions, identical
to federal air quality standards. There are no state standards for
hydrogen sulfide. The Louisiana Air Control Commission (LACC) has
the authority to adopt and enforce air quality standards in the state.
Parishes and hdniciua]ities in Louisiana do not share these powers.

‘The LACC operates monitoring stations at selected locations

' shown-ih Figure V-A-2. In addition, local industries operate a
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| - Table V-A-2. Estimated disperSidn characteristics of synoptic weather types.

January Ap r11 : July: October

0600 CST _ (A) (B) (A) (8) (A) (B) (A) (B)
PH 2 1.5 2 2.5 - - 2 2
CH 1.5 2.5 2 2 3 1.5 1.5 2
FOR 2 3.5 2 2.5 3 2 3 2.5
CR 2 1.5 2 1.5 2 2.5 2 1.5
GR 2.5 2 2.5 3 3 1.5 2.5 2
FGR 3 3 3 3 3 1.5 3 1.5
GH 2 15 - - 2 1.5 2 1
6D - - - - 4 1.5 4 2
1500 CST |
PH 3 3 3 35 - - 3 2.5
CH 3 3.5 3 4 4 2.5 3 2.5
FOR 2 4 2 3 3 2.5 33
R 33 3 35 435 3 3
&R’ 5 4 5 5 5 25 5 3.5
FeR 5 3.5 5 4 5 2 5 3.5
& 3 3 e 235 3 2.5
'A",,_GTD“_ S L 5 25 £y

| f_ﬂ (A)T'Index of vertical m1x1ng heights over land by synoptic weather types. Sca]e
o from 1 to 5; with 6 representing deepest mtxing 1ayer, and ‘1, shallowest
mixing- 1ayer.. ' , 4

' f(B)f’Index of horizontal dispersion based on average wind speeds at M015ant o
7 Adrport, New Orleans by synoptic weather types. Scale: from 1 to 5; with:
1 representing weakest, and 5, strongest.

~=: . No occurrences of weathervtypes’dUring the month.
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Table V-A-3. Ambient air quality standards: State of Louisiana. (From LACC,‘*§56)

Pollutant Primary Secondary

Sulfur Dioxide

Annual Arithmetic 80 3 ' 3
Mean Jg/m 60 ug/m
24-Hour Maximum 365 ug/m3 260,ug/m3
3-Hour Maximum ---- 1300 ug/m3
Carbon Monoxide -
8-Hour Maximum 10 mg/m3 10 mg/m3
1-Hour Maximum 40 mg/m3 40 mg/m3
Ozone (Oxidant) 3
Annual Arithmetic 58.8,ug/m3 58.8 ug/m
Mean
1-Hour Maximum 160 pg/m3 _ 160 ug/m3
Nitrogen Dioxide
Annual Arithmetic 100 ug/m3 100 ug/m3
Mean
Total Suspended Particulate 3 3
Annual Geometric 75 ug/m 60 ug/m
Mean
24-Hour Maximum 260/ug/m3 150‘ug/m3
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relatively large number of stations and report their data to the LACC.
Almost without exception, both the LACC and industrial monitoring
stations are located near the highly industrialized areas a]ong the
Mississippi River from Baton Rouge to New Orleans and in the Lake
Charles area of Calcasieu Parish. Ambient air data from LACC
"monitoring stations in these areas are summarized in Tables V-A-4 and
V-A-5. A full description of the sampling and analysis techniques
used may be found in the LACC Ambient Air Data Report (LACC, 1976).
On the basis of these data, this region of Louisiana has been

defined a non-compliance area only with respect to ozone. Indeed,
violatidns of the one hour ozone standard occur at all ozoné monitoring
stations. Geopressured energy development is not expected to contri-
bute significantly to the ozone loadings either as a result of direct
ozone emissions or indirectly by the emission of oxidant precursors.
Although the south Louisiana area is in compliance with particulate
and sulfur oxide standards, there is concern over future levels of
these pollutants in the industrialized areas (Coerver, personal
communication, 1977). Continued industrial expansion coupled with
inevitable substitution of liquid and solid fuels for natural gas

will both contribute to higher particulate and sulfur oxide emissions.
The level of hydrocarbon emissions in south Louisiana is of real
concern because qf its contribution to photochemical smog. - However,
emissibns of reactive hydrocarbons and particulates associated with
»geOpressuréd resource development are expected to be minimal.  Poten-
tial emissions of hydrogen sulfide are of prime concern from geo- |

pressure sources. Bécause’of its high toxicity and low odor threshold,
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(Health Unit)

w |
Table V-A-4. Summary of ambient air quality data 1976.
: (Continuous monitoring sites).
Ozone, pg/m3 Sulfur Dioxide, g/m®
Annual Max. ~ Annual. Max.
Arith. 1-Hour Arith. 1-Hour
Map Location Mean Conc. Mean Conc.
No.* : v v .
1 Baton Rouge (LSU) 54.9 394 44,5 162
2 Carville 49 325 ——— ———
3 Garyville — - 13.1 105
4 New Orleans 31.4 231 ——— ——-
(State Office Bldg.)
5 Lake Charles 49 282 26.2 223

* Location numbers, Figure V-A-2. o




Table V-A-5. Summary of ambient air quality data, 1976. (Non-continuous monitoring sites).

Total Suspended

Sulfur Dijoxide

Nitrogen Dioxide

Particulates, pg/m3 yg/m3 ug/m3
Annual Max, Annual Max. Annual Max.
Map ' Geometric 24-Hour Arith. 24-Hour Arith. 24-Hour
No.* Location Mean Conc. Mean Conc. Mean Conc.
Baton Rouge
6 Evangeline 54 109 27.1 162 51.1 102
7 LSuU 47 155 1.9 20 37.2 74
8 Carville 37 92 2.5 14 17.4 49
9 Geismar 35 46 1.6 6 26.8 61
10 Garyville 43 100 1.9 16 18.5 73
n Harvey 62 121 1.3 6 47.1 m
12 ~ New Orleans
Algiers Pump. Sta. 40 68 --- -— -—- ---
Civil Court Bldg. 62 119 1.3 6 19.4 48
Fire Station 5 37 90 --- -—- - ---
Pumping Station 3 60 176 -—- -—-- -—- ---
Pumping Station 4 40 97 -—— - - ---
Water Purification Plant 67 126 .- --- --- -
Woodland Place 57 126 --- -—- --- ---
13 Lake Charles
. Health Unit 55 154 1.5 13 42.7 77
McNeese 42 117 1.7 19 25.3 53
14 Westlake 49 136 1.5 9 30.9 50

*Location numbers, Figure V-A-2.

C

L




145

tight controls will be necessary. Therefore, geopressured resource
deve]opment*is~not'expected to contribute significantly to ambient
suifur~oxide concentrationsr The atmospheric emissions subject is
covered in moresdetaii in Section V-A-3

| The areas for which reasonably compiete ambient air data are
avai]ab]e 1ie,'in generai, on the edges of the”potentiai geopressured
development area. Most of the geopressured prospectvsites are in rural
areas relatively far removed from industriai development No permanent
air monitoring stations exist in these areas and only very Timited

data are available as a resuit of special studies. As a result of a
fairly exhaustive search three specia] ambient air studies having
direct appiication to the geopressured prospect area have been located.
- Two 1ndustria1 studies performed by Cabot Corporation in St. Mary Parish
| and by Ashiand Chemicai Company in Iberia Parish at the request of the
Louisiana Air Control Commision do. provide 11mited background S0,

~1data In addition. Radian Corporation conducted a more compiete three

“”fmonth air monitoring program at nine iocations under the sponsorship of

i i“the Environmental Protection Agency Region VI office in Daiias

fFigure V-A-3 shows the iocations of these speciai studies.

Cabot Corporation operates a carbon biack piant in St. Mary Parish.v

"°'”V:'near the town of Frankiin, Louisiana approximately 88 km (55 miies)

~f‘:south-southwest of Baton Rouge. As a provision 1n their emissions

”v7il permit, the LACC required Cabot to: undertake a rather extensive 502

/‘3f;ambient air monitoring program extending approximateiy from March 1976 ‘

”°Vf7through Juiy 1977. ‘Both 3-hour maximum and 24-hour average concen-

-ftrations were monitored -On only one occasion, May 27, 1976,vwas

: :the 24-hour secondary standard of 260,ug/m exceeded ~ The three
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hour maximum secondary standard of 1300 ug/m3 was closely approached

on both May 27 and May 28, 1976 but never exceeded. Cabot officials
attribute the abnormally high concentrations during this period to a
barge collision on the Gulf Intracoastal Waterway very near the ambient
air monitor. During normal conditions, the maximum concentrations
noted were approximately 70% of the secondary standards with the |
majority of the individual readings showing less than 20% of the
standard (Beck, personal communication, 1977).

The Ashland Chemical Company was required by the LACC to monitor
ambient SO levels during 1975 and 1976 near their carbon black
facility in Iberia Parish near New Iberia, Louisiana. Only 24-hour
average values were reported. The single highest value of 115 ug/m3
was approximately 32% of the primary standard and 45% of the secondary.
The second highest value was 61 ué/m3 while most daily readings
were below 20 ug/m3 (Minott, personal communication, 1978).

The final source of ambient air background data was obtained
from monitoring work carried en by Radian Corporation at nine south
Louisiana locations during 1976. This work was sponsored by Region
VI of the Environmental Protection Agency. Nitrogen oxides (NOy),
nitric oxide (NO), nitrogen dioxide (NOZ), sulfur dioxide (502), ozone,
and particulates were monitored along with key meteorologica]vparameters
such as wind speed, wind direction relative humidity, precipitation and
solar insolation (Radian Corp., 1977). The location of the nine

stations is shown in Figure V-A-3 and selected data is presented in
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Table V-A-6. While this data is limited in duration it does reinforce
the concern previously expressed with respect to ozone loadings, and

to a lesser degree, particulate loadings.

3. Potential Environmental Impacts

Potential impacts on ambient air quality from geopressured
resource development in the study area are discussed below. The
identification of these potential impacts and their relative signifi-
cance in the study area is based on the description of the proposed
activity and resource characterization (see Section III) in view of
the environmental setting of the study area, as described above. In
addition, interviews with representatives of regulatory agencies,
research and planning groups, and industries were used to identify
impacts and assess their relative significance.

In general, impacts on air quality from development of the
resburce are expected to be minor and localized. The significance
of air quality impacts relative to potential impacts on ecosystem
and water quality and relative to the effects of subsidence, is
considered by the LSU investigators to be very low.

This assessment could change as new data become available on

the chemical properties of the geopressured fluids. As discussed

in detail in Section III, we must consider the physical characteristics

of the geopressured fluids to be largely unknown at this time.
Because much of the data currently avai]éble was originally collected
for other purposes, it cannot be used with confidence in the assess-

~ment of air quality impacts. However, control technology exists and

-

o



Tab]e V- A-6. Average concentrat1ons (mo/m3) of selected po]]utants in south Louisiana. (From Radian
5 Corporation, 1977) :

ap  Site Pol]utant oy - Mg - Sept. 1- Oct. 1-

o,k L e ; Sy 31, 1976 Aug, 31, 1976 Sept. 30, 1976 Oct. 17, 1976

St. Gabriel ~5N1trogen 0x1des 8.7 - 8.6 19.6
BRI ‘Nitric Oxide 3.1 1.3 3.6
 Nitrogen Dioxide : v . 5.6 4,2 15.6
. Sulfur Dioxide . v .0 .0
Ozone -~ : o 87.3 78.6 100.4
» ,‘Particu]ate o e 55.5 44.3 50.3
8 ~St. Alma “";Nitrogen Oxides ‘ - 3.6 2.9 5.4 5.4
coe ~ Nitric Oxide . 0.3 - 0.6 1.2 1.0
- Nitrogen Dioxide 3.3 . 2.2 4,2 4.5
- Sulfur Dioxide 0.1 0,2 0.5 - 3.4
- 'Ozone . AR 69.7 58.5 66.2
%,~Part1cu1ate f-“‘ i '46.3 41.3 38.2
|9 Norco : Nitrogen 0x1des ' - 21.5 29.1 23.2 40.7
ot L ~Nitric Oxide 9.6 6.3 8.1 17.5
" Nitrogen Dioxide - 15.6 24.0 15,7 19.9
- Sulfur Dioxide e - 9.6 3.5 6.6
~Ozone . 3 60.8 54.4 ‘
Particulate o[f 53,7 69,V 63.9 85.3
20 Galliano ':N1trogen Oxides 10.0 5.6 5.7
o ‘Nitric Oxide 2.4 2.4 2.0
‘Nitrogen Dioxide 7.6 3.1 3.8
0 Sulfur. Dioxide 2.3 1.0 0.4
- 0zone S . . S 84.3 78.0
Particu]ate 5 ‘ , 42,5 1.3
21 NASA Nitrogen Oxides - 31.9 16.1 15.9 31,2
SR Nitric Oxide 7.5 - 5.8 4.7 8.9
Nitrogen Dioxide - 24.4 11.0 11.2 22.3
.\Su]fur Dioxide 1.2 3.5 2.6 4.4

21



- Table V-A-6, continued,

Map  Site Pollutant July 17- Aug. 1- Sept. 1- Oct. 1-
No.* : ' July 31, 1976 Aug. 31, 1976 Sept. 30, 1976 Oct. 17, 1976
0zone 70.5 76,0 88.7
Particulate 58.7 59.5 45.7
22 Morgan City Nitrogen Oxides 7.0 11.5
Nitric Oxide 4.5 5.0
Nitrogen Dioxide 2.6 6.6
Sulfur Dioxide .0 4.0 0.7
Ozone 78.2 771 7.7 95.3
Particulate 65.1 82.4
23 St. James Nitrogen Oxides 30.6 29.1
Nitric Oxide 11.8 12.2 20.1
Nitrogen Dioxide 18.8 16.8
Sulfur Dioxide 20,2
Ozone 69.6 84,7
Particulate 57.4 76.7 82.9
24 Vinton Nitrogen Oxides 19.6 16.5 12.2 22.3
Nitric Oxide 6.5 5.4 2.4 5.9
Nitrogen Dioxide 13.1 11.1 9.9 16.3
Sulfur Dioxide 1.3 0.7 0.9
Ozone 53.1 60.0 73.9
Particulate 42.4 46.8 43.5 41.5
25 Lafayette Nitrogen Oxides 10.6 9.1 10.6
: Nitric Oxide 3.2 3.9 4.6
Nitrogen Dioxide 7.4 5.1 5.9
Sulfur Dioxide 0.3 2.1 0.7
Ozone 69.7 95.1 71.7 75.5
Particulate 47.5 56.9 45,2 59.6

* Location numbers, Figure V-A-3.

(:T
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can effectively ameiiorate:problemSWassociated with atmospheric
emissions during normal operation of‘geopressured‘weiifieids and plants.
Large-scale development of geopressured resources. in the study
area is not expected to have a serious cumulative jmpact on air
quality. Many of the prospect areas are in rurai settings re]ativeiy
far removed from industria1 deve]opment Energy piants will be small
and scattered. A wellfield 130-160 km& (50-60 mi2) in extent will sup-
port an energy piant'with a generating capacity of 25 MW. Only
when the addition of geopressuredspower piants:add pollutants in areas
with high poi]utant Toadings, will signifiCant air‘quaiity impacts
arise. Two areas w1thin the study region contain both geopressured
prospects and industr1a1 concentrations--the Lake Charies area and
the Baton Rouge-New Orieans corridor. The speciai probiems of these
areas are discussed in Section V-A-Z. N
| Impacts of concern 1n terms of air quaiity are discussed be]ow
.'It shouid be noted that impacts from activities anciiiary to resource
; recovery--i e. industriaiization, residentiai and commercia] activity--

s‘are beyond the scope of this study

Site Preparation and Construction

Air qua]ity degradation caused by site preparation and construc- s

:Vitg'tion activities shouid be both minimai and Tocalized. Particuiate

" ‘_ievels may be increased near sites where extensive grading, 1eve1ing,

‘\’7iffu%and filiing is required Localized noise probiems associated with -

e ffbfoperation of heavy equipment both during site preparation, plant

‘15r;fconstruction and well dri]ling may materiaiize._ Emissions from
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internal combustion engines used during site preparation, well
drilling and construction of the energy plant should not add sig-

nificantly to ambient pollutant levels.

b. Wellfield and Plant Operation

Adverse impacts on air quality during normal operating conditions
are expected to be minor and localized. A detailed discussion of
the type and extent of emissions associated with each major processing
step in the gas separation and power generation operations has been
presented by Wilson, et al. (1977).

Steam plumes from wet €ooling towers will be the most obvious
atmospheric emission from the facility. This emission can, under
certain atmospheric conditions (at night, especially when the FOR,

CR, GR, and FGR weather types are in effect), cause localized fogging.
The problem is expected to be relatively minor and quite similar to
cooling tower emissions from many other industrial sources in the
study area. The relatively small size of the power plant will

tend to limit the adverse effects to a relatively small area. The
actual emission will be air and entrained water droplets. The water
droplets will contain relatively high TDS levels and small amounts

of any chemicals used as corrosion inhibitors or fungicides, which
would be harmful to vegetation in the area of contact (Wilson, et. al.,
1977). |

Atmospheric hydrogen sulfide emissions are of major concern in
many of the world's geothermal resource areas. The very low odor
threshold makes even small amounts of HpS immediately evident. As

preViously discussed, the‘HZS levels in geopressured fluids must, (EJ
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at present, be treated as an unknown. If the fluids are free of H,S,
‘then there is no potentiai for air emissions. If appreciable HpS levels
are found, then control technology must be included as an integral
portion of the gas separation/power generation plant. Processes for
the removal of H2$ and recovery of elemental su]fUr}are»commerciaily
available. Both the.naturai'gas~andfpetr01eum refining industries
operate processes capable of recovering 99.9% of the feed sulphur.

If a problem does materialize, it can be controlied during normal
operation sufficiently to meet standards. While neither federal nor
Louisiana ambient'air standards have been set for-st, such standards
are likely to be promuigated in the near future--certainly on the

' federai 1eve1, California has established a one-hour hydrogen sulfide
standard of 42 ug/my. In addit10n.~Texas has defined a 30-minute

net downwind concentratiOn-standard of 0 08 ppm in residentiait =
business, ‘and commercial areas and 0. 12 ppm: in other areas. The net
‘downw1nd concentration is. defined as the downwind concentration

"minus the upwind concentration (Texas Water Quality Board Standard

: i pReguiation 11, Rule 203)

Localized noise prob}éms may also occur during normal p]ant
‘operation Fans, motors, pumps and compressors are a11 n01se gener- ,
'fators “and may cause 1oca1 nuisance problems.< Considerabie noise |

i’:f‘may be expected from the high pressure vapor-]iquid separation units.

uf"i“fNoise abatement equ1pment may be required to ame]iorate these

‘\°5quprobiems Again. noise probiems of the magnitude and type anticipated i

’QfFin geopressured deve]opment are expected to be quite simiiar to

t’those encountered in many of the area’ s industries
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The overall degradation of air quality during normal operating
conditions is expected to be both small and localized. This assumes,
of course, that control technology will be included for HZS if
necessary.

c. Accidental Qccurrences

Atmospheric emissions associated with major accidents, eithér in
the geopressured well field or the gas separation/power plant, can
be much more severe than during normal operating conditions. Such a
statement is true for many of the region's industrial activities.

Accidental occurrences can never be completely eliminated,
although proper design and maintenance practices can minimize both
the frequency of occurrence and the adverse impact associated with
the event. A major accident could result in the direct discharge
into the environment of large volumes of high pressure, hot water.
Air quality impacts would be largely those previously mentioned--
fog, hydrogen sulfide, and noise, although in potentially much

greater quantity.
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B. . DATA REQUIREMENTS AND AVAILABILITY

1. Data Requ1rements

Data requirements for' the 1ong-term assessment of -potential
impacts on air quality are summarized in Table V-B-1.. The air
pollutants to be measured both before and after development activ-
ities begin include-those likely'to be emitted in signfficant
quantities from a geopressure operation; i.e., hydrogen squide,
ammonia, and carbon dioxide; those likely to be involved in the
» transformation of HZS to §0,,. i.e., ozone and particulates; and those
- for which ambient air quality standards have been established.
éommerciaT*instruments:are available to provide for continuous
monitoring of each of the gaseous pollutants.v'PartiCulate sampling
shou]d be conducted on a-freouent periodic basis Selected particu-

late samp]es shou]d be. co]]ected, returned to the 1aboratory, and

| 3.subaected to detailed elementa] and sulfate analysis as well as

~ particle size distribution

Rad1o]ogica1 monitorinq is thouqht necessary strictly as a

"'7ﬁffprecaut1on. As. prev1ously d1scussed (Sect1on I1I- C), radiologlcal -

'r'analys1s of fluids from the Delcambre we11 revealed radon concen-

1vvtration above expected background levels If additiona] geopressured

”(tszluid test1ng confirms sign1f1cant levels of rad1oact1V1ty, th1s -

"'fiphase of the monitoring wil] need considerab]e expansion On the

‘ other hand if fluid rad1oactivity levels are found to be ]ow, this:

‘n"7*;phase may. be term1nated once ‘the background levels are measured

,,—Meteoro1ogica1;and source ‘emission datafshould be utilized '

‘*Vagin'appropriate dispersionfmodels»tOﬁpredict the impact which may
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Table V-B-1. Data required for assessment of impacts on air quality. (-

Pollutants

*Sulfur Dioxide

Hydrogen Sulfide

Total Sulfur

*Qzone

Ammonia
*Nitrogen Oxides (Nox, NO,,
*Carbon Dioxide 2
*Total Particulate
*Hydrocarbons

NO)

Radiological

Gross Alpha
Gross Beta
Radon

Meteorological

Wind Direction
Wind Speed
Precipitation
Relative Humidity
Solar Radiation

*Air qulaity standards are in effect for these pollutants.
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result from various scenarios associated with long-term geopressured
energy development, and at specific sites. A variety of computer
models to accompiish thisipurpose have been deueioped., A brief
description of’one set of such models deve]opedﬁby.the Environmental

Protection Agency is provided below.

1) Climatological Dispersion Model (COM). Determines long

term (seasonal or annual) quasi-stable pollutant concentrations at
any ground-level receptor using average emission rates from point
and.area.sources.and‘a.joint‘frequency distribution of wind direc-
~ tion, wind speed, and stabiiity for the same perjod (EPA, 1973).
~2) PIMAX. An:interactive prOgram which performs an analysis
of the maximum, short—term concentration from a point source as a
function of stabiiity;and Wind'speedr(Turner and Busse, 1973)
'v'3) PTDIS. An interactive program which computes short-term
concentrations downwind from a point source at distance Specified
by the user (Turner and’ Busse, 1973). ¢
| 4) PTMTP An interactive program which computes at multip]e
ji receptors short-term concentrations resuiting from mu]tiple p01nt 7

"fsources (Turner and Busse, 1973)

It is important to note that this set of programs has proven

°‘~ito be quite reliable in other Louisiana studies (_Fieider and Harrison,

' ‘5571977) The level terrain and the relatively straight‘wind patterns g

‘“5if7are thought to be an important yeason for the apparent reliability

The more genera] meteoroiogical characteristics 1isted in

":Tabie V-B- 1 “as well as an historical record of pollution episodes




158

and emission inventory, Wi]] provide data for mesoscale studies. to
assess air pollution dispersion potentials. These studies will be
necessary to assess the air quality impacts of full-scale geopfessured

resource development.

2. Data Availability

The ambient air quality data available from LACC monitoring
stations and .as a result of special studies were reviewed above in
the discussion of air quality characteristics and regulation. Data
from these stations and studies will not provide sufficient information
for assessing air quality impacts from geopressured resource develop-
ment. As noted above, the areas for which ambient air data are
available lie on the periphery of the potential geopressured develop-
ment area. No data are ayailabIe routinely for the Louisiana coastal
marsh areas which include a number of prime geopressured prospects.

Coverage in terms of meteorological and climatological data
useful for mesoscale atmospheric dispersion studies is somewhat better,
but data are still lacking for microscale analyses. The best routine
meteorological and climatological data in the study area are found in
the publications of the National Oceanic and Atmospheric Administration
(NOAA). _These are available primarily from the National Climatic Center
(NCC) at Asheville, North Carolina. Data in these'publications are
from the first-order and cooperative stations of the National Weather
Service. Pertinent data is collected and sometimes pub]isbed’by

other federal organizations such as the U.S. Army Corps of Engineers;
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the Federal Aviation Administration; the U.S. Army, Navy, Air Force,
and Coast Guard; U.S. Fish and Wildlife; by state agencies such as
‘ the Louisiana Forestry Commission and.the Louisiana Department of
Wildlife and.Fisheries;,by universities,'munieipat agencies, and
private citizens. | |

The National Weather Service first-order weather stations in
the study area are located at Lake Charles Municipal Airport,
Baton Rouge Ryan Airport, New Orleans Moisant Airport, and at
Boothville in the 1oWer delta of the Mississippi River below New
Orleans. Hourly observations by well-trained personnel are taken at
the first-order stations, and much of these data are published
in various formats (Table V-B-2). These are,the data which Muller
has reorganized by synoptic weather types as his‘baseline sitesA
(Muller, 1977). 'The,firSt—order»station‘data go back into the decade
of the'1950's'without major‘station're]ocations,oeXCept at Boothville
‘where the stationswas’relotated‘from Burrwood in 1965 after the

‘destruction wrought by Hurrlcane Betsy These. datafare available

'7?ifor mesoscale atmospheric d1spersion analyses, but solar radiation

is measured only at Lake Charles. |
The Natlonal Weather SerV1ce a1so maintains a network of
' cooperative stations where da11y maximum and minimum temperatures

ﬂiand dai]y precipitat1on are measured In the entire state there

"aiare about 150 of these stations but there are SO few of these

- stations in the coastal wet]ands that it is even difficult to estab-
"11sh f1rm1y the grad1ents of mean temperature and precipitation

- ‘near the‘coast. A few of these cooperative stat1ons are a1so equipped
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Table V-B-2. Meteorological data collected at National
\ Weather Service first-order stations.

Hourly surface observations of:

Air temperature

Wet bulb temperature
Dewpoint temperature
Relative humidity
Wind direction

Wind speed

Sky cover

Ceiling

Cloud types
Visibility
Precipitation types and amount
Pressure

Solar radiation (Lake Charies only)

Radiosonde data--temperature, pressure, humidity, wind direction
and speed aloft (Boothville and Lake Charles only).
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with a recording rain gaugefin order that precipitation can be
published on an hourly basis. .The'cooperative station data are not
adequate for:microscale analySes of atmospheric dispersion, but
these data;have been utilized to establish coastal temperature and
precipitation gradients by synoptic weather types (Muller and Wax,
1978). - '

Other federal and state agencies obtain some climatic data in
the Louisiana wetlands. At Coast Guard stations, for example, air
temperature, and wind speed and direction are recorded every three
hours, and usually precipitation,once»every 24 hours. The National
Climatic Center at Asheville, and their unofficial representative
in the state, Dr. Robert A. Muller, Dept. of Geography, Louisiana
State University, Baton Rouge, maintain inventories of most of the
climatic data of the state.“,Available'publications giving meteor-
ological'and climatological'data fof Louisiana are as follows:
”H}Climatological»oatai Louisiana. mNational Climatic Center,

sheville, NC, 28801. Published monthly and annually. ,

Includes dafly precipitation at nearly 150 first-order

. and cooperative stations, daily maximum and minimum temper-
- atures at about 75 stations, daily maximum and minimum
. s011 temperatures at 8 stat1ons, and da11y evaporation ,
-at 5 stations.
ﬁ;Loca] C]imatolo ical Data Nationa1 Climatic Center.m :
T . Published monthly and annually for
. the first—order stations at Baton Rouge, Lake Charles,
"+ and New Orleans, The publication includes a selection :
of data at 3-hour intervals, including air temperature,
- dewpoint ‘temperature, re1at1ve ‘humidity, wind direction

5ffi¢jand speed, cloud cover, ceiling, and visibility. Hourly
:ifprecipitation are also included. - Observations for every .

b L]V;hour are available on. microf1che and computer tapes.

,‘f'C]imatolo jcal Data,.National Summary National Climat1c
‘Data, Asheville, NC, 28801. Published monthly and. annua]ly
~~This publication includes daily solar radiation data
. for Lake Charles and mean monthly radiosonde data for
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Boothville and Lake Charles (mean monthly temperature,
humidity, wind speed and direction, and pressure at ten
or more levels of the atmosphere).

Index of Original Surface Weather Records, Louisiana.
National Climatic Center, Asheville, NC, 28801. Index
of hourly, synoptic, and autographic data on file at

the National Climatic Center, including some data not
published by NOAA agencies. Arranged alphabetically, by

year, and by latitude.
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C. PLAN FOR THE Acgursnmn OF DATA_FOR THE ASSESSMENT
Jﬂi._QIENII£1_1ﬂﬂLLBQﬂﬂﬁlﬂlﬂ._lMEASJ}iJMN.AJR.£EHM.EII_.

1. Fixed Location Monitoring StatiOns

Clearly, the ambient\air4Qua1ity data previously discussed is
'insufficient to provide a true measure of the air quality baseline in
the rural portions of the geopressured prospect area.

It is recommended that threerfixedyfocation*monitoring’stations.be
installed at the approximate sites shown in Figure V-C-1. These sites
should be fully operationai at;leasttone*year'prior'to the first
anticipated geopressured activity.v A11 stations should be fully
equipped to obtain meteorologicaivdata.

~ The recommendedsites,provide'good east-west coverage of the
geopressured‘prospect area and each,is located near currently defined
prime prospect 51tes. The CameronﬂParish monitoring‘station should be
located approximately due south of Lake Char]es s0 that previous air
qua11ty degradation caused by that industriai center may be measured.
_ :Air qua]ity impacts from Lake CharTes industries will be most apparent
~ during the' CH and FOR synoptic’ weather types. During the—CR GR, and :
”"_FGR types the "natura]" background of properties of air off the Guif

. of Mexico can be monitored (See Table V-A-i for the characteristics of

"‘ZVHV‘synoptic weather types)

The Vermi]ion Parish monitoring station should be iocated north

’ "}of Pecan Isiand The site is far enough removed from maJor industrial

i'_ﬂareas SO that the baseiine data shouid represent conditions during a]i

"f’%tweather tyoes without the siqnificant influence of. 1ndustria1 activities.
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The Terrebonne monitoring site posséSses many of the"same_proper-

ties as the Cameron Parish-site. It should be located approximately

80-100 km (50-60 miles) southwest of the majOr:industrial concentrations
along the Mississippi River near New 0r1eans,‘and‘may show;present
air quality degradation becaose of those activities.

The exact location of these stations will be specified once
budgetary approval has been obtained. Factors to be considered in
specifying the exact'site location include proximity to’current point
sources, the availabi]ity of land (preferably acce551b1e by road) and
the availabi]ity of electric power |

Parameters to be measured at these stations were discussed above

in Section V-B. Table V- B 1 gives a 1ist of these.

2. Program Costs and Reporting ,
It is suggested that thedair quaiity?monitoring program

vrecommended'here be contracted to a company‘Specializing in'such work.

, 'A number of companies are current]y active in work of this type through-

o out south Louisiana " Such a contract should be awarded on. the basis of - n

competitive bids'with ‘the supplier assuming full responsibi]ity for

d»,;»1Site'deVelopment;dinstalIatiOn;foperation; and»maintenance”of_inStruf

'ments and reporting. MOnthlyaand‘annuaihreports onld-be needed :Both |

"ef:raw data and the monthly and annual reports shou]d be transmitted to R

‘;,that organization hav1ng responsibility for overali geopressured

‘*~=f;energy development environmental impact assessment
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It is estimated that such services can be obtained for approxi-
mately $150,000 annually per land-based station. Off-shore sites will
require special data telemetry capabilities and will incur added costs
associated with site access by boat or helicopter. A total annual cost
of $450,000 for air quality monitoring is estimated. Dispersion
modelling studies are not included in this cost estimate. It is recom-
mended that dispersion modelling work be conducted, or at least coor-
dinated, by that organization responsible for the overall enyironmenta]

assessment.

3. Site Specific Monitoring

In recommending these three baseline stations, we are in no way
implying that no additional air quality monitoring work will be needed.
The stations are intended to provide necessary baseline data only. Once
specific sites have been selected and operations initiated, additional
fixed monitoring stations may be needed. In addition, once geopressured
operations begin at a certain site, it may be highly desirable to con-
duct mobile testing to determine such parameters as upwind and down-
wind concentrations. Emission testing from geopressured operations

will also be necessary.
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' VI. WATER QUALITY

Data Requirements and Ava11ab111ty

, Plan for Acquisition of Data for the Assessment of','
ot ‘Potential Environmenta] Impacts on water Quality
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VI. WATER QUALITY

C. F. Bryan, R. A. Muller, R. E. Wilcox,
J. P. Newman, R. K. H11ang, and K. J. Cunningham

The purpose of this section is to provide the rationale and plan
for the assessment of potential environmental impacts to water quality

from geopressured resource development in Louisiana.

A. RATIONALE

1. Introduction

The discussion in this section focuses on the impacts on surface
water and ground-water quality from two general occurrences that could
take place in the course of geopressured resource development. First
is the direct introduction of suspended and dissolved materials into
receiving waters as the result of either planned activities or accidental
eventsr Second, the hydrologic changes that could result from construc-
tion activities and from subsidehce induced by'production of the
gedpressured fluids will be reviewed here, These include changes in
water circulation and drainage patterns, and salt and freshwater intrusions.
The subject of the effects of water quality andAhydrOIOQicvchanges on the
biota of the study area is reserved for the section on ecosystem
- quality (Séction VII); : ,

e Itjhas been asSQﬁéd~for‘this'study that suitable aquifers for sub-
surface disposal of fluids aré;availéble; ‘Therefore, the location of
".sUitable»aquifersfisfnof a part of the proposed p]an’forfassessing
]bedﬁ&;wétér‘imﬁacfs;*zlmpacts‘oh ground-water quality arising from

overpréssuring”disposélfaquiférs‘and'bthé}-accidenta1xoccufrences are

identified here, however.
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The rationale for the plan proposed here is based on both the
description of the proposed activity and resouree characterization
presented in Section III; and on a consideration of the cumulative
effects on hydrologic patterns of large-scale development in the

study area.

2. Environmental Setting

a. Surface Hydrology

Three broad geographic divisions cén be made of the surface
hydrology in south Louisiana: (1) the Mississippi River and its
distributaries in the eastern part of the study area; (2} the local
drainage systems in the western part of the study area; and (3) the

local drainage into Lakes Pontchartrain and Borgne. These three

divisions have been further divided into 9 drainage basins(Figure VI-A-1).

The Breton (hydrologic unit II), Lower Delta (III), Barataria (IV), and
East and West Atchafalaya basins (V and VI) are associated with the
Mississippi River system. The natural levees of the Mississippi River
and Bayou Lafourche act as drainage divides. The Atchafalaya River
levees separate East and West Atchafalaya floodways north of Interstate
10. During low water east and west floodway basins drain into the
river; during high water the river overflows into the Tower basins
below Interstate 10. Only historical floods inundate floodways north
of Interstate 10. Several rivers such as the Pearl, Tangipahoa, and
Amite, drain into Lakes Ponchartrain and Borgne (I). The Teche drain-
age subdivision also includes the Vermilion River drainage (VII).

The Mermentau (VIII) and Calcasieu (IX) are the remaining drainage

systems.
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In general, wetland regions in Louisiana are interlaced with
bayous and with canals dug for access and navigation. Numerous small
lakes, as well as large ones like Lake Calcasieu, Grand Lake, and
Lake Salvador, dot the coastal portions of the study area.

Natural drainage is generally southward toward the Gulf. However,
drainage is frequently diverted or intercepted by flood control
structures, channelization, canals, and the like. Interception and
diversion of local drainage channels within swamps and marshes of
wetlands simply results in a very local redirection of slow-moving sur-
face water. However, there are a number of indirect and inadvertant
consequences of access and navigation canals which have profound
impacts on wetlands.

Canals which reach estuaries or the coastline permit intrusion of
saline or brackish water far inland into zones which normally would be
fresh; consequently, the flora and fauna gradually respond to the al-
tered environments, and obligate fresh-water species are replaced
with other, more euryhaline, species.

Spoil banks tend to impede drainage from adjacent swamps and
marshes into canals, and in some cases, accidental impoundments with
very restricted surface drainage and minimal circulation are produced.
The flora and fauna of poorly-drained areas and impoundments are altered
dramatically, and usually for the worse from an environmental perspec-
t}ve. Nevertheless, the spoil banks, if large enough and well drained,
serve as "islands" where exotic flora and fauna can be established.

In addition, canal dredging converts swamp and marsh instantly to
open water. Subsequent erosion of canal banks, especially by wash

from passing boats, results in an ongoing but gradual “"land loss".
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Some of the marshes have been criss-crossed by $0 many canals for
various purposes thet wetlands have been converted essentially to
broad bays and lakes within just'a.few years.

In southwestern Louisiana, canals have been dug across the grain of

the natural drainage of the PieistoceneuTerrace. These canals divert

both'surface weters.and-ground:water for rice production. Conse-
quently, natural flows in local streems and rivenSVbecomevmore
variable. ,

Rainfall in south Louisiana is usually ebundant and fairly
evenly distrubuted through the year. Periods»of moisture deficits--
water shortage for vegetation--have occurred, nevertheless, espe-
cially during’the hot summer months when evapotranspiration rates are
hfgh,,and intorautumn when rainfall tends to be lower'than other
seasons. Southwest Louisiana seems to be more susceptible to deficits,
~which have on occesfon-been‘as,much as 46 cm (18 inches) in a yean.
Winten-Spring surplusesffon runoff have averaged fron 35 cm (14inches)
“near-the coast to over 50 Cm‘(ZO inchesf41n1and'(Mu11er,'1975)

The hydro]ogy of the coastal wetlands has special characterist1cs.

O Flow rates -are considerany s]ower than “in open streams and are

' often influenced by wind and tides. Although there is a net dis-
‘}1charge of water: Gu1fward, reversals occur which result in salt water
k 1ntrusions Sa11n1t1es grade from fresh to brackish to saIt 1n

; rmarshes depending on fresh water input. During dryervyears sa]in-

"e:-ities 1n wet]ands 1ncrease as brackish and salt waters encroach 1n-

“i;fland During wetter years the opposite s1tuation occurs. These |

‘T"shifts have an 1mportant impact on wetland ecosystems.
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b. Ground-Water Hydrology

Aquifers containing potable water in Louisiana are found in geo-
logic formations ranging in age from P]iocene-éMioqene to Holocene.
Ground water in the state is usually associated with sand or sand and
gravel deposits. Salt-water encroachment in coastal areas, caused
by the lateral and/or upward migration of salt-water, is always a
probiem. Reversal of contamination is difficult to correct and may
require pumping fresh water back into an aquifer.

Miocene fresh-water aquifers are confined to a broad eastward
trending belt in central Louisiana (Figure VI-A-2). The Miocene
strata consist of lenticular beds of fine to medium sand interfin-
gered with silt and clay. Approximately 30° 30' north latitude is
the southern limit of fresh water and'represénts the'boundary between
fresh water and connate salt waters which, by natural processes, are
being flushed southward or downdip within the aquifer (U.S, Army
Corps of Engineers, 1976).

Pliocene fresh-water aquifers are limited to an eastward
trending belt in south central Louisiana (Figure VI-A-2). The sedi-
ments are fine-grained lenticular, deltaic sand, clay and silt, which
are lignitic and slightly calcareous. The boundary between fresh
water and connate salt water is approximately 35° 25' north latitude.
F]ushing of the connate salt water (southward) is still occurring as
in the Miocene series (U.S. Army Corps of Engineers, 1976).

Fresh water within the Quaternary system occurs throughout most
of south central and northeastern Louisiana (Figure VI-A-2). Approx-
imately two-thirds of all ground-water withdrawals in Louisiana are
from Quaternary sediments. The Pleistocene strata are composed of

a gulfward thickening wedge of deltaic sediments and thin deposits

C
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Fig. VI-A-2. Maps illustrating the availability of fresh ground-water in
e ... — .. south touistana. (From U.S. Corps of Engineers, 1976).

GULF OF MEXICO

Map showing the approximate area where rocks
of the Quaternary system contain fresh water.
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© Map showing the approximate areas where rocks
~ of the Pliocene series contain fresh water. - .

. GULF OF MEXICO T

e Map shoWing“the approximate area where rocks
of the Miocene series contain fresh water.




of stream terraces and valley fills. The Holocene sediments form
a thin veneer of sand, silt and clay. Fresh water is generally
limited to north of the 30° North latitude except for fresh-water
lenses contained in minor sandbars (U.S. Army Corps of Engineers,
1976).

c. MWater Usage

Surface waters of southern Louisiana are used for many
commercial, industrial, municipal, agricultural, and recreationa]
purposes. The Gulf of Mexico and many of the bays and estuaries
are rich commercial fishing groqnds for finfish such as menhaden, and
shellfish such as shrimp, oysters, and crabs. Crawfishes are "farmed"
in artificial ponds, mostly in the south central and southwest parts
of the state. The overwhelming portion of water used for agricul-
tural purposes goes into irrigating rice fields in southwest Louisiana.
The demand exists only between April and September; no utilization
occurs in other months.

Most surface waters for industrial processes, cooling, and dilution
of waters are drawn from the Mississippi River from north of Baton
Rouge to New Orleans where a concentration of chemical, petroleum,
and primary metal (mostly aluminum) plants have been established. Al-
most all municipal water supplies in southeastern Louisiana are
dependent on such surface waters as the Mississippi River, Bayou
Lafourche, and Gulf Intracoastal Waterway. Other sections of south
Louisiana rely on ground-water sources (Louisiana Department of

Public Works, 1969).
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Natural waterways have been-welI developed for navigation,
and. thousands of miles of canals-for*just’about*eVery purpose have
been dredged across wetland swamps and marshes. Coastal waters
and wetlands of Louisiana also offer major recreational opportunity
where'fishing and boating can be enjoyed practically year'roundT

Ground water is used for a variety of purposes in sauthern
Louisiana, including domestic usage, industrial usage, livestock and
agricultural needs. In southwestern Louisiana, three-fourths of all
ground water pumped is used:forvricedirrigation.. Industrial and
agricultural development has increased in southern Luuisiana,.creating
a heavier demand on ground-water resources (U.S. Army Corps of
Engineers, 1976). | ' |

~d. Water Quality Characteristics and Regu1ation

Surface‘Water Surface:water: qua]ity comes under the: Jurisdie-

tion of the Louisiana Stream Contro1 Commission (LSCC). The LSCC

has permitting authority forsdischarges oflfluids 1nto state surface

: waters;-inc1uding discharges:int6~the upen Gulf (LaFleur,,personaT

- communication, 1977). - - | o |

' - The LSCC has issued extensive regulations concerning the disposal
"ljof oil fie1d brines.. These could be extended to spent- geopressured

f1u1ds 1nto surface streams (Harre11 1978) However, it has been

R s;iassumed for the purposes of this assessment. that surface disposal of

7T'hfspent geopressured f1u1ds into fresh-water systems will not be. feasible.
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Louisiana law prohibits disposal of saline water into natural streams
when that disposal is fin quahtities to destroy the fish therein" (La.
Revised Statutes 56:1451; Harrell, 1978). Geopressured fluids ére
expected to meet this criterion.. They probably have high salinities
and will be produced in large quantities. Robert LaFleur, Executive
Secretary of the Louisiana Stream Control Commission has confirmed
this analysis (LaFleur, personal communication, 1977).

The LSCC promulgates and enforces water quality standards for
surface waters. The most recent numerical standards are summarized
in Table VI-A-1 for the major basins in South Louisiana. Specific
standards for sub-basins are found in LSCC reports (e.g., LSCC, 1977).
Numerical standards for bacteria‘have also been promulgated. General
criteria are stated for the following additional parameters:
aesthetics, color, floating, suspended and settieable solids, taste
and odor, toxic substances, oils and greases, foaming or'frothing
materials, nutrients, turbidity and other materials, These standards
apply only to water bodies and not to effluents. There are no state
standards for effluents at the point of outfall.

Surface water quality within the study area is highly variable.
Waters from the Mississippi and Atchafalaya RiVers are generally.
high in suspended solids and total dissolved solids. To the west,
waters in the Chenier Plain are derived from indigenous rainfall and

differ in the amounts and kinds of dissolved and suspended materials.
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Tab]evVi-A i Louisiana water qua]ity criteria for major basins in south Louisiana.
o Control Commission, 1977)

C

(From La, Stream

Basin. | " Chloride - .Sulphatez | 00’ pH Y Temp.5 T056
'Atchafaiaya ~}»55‘156' 70 75 4.0-5.0  6.0-9.0  32-35 427-1320
Barataria ”f65 1000 | 50-500 4.0-5,0  6.0-9.0  32-35 1320-2000
Caicasieu ‘rﬁ ‘:‘20 250‘ ‘ 20 250 2.0-5.0 6,0-9.0  30-35 100-600
Mermentau-Vermi1ion-Teche 10-250 _'v 5 75 ‘4.OQ5.0 6.0-9.0 30-35 100-500
M1551ssippi 754100 - 75-120 4.0-5.0 6.0-9.0  32-35 400-500
Pearl ©15-30 12-50 5.0 6,0-9.0  30-35 105-300
Pontchartréin 61000 5-1000 4.0-5.0  6,0-9,0  30-35 54-3000
Sabfhef'i b | 15-150 7-200 4,0-5,0  6.0-9.0  32-35 90-1000
Terrebonne 25250 2575 . - £.0-5.0  6,0-0.0 3235, 200-875
1 ' ’

Chiorides expressed in ppm; range of highest al]owed sub-basins.
’ Su]phates expressed in ppm, range of highest allowed, sub- basins
3 Disso]ved Oxygen expressed in ppm, range of lowest al]owed sub-basins.
'+ pH expressed in pH units, range of lowest and highest allowed throughout basin.
: Temperature expressed in degrees Celsius; range of highest allowed, sub- basins,

TotaliDissoived So]ids‘expressed in ppm; range of highest allowed, sub-basins.

6L1
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 MWaters influenced by the Gulf of Mexico range from slightly saline to
sea water salinities. Waters near population and industrial centers,
such as Mississippi River, Lake Pontchartrain, Vermilion River, and
Calcasieu River, have high loadings of a number of poT]utants due to
industrial effluents, muniéipal runoff, boat traffic and agricultural
runoff. |

A major agency in the state monitoring water quality is the U. S.
Geological Survey. Raw data for Louisfana are published yearly (USGS,
1971-1977). The Louisiana-Stream Control Commission also regularly
monitors water quality for compliance with state standards. The stations
monitored by the USGS are shown in Figures VI-A-3 and 4 while the stations
sampled by the Louisiana Stream Control Commission are shown in J'
Figure VI-A-5. Characteristics regularly measured by these agencies are
summarized in Table VI-A-2,

Ground Water. Jurisdiction for the subsurface disposal of brines

and other waste lies with the Office of Conservation, Louisiana Department

of Natural Resources. The Office of Conservation issues permits for the drilling
of disposal wells and has the authority to shut in disposal wells should
significant problems arise. The Geothermal Resources Energy Act specifically
grants the regulation of the subsurface disposal of water from geothermal/
geopressured fields to the Commiséioner of Conservation (La. Revised

Statutes 30:802; Harrell, 1978). The Coﬁmissioner's proposed régu1a-

tions for thisldisposal exhibit three primary'concerns: that subsurface.

disposal will not fbul’fresh or brackish water aquifers; that subsurface

disposal will not impinge on production of oil and gas; and that disposal

well completion should be adequate to minimize the risks of leakage (;J

(Harre]], 1978).
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Table VI-A-2, Surface water quality characteristics monitored-by the U.S.
Geological Survey and the LouTsiana Stream Control

Commission,

U.S. Geological Survey

Dissolved Iron
Dissolved Calcium
Dissolved Magnesium
Bicarbonate

Carbonate

Dissolved Sulfate
Dissolved Chloride
Total Nitrate

Total Nitrite

Total Nitrate & Nitrite
Dissolved Kjel. Nitrogen
Total Phosphorus
Suspended Solids
Settleable Matter
Hardness

Non-carbonate Hardness
Specific conductance
pH

Temperature

Color

Turbidity

Dissolved Oxygen
Chemical Oxy%en Demand
Biochemical Oxygen Demand
Immediate Coliform
Fecal Coliform

Total Organic Carbon
Cyanide

Phenols

0i1 and Grease
Numerous Biocides

PCB

Total Arsenic

Total Cadmium

Total Chromium
Hexavalent Chromium

Total Copper, Dissolved Copper

Total Lead, Dissolved Lead

Total Mercury, Dissolved Mercury

Suspended Mercury

Total Nickel, Dissolved Nickel

Total Zinc, Dissolved Zinc

La. Stream_Control Comm,

pH

Secci Disc
Temperature
Dissolved Oxygen-
Salinity

Alkalinity

Hardness

Turbidity

Specific Conductance
Sulfate

Color

Chlorides

Total Solids
Dissolved Solids
Suspended Solids
Arsenic

Cadmium

Chromium

Copper

Mercury

Lead

Nitrate

Nitrite

Total Kjel. Nitrogen
Total Phosphate
Chemical Oxygen Demand
Total Organic Carbon
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Theaprimary concern’in.south‘Louisiana with respeCt to ground-water
qualityvis sa]t-water encroachment’dueito'groundawater withdrawal;v The
" patural movement of ground water invsouth Louisiana issin'a southWard
“direction. However, heavy'pumpageareverses.this.tendency-and the move-

mentiofjsalt-water'north intovaquifersfoccurs‘(U.S. Army Corps ofFEngi-

. neers, 1976).

3. Potential Environmental Impacts"

Potential environmental impacts on water quality from geopressured
resource development in the study area are discussed below.
The identification of these potentiai impacts’and’their-re]atiye significance
in the study‘areaais_based on the description of the proposed activity and
resource'characterization (see Section II1) in view of the environmental
setting of the study area as described above. In addition, interviews
with representatives of regu]atory agencies, research and planning groups,
and industries were used to identify impacts and assess’ their significance
The identification of impacts and an assessment of their relative
;ir_51gnificance is ‘constrained by lack of data on the chemica1 and physical
E properties of geopressured f1uids. At the: present time, the properties of
: ”geopressured fluids that make its disposal or accidental reiease probiematic
are salinity, temperature and total quantity of heat to be dissipated lack
}of dissoived oxygen content. possib]e toxic amounts of HZS NH3, copper,
v:boron, radon, and other»ions : Analysis of geopressured fluids, once

| *itesting and production take piace. may reveai other properties detri-

2 ;mentai ‘to water quality. f'f‘-"

“Another area: which is difficuit to assess at this time is the impacts

- on water quality that would resuit if subs1dence occurs in wetland regions.
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Available data are inadequate for an assessment of either the probability of
subsidence occurring or an estimation of how much subsidence could occur
(see Section VII). The approach taken here is to assume the worst case; i.e.,

that enough subsidence could occur to inundate wetland systems.

a. Fluid Disposal

It is assumed that surface disposal of spent geopressured fluids
will be possible only into the open waters of the Gulf of Mexico. Whether

permits can be obtained for such discharges will depend on the physical:

and chemical characteristics of the spent fluids. At present; no per-
mitted discharges of the quantity and duration hypothesized for full-
scale geopressured development are permitted into Louisiana Gulf coastal
waters (LaFleur, personal communication, 1977). Should a permit be
granted for disposal of geopressured brines, continued monitoring should
Abe performed to insure that heat and dissolved solids are adequately
dispersed, and that toxic substances, if present, do not result in fish
kills or significant migration from traditionally used spawning and
feeding areas.

Subsurface disposal of spent geopressured brines is the most likely
disposal alternative'given the constraints on surface disposal; The po-
tential eqvironmental hazard from subsurface disposal is the fouling of
fresh-water aquifér§ and surface waters. This could result from in- .
creased pressure in the receiving aquifer which could cause the upward
flow of injected spent fluids along fault planes, or through permeable

strata, or leakage through abandoned wells in the vicinity.

The key to avoiding these effects is the availability of adequate
receiving aqUifers with thick sands and favorable permeability and porosity. ‘5)
The aquifers should be at least 300-450 meters (1000-1500 ft) below the
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base of fresh water and bounded above and below by impermeable shales or .
clays. Jones (1975) and others (e.g., Bates, personal communication,. 1977)
believe such aquifers to be plentiful in the'Gulf Coast region.. Industry
and regulatory agency representatives, however, have expressed concern

on this point. because of the very large total: quantity of spent fluids to
be reinjected over the life of a geopressured operation.

At present, the largest subsurface brine disposal programs in
Louisiana are those piannedﬁforithe Strategic Petroleum Reserve pro-
gram (i.e., Federal Energy Administration,.1977a&b). The brine is
from draining brinegstored:in caVities:in salt domes, although brine
from leaching new cavitiesffor‘oiT storage~may’also be produced as
the program expands. .Disposai rates. in the:Bayou Choctaw salt dome
program, for exampie, wi]l'be»at;maximum}450,000 barrels per day
(Everett, persona]‘communication,‘1978) f'Disposai in a‘fully devel-

“ oped geopressured field however, would occur at nearly twice that
‘\daily rate and for 4-10 times as: long a period. Because subsurface i
! injection,issiikely;to be,the on]y aiternative«diSposaT methodvin thev
L gebpfeSsuredtcase,,the risk of}dispbsal-re?ated"uroblems should be
f_,carefully:considened:byvtbgegeopressured,deve]oper;
fb. Subsidence |

Subsidence induced by the extraction of geopressured fluids could

‘r‘faffect local fresh water discharge and circu]ation, water 1eve15, drain- :

"Yage patterns and saiinity concentrations. Caicu]ated estimates for .

o JﬁafBrazoria County. Texas in white,fet. 1" (1977) indicate that subsidence

- inao. 6 kilometer radius of a well could be as much as 30 cm (about 12 1n).'

59h7h1s figure drops to 10 cm (4 in) at a radius of 6 kilometers. In an

‘environment ofzveny iow.reiief, Tike the Louisiana~wet1ands,=even minimal
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o

subsidence could produce marked changes in local drainage. It is possible
that extensive inundation and land loss would develop in the area of
greatest subsidence. Subsidence would have less effect on natural levee
regions in the Mississippi Alluvial Valley and even less effect on the
terrace surfaces although swamps and marshes may develop in these low areas,
and open water could be increased in areal extent.

c.. Site Preparation and Construction

The most adverse potential impactffrdm site.pbeparation and construction

is also on drainage patterns and circulation, discharge, and'water‘leyels
in the vicinity of the geopressured wellfield. The dredging of canals
and the construction of impoundments in the wetland portions of the study
area have already allowed intrusions of saline waters into previously
fresh or brackish water areas. These intrusions have greatly altered
the ecological situation, converting fresh-water marsh into brackish-
water marsh. In addition, canals have affected the normally slow dis-
charge and circulation patterns in the marshes and permitted a more rapid
flow of waters. Impoundments have created areas cut off from the gen-
eral discharge and circulation patterns; areas which subsequently develop
a minimal circulation and an environment distinctly different from
outside the impoundment. Spoil banks and levees can a]éo block circula-
tion if they are oriented across-the direction of flow. In general,
these: activities tend to destroy the character of the wetlands and can
cause a drop in productivity as well as Iand loss (Stone, et. al., 1977;
Craig, et. al., 1977; and others).

d. Accidental Brine Spills

Accidental spills of brines would have a serious impact on (;J

- - water quality in the area of contact. The impact is of less significance
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relative to pther impacts dn water quelity, however, because the effects
of a brine spill shou]d be‘ofvrelatively short duration and localized
- un]ess the spill resulted in total déstruction of the indigenous biota
over a fairly large area.. In that extreme case, it would take some
time for recolonization ofsthe indigenous biota.«_(See Section VII),
In any case every precaution should be taken to prevent accidents and |
contain sp111s should they occur. Brine spills from a geopressured |
operation will be decidedly more serious than.eifher brine or oil and
gas release from conventional oil and gas recovery principally because
the volumes of fluid reieased could be so much greater. It may be more
difficult and take Tonger to bring a geopressured well under control
- after a blowout. Also, unlike most oil spi11s. brine spills cannot

be contained and cleaned up if they should reach surface waters.
. In genera1 the actual effects ‘on water qua]ity in ‘the 1mpacted
waters will depend on the mixing rate and dilution of the brines, and
on‘tne receiving wafen,quality. Impacts from brine sp111s in off-
'v_shore’geopressured fields would bevminimal compared with impacts on

| fresh-water streams and ponds. Tidal marsh systems are characterxzed
"1'by repeated f1ushing. 50 brine spills wou]d be dispersed rapid]y into
* surrounding open water estuarine systems However, sediments in estuarine

systems cou]d trap and release toxic ions into the water co]umn.
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B. DATA REQUIREMENTS AND AVAILABILITY

1. Data Requirements

Data requirements for the long-term assessment of,potential impacts

on water quality are summarized in Table VI-B-1. These characteristics
| include the standard analysis suggested.by,the‘U.S. Department of the
Interior in its pubTication'giving'guidelines forvthe-acquisition of
environmental baseline data on federal geothermal leases (1977).
Additional'characteristfcs have been identified based on what is now
known concerning Gulf Coast geopressured fluids (see Section III)..
However, an‘accuratez1dentification of datajreqoirements must await
furtber specific analyses of geopressured fluids from Louisiana sites.

| In'addition.to characteristics in the table, surface:hydrology and

ground-water resources_inthe vicinity of each geopressuredbdeve1opment
~site shoufd be identified'and mapped. = It is particu1ar1y 1mportant to
determine circulation and mixing characteristics in wetland areas, the
depth to the base of fresh and brack1sh water, and the direction of
‘ground-water flow. Point and non-point pollution sources shou!d also
be identified Water uses - should be determined and a history of

pollution sources taken. R ’

The geopressured fluid streams should be sampled over. time to de-

"**hj7term1ne f]uid composition. Water quality analyses might then change

i Data Availability

~as these data become avai1ab]e.,}

4 .

Surface water quality data taken by the U S Geo1ogica1 Survey and“
"the Lou1siana Stream Contro1 Commission have been summarized 1n Sect10n

VI-A, These data may be useful, if USGS and LSCC sampling stations are
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Table VI-B-1. Data requirements for water quality impacts assessment.

SURFACE WATER

discharge
*dissolved solids
*suspended solids
*specific conductance
*temperature
turbidity

biochemical oxygen demand
chemical oxygen demand
total organic carbon
fecal coliforms

fecal streptococcus

SURFACE WATER and GROUND WATER

‘alkalinity

barium

boron

bromine

bicarbogate (as CaCO3)
calcium

chloride

chlorine

dissolved oxygen
fluorine
iodine
iron
Tithium b
magnesium

nitrate b
potassium b
silicage (as 5102)
'sodium

su]fateb
sulfides
strontium
- total phosphorus
zinc

- pH

radon
gross alpha
. gross beta

*Ground-water sources should also be measured for these
characteristics at minimum.
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located in appropriate positions within geopressured deveTopment.s%tes.
Water quality data from other sources is frequently insufficient in
geographical extent and in the characteristics measured.

Stream discharge data for the study area 15*a1so available from
the USGS. for the gaging stations. shown in Figure VI-B-1. Routine
daily diseharge.readings are rare.: There are relatively few gaging
stations. in the_coastal wetlands portion’of the study area--the region
containing the most promising geopressured prospects.

Circulation,. mixing characteristics, and. currents in coastal areas
andhestuariessarefnot“we11 known;,iThis:is:particu1ar1y~true;for the
entire area west of the main Mississippt distributary system (Murray,
1976). Howeuer, a -number ofuagencies and research institutions are
- conducting researeh 6n‘the,hydr0199y of coastal wetlands: the Coastal
Studies"Institute. Louisiana State UhiVerstty;]the Louisiana Department
of Wildlife and Fisheries; U.S. Fish and Wildlife Service (Deﬁarthent
~ of the Interior); and the u. S Army Corps of Engineers, New'Orleans
Distr1ct -Again, to assess impacts on water qua]ity from geopressured ‘
' resource deve]opment, hydro]oglc data must be site specific. Existing
f,stud1es may therefore be of limited use. i ' _ |
Ground-water studies in south Louisiana are available, a]though

{',north Louisiana ground-water resources have been more.extensively

"‘~fstudied Ground-water maps are produced by the Louisiana Geological

J“TSurvey, and by the U.S. Geo]og1ca1 Survey cooperative]y w1th the

»i'Louisiana Department of Public works. Data on ground-water pumpage and

”'*’f”ground-water qua11ty is a1so available from these agencies. Coverage
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is,particularIy,extenSive 1n-$outhWest Louisianakwhere.grbund water

is used to irrigate rice crops. Parish ground-water studies cover usage,
physical and hydraulic characteristics,;geolbgiCtsetting, depth and

| future pdtential. These: studies are.published under a cooperatiVe pro-

gram with the Louisiana Geoiogiéal_Survey. the Louisiana Department of

Natural Resources, and the Louisiana Department of Public Works.
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C. PLAN FOR AC UISITION OF DATA FORVTHE ASSESSMENT

This subsection deals with a proposed plan for acquiring base-
iinefdata.on'waterﬁquaiity and hydrology at a geopressured site prior
to thexbeginning'of production. and for continding'monitoring~activities
during the lifetime of the project. water'quaiity data in the largely
undeveloped region'of‘brime geopressured'proSpects--the coastal wet-
lands--are vital for a determination'of impacts on the biota in these
areas. Thus,. this program should befcarried out in close. coordination
- with the program on ecosystem'quality (Section VII-C). In mdstfinStances.
water quaiity*sampieSIShouid>be-takenvat‘the same locations as biotic
surveyS’in aquatic:and wetiand areas. In upland areas, water quality

measurements can be taken 1in open water systems.

1. Surface Water Quality

Surface water quality and hydroiogic patterns shouid be carefuiiy

‘ *”monitored since water is. used for a wide variety of human activities '

in the study area .and {s important to all ecosystem types. Considera-

"v,tion shouid be given to possibie 1eakage or spiiis of geopressured

‘ brines into fresh-water areas, and»to aiteration of the hydrology from -

1.:site preparation and construction activities. These. stddies should be

| '73;sensitive to feedback from air and ecosystem quaiity studies as weii as

’*anlfrom anaiysis of geopressured brines. L

Surface water uses shouid be inventoried and poiiution sources

E fidentified Water quaiity characteristics shouid be measured monthiy

;<at an extensive series of stations within the specific site. To estab-

,\1ish baseiine-conditions, sampiing should begin as soon as a site is
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chosen, preferably two years before any construction activities. Sam-
1ing should be done by personnel of the ecosystem quality study (Section
VII) and should consist of three 18-month intensive sampling periods

coinciding with pre-development, development and operational phases. Para-
meters to be analyzed should be keyed to possible impacts and include

those listed in Table VI-B-1 in the preceeding section, as well as

any further contaminants identified when geopressured f1uids are ana-
lyzed. Station locations and sampling dates should coincide with
biological sampling (see Section VII.). Other stations should be
established in relation to possible point and non-point sources of
pollution and based on hydrologic regime énd placement of geopressured
facilities. In upland areas where directional flow exists, sampling
_shduld be performed upstream and downstream of any‘possible geopressured
development influence.

Hydrologic characteristics and discharge in the vicinity of the
sité sﬁould be estabiished from previous records and a predevelopment
study. This is especially important in the coastal zone where water
quality has great influence on productive ecosystems (see Section VII).
Discharge should be monitored continuously on major waterways and
periodically measured on smaller waterways. Again the coastal zone
will receive more effort since tide and weather influences make
hydrologic patterns more complex than in upland regions.

The estimated costs of monitoring surface water qua]ity;-hydro1ogic
patterns and discharge for a single geopressured development site are

shown in Table VI-C-1,

o
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~ Table VI-C-1. Estimated costs of performing surface water quality studies at
a geopressured site.®

Year

: 0 1 2 3 4 5 6 7

ITEM ' {thousands of dollars)

Salaries & Wages 13.5 13,9 14.3 14.7 15.1 15.5 15.9 16.3
Hages S

Benefits & 7.6 7.8 8.1 8.3 8.5 8.8 9.0 9.2
Overhead

‘Laboratoryb 13.5 ~ 10.1 6.8  13.5 10.1 6.8 13.5 10.1
Analysis

TOTAL. 34.6 ~ 31.8 29.2 36.5 33.7 31.1 38.4 35.6

aCoﬂection of samples will be performed by personnel of the eéosystem'quality
- study (Section VII).

bSubcontracted: no laboratory equipmént costs incufred}

Years 0,1 = pre-deve1opment
- Years 2,7 = post-development
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2. Ground-water Quality

Essential in assessing impacts on ground-water quality is a deter-
mination of ground-water uses in the vicinity of the geopressured site.
Ground-water sources used for domestic water supply and for agriculture
should be mapped. If existing maps are not adequate and if domestic
and agricultural uses are widespread, information on the configuration
and depth of ground-water aquifers can be obtained from well logs. In-
duction logs are routinely run on all oil and gas wells and some water
wells. For determining information on ground-water aquifers, induction
Togs run on geopressured wells should give as complete coverage from
the surface down as possible on each producing and disposal well in
the area of concern,

An annual sampling program should be conducted on ground-watgr
sources used for domestic and agricultural purposes in the vicinity‘of
the site. Sampling should be for specific conductance at a minimum.
Other parameters may be added and sampiing could occur more frequently
if contamination is suspected.

It will be difficult to determine if ground-water contamination,
if it should occur, stems from geopressured activities, particularly
reinjection of spent fluids. Salt water encroachment on ground-water
resources is already widespread in the southwestern portion of the
study area. "Fingerprinting" the geopressured fluids definitively may
also be difficult, because the contamination will occur as a resuit
of brines migrating from depths of approximately 1500 meters (5000 feet)
through non homogenous formations. Information on the direction of

~ ground-water flow will give some indication of the source of contamination. (EJ
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If contamination is suspected‘and’existing data are not available, obser-
vation wells can be drilled to mbnitor changessfn the potentiometric
surface and to determine direction of fTow‘in shallow aquifers. A net-

work of observation wells could be required in an area of special concern.

A ndmber of’measures can be taken to preQent ground-water contami-
nation as a result of subsurface depdsaI activities; Tﬁe Louisiana
0ffice of Conservation, Departmenf of Natural Resources; regulates
subsurface disposal, requiring well casing to be placed to depths well

be1ow‘the base of fresh water.  The plugging and abandonment of wells
| is also reguiafed and reCords,érefmadefof these procedures, Records
onja]THabahdoned wells in the yicTnity of the geopressured site should
be reviewed to see that édeqﬁatewprocédures were used fh.p1uggfng and
‘abandonmént. ‘impfoper1y apéndonned weTlsrcou1drbe‘§queezed and re-
p1u§géd, 1f'théy cah be focated A1ternat1ve1y, disposal wells can be
re]ocated or the disposa] system re-engineered

COsts for imp1ementing the plan for the assessment of impacts on

,fground-water quality at a single geopressured site are given in

. Table VI-C-2.
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Estimated costs of performing ground-water quality

studies at a geopressured site 50-60 sq. mi. in area.

Activity

Estimated Costs

Cost Bases

Determination of ground-
water uses

Mapping sources

Induction Tlogs

Sampling program

Observation wells

Location and records
review of abandoned
wells

Program management
and data analysis

$750 per site

$1,250 per site

$3,000 per we]]b

$1,000 per site,
per year

$1,900 per site,
per year

$75,000 per site

$1,500 per site

$750 per site

$21,000 first year

Salaries; one-time
effort

Salaries; data
available at no
cost; one-time effort

Subcontracted;
shallow Togs; one-
time effort

Subcontracted;
1imited analysis of
6 existing wells

Subcontracted;
complete analysis of
6 existing wells

Subcontracted; 3
wells; drilling and
sampling at 1,000 feet;
one-time effort

Permanent level
recording device:
installation and
maintenance

Salaries; records
available at no cost;
one-time effort

Salaries

3The activities listed represent alternative courses of action in
Therefore, total program costs are not given.

several cases (see text).

ba per well rather than a per.site cost is given because the number
" of wells to be logged will depend on site-specific conditions.
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18.  Data Requlrements and Availability

5 C. Plan for ‘the Acqu1 it1on of Data for the Assessment offbi‘

‘- Potent1a1 Environmental Impacts on Ecosystem Quality
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VII. [ECOSYSTEM QUALITY
C. F. Bryan and J. P. Newman

The purpose of this section is to provide the rationale and plan
for the assessment of potential environmental impacts on ecosystems

from geopressured resource development in Louisiana.

Summary of Findings. The project area is divided into ten ecosystem

types, based on vegetation, hydro]ogyrand water chemistry, which are
then described in terms of the biota. Most of the geopressured pros-
pect areas are in the wetland and aquatic ecosystems of the coastal
zone. These areas are important for fisheries, fur production and
recreation as well as mineral production. Since these ecosystems are
dependent on daily and seasonal cycles of physical events, they will
be sensitive to disruption caused by full-scale geopressured develop-
ment. Access or pipeline canals directly change wetlands to open
water and also disrupt natural hydrological and migratory patterns.
Any subsidence in the wetlands due to geopressured fluid withdrawal
will change vegetation characteristics or convert productive marsh
to open water. Accidental brine spills in the coastal zone may destroy
vegetation and animal 1ife wherever contacted, but if the volumes are
1imited these ecosystems shoujd quick1y recover.

Upland and Gulf of Mexico areas are less sensitive to subsidence

and constrﬁction activities. The Gulf wou1d also be less sensitive

to brine spills; however, briﬁe spills in upland areas may quickly

run-off into aquatic systems.é Natural upland vegetation would be
slow to recover from a brine spill.
‘Based on ecosystem quality criteria, geopressured activity would

have the least effects in already disrupted dp]and locations, moderate
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effects in the open Gulf except where support and ancillary facilities
cross wetlands, and major effects in the wetlands of the coastal zone.
Biological studies on south Louisiana emphasize taxonomic and
distributional information on vertebrates and include some vegetational
zone mapping. Ecological studies have been made on economically impor-
tant species, however. Studies of non-economically important species
and total communities are lacking in quality and quantity. In order
to monitor possible effects of geopressured development at specific
sites, plans are proposed for several types of studies. Important
communities should be sampled through time. Intensive studies are
therefore proposed for the pre-development, construction, and operation
phases. Reactions of populations and communities to specific poten-
tial contaminants should also be measured using acute and chronic bio-
assays. To measure functional components of ecosystem quality, pro-

ductivity estimates and tissue analyses are recommended.
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A. RATIONALE

1. Introduction

In general, impacts on ecosystems from geopressured resource devel-
opment will vary in extent and significance depending on the geographical
location of the activity.v For example, a given amount of subsidence
will greatly impact low lying areas‘and consequently have a greater impact
on ecosystems in these éreas.v Therefore, the rationale for the plan
proposed here is based on :\ 1) the classification of geopressured pros-
pect éreas into ecosystem types; 2) a consideration of potential impacts
on each ecosystem type taken separately; 3) a consideration of the relative
~vulnerability of ecosystems to the proposed development activities; and
'4) a considefation of the cumulative effects of large-scale development

in the study area.

2. Environmental Setting

a. Aquatic and Wetland Ecosystems

The geopressured prospect areas 1dentifjed in the resource assess-
ment phase of.Departmenf of Energy research are largelyi1ocat9d in coastal
Louisiana (see Figure VII-A-1).,vThis area is chéracterized by highly

“diverse ahd productive aquatfé‘ahd wetland ecosystems which could be
- significantlyﬂimpacted'by ]arge-éca1e geopressured resource development.
:1f all of the proépect.areas lbcated_in thesevecosysiems were developed
;acCOrding to the activities described in Section I1I, a total df 10,900 kn?
(4200 miz) would be:impacted to somé'dégree. The cumuiative effects of
| development"bf thisimagnitude?tou]d be véry destructive to these sensi-
tive ecosystems.

Louisiana contains 50 per cent of the marshes and wetlands of the

Atlantic and Gulf Coasts of the United States. The economic value of
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these wetlands derives from their use as habitat by sport and commercial
fish, water fowl, and fur animals and in'part from mineral production
(§ee'below and Section VIII). Less eas{ly measured is the role of the
wetlands and marshes as buffer zones betweeﬁ the Gulf and upland areas.
These coastal ecosystéms protect populated inland regions from erosion
and storm surges from hurricanes and tropical disturbances. The marshes
in turn assimilate and precipitate urban- and industrial pollutants from
upland areas.

The kéy to both the biological diversit& and productivity of Louisiana
wetlands is the unbroken intercommunication among many ecosystem types
and the predictable cycles of physical events. Diversity is related to
stability, predictability, rigor, and spatial heterogeneity of the envir-
onment (Pie]ou; 1975). Spatial heterogeneity is increased in the zone
where two different habitats or ecosystems meet. Its effects are often
referred to as the "edge effect". This zone is called an -ecotone and species
common to both areas are found in this transition zone. The classic ex-
ample is the border betﬂeen a forest and a field. In south Louisiana, the
principa] ecotone is thevmeéfing of land and Water in the marshes. Here
prodﬁttivityjis'maximized’bve; a large area and much of this'produttivity
is‘exported to the estuaries and Gulf. The animals in this complex eco-
- tone are adapted to'utilizingiadjacent systems. Numerous organisms utilize
the marshes,'estuariés ahd Guif during portions of their’lifé~cyc1e.

A1th6dgh the marshes and;estuaries of Louisfana aré in some ways
riQordUs,‘they are also fairl& predictable. This'is‘because:the physical
events drinng'the syStem~a¥e?cyc1ic41n natufe.-'Néar the Gu1f. water
level cycles daily with the tide. Seésona] cyéles in water level from

river discharges often override tidal effects. During highwater seasons,
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formerly dry lénd can become open water. These predictable events con- Q.j
tribute to the productivity and diversity of the wetland ecosystems.
Another important physical cycle is the seasonal variation in temperature.
Temperature affects behavioral and physiological processes in organisms,
as well as stratification patterns in lakes and other bodies of water.
Productivity in Louisiana is high because all physiological processes such
as feeding, assimilation, respiration, and development are accelerated
by high, but not excessive, temperatures.

~ The wetlands are a complex network of open water--tributaries, dis-
tributaries, lakes, ponds, bays, canals, tidal passes--and intervening
low lands which are flooded for all or part of the year. Because of the
low elevation of the coastal region, small changes in water level can
inundate or drain vast areas of wetlands. While this maximizes diversity
and productivity, it makes classification of wetlands into ecosystem
types very difficult. Since vegetative zones do not vary as much as
hydrologic regimes, most of the definitions below rely heavily on vege-
tative characteristics. The classification system used here is drawn
from several sources. Aquatic ecosystems are defined based on the system

developed by the National Wetland Classification and Inventory Workshop

(U.S. Dept. of Interior, 1975). Vegetated wetlands are classified sep-
arately: marshes are classed using Chabreck (1972, see Fig. VII-A-2);
and cypress swamps and bottomland hardwoods, according to Newton (1972,
see Fig. VII-A-%). Ecosystems occurring on higher ground within other
wetland types are considered ecologically distinct (Noble, personal com-
munfcation, 1977; see Fig. VII-A-4) and are therefore also classified

separately.
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Cypress Forests?
Goallery Forests

Prairie

a
(Cottonwood - Sycamore - Willow)

Bottomland Hardwoods (Loblolly - Ook)?

Oak - Hickory - Shortleaf Pine Forests
Upland Hardwoods (Blufflands)

Longleaf Pine Forests
Bottomland Hardwoods

Flatwoods

NATURAL VEGETATION

a1dentified as bottomland forests

in the text.

Natural vegetation regions,
(From Newton, 1972).

Louisiana.

Fig. VII-A-3.
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b. TgrrestriaI Ecosystems

Terrestrial ecosystems in the area of interest for geopressured re-
source development occur primarily on the Pleistocene terrace. The
Pleistocene terrace occupies the northern portion of the study area and is
broken into two portions by the Mississippi river and its floodplain
(Figure Vi1-A-5). The eastern portion of the terrace in Louisiana has no
known geopressured resources.

The draining of these upland areas has been accelerated to make more
land available for settlement and agriculture. Thus, most of the natural
vegetation has been removed or modified. The natural vegetation, where it
still exists, defines the prairie and the upland forest ecosystems.

The controlling factors in aquatic and wetland ecosystems are not
applicable to terrestrial ecosystems. Riverine and tidal water cycles have
Tittle effect. With rapid and direct intracommunication among the many
habitat types in these systems 1imited to only the larger, more mobile
vertebrates, the systems are not dynamically interacting 1ike the marsh

ecosystems.

The ecosystem categories occurring within the area of interest for
geopressured resource development are listed with a summary of major
characteristics in Table VII-A-1. A brief description of each ecosystem

type is given in Appendix A.

There are also a number of state wildlife management areas and wild-
1ife refuges in the study area, as well as several federal wildlife refuges.
These are discussed in Section VIII, Socioeconomic and Cultural Consid-

erations. The wildlife management areas and refuges include all of the

o




.......

¢ "‘.‘;;gMounlt;'t.r‘\g‘.
0535 H

‘‘‘‘‘‘

v

Fig. VII-A-5

RELIEF
FEATURES AND REGIONS

(From Newton, 1972)

HILLS

TERRACE®

i FLOODP‘LAIVN & MARSH

®Major location of terrestrial
ecosystems.

\\Z_Aiississip-pi Uplift

T G v G GD S — S

”»

GLe




216

Table YII-A-1. Major characteristics of ecosystems in south Louisiana. Q.f

Marine Ecosystem. Coastal open water system with unobstructed
access to the open Gulf. The water regimes
and water chemistry of this ecosystem are
determined primarily by the ebb and flow of
oceanic tides. Salinity levels vary from

10,000 to 35,000 mg/1, depending on riyerine
discharge and distance offshore.

Estuarine Ecosystem. Coastal system, semi-enclosed by land, with
open, partially obstructed, or sporadic access
to the Gulf and with a measurable quantity of
ocean-derived salt in the water. Salinities
vary between 500 and 25,000 mg/1.

Fresh-water Ecosystem. Fresh-water ecosystems are divided into three
subsystems: Palustrine, lacustrine, and
riverine. These are all open fresh water areas
where salinities are less than 500 mg/1.

Saline Marsh Ecosystem. An emergent vegetated wetland system subject
to tidal fluctuations of salt water greater
than 500 mg/1 salinity. This definition
includes Chabreck's saline, brackish and
intermediate marshes (Chabreck, 1972),

Fresh Marsh Ecosystem. A herbaceous emergent vegetated wetland system
which is subject to flooding with fresh water
all or part of the year.

Ridge Ecosystem. Isolated systems of higher ground within €resh
or saline marsh ecosystems. These areas include
beaches, chenjers, natural and artificial
levees, pleistocene islands, salt domes, spoil
banks and Indian mounds.

Bottomland Forest. Areas with woody vegetative cover flooded by
fresh water all or part of the year. Two sub-
systems are recognized: cypress swamp forests
and bottomland hardwood forests.

Prairie Ecosystem. Terrestrial upland system which is naturally
dominated by grasses.

Upland Forest Ecosystem. Terrestrial systems located on the Pleistocene
terrace and dominated by hardwood or pine trees.
Iwo subsystems are recognized: ‘the hardwood -
system and the flatwoods system.
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ecosystem types describedrabove. Protected plént and animal species are
also found in each ecosystem type. Table VII-A-2 1ists endangered and
threatened species in Louisiana. '

¢c. Economic Setting

The ecosystems of south Louisiana havg_a high economic value because
of their productivity of renewable resources and the presence of mineral
resources. One method of comparing ecosystem types on the bésis of the
economic value of the renewable resdurcesris to present the catch sta-
tistics for commercially harvested fish, shellfish, and furbearers. Fish
and shellfish statistics are reported in a Department of Commérce publi-
cation (1977b). Recent furbearer statistics have been reported by 0'Neil
and Linscombe (1976). There are twb major problems in assigning numerical
values of this kind to ecosystem types, however. First, the statistics
are not broken down into weTT,defined areas. At most, harvests of each
species are reported as "coastal" including qffshore and inshore areas,
and "inland" which includes the remainder of the state. Second, although
a resource is harvested in one ecosystem, its productiyity'and/or life
cycle may be dependent on other ecosystem types. This is especially true

~of highly migratory fish and‘;he11fish. Gulf menhadgn in 1976 yielded
over $37 mil]%on'to‘thé cbhhefcia] fishing industry. A1l of this harvest
was offshoré marine; however.?the entire early life history‘of this
species is estuarine and sa]iﬁe marsh dependent. Brown and white éhrimp
undergo most of their growth in estuaries but are harvested primarily
offshore. ‘; | /

It is possible to summarfze the data in broad categories in order’to
| give some idea of‘the'relativé _economic importance of ecosystems. - Fresh-

~ water fish (bowfin, buffalofish, carp, catfishes, bullheads, garfish,
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Table VII-A-2. Threatened and endangered species in Louisiana.

PLANTS*
Isoetes louisianensis quillwort endangered
Amsonia glaberrina bluestar threatened
Scutellaria thieretii skullcap threatened
Bothriochola exaristata beardgrass threatened
Agalinis caddoensis gerardia threatened
Ilex amelanchier sarvis holly threatened
- [indera melissifolia spice bush threatened
Sarracenia psittacina parrot pitcherplant threatened
PTatanthera leucophaea ’ threatened
Platanthera inteara threatened
ANIMALS **
Lepidochelys kempii Atlantic Ridley turtle endangered
Eretmochelys imbricata hawksbill turtle endangered
Dermochelys coriacea leatherback turtle endangered
Alligator mississippiensis American alligator threatened
Pelecanus occidentalis brown pelican endangered
Haliaeetus 1. leucocephalus southern bald eagle endangered
Falco peregrinus anatum American peregrin falcon endangered
Falco peregrinus tundrius arctic peregrin falcon endangered
Campehilus principalis jvory-billed woodpecker endangered
Dendrocopus borealis red-cockaded woodpecker endangered
Vernivora bachmanii Bachman's warbler endangered
Felis concolor cougar eastern cougar endangered
Canis rufus red wolf endangered
Trichechus manatus West Indian manatee endangered

* Proposed endangered or threatened (U.S. Department of Interior, 1975)
** Actual endangered or threatened (U.S. Department of Interior, 1977, 1978).
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paddlefish, shad, and frgsh-watgr shggpshgad) toéa]ed nearly $4.1
million in 1976. Fresh-water shellfish (crawfish, fresh-water shrimp,
snapping turtles, frogs) totaled. over $2.4 million. Salt-water fish
including estuarine and marine species (croaker, black druﬁ, red drum,
flounders, groupers, king whiting, menhaden, mullet, pompano, spotted

sea trout,'white sea trout, sé1t-water sheepshead, red snapper, Spanish
macheral, spot and others) totaled $39.88 million; and salt-water shell-
fish (blue crabs,‘shrimp, oysters, squid, and sea turtles) totaled
nearly $92 million. Furbearefs and alligator harvested in the 1974-5
season totaled $10.4 million for aquatic dependant species (beaver,
muskrat, nutria, racoon, mink, otter, bobcat, alligator) and only $105,000
for non-aquatic species (opossum, coyote, red fox, and skunks).

In summary these figures show that most animal production harvested
for human use is dependent on aquatic or wetland ecosystems. Total com-
mercial value for these systems was over $148 million for one year. Value
of terrestrial animals totaled only $105,000. The récrestional value of
all of the ecbsystem types is also significant, although again, the wet-
land aqﬁ aquatic ecosystems probably account for more sport catch than

upland ecosystems.

3. Potential Environmenta] Impacts

" Potential env1ronmenta1 1mpacts on ecosystems from geopressured
resource development in the study area are discussed below, with particular
attention to the relative vu]nerabi]ity of ecosystem types to the activities
‘and occurrences stemming fromédevélopmént activities. It should be noted
thét both direct and indirectiimpacts have been assessed, but the impacts
arising from ancil]ary activi%ieszof development of the resource (i.e.,

industrialization and the 1ike) are beyond the scope of this study. The
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identification of these potential impacts and their relative significance \;J
in the diverse environment of the study area is based on the proposed
activities and resource characterization (see Section III) in view of the
environmental setting of the study area, as described above. vIn addition,
interviews with representatives of regulatory agencies, research and planning
groups, and industries were used to identify impacts and assess their
significance.

Particular attention has been given to the cumulative impact of
large-scale geopressured resource development in Louisiana. This approach
is consistent with the objective of this study; and is also clearly called
for because of the uniquely high value, both cultural and commercial, of
the ecosystems of south Louisiana. Also, it has been demonstrated that
these ecosystems are highly vulnerable to large-scale resource extraction--
specifically oil and gas production.

Ih terms of the activities that take place during well field devel-
opment, oil and gas recbveny and geopressured resource recovery are nearly
identical. It is the cumulative impact of these practices, not those of
the individual small operations, that create problems in terms of eco-
system quality (St. Amant, 1977; personal communication, 1977; Herring,
personal communication, 1977; Smith, personal communication, 1977). At the
same time, the impacts that could result from features unique to geopressured
resource recovery--e.g., subsidence due to the large volume of fluid
withdrawal required for net energy recovery--are significant chiefly

because of their cumulative effect.

a. Subsidence

Land subsidence due to geopressured fluid withdrawal would have signif-

jcant adverse effects in the Louisiana coastal region. Much of the study (_)
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area has very low elevations ‘and relief and is therefore vulnerable to
extensive inundation from any measurable amount of subsidence. Subsidence
would also increase the area subject to periodic flooding from stream
discharge and storm surge.

Land loss in the Louisiana‘coastal region is an on-going process
resulting from natural subsidence and erosioh, and the erosion and salt
water intrusion that results from dredge and‘fiil‘operations in marsh eco-
systems. The rate of land 1os§}in south Louisiana has been estimated at
50 km2 (20 miz) per year (Craig, et. al., 1977; Templet, personal commun-
icatioh, 1977). Additional loss of the uniquely productive marsh ecosystems
due to subsidence induced by the withdrawal of geopressured fluids,

would accelerate the changes in biota already occurring in the wetlands.

In general, marsh ecosystems are more productive than open water
systems. Therefore, conversion of marsh to open water results in
a net loss in biological productivity. Land loss due to subsidence
is irreversible, and therefore of major concern (Templet, personal
communication, 1977).

The effects of induced éubsfdence on biological assemblages are |
; kdiscussedfbelow.' The factors tbét contribute to the probability of:
'subsidence occurring duringgeoéreSsured resource development, asVWe11
- as the legal implications of induced subsidence, are addressed in-
Section IV. R

' Marsh ecosystems are the mo}t’sensitive to both natural and induced

-'subsfdencefbecause their structure and productivity are based on the juxta-
position and-interaction of air ?nd water. Vast areas are only a few
centimeters above sea level.' Subsidence in these ecosystems would alter

the land/water ratio and reduce the edge effect--changes that would
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certain]y»diminish natural resource production. Since the system is

based on detritus production from emergent vascular plants that are
adapted tb specific tidal regimes, when these plants are gradually lost,
the energy and materials for higher trophic levels will be lost. Probably
the first signs of lost productivity will be felt in peneaid shrimp
production. Other important species such as crabs and sports and commer-
cial fishes will be subsequently lost.

Induced subsidence in fresh-water marshes would probably harm fresh-
water aquatic species in a manner similar to that described for saline
marshes. The fresh-water marshes are the prime nursery ground for fresh-
water vertebrates. Either permanent inundation or increased flooding due
to subsidence would change plant species composition and reduce duck

and geese populations in these areas.

Subsidence could indirectly affect open water habitats in fresh-water
ecosystems through changes in hydrologic patterns in lakes and streams.

If subsidence occurred in or near coastal freshwater lakes, for example,
salt water could intrudé from the Gulf and change the entire character

of the water body. All aquatic organisms are to a greater or lesser

degree permeable to the surrounding water medium. Most fresh-water organisms
are not adapted to osmoregulate at salinities much above 500 ppm. Any
saltwater intrusion will likely extirpate mdhy species and disrupt existing
community structure. Increasing the salinity in estuaries will have less
drastic effects, but will also change the communities in the ecosystem.

The bottomland forest ecosystems are adapted to yearly or infrequent
watering and dewatering. If the surrounding water level were higher and
the area subjected to more persistent flooding, gradual changes in plant'
community composition would occur, and thg yearly cycle.of detritus export

would be altered. These changes would result in decreased aquatic ‘“j
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productivity. Commercial and recreational fishes which spawn in these
areas will be affected, ae we11 as crawfishes which use flooded swamps
for foraging. 7

Similarly, habitat loss in ridge ecosystems (such as cheniers, salt
domes and beaches) due to land subsidence could occur. This effect would
impact the migrating birds which use the ridge ecosystems as landfalls.
Thus significant habitat loss in ridge ecosysfems would have impacts over
a much broader area than that directly affected by flooding or more
permanent inundation.

The effects of subsidence on the biological assemblages of the up]and
terrestial ecosystems would be confined to areas that are already poorly

drained. Marine ecosystems are permanently flooded so that subsidence

would have little impact if the development of the geopressured field is

far enough from land.

b. Site Preparation and Construction

Changes in water circulation and’mixing patterns within wetland eco-
systems result from the construction of access canals, roads, spoil banks,
levees, and drilling'pads 'Tnese changes in circulation could have

asign1f1cant adverse impacts on: the biota of vegetated wetlands and ad-
jacent open water systems. | | |

Typically, canals are dredged in wetland areas to provide access to
AWell sites for drilling rigs and other equipment and vehicles. These
cana1s average 1. 8 - 2.4 meters (6 - 8 feet) in depth, and 15 - 18 meters‘
(50 - 60 feet) in width. Cana}srprov1de routes for salt water or fresh-
water intrus1on and can alter niking patterns within a system. Erosion

‘due to wave action from boats using canals causes increased turbidity
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and land loss. The construction of roads, spoil banks, and the like, as \.2
well as draining areas for construction of drilling pads and structures
would have similar effects. ‘

Chénges in salinity patterns due to construction of canals, drilling
pads and the like will have effects on marsh and estuarine species similar
to those described in connection with subsidence. Also, migratory routes
for some species could be blocked. Increased turbidity, although a more
temporary phenomenon, reduces the depth of effective photosynthesis and
has an effect on water quality parameters (and thus aquatic species) such
as dissolved oxygen content and temperature.

There is evidence that dredging and construction activities in the
coastal region has already had a deleterius effect on the productive

wetland ecosystems (Adams, et. al., 1976; Byrne, et. al., 1976; Stone,
et. al., 1977; St. Amant, personal cummunication, 1977). The coastal

area is criss-crossed by canals for various purposes. In the Barataria
Basin in the eastern portion of the study area, canals cover 155 km?
(60 miz) or 2 per cent of the total Basin area. Thirty-five per cent
of these canals are rig access, pipeline and oil field nayigation canals
(Byrne, et. al., 1976). 0i1 field pipelines and canals in Barataria
Basin are shown in Figure VII-A-6. Typical canal networks for other
activities are shown in Figure VII-A-7. |

Dr. Lyle St. Amant, Assistant Secretary of the Louisiana Department
of Wildlife and Fisheries has suggested alternative practices in hydro-
carbon production to minimize surface activity, and thereby surface dis-
ruption, in wetland ecosystems. Specifically, he recommends the use of
directional drilling to reduce surface effects of drilling activities, and

the use of helicopters to construct power lines and the 1ike. It has ‘i;
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been Dr. St. Amant's experience that the cumulative effect of dredging
and construction for oil and gas production in the wetlands areas has
presented serious problems with respect to the productive fisheries in
those areas, and will also be problematic in the course of full-scale

geopressured resource development (St. Amant, personal communication, 1977).

¢. Fluid Disposal

The description of the proposed activities presented in Section III
specifies two methods of spent fluid disposal: subsurface injection;
and, alternatively, surface disposal into the Gulf. Spent fluids could
be transported for disposal into the Gulf either in an open, lined ditch
or by pipeline.

Problem areas with respect to subsurface disposal of fluids are
potential contamination of fresh ground water, and the possibility that

spent geopressured brines could bleed to the surface along fault lines
or breach abandoned 011 and gasywe1ls (Bates, personal communiéatidn,
1977). Ground-water contamination is discussed in Seétion.VI.‘ If brines
bled to the surface, thé impacts on the biota in the study area would
be similar to those resulting from accidental brine spills. These are
discussed in the following section, |

"-Surfacé disposal'of'spent'fluids into the Gulf may be environmen-
tally feasible if water qua1fty triteria can be met. Aquatic species
will be sensitive to the following fluid parameters: temperature, total
dissb1ved.so1ids,:absence of dissolved oxygen, possible trace amounts of
‘HZS and NHB? and possible trage amounts of toxic metal 1on§. If spent
fluids are transported in open ditch systems, additiona]-areas-of concern
are addition of salt to soils adjacent to the ditch and atmospheric

release of possible trace amounts of HpS and NHB' Both of these occurr-
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ences could result in destruction of vegetation. If disposal ditches

intersect open water areas, there is additional possibility for contam- (-J
ination and obstruction of water circulation and migratory routes.

These factors could well preclude the use of open ditch systems in the

Louisiana coésta] region.

d. Accidental Brine Spills

Accidental spills of geopressured brines--either during production,
collection, temporary surface storage, transportation, or disposa1--ﬁ111
have adverse impacts on the biota within the immediate vicinity of the
spill for a relatively brief period. In certain ecosystems, however,
the area impacted could be considerable in extent with longer-term

impacts. For example, estuarine fauna and flora are adapted to withstand

rapid changes in environmental parameters such as temperature and salinity.
However, the estuarine ecosystem functions as a nutrient sink, trapping
and storing nitrogen and phosphorus compounds in the sediments of the
estuary. The same physical processes involved in this function would

also trap and concentrate toxic ions contained in geopressured fluids,
creating persistent detrimental effects.

Similarly, spills of brines in the watersheds of fresh-water eco-
systems could also have long-term effects as toxic ions accrue in and
recycle from the sediments of fresh-water systems. In addition, fresh-
water organisms are osmotically adapted to low salinities and therefore
sensitive to any waste brines. The destruction of fresh-water flora and
fabna from an accidental brine spill could extend downstream until dilu-
tion would bring salinities into sublethal range.

Brine spillage in saline marshes would kill vegetation in the area

of the spill, but, because saline marshes are frequently flushed by (ﬁJ
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tidewaters, this ecosystem would recover mbre 6ﬁ§ékly than other less
dynamic ecbsystems. Brine release in fresh-water marshes would destroy
the indigenous biota and thereby make the area unattractive to waterfowl.
Br{nes would tend to remain longer in the fresh-water marsh system than
saline marshes bécause of less qushing from local flooding. The period
of recovery of the fresh-water marshes would depend on the height and de-
gree of local flooding, as wel] as the amount of spillage. )

Brines, if spilled in bottomland forests, would destroy vegetat1on
in a limited area but could be transported into surrounding waterways

during high’water periods or by runoff. Recoyery of mature forests

would be very slow. In the upland, terrestrial ecosystems, brine spills
would be more easily contained than in wetland ecosystems. Adverse impacts

would be confined to the area in the immediate vicinity of the spill.

e. Air Quality Impacts

The discussion below is 1imited to the effects of air quality degre-
dation on the biota of the study area. General impacts from the atmospheric
release of toxic substances during geopressured resource development are
addressed in Section V.v Air quality impacts on biota are not considered
as significant as theiimpacts piscussed above. Gaseous emissions are
~ expected fo disperse more rapidly than 1iquid eff1uénts. Also, the amounts
of.atmospheric~emissions that‘¢ou1d be released, either during normal
operatidn or accidentally, wi1j be véry small {n comparison to 1fquid,'
effluents. o B | '

. The gaseous emissions of concern in terms of their effects on biota
are: (1) cooling_tower exhau#t--air,‘hearly satufated'with,watér and
containing corrosion 1hhib1tor§ such as‘Silicafes; and (2) the main

condenser purge stream--the noncondensibles from the main condenser
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(methane, CO2 and possible trace amounts of H,S and NH3) and water vapor -
(Wilson, et. al., 1977). Drift deposition of the cooling tower exhaust
could harm vegetation in the vicinity because of the sodium and chloride
jons. The main condenser purge stream is routinely flared. If the
geopressured fluids contain significant amounts of HZS or NH3, small
amounts of sulfur oxides or nitrogen oxides will be released to the
atmosphere, with deletorious effects on vegetatiqn.

The vegetation of upland, terrestrial ecosystems is more‘sensitive
and less resilient to airborne pollutants than the vegetation in wet-
land ecosystems. This is due generally to the more constant edaphic

conditions that exist in upland ecosystems. For example, sulfide air
pollution, which in the marsh ecosystem would be quickly assimilated

and/or precipitated, would either directly damage upland vegetation; or,
if washed by rain into the soil, would tend to effect long-term changes {n

normal plant succession..

f. Other Impacts

Wetland ecosystem biota could be adversely affected because of
temperature changes in their habitat (St. Amant, personal communication,
1977). These changes would arise sporadically because of brine spills,
and the 1ike, but would occur routinely as a result of the transportation
of brines during all phases of the resource development. In the oil and
gas industry, collection pipelines, if buried at all, are usually buried
at very shallow depths in wetland areas. Frequently, these pipelines
are laid directly on the surface and are covered by normal processes
of siltation. With brine temperatures expected to average 98° C (209°F)

at the wellhead, the temperature of the water and soil surrounding these

O
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pipelines could be raised in the immediate vié?ﬁity; The cumulative
impact of these changes due to full-scale development of geopressured
resources could be warming of water and soils over large areas. Temperé
atures in south Louisiana waters and soils during summer months are very
high and already near the lethal limit for mahy species. If significant
heat reaches the surrounding water and soils from pipelines, the endemic
communities could be disrupted. Also, migratory aquatic animals might
avoid the waterway simply because of the heat or subsequent loss of

oxygen from the water column.
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B. DATA REQUIREMENTS AND AVAILABILITY

1. Data Requirements

Data requirements for the long-term assessment of potential impacts
on ecosystem quality are summarized in Table VII-B-1. The list is essen-
tially limited to data réquirements with respect to the biota in the
study area, and to ecosystem functions. Data on air and water quality are,
of course, required for the assessment. These are treated in detail in
Sections V and VI, respectively.

The rationale behind the types of studies outlined is the need to
determine if environmental degfedation is occurring due to geopressured
resource development, and which aspect of the development is causing the
degredation. Three classes of studies are outlined in Table VII-B-1:
biological surv;ys, biological assays, and special studies. A1l of the
biological studies should be responsive to‘the_findihgs of the other sub-
programs, and particularly to fnputs frbm the air and water quality pro-
grams. The surveys provide basic data on the populations of plants and
animals in the study area. Acquisition of this data is extremely impor-
tant to the overall assessment; Communities of plants and animals are
sensitive indicators: of their énvirohmeﬁta] conditions and therefore must
beipreciseTy identifiéd. Furtﬁérmore, & number of species in-the study
: area'are,économically 1mportan£ of are rafe and endangered. If sampling
is conducted through time and cbordin;ted with development activities,

: any‘harmfu1 biological impacts can be measured. e

ANl feh ecosystem types déscribed'in SectionﬁVIIfA-Z fit'together

within a complex system bf interacting parts. Marshrand adjaéent estdary

are interacting, while bottomland hardwoods are in close association with



Table VII-B-1.

Data requirements for the assessment of impacts on ecosystems.

OFFSHORE

COASTAL UPLAND
Phytoplankton Fish Fish
Zooplankton Macrobenthos Macrobenthos
Macrobenthos Meiobenthos Phytoplankton
BIOLOGICAL Fish Phytoplankton Zooplankton
Zooplankton Terrestrial vegetation
SURVEY Water quality Emergent vegetation Terrestrial vertebrates
Sediment physicochemistry Terrestrial vertebrates
Water Quality Water Quality
Sediment physicochemistry Sediment physicochemistry
Soil physicochemistry Soil physicochemistry
Effects of: Effects of: tffects of:
1)specific ions and 1)specific ions and 1)specific ions and
compounds in brine compounds in brine compounds in brine
streams streams streams
BIOLOGICAL 2)heat Zgheat 2)heat
3)dredging 3)dredging 3)atmospheric
ASSAYS on selected fish and 4)atmospheric emissions on selected fish, invertebrates,
macroinvertebrates on selected fish, and terrestrial vegetation
emergent plants and
macroinvertebrates
Analysis of tissues Analysis of tissues Analysis of tissues
(fish, birds, inverts.) (fish, birds, mammals, (fish, birds, mammals,
Primary Productivity inverts. and plants) inverts. and plants)
SPECIAL (phytoplankton) Primary Productivity Primary Productivity
(emergent vascular (terrestrial vegetation
STUDIES plants and phytoplankton) and phytoplankton)

T

I o d
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fresh-water ecosystems. And, of course. the marine environment receives

runoff from inland systems. Any single geopressured well field will probably
encompass two or more ecosystem types. The communities of plants and animals
in each ecosystem, the development activities appropriate in that area, and
the actual amount of surface area required for those activities will be
highly variable depending upon the sites selected. Therefore, three somewhat
different plans for studying the ecosystems potentially influenced by geo-
pressured development are presented here. Offshore development will impact
the marine environment and all systems which pipelines and transmission lines
cross. Coastal development will impact saline marsh, estuaries and ridge
ecosystems. Inland development will impact bottomland and upland forests
and fresh-water systems.

In each of these three regions, different communities are important.
Fish communities are important everywhere for their recreational and economic
value. Some macrobenthic invertebrates,’such as oysters,are commercially
important; others provide food for fish that are harvested. Macrobenthic
invertebrafes are generai]y non-migratory. In offshore areas which afe
entife]y open water, p1ankt§nic»commqnities shou1d also be studied. In the
coastal region;«studies,shou]d?in;1ude fish, macroinvertebrates, meiobenthos,
zooplankton, emefgent végetation,fand terrestriaT vertebrates. In upland
areas, comﬁunities of 1nterest;inc1uderfish,_macrobehthos, phytoplankton,
terrestrial‘vegetation, and terrestrial vertebrates. In all areas, measure-
ments of water chémistry &nd’$611'and/or Sediment physicochemistry should
- be made. | & : - | , N
| Bio]ogfﬁa] assays are studies tq determine the acute or chronic toxicity

of pb]lutants to plants and animals. Possible pollutants of interest include
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HoS, NH3, SOx. Nox, radon, boron, and other metals. Results from the (=
‘chemical analysis of geopressured fluids specific to each well field may
enlarge this 1list or eliminate some components from it. The effects of

heat on organisms should also be studied.

Special studies are all studies of geopressured development not in
the above two classes. These studies should be related to functional com-
ponents of the ecosystems such as primary and secondary productivity,
nutrient and ion uptake, bioconcentration and cycling, energy flow, and
physiological processes. There are endless possibilities for research in
this area,but we have budgeted for only two types of studies. Tissue
analysis of plants and animals will determine if specific ions and compounds
from gebpressured development are being accumulated in the biota and/or coﬁ-
taminating food sources. Primary productivity measurements of phytoplankton and
emergent and terrestrial plants and crops will show if photosynthetic rates

are being affected by development.

2. Data Availability

Previous biological studies in south Louisiana are,of course, valuable
in assessing potential geopressured impacts, although they were not designed
for this purpese. The large number of published and unpublished studies
range from narrow to broad in scope. The most valuable studies are those
which concern entire communities of the biota. However, there are very few
studies of this type and these are usually geographically, temporally or
taxonomically limited. Further limitations of these studies are methodo-
logical inadequacies and lack of functional components.

Depending on the site, there may be little or extensive biological

data available. The annotated bibilography which follows 1ists those (;J
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studies which either are holistic in approach or have extensive bibilio-
graphies which can be used to obtain additional data. Other sources of
déta inc1ude'governmenta1 agencies such as U.S. Fish and Wildlife Service,
u.s. Environmental_Protection.Agency, U.S. Army Corps of Engineers, U. S.
Geologica1 Survey, U.S. Soil Conservation Service, Louisiana Department
of Wildlife and‘Fisheries, Louisiaha Department of Conservation, Louisiana
State P]anning Office; and thesis and reports of Louisiana co11ege and

university students and faculty.

Maps. Maps are useful in conceptualizing geographic variation in
vegetative zones, soil types and other features as preparation for field

work.

Burk and Associates, Inc., 1976, Louisiana coastal vegetation:
Louisiana State Planning Office, Baton Rouge, La.

Burk and Associates, Inc., 1976, Unique ecological features of the
Louisiana coast: Louisiana State Planning Office, Baton Rouge, La.

Chabreck, R. H.; Joanen; T., and Palmisano, A. W., 1968, Vegetative
type map of the Louisiana coastal marshes: La Wildlife and Fisheries
Commission, New Orleans, La.

Lytle, S. A., and Sturgis, M. B., 1962, General soil areas and
associated soil series groups of Louisiana: Agricultural Experi-
ment Station, Louisiana State University, Baton Rouge, La.

: Biinographies and ReQiew%. This group of references is poténtia11y
ya]uable‘primarily because\they contain lists of'additionaT references

- and/or summarize éxisting détai\ Baker and Beckért's (1972) bibliography
 contains 983 references oh thefLouisiana coasfa] zone. A valuable anno-
fatéd bib1idgfaphy is;fouhd‘ihiGUStavson and ﬁcGraw (1977)’énd'a'fair1y

: compIete.reviéw of coasfal”bioﬁogy in Gosselink (1977). An overview of
these references shows several major gaps in‘data fof south Louisiana.

First, previous studies are very limited in scope. Either a single small
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taxon was studied or only one aspect of a taxon was studied. Second, most

studies are geographically limited. Large areas of the Louisiana coast

have never been scientifically studied. Third, many studies are methodo-

logically inadequate. Either the studies were not quantitative or the

gear used was deficient.
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C. PLAN FOR THE ACQUISITION OF DATA FOR THE ASSESSMENT
OF PGTENTIAL ENVIRONMENTAL IMPACTS ON ECOSYSTEM QUALITY

1. Introducfion

| Since most ecosystem t&pes in Louisiana are poorly understood and
since there is so much heterogeneity within any ecosystem, it is pro-
posed that pre- and post-impact studies be broad in scope and synoptic
in coverage. Important communities within ecosystem types in a geo-
pressured well field must be inventoried through time to understand
the dynamic changes occurring within a yearly cycle. Obviously, this
is necessary to understand whether changes, which may be notedvpost-
development, are natural er attributable to the development activities.
Furthermore, the study should include non-impacted, similar sites to
provide a "control®. ‘

Three plans are described below for the assessment of'impacts on
ecosystem quality: a plan each for offsﬁore geopressured resource
development; development in the.coastaI region§ and development in
up]and and forest regionsI This division accomodates the large .

»edifferences among these regions as to both impacts and environmental

setting. The studies proposedsare for optImum conditions of funding and
.planning. These p]ans'Wefe designed fbr the first fully deve10ped geo-
pressured fields 1n'each uf the three regions. A smaller level of effort
-will be required for subsequent development activities. ,

The general time-frame for perform1ng ecosystem qual1ty studies is
common to the plans: for all three regions. - The schedule given in Table

VII-C-1 is keyed to the expected timing of activities as described in



Table VII-C-1. Schedule for performing ecosystem quality studies.

Year

Well drilling

d

Energy plant

construction } |
_.Mmethane only ___________ 4 methane
Energy production - } electricity
Biological survey pIntense . reduced, SR + fommmmmmc—cea———
Bioassays e
Special studies H boommmaee + frommome—- 4 frommmmmmemmeese—-

e

Years 0, 1 = pre-development.
Years 2 - 24 = post-development.
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- Section III. The rationale behind this schedule is as follows: to
reduce the cost of ecoéystem quality studies it is proposed that in-
tensive sampling (monthly) be done for only the 1ife of the project.
First, an 18 month study will be performed befdre any development
occurs to establish a baseline for that particular site. -Second, an
18 month study will be performed during the most intensive portion of
well field development and power plant construction. Third, an 18
month study will be performed while gas and electricity are being
generated but after all construction has ceased. Between these 3
intensive periods of studies there will be a reduced sampling effort
(seasonally or once a year) for the 1ife of the project. In fhe event
of an accidental brine spill or other accidents of significant pro-
portions, intensive sampling, bioassays, and special studies will be

resumed although they may be more 1imited in scope.

n

Z. Offshbre Development

Offshore development--i.e. in marine ecosystems--will have the least
adverse impacts of the three regions except where onshore facilities
~and/or corridors are needed.

. Important communities in the marine ecosystem are phytop]ankton;
‘zooplankton, macrobenthos and fishes. A1l should be sampled as quanti-

: tative]y as possible. Water quality and substrate composition should
be‘me;sufed fn conjunction wifh biotic sampling. Since it is possible
~ that geopressured brines will be disposed of in the open Gulf, a series
. of bioassays with'éensitiVe sﬁecies should be accdmplished-under49arying

conditions of sa]inity;“temperature, and selected ions concentrations.

Sampling Design.. For the field study, two transects will be

) established perpendicular to the shore. One will cut across the center
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of the proposed drilling field, the second will be parallel but at a
distance away from any possible influence of development. Twenty stations

will be established and sampled monthly. Three days will be used in
sampling offshore each month. The first day phytoplankton, zooplankton

and benthos will be sampled at each station. Replicate grabs will be

' tgken from each communi;y. lg_gjgg;chemistry and samples for nutrients,
jons, and chlorophy1l will be taken simultaneously. Days 2 and 3
offshore will be used for sampling fishes. Since pipelines and trans-
mission lines will cross land areas, a fourth day should be used to
sample several stations in the marsh ecosystems affected. If offshore
drilling rigs are being used in the study area, fishes can be counted
visually by divers.

Acute and chronic bioassays will be conducted with indigenous
vertebrates and invertebrates. Organisms, including both adult and
early life history stages, will be subjected to ranges of salinity,
temperature and selected ions characteristic of the local geothermal
brines. Table VII-C-2 gives the costs for performing ecosystem'qua1ity

studies for a single offshore geopressured well field.

3. Coastal Development

The value of unaltered marsh has been estimated by Gosselink, et.
al., (1973) as $2,000/acre/year on the basis of its productivity; the
recreational and commercial value of the biota, and other factors. Of
the three regions, the coastal region is the most vulnerable to impacts
from Qeopressured resource development, and should be studied extensively.

Important communities in the estuarine and marsh ecosystems include

fishes, meiobenthos, macrobenthos, zooplankton, vegetation, and ter-
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Table VII-C-2. Estimated costs: Ecosystem quality studies at an offshore
geopressured ‘site. ‘ e '

: ' Year
0 1 2 3 4 5 6. 7
ITEM (thousands of dollars)

Salaries & Wages

Principal 18.0 18.9 19.8 20.7 21.6 22.5 23.4 24.3
Associates 26.0 26.0 26.0 54.0 26.0 26.0 26.0 26.0
Assistants 34.0 36.0 22.0 42.0 36.0 18.0 38.0 34.0

Benefits &

Overhead 44.7 46.4 38.9 66.9 47.9 38.1 50.1 48.3
Travel 19.0 }20,0 10.0 20.0 18.0 10.0 20.0 17.0
Suppliies & ,

Expenses ,]6'0 17.0 12.0 17.0 16.0 12.0 17.0 15.0
Equipment? 118.0 5.0 3.0 cee o eea - - -—-
TOTAL 275.7 16953 131.7 220.6 165.5 126.6 174.5 164.6

~

@Includes all fié]d‘and laboratory equipment costs needed to pefform the
proposed studies.

re-development

Years 0,1 = p ‘
post development

Years 2-7
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restrial vertebrates. Surveys of these fauna for two years in both a
developed area and a control area are needed to distinguish normal
variation from that related to geopressured resource development.
Bioassays with selected species should also be performed with both

brine and air pollutants.

Sampling Design. Siting stations will be complicated by the
heterogeneity of habitats within the systems. However, stratified random
sampling should be a valid approach. Logistical problems are reduced
compared to marine studies, consequently equipment outlay should be less.
Again, all stations should be sampled at least monthly for an 18 month
pre-impact period study; an 18 month period during the construction
phase; and an 18 month period during operation. Reduced sampling‘will
take place between these periods and for the 1ife of the development
project--20 years from the completion of the energy plant. Sampling
will require a field team of five to seven people for a period of 4 days
each month. Fishes should be sampled in canals and isolated ponds by
seining, beam trawling and with plankton nets. Macrobenthos in open
water should be sampled with ponar grabs and in marshes by a box corer.
Meiobenthos should be taken monthly in at least three sites. A marsh,
and an open, intertidal water body transect will be located within and
outside the impacted area. Changes in water quality and substrate
composition will be monitored along with biota collections. Vegetation
within the area of intensive.activity will be mapped using transect
methods. Birds, mammals, and reptiles will be directly censused at
least four times a year.

Bioassays using selected organisms will be conducted in a manner

as described under marine studies. Table VII-C-3 gives the costs for

-
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Table VII-C-3. Estimated costs: Eéosystem quality studies at a coastal
geopressured site.

Year .
0 1 2 3 4 5 6 7
ITEM (thousands of dollars)
salaries & Wages

Principal 18.0 18.9 19.8 20.7 21.6 22.5 23.4 24.3

Associates 26.0 26.0 , 26.0 54.0 26.0 26.0 26.0 26.0

Assistants 34.0 35.0 - 22.0 41.0 36.0 18.0 37.0 34.0
Benefits &

Overhead 44.7 45.8 38.9 66.3 47.9 38.1 49,5 48.3
Travel 16.0 16.0 10.0 20.0  16.0 8.0 16.0 16.0
Supplies & ,

Expenses 16.0 16.0 10.0 20.0 16.0 8.0 16.0 16.0
Equipment - 832 5.0 2.0 - - --- --- ---
TOTAL 237.9  162.7 128.7 | 222.0 163.5 120.6 167.9 164.6

aIncégdes all field and laboratory equipment needed to perform the proposed
studies. ? :

Years 0,1 = pre-development |
Years 2-7 = post-development
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acquiring these data for a single geopressured well field in the coastal O

region.

4, Up]aﬁd and Forest Development
Productivity in upland and forest regions is lower than in the

coastal ecosystems. Therefore, potential impacts will not be as severe,

in general.

Upland areas and bottomland hardwood forests can be studied using
the same general methods; Communities of interest include vegetation,
terrestrial vertebrates, macrobenthos, phytoplankton and fish. Variation
in water chemistry and soil chemistry should be monitored in this study.
Biological assays with selected species of terrestrial and aquatic biota
should also be performed.

Sampling Design. Stratified random sampling of aquatic ecosystems

and traqsect mapping of terrestrial ecosystems will give baseline and
post-impact information. Frequenéy of sahp1ing aquatic resources should
~ be at least monthly, while terrestrial communities should be studied
seasonally. Fishes of ponds, lakes, and streams should be sampled

using seines and electrofishing. Macrobenthos should be sampled with
Ekman grabs, but in coarse sediments a Ponar dredge should be used.
Phytoplankton in lakes and ponds will be samb]ed and diel estimates

(on a seasonal basis) of primary prbduction will be made by the dissolved
oxygen and chlorophyll method. Vegetation will be mapped and ter-
restrial vertebrates will be directly censused.

Some bioassay studies with freshwater orgahisms with potentially
toxic ions from the brine should be undertaken. Since cooling tower
blowdown may be a problem, ions in that effluent should be tested.

Table VII-C-4 gives the costs of acquiring this data for a single &_}

~geopressured well field in upland and/or forest regions.



Table VII-C-4., Estimated costs::
upland site.

Ecosystem quality studies at an
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Year
0 1 2 3 4 5 6 7
ITEM . (thousands of dollars) #
Salaries & Wages

Principal 18.0 18.9 19.8 20,7 21.6 22.5 23.4 24.3

Associates 26.0 26.0 26.0 54.0 26.0 26.0 26.0 26.0

Assistants 34.0 35.0 22.0 41.0 36.0 18.0 37.0 34.0
Benefits &

Overhead 44.7 45.8 38.8 66.3 47.9 38.1 49,5 48.3
Travel 12.0 13.0 8.0 15.0 14.0 12.0 15.0 14.0
Supplies &

Expenses 15.0 16.0 10.0 18.0 16.0 15.0 18.0 16.0
Equipment @ 80.0 10.0. 4.0 .- -—- .- .- e--
TOTAL 229.7 164.7 128.6 215.0 161.5 131.6 168.9 162.6

@Includes all and laboratory equipment needed to perform the proposed studies.

Years 0,1 = pre-development
= post development

Years 2-7
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~A.  INTRODUCTION
R. A. Muller, A. L. Bachman, and R. Hilding

The economic and cuitural resources of the area of interest for
geopressured resource deve]opment in Louisiana are rich and varied.
The study area includes major population centers as well as iarge
tracts of wetlands where'fewipeopie~ma1ntain permanent. residences.
The purpose-of_this Section is. to describe-thevstudy'area with respect
towthese”resources_andfpopuiation patterns,nand‘to identify problem
areas'of concern:in theifuli-scaie deveiopment,of geopressured resources.
The\subject of impactstfrom ancillary development’activities:,i.e.,
residentiai, commerciali‘and'induStriai activities as a result of
secondary uses of the spent geopressured brines has not been
‘addressed here or eisewhere in this Report This subject was
determined to be beyond the scope of the research, given time and
funding constraints. It is an area of significant concern and interest,
1however. Secondary users of geopressured hot water would have to be.
~ located ciose to the wei] fieid in order to minimize heat losses from

~ the: power plant to the point of end use Many of the geopressured -

"*ﬂ{;prOSPECt§: and the maJority of the,prime prospects, are iocated RLS
?j?rural areas and in fragiie wetland ecosystems. Industriai activity
‘;;in these areas, aiong w1th the residentiai and commercial activities
ffthat couid fo]low, wouid have a significant impact on the naturai env1ron-
*\ifment and on human uses of that environment These 1mpacts wouid be much |

iarger reiative to 1mpacts associated with methane and eiectricity pro-lv

7?xlriand cu]turai resources. For this reason. 2 pian for the assessment of

fjiduction from geopressured fiuids, particuiarly in terms of socweconomic.g,';,7j L
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impacts in this area has not been formulated. Such a plan should await
input from research on impacts from ancillary development activities.

- In general, impacts on socioeconomic and cultural resources from
the primary activities of geopressured resource deve]opment: site
preparation and construction, f3uid production and disposal, methane
and electricity production and transportation, are similar to impacts
from 0i1 and conventional gas production. O0il and gas production in
the study area is intensive and has been for several decades. The
impacts in terms of income, demand for community services, growth,
and the 1ike have been of major significance during this period.
Simi1af~impacts from geopressured development will result and add to
those already on-going.

There are, however, two types of impacts from geopressured develop-
ment that differ markedly from those of oil and gas production. Subsi-
dence, should it occur as a result of geopressured fluid production,
could have important impacts on land use, structures, flooding potential,
and the like, and is of major concern. The area subject to flooding from
storm surges and stream discharge could be significantly increased
should subsidence occur in the Tow lying, low relief portions of the

' study area. Differential subsidence could result in damage to structures

and roads. '

Possible impacts résulting from subsurface f]uid disposal: fi.e.,
breeching of abéndoned wells, 1eakage into fresh-water aquifers, are
unique to geopressured operations in that‘the volume of spent fluid
is so much greater than oil and gas field brines. Brine spills and
ground-water contamination could impact on land and water uses in the

study area. Of particular concern are the ground-water resources
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used fOr-1nrigating'r1Ce»crops in the south-central and‘southwestj
. portions of the study area. | | |
| Natural hazards such as: hurr1canes and accompanying storm surges,
high{w1nds and tornadoeS. and:fresh-water-f]ooding‘gre also dis-~
dcussed,in this~sect10n._:Thé;oi1 and gas industry.1n south Louisiana
has deve]opédnbrocedutes’and safeguards‘fdr'these bccurrences.
- NeVéntheless;,weather'events:and flooding sti11l pose hazards to life
and equipment. More important to this research is the degree of
flooding from storm surges and~freshfwater'runoff that occurs in the
istudy area. Flobd'prone°areds dould bevappneCiab1y increased in
extent shou1d subsidence occur as a result of geopressured operations.
} The: soc1oeconom1c and culturaI sett1ng of. the study area is
i‘vdescr1bed below. 0ther-sect1ons~of the Report-bear onfthis discussion;
1part1cu1ar1y the sect1ons on geolog1ca1 effects (Sect1on IV), air and

water quality (Sect1ons v and VI), and ecosystem qua]ity (Section VII)
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B. LAND USE

1. 'Introductfonk

'Historically,.land.use in south Louisiana has been mostly determined

'by'the opportunities:and'constraintS‘of the'natural enVironment. Settle-

mentfand deVelopment‘occurred:mainly on the'Pleistocene terraces,vnaturai
levee5tgridges;:and cheniers; while the undeveloped wetlands were utilized

forjsuch‘activities.as fishing and trapping. ‘Within'this century human

: actiVity>has greatly'alteredfthe natural situation.  The Mississippi and

Atchafalya Rivers have-been controlled for purposes. of navigation and

f]ood protect1on by channe1lzat1on and: the construct1on of artificial

‘1evees. An extens1ve network of’cana]s has been cut through the wet-

1ands to provide access for oi] and gas product1on, for nav1gation, and

other purposes. Large proaects for Iand reclamat1on have been under-

taken.: These changes have taken the1r toll on the natura] env1ronment

| 'jFlood contro1 has e]iminated the overbank f]oodIng which distr1buted
: river sed1ments 1nto swamp and marsh areas, and the many canals have
a]tered the natura] discharge and exchange of waters w1th1n the wetlandg

“‘Jkias we11 as contributed to 1and loss in the wet]ands.. -

Recentiy, A cris1s over Tand use has been recognized in Lou1siana.

"5'Since the wetIands represent a valuab1e renewab]e resource, a consci-

':’95;r;entious effort has been made to preserve and protect this system. On the ,f

"vffcgéother hand, the need for 1ncreased deve]opment of 011 and gas. resources

'»”and the increased demand for urban and agricultural 1and presents a

“;iffifthreat to the wetlands., In order to reconci1e these uses of the wetlands.:ﬂv-

‘1*3‘a plan for comprehensive management of resources 1n the coasta] region
;:sfbeing deve!oped A data base on 1and use and resources has been -

,}”f’assembTed;in support_of these-efforts., Th1s work has been carr1ed out
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under the U. S. Coastal Zone Management Act of 1972 and legislation is

pending in Louisiana to implement a coastal zone management program.

2. Population
Approximately 2.5 million people live in the area of interest for

geopressured resource development. The population distribution in the
. study area is quite varied (Figure VIII-B-1). Over one million people
are concentrated in the New Orleans metropolitan area to the east; while
to the west, Cameron Parish has no communities over 500 inhabitants.
Major population centers in the study area are New Orleans, Baton Rouge,
Lafayette and Lake Charles. The coastal wetlands and the wetlands of the
Atchafalaya Basin are relatively sparsely populated. Most of the |
geopressured prospect areas are in rural portions of the study area.

The majority of the parishes in the study area are experiencing
population growth (Figure VIII-B-2). Much of this growth has been in
the areas projected as urban growth corridors (Figure VIII-B-3), al-
though rural population gains are also evident.

A large percentage of the labor force in the study area is employed
in mining--particularly the oil and gas industries. Figure VIII-B-4
shows this to be true especially in the coastal parishes--the area of prime
interest for géopressured development. Since the type of jobs asSociated
with geopressured operations are expected to be similar to thosé associated
with 0il and gas, these workers represent an available, skilled labor

force for geopressured development.

- 3. . Industrial Activity

Industrial activity in Louisiana is concentrated primarily in two
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Fig.VITT-B-2 Louisiana parishes by rate of growth, 1970-1976.
(From U.S. Department of Commerce, 1977a).
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Fig. VIII-B-4.

Mining as a percent of total parish employment.

(From U.S. Army Corps of Engineers, 1976).
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< areas: a-strio‘aTOng.theaMissisSippi”River'between the major urban centers
of Baton'Rouge and'New Orleans; and in the Lake Charles area in Calcasieu
parish. 011 refiner1es and petrochem1ca1 plants are the maJor industrial
activities in both these areas, and further deve1opment is being encouraged.
‘Figure VIII-B-5 shows these:concentratjons.; Other,types,of manufacturing,
construction, and:mining are a1so:of major importance in the study area.
(Mining is discussed in Section VIII-B, below).

Several geopressured prdsoect areas are located within or near these
industria1~concentrations;' The contribution of geopressured operations
“to air‘and,water po]]utant:1oadings,,both_of which are already high in

these areas, is of some concern-.

4, Agriculture |
| Agricuiture is an'imnortant'iand:uSe innSOuth Louisiana. Itlis a
‘#%'maaor economic activity 1n 10 of the 30 par1$hes 1n the study area, as
"'F1gure VIII B-6 111ustrates In 9 of these par1shes ‘Acadia, Ascens1on,_
*,,Assumpt1on, Calcasfeu, Ibervil]e, Jefferson Davis, Po1nte Coupee, St.
| ‘Martin, and St. Tammany, 50% of the land is 1n agr1cu1ture (U S. Army
’*”a;Corps of Englneers 1976) | : ' '

‘_*f Flgure VIII-B- 7 shows maJor agricu]tural reg1ons in the study area.
‘:ﬁfuIn ‘the wetland areas both near the coast and in the Atchafalaya Basin,
itifihf7beef 15 the ma1n crop, exc]udlng fish harvests., Cattle;are grazed on the~
"‘}fffacheniers and ridges of the coasta? marshes, and on h1gher ground 1n |

,“gff;the 1n1and wetlands. Sugar cane 1s st111 an 1mportant crop 1n the centra] -

"?.nga{fand eastern port1ons of the study area, a1th0u9h WUCh sugar cane. acreage 7:i
s being converted to soy beans because of recent dec11nes in the pr1ce -

1Q=J::: of sugar. Beef and da1ry production east of the M1ss1ss1pp1 R1ver is
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Fig. VIII-B-5.

(From Newton, 1972).
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Fig. VIII-B-6. Parish farm 'income.. (From Louisiana
] State Planning Office, 1977).

Parish Farm Income Groupings

Veaooo feosses " Taeorren Jor

i > $50,000,000
i 53 540,000,000 10 $50,000,000
i =3 530,000,000 1o $40,000,000
i $20,000,000 to $30,000,000
L NN ] < $20,000,000

3 L . - :




- Fig. VIII-B-7

-~ MODERN
AGRICULTURAL REGIONS

2] Truck Farms
Dairy, Beef, Woodland
2 Beef And Woods Or Marsh

Rice, Beef

Sugarcane

Cotton, Soybeans

Soybeans, Cotton
(From Newton, 1972)

...... - 1)

Ll etlorthern Limit

892

 Geopressured Prospects

..............




o ‘ ~ 269

also declining in favor of, soy beans.

‘i);v ‘,‘ Rice remains the:major‘crop‘inlthe western portion of the study area..

Rice is the only irrigated crop in LouiSiana, irrigation water coming
mainly from fresh ground water Th1S source 1is already being eroded due
to sa]t water encroachment from the Guif Any further contamination from

accidenta] 1eakage duringvdisposal of geopressured brines, for example,

will be of considerable concern.

5. Recreation
Con51derab1e land and water acreage is set aside in south Louisiana
 for recreation, refiecting the abundance of wildlife in the area. The
Vlargest acreage is in state w11dlife management areas and state and federal
w11d11fe refuges (Figures VIII-B~8 and -9). Huntingfand fishing are the
primary recreationa1 activities in the w11d11fe management areas.
0i1 and gas operations are al]owed on state owned refuges and wild-
‘:'Jife management areas.’ In fact the primary source of 1ncome from these
7 ”-fareas is . revenue from 011 and gas production (Herring, persona] com-
| {5mun1cation, 1977) - The Lou151ana Department of Wildiife and Fisheries ’
‘A hh'reguiates, to an extent, construction and production practices to pro- .
' h*iutect the wi]d]ife and recreationa1 value of the areas., While a number
§ ‘Aof prime geopressured prospects are Tocated in or near state and federal
._F‘lﬁbjw1]d1ife areas and refuges, 1t is highly unlike]y that ful]-scaie geopressured :
: "iafidevelopment activities wou]d be aiiowed to take piace in these areas :

Sport hunting and fishing is popuiar throughout south Louisiana. o 1'

- ?f*ffiThe value of these activities is high w1th sport 1icenses a]one gener-'»'7m
';f:f;ating over $1 mi11ion a year in income (La Wiidiife and Fisheries |
75f’Commission, 1972) Of particu]ar concern in the coasta] marsh areas in

w;":lterms of adverse effects on recreationai hunting and fishing from geo-

kf’*fipressured operations is the potent1a1 impacts of subsidence, shou]d
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Fig VIII B 9 U S Government recreation land south Louis1ana.
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it occur, and of accidental brine spills. The large extent of pipeline (;J.
‘required to transport geopressured fluid to the energy plant and back
to disposal wells is also of some concern in that surface disruption

is likely to be quite high in wetland areas.
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C. RESOURCES

ﬁ;ﬁ»’ 1. Renewable Resources | |
| Chief among the renewable_resourceS»ottsouthaLouisiana’arerfish and
'shellfish, .The~distributfon of'thermain‘commerciaT species are shown in
Figure VITI-C-1, with the values of 1975 comercial Tandings listed in
JTable:VIII-CQI.' The-recreatjonal value of]these;species was described
in Section B, above. | | | .
Game is also an important resource,sboth}tommercialTy and recreation-
~ally. The total value of_thercommercial-fUr take in Louisiana in 1976 was
- $13.8 million withrnutria{and,muskrat,accounting for*$10.5 million of
this amount{(La,'Office of State PTanning;t]977).s The coastal marshes
are thesprimary habitat for nutria and muskrat‘ Water fowl are also
| 1mportant commerc1a1 and sport anima]s 1n the coastal marshes
| The sect1on on ecosystem qua11ty (Sect1on VII) descr1bes in detai]
*the impacts on w11dlife that could occur due to- geopressured resource -
tdeve]opment The issue 1n terms of econom1c, social and cu]tural va]ues
is somewhat broader than Just the poss1b1e loss of w11d11fe and/or
hldhabltat for w11d11fe, however The coasta1 wet]ands of Lou1s1ana are
jﬁ"fééjfthemselves a valuable renewable resource. Marsh systems flush wastes ,;'
U'f‘from agricultura1 mun1c1pa1 and industrial sources, and act as a
."f;(buffer against storm surges The wetlands are. also of pr1me eco]ogical
“*«uf;1nterest.k They provide habitat for a number of threatened and endangered.e'
| r;;species Wh11e considerable mineral extraction--particular1y oil and '
»sfgas production--takes p]ace in and adjacent to south Louis1ana wet- .

jﬁlands these activ1t1es, including geopressured deve1opment, need to be i

. wicarr1ed out 1n a manner consistent with the PrOtEth°" of the °°35ta]
b\iJ‘i.;?wetlands i Ly |
i | ~0f paramount concern 1s land loss 1n the wetlands ~Subsidence, -
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‘Fig. VIII-C-1
Main Commercial
Species
(From Newton, 1972)

MENHADEN

MENHADEN 2
SHRIMP ATLANTIC CROAKER

ATLANTIC CROAKER MENHADEN
SILVERSIDE SHRIMP A"
A\ 4
ATLANTIC CROAKER ~~ SHRIMP ©" 0\ ENHADEN
" SILVERSIDE MENHADEN
SEA CAT

FISHERIES

TABLE VIII-C-1. Value of Louisiana commercial landings, fish and
shellfish, 1975. (From La. State Planning Office, 1977).

Species Dollar Value
Menhaden 29,379,319
Catfish & Bullheads 2,615,550
Sea Trout, Spotted 695,978
Buffalofish 395,868
Drum 329,624
Shad 72,991
Other , 1,300,030
TOTAL FISH 34,789,360
Shrimp 40,967,755
Oysters 7,174,309
Crawfish 3,330,942
Crabs 2,510,033
Other 213,304
TOTAL SHELLFISH ‘ 54,196,343

GRAND TOTAL 88,985,703
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if it should occur during geopressured_operations, could result in
\igvi considerable land loss in the flat;slow-lying coastal region. Because
‘ the value of marsh areas is higher than open water systems, the potential
' exists for decreasing the value of land due to inundationkfrom subsidence.
Harrell, in his research on legalﬁaspects-df'geopressured resource develop-
.ment,(1978); believes that this situation couldrresuit in legal
action by~indiuiduais or theaState-seeking injunctive relief from the
effects of the geopressured operation. Subsidence effects would be
1ikely to be construed as resulting from the norma1 operations of the
development, so injunctive.relief would mean closing down the operation.
This hypothesis is‘speculative; at best; dependent on a number
of,factors;that‘arethighly uncertains' We don't know if subsidence will
~occur or, if it5does;ghow muchiwi11 occur. Subsidence must -be shown
~to be attributable‘to the geopressured operationvin a geographic area
in which natura1 and induced subsidence is a]ready taking place; and
'individuais or the state must bring su1ts and these must ‘be decided in the
, v_‘courts. In spite of these uncertainties. the who]e area of subsidence
| '3;*~prediction, prevention and monitoring requires close attention. The State's
| u“(éconcern is i]]ustrated in the proposed regu]ations for geopressured oper-

t’%”ations which require subsidence monitoring (Harrel], 1978).

| ";;in Nonrenewabie Resources | : , :

: :d The most 1mportant nonrenewab]e resources in south Lou151ana are
'i;h"fminerals't petro]eum and natura1 gas primarily, but a1so sa]t and salt
if~ff:brine, she]l and other f111 materia]s sulfur, clay, 9"3\'E1 and Sa“d’

‘J;‘f flime, and carbon b1ack Figure VIII-C 2 shows the geograph1c d‘Str‘b”t’°" -
'f;*3’fof these minerals in- the study area. Note that petroleum and naturai 1

\i);:; " gas are the;1eadingvminerais,in the entiresstudy area.
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The 011 and gas resources of Louisiana are not only vital in terms
Vof national interests: Louisiana.produces 1/4 of the oil and 1/3 of the
natUral gas produced domestically,»but:also aumajor source of income
to the State Severance taxes are Just'one measure of this economic.
- impact. 01l and gas accounted for over $500 million in severance taxes
paid in 1976--90% of al] severance,taxes pa1d for mineral extract1on (La.
State Planning Office, 1977). ~Table VIII-C-2 lists the parishes in the
- study area and theiraranks in terms of severance tax collections..
Asterisks denote those parishes in which prime geopressured prospect
areas are 1ocatedv(top”rankedv20 of 63 prospects).

It;is clear from the: table that prime~geopressured_prospectsxcoin-
cide with majorfhydrocarbon producing parishes. Protection of oil and

gas reservoirs'is an area of concern to-the State,faS'evidenced‘by proposed

“h j,regulat1ons on:the d1sposa1 of spent geopressured brines. The requirement

.1s to dispose of- br1nes in aqu1fers w1th no connection to 0l and gas

‘~,producing sands (Harre]] 1978' Chauviere, personal communicat1on, 1977)

'»§3 Cultural Resources :fl'~A

There are a number of areas of historica1 archeo]ogica] and

” :'7n§ecologica1 1mportance w1thin the study area. Wlth the except1on of

"‘hthree sites in Cameron Parish 1n the southwestern portion of the study‘ ‘

35;;area, the majority of the bui1d1ngs and areas ]1sted in the National o

"?ffﬁReg1ster of H1stor1c P1aces are in urban areas , New Orleans Baton

‘d];Rouge, and Lafayette and several sma11er communities., Archeological

»‘;VA?sites, however, are scattered throughout the area of 1nterest for- geonz.

'*i%iffpressured development and are much more 11ke1y to be impacted by 980-»,

'*pressured operat1ons.', =
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Parishes in the geopressure prospect area by rank

of 1976 severance tax collections.
La. State Planning Office, 1977).

(Adapted from

Parish Rank?
Plaquemines 1
*Terrebonne 2
*St. Mary 3
Lafourche 4
*Iberia 5
*Yermilion 6
*Cameron 7
St. Charles 8
Jefferson 9
Acadia- 10
Jefferson Davis 11
*St. Martin 12
*Assumption 13
*Calcasieu 14
Iberville 15
St. Landry 16
Evangeline 21
St. Bernard 26
Pointe Coupee 27
Ascension 30
St. James 33
Beauregard 34
St. John the Baptist 40
-Allen 41
- West Baton Rouge 47
East Baton Rouge 49
St. Tammany 52
Livingston 55
Tangipahoa 59
Orleans 60

 2Total number of parishes ranked: 64
*Location of top 20 ranked geopressured prospects
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thure VIII-C-3 shows. the distribution of archeological sites in
the»southern,portion'of_theﬁstudy,area.‘ Archeo]ogists have recorded 446
archeological sites in the marsh areasy(Neuman;-1977):« Most,of these
sites are shel]kmiddenS»dating:from‘Paieo-Indian'tfmes:through historic
times;ibut mounds, camp areas,rand vi]lage sites are also present.. Most of
the archeological sites in;the~coasta1 marshes‘havevnot'been investigated.
Becausefof”rapid,disapoearance‘of»the sites. due to natural causes and‘
human activity, the value of those that remain has become more apparent.
Geopressured development will have to be undertaken so that archeological
sites can be:presErved_or'atﬁTeast:excavated. ,ArcheoTogical surveys
* should he‘oerformed beforeadeuelopmentaactivitiesvbegin.

Areasfoffecological interest were discuSSed—asiareas of recreational
activity in'Section VIII;A-4 above It should be noted that these areas
-are’ extens1ve in the coasta1 reg1on--the most fragl1e ecosystems with
’_respect to geopressured development. W11d11fe management areas and
ﬁrefuges 1n south Louisiana tota1 over 700 000 acres. In Cameron Par1sh
nnationa] wi1d11fe refuges compr1se 15% of the total land area 1n the

hrvPar1sh (U s. Army Corps of Eng1neers, 1976),

”;j?{14“ cbastal'Resource Management

The Louwsiana State P]anning Office, with grants from the Coastal

:e'ﬂf}Zone Management Act of 1972 has comp11ed a data base in ant1c1pat1on of

“Vthe development of a coastal zone management p1an for Lou1sianaa Stud1es

4”*{in that data base that compi]e resource inventor1es or that dea] speC1-‘_

| °*'f1ca11y w1th the pIanned integrat1on of resource uses are 11sted below.'f )

"”i*?%ﬁSeveral other pert1nent stud1es are a]so TiSted

Burk & Assoc1ates, Inc., Lou1s1ana Coastal Resources Inventory,_
Vol. 1, Geographic Areas of Particular Concern: - New Orleans, .
V:Burk & Assoc1ates, Inc.,: June, 1975, An inventory by parish
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(questionnaires were used) including recreational facilities,. -
historical, cultural, and tourist features, archaeological
sites, and development areas of particular concern.

Burk & Associates, Inc., Louisiana Coastal Resources Inventory,
‘Volume 2, Impact Assessment Review: New Orleans, Burk &
Associates, Inc., June,1975. An inventory of federal, state,
regional and metropolitan agenc1es and their plans and projects
which affect the coastal zone.

Burk & Assoc1ates, Inc., Louisiana Coastal Resources: Inventory,
Volume 3, Significant Coastal Plans and Projects: New Orleans,
Burk & Associates Inc., June, 1975. An analysis of completed,
under"construction and proposed projects which may have a
significant impact on the coastal area. -

 Burk & Associates, Inc., Louisiana Coastal Resources Inventory,
Volume 4, Parish Maps New Orleans, Burk & Assoc1ates Inc.,

1977.
T.. Recreational sites . - 1:500,000
- 2. Historic and cultural featureS‘ 1:500,000
. 3. Archeological sites “1:500,000
4. Developmental areas - 1:500,000
5. Unique ecological features - 1:500,000
- 6. Vegetation - 1:125,000
7. Flood prone areas and elevation 1:125,000
- 8. Hydrologic Characteristics - 1:125,000
.~ - ground water and surface water quality SIS ,
9. Soil subsidence potential N - +1:125,000 .
=+ -10,  Land loss" potential due to channel - -1:125,000
- ... “construction - e L
-~ 11.. . Prime agricultural and forestry lands -1:125,000 -
» .. 12. Existing and future land use ey 1:125,000 -
- 13."-Recreational potential . oo .1:500,000
,14‘ Natura1 land suitability maps - - 1:125,000

"*’ffj*fDoes not include the following parishes in-the study area,gf[“ ;
L -'A]]en"Acadia, East Baton Rouge, Evangeline, Beauregard '
-'iLafayette, St. Landry and West Baton Rouge. :

' ~:1;¢Burk & Associates, Inc., Potential Preservation and Restoration o
~~ Areas . in the" Louisiana ‘Wetlands: ~New Orleans, Burk & Associates,
~ Inc., Jdune, 1977, This report considers fifty potential natural
U o-areas. representing a cross section of all major physiographic
©. v _'types in coastal Louisiana which were evaluated as natura1 areas
e T The: evaluations are addressed in this report under three ‘
- headings: - (1) Standards and Criteria for Preservation and

' and (3) Priority Ranking of Preservation Areas. Two. maps depicting
: :~1¢fpot$nt1a1 restoration areas and potential preservation areas: are S
~+.included , ,

\'L-’Restoration Areas; (2) Evaluation of Potential Preservation. Areas, ,;‘u”
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Burk & Associates, Inc., Recreational Potential Along the
Louisiana Coast: Proposed New and Expanded Sites for Rec-
reation: New Orleans, Burk & Associates, Inc., February,
1977, Lists, arranged by parish, containing recommendations
-for both expansion of existing facilities and new potential
sites in areas where facilities are now non-existing along
the Louisiana coast.

Coastal Environments, Ini., A Process for Coastal Resources
Management & Impacts Assessment: Baton Rouge, Coastal
Environments, Inc., August, 1976. Presents a background
for understanding resource management and an overview of
naturally occurring and manmade physical conditions that
may be encountered in the Louisiana coastal area. Also,

it presents a practical procedure for developing a local
coastal resource management program and a systematic approach
to resource management and assessment of onshore impacts
resulting from outer continental shelf energy related re-
source development.

U. S. .Army Corps of Engineers, Engineer Agency for Resources
Inventories, Inventory of Basic Environmental Data, South
Louisiana, Mermentau River to Chandeleur Sound, with Special
Emphasis on the Atchafalaya Basin. Washington, D.C.: U. S.
Army Engineer Topographic Laboratories. Large sized maps

at scale 1:500,000 plus tables. Catagories include water
resources, cultural elements, and biological elements. Land
use maps at 1:125,000 included.

Larimore, P. B., et al., Louisiana Census Data Atlas: Baton
Rouge, Louisiana State Planning Office, 1976. Organization
of 1970 census data into atlas format with SYMAP program
used in rendering maps. Tabular data included with map.

Midboe, Kai D. et al., Legal Authorities for Control of
Land Use in Coastal Louisiana: Baton Rouge, Sea Grant
‘Legal Program, Louisiana State University, November, 1976.
A detailed description of the federal, state and local
authorities to regulate activities within Louisiana's
coastal zone. '

Mumphrey, Anthony J., etal., Coastal Zone Management in the
Metropolitan New Orleans Region: New Orleans, Urban Studies
Institute, University of New Orleans, August, 1976. A study
intended to provide information of several dimensions for use

" in the development of Coastal Zone Management Plans in the
parishes of the metropolitan New Orleans region--Jefferson,
Orleans, St. Bernard and St. Tammany--in an attempt to lead to
judicious utilization of the resources in the Louisiana coastal
zone. .
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Mumphrey, Anthony J.,. et al., OCS Development in Coastal Louisiana:

. A Socio-Economic Impact Assessment: New Orleans, Urban Studies
- Institute,. University of New Orleans, August, 1977. This study
quantifies the impacts of OCS development activities in terms

- of economic. production, jobs, population, and public: service

- costs.  Also discussed are the federal Coastal Energy Impact
Program, the additional. costs of urban development in wetlands,
Tocal planning capabilities in the coastal zone and citizen
involvement in coastal planning ’

Mumphrey, Anthony Jdoy ‘et al., Urban Deve1opment in the Louisiana
Coastal Zone: Problems and Guidelines: New Orleans, Urban

Studies Inst1tute, University of New Orleans, December, 1976.

A study surveying existing urban development practices in Louisiana's
coastal zone, identifying problem areas in wetlands development,

and assesses the adequacy mechanisms. ‘

Murray, S. P., Projected Parish Land Needs: Baton Rouge, Coastal
Resources. Program, Louisiana State Planning Office, April, 1977.
~Inventories of existing and coastal land needs by coastal parish.
A brief outline of existing land utilization is compared by pro-

jected demands for selected land needs through 1985.

Renner, James R., The Coastal Zone: An Overview of Economic,
Recreational and Demographic Patterns: Baton Rouge, Louisiana
State Planning Office, November, 1976. A general perspective
-on the uses, categorized.as economic, demographic and recreational,
~of the physical resources of the coastal zone, both renewable
'and nonrenewab]e. , : :

, 'In addit1on, the Louisiana State P1anning 0ff1ce has. deve]oped a
,’computer or1ented p]ann1ng informat1on system, the Comprehens1ve P]anning

~iInformation System (CPIS) Soc1oeconom1c and demographic data from the

e *';vCensus Bureau Summary Tapes, and 1nformat1on from state and munic1pa1

'sagencies, and stat1st1ca1 programs have been ‘placed into CPIS Land

“.vuse data has been assembled using the Land Use and Data Analys1s (LUDA)

ygtﬁttprogram prepared by the U S Geo]og1ca1 Survey Lou1siana is one of

k f‘the fﬁrst states to get access to th1s program s1ated for nationwide

';l_guse w1th1n the next decade With the LUDA program are: land use over-

fgﬂslays keyed to standard USGS topograph1c maps at sca1es ranglng from

‘ -’“iV;J.soo,oooVtoel,sz,soo,,,Thus_far,;LUDA;has,beenuused for such PUFPOSESLJY
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as identifying industrial site locations, updating city and parish land
use maps, and in reviewing environmental impact statements. LUDA would
appear to be a useful tool in providing and organizing data appropriate

for a small scale baseline land use study. .
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0. NATURAL HAZARDS

Many of the natural hazards in south Louisianan that could

affect the construction and operation of geopressured facilities are

associated with recurring meteorological events. ~These

»include hurricanes and accompanying storm surges fresh—water

flooding. tornadoes, thunderstorms and 1ightning. freezing weather.
and fog. Although some- of these events, due to their potent1a1

destructiveness and/or relative frequency, constitute: greater

threats than'others; they allirepresentaconditions,that might cause

delaysﬁand shut-ins. Hurricane and.bther'gaIE»force;winds and
accompanying storm=surges.Cou1d‘endanger the Tives of personnel at
geopressured*facilities. Fortunatelygithe oil and gas industry in
south Louisiana has gained'considerabie experience» in proteCting

life and equ1pment from these natura1 occurrences._ A,geopressured,g~

inindustry should be no different in this. respect.

Of greater concern, however. is the potential for increa51ng

'”‘*the area: prone to. flooding shouid subsidence occur as a result of
19»,geopressured operations.«,Thescoastai5region;wou1d_be particuiarly

*vulnerable in thisfevent.‘vSubsidence effectsfcouid Ampact a']arge'

"‘j?j5area, because the coastal marshes are at very Tow e1evations and there :

’dis iittie relief in the region.; The coastal marshes bufferfthe

"; fa:feffects of storms so 1oss of marsh due to sub51dence could increase
ji??VQ;ffstorm hazards for coastai communities.- In more. upland portions ;_);'si"
”<i}a;10f the study area, subsidence in the vicinity of streams subject to ):*'.

rr-;fresh-water flooding couid extend f]ood prone areas
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~An impact such as flood damage to communities due to subsidence
during geopressured operations represents a worst case situation. As
discussed fully in Section IV, subsidence cannot be predicted at
th§s time--either its occurrence or the amount of subsidence--in
geopressured development. However, it is important to review the
environmental setting of the study area with respect;tb this possible
impact. Meteorological events of concern in terms of both fiooding

hazards and damage to geopressured facilities are discussed below.

T. Hurricanes and Accompanying Storm Surges

The ‘possibility of a hurricane or tropical storm entering the
south Louisiana region is the greatest natural threat to human activity

and the environment. The destructiveness of a hurricane arises not

only from its strong winds, with speeds of up to 320 km/hr (200 mph),
but also from the surge of seawater pushed ahead of the storm by the
intense counterclockwise circulation about its center. VStorm surges

on the Mississippi Gulf Coast during Hurricane Camille (1969) reached
as high as 7 meters (23 feet) (U.S. Army Corps of Engineers, 1970).
Figure'VIII—D-1 shows the extent of flooding in coastal Louisiana from
Hurricane}Audrey in June 1957. In an average hurricane, hurricane force
winds (over 120 km/hrs)'extend in a 160 km (100 mi) diameter around the
centfal eye; and gale force winds (60-120 km/hr) extend about 560 km
(350 mi) from the storm center (Dunn and Miller, 1960). Thus, while
areas directly in the track of the storm often suffer heavy losses in
huhan lives and property, a hurricane can effect destruction over a
relatively wide area. The damage caused by Hurricane Camille totaled
over one billion dollars, $500 million of it in the Gulf Coast area;
along with the loss of:?GZ 11ve$. including 137 in Mississippi and 9

in Louisiana (U.S. Army Corps of Engineers, 1970).
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From 1900-1976, 36 hurricanes crossed the Louisiana coast or
passed close enough to inflict damage: a return per}od of about once
every 2 years. The National Weather Service has kept records of the
meteorological details of these storms as well &s general information
as to losses (NWS, Hurricane Center, Miami, Florida). More thorough
reports on major hurricanes are compiled by the U.S. Army Corps of
Engineers (Camille, 1970; Betsy, 1966; Audrey, 1958). The Corps have
also organized a history of hurricanes and tropical storms in coastal
Louisiana with breakdowns according to area and extent of damages
(U.S. Army Corps of Engineers, 1972). |

" Local and regional authorities, working in cboperation with
federal agencies such as the Corps of Engineers and the National
Weather Service Hurricane Center in Miami, have constructed levees
and’other structures for hurricane protection and devised a forecast
warning network as well as a plan of emergency procedureé to follow
in.the event of a hurricane. General precautions often include an

.eyacuation of offshore facilities and low-lying coastal areas, and
aAshutdown of vulnerable drilling operations.

..Hurricanes occur only in summer and fall: the official

.hurricane seasﬁn'lasts from June -1 - November 30. The peak month

is September.

2. Fresh Water Flooding

The potential flooding of the Lower Mississippi River Basin

represents a grave hazard in south Louisiana. One of the world's

| largest river systems, the Mississippi and its tributaries drain over

O
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2.59 million km2 (1 million miz); with an annual discharge through
Louisiana that averagestalmost.450,000,miliioh gals/day (700,000 cfs).
‘Flood conditions are brought about by excessive winter and’spring
precipitation and resultant runoff throughout*the various sub-basins
of the Mississippi River, such as*the'Ohio,,Tennessee, and Arkansas
River basins. Peak.flood stages,in Louisfana usually occur in late

winter and early spring and sometimes persist into late spring.
-In 1927 the most devastating flood of this century happened in.

the.Lower Mississippi River Vai]ey.w Over: 28,000 kmzv(11,000 miz) of
Louisiana,land;waS'inundated,and,over“szoo million in property
damage was sustained - The fTood‘began in‘January and'lasted'into
‘Juiy for a total of 180 days: (Frankenfield et. al., 1927). As a
result of this disaster, a massive program for the management of the
entire Mississippi River system was begun, 1mp1emented by the U.S.
Army Corps of Eng1neers. By the late 1960's the plan had been |
substantiaily compieted and had 1nvo]ved the construction of
:"artificial }evees, floodways, upstream reserv01rs, and other |
f,hcontrol structures.s , o , |

= The fiood of - 1973, which came clese to matching the 1927

| j":;ﬂocd caused reiatively much 1ess damage in Louisiana, thanks to

 this contr01 system (Chin, et, al., 1975) Nevertheless, a.great

"v?fdeai of concern was expressed after this fiood - The controls.‘h 2

. 'designed to hand1e a project fiood somewhat larger than the 1973
;;if]ood had been taxed to their 11m1ts. Improvements in fiood

;ft'contro1 structures have been 1nitiated
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Flooding of local streams usually results from intense local
precipitation of several days‘duration. Because of the small water-
sheds, flood stages are quickly reached and no more than a few days
flood warning. is possible. The meteorological situation necessary
| to produce storms of this type recur rarely at the same location,
but tend to be spring weather events. The flood on the Amite River
in 1977, in which the river stage at Denham Springs, Louisiana
feached‘almost<0.6 meters (2 feet) above record flood levels,
resul?gd from an intense four day rain durihg which over'30«cm‘(12 in)
of water-fe]l at sevefal sites within the watershed (U;S;G;S;,'T977l.
- Data on Louisiana floods can be found in Neely (1976).

Storﬁ rainfall capable of causing local flooding is sometimes
associated with tropical disturbances such as hurricanes. This type
of flooding should be distinguished from the flooding caused by

storm surges.

3.. Tornadoes

Tornadoes, the most violent of all meteorological phenomena,
have been sighted in all sections of Louisiana, but appear to have
their greatest frequency in the northwest part of the state. They
‘have been repdrted during all months of the year with about 50 per
cent of the total number (444 from 1916-1968) occurring from
February through May. Peak tornado activity has been in April; and a
secondary peak comes in November. Louisiana storms show a tendency

I

to occur in the afternoon and early evening (Cry, 1969).
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Most:tornadoes evo]ve-out'of“intense\thunderstorms and squall
lines»thet’form in the warm sector adjacent to(winter'and,spring
cold fronts.. Somewhat'lessasevere,.but~nonetheless~dangerous:
.tornadoesvare,often spamned.hy’hurriconESI(Novlan,fand Graw, 1974).
Thermostqdamaging Louisiana tornadoes, at Minden in May 1933.-and
~at Larose in 0ctober*1964, claimed 23 and 22 1ives, respectively.
ThetLarOse storm was associated with Hurricane Hilda..

The: return period for tornadoes at a given point in Louisiana is
' abothoncefin‘IIOO'years”(Cry, 1969).. Itﬁshoqu,be:noted*that’the/
~numberiof'tornadoes.reported,iStalmost.certain]y somewhat. less: than
theﬁactualAnumberjof»ocourrences as,many'tornadoes'touch down in -
re1at1ye1y uninhabfted‘areas;f Responsibility for tornado warnings
‘lies,withithe.Severe,Storms~Center'Of the National Weather Service

| in‘Kansas-City, MisSouri.~"T

South Louis1ana experiences an average of between ‘65 and 75

“thunderstorm days per year--that is, days with thunder heard at a-

*yfffirst-order weather station {Court, 1973). Summer is the peak season

with about 40 days; and winter, the minimum with between 5 and 10
B f?days (U .S, Weather Bureau, 1965).. The summer storms are of a con-

"E’vective type and usually not associated with fronta1 activities as

” ?1ﬁfﬁiare storms 1n other seasons. Thunderstorms also develop w1th1n the

h~'i;ﬂcircu1ation of hurricanes._

L1ghtning accompan1es a11 thunderstorms. In a seven year per1odh‘

i lf;between 1959 and 1965 11ghtn1ng kiﬂIed 16 persons in south

'fC}Lou151ana (Zegel 1967)
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5. Freezing Weather énd'Fog

The occurrence of freezing temperatures (below Ofg) has an
adverse effect on agricultural activities and smany industrial opera-
tions. South Louisiana experiences some days with freezing temperatures
every year. There is often a considerable difference in the number
of freeze days at coastal versus inland sites due to the moderating
effects of the Gulf of Mexico. For example, in the winter of 1969-70
most coastal Sites»in'Louisiana recorded no more. than 10 freezes,
while an inland site, such as Baton Rouge, had approximately 30
(MUllér and Wax, 1977). A publication on freeze probabilities that
may be useful in Tong-range planning has been prepared by Cry (1968).

Winter and spring are the foggy seasons in south Louisiana;
fog is virtually absent in summer énd fall. The more typical fog
situétion'oécurs when warm, moist air from the Gulf of Mexico flows
oyer~the cooler ‘land surface and the water vapor condenses. This is .
called advection fog. Radiation fog, which results from ovérnight
cooling of the land surface and the air above it to its dewpoint
temperature, also occurs. Smog is not considered a serious problem

in Louisiana.
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AQUATIQ AND WETLAND ECOSYSTEMS

Marine Ecosystem. The marine ecosystem is defined as a coastal. open

water system with unobstructed access to the open ocean. The water regimes
and water chemistry of this ecosystem are determined primarily by the ebb

and flow of oceanic tides. Salinity levels vary from 10,000 to 35,000 mil1li-
grams per liter (mg/1), depending on riverine discharge and distance off-
shore. The relatively constant marine environment fosters a diversity of
plant and animal species. The phytoplankton are predominantly dinofla-
gellates and diatoms, while benthic algae include primarily Chlorophyta,
Rhodophyta, and Phaeophyta. Only four species of marine vascular plants

are found in Louisiana waters. Copepoda are abundant in the zooplankton,
while benthic macroinvertebrate collections are predominatly polychaetes

and molluses, as well as the commercially important penaeid shrimp which
spend half their life cycles in the Gulf and half in the estuaries. Other
commercially important species are the blue crab and squids. The most
important fishes in offshore waters are the Gulf menhaden, croaker, herrings,
redfish, seatrouts, spot, anchovies, mullet, sea basses, snappers, drums,

and flounders. Again, such abundant species as menhaden, croaker, spot,
redfish, and spotted seatrout are estuarine dependant.

Reptiles in the marine environment include five species of sea turtles
vof WHich three are on the endangered species 1ist. Marine mammals are also
protected and include the dolphin, manatee and several whales. Birds
associated with this ecosystem include grebes, loons, cormorants, osprey,
Peregrin falcon, gulls and terns. Threatened or endangered species are the
state bird--the brown pelican, and possibly several marine mammals and

reptiles.
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- Estuarine Ecosystem. The‘estuarine ecosystem is defined as a coastal

- system, semi-enclosed by land, with open,epartially,Obstructed,,or sporadic
access. to the Gulf andawith;a measurable-quantity'of ocean-derived: salt in

the water. Salinities vary betweenléoo and 25,000 mg/i, Open water areas

of estuarine ecosystems (vegetated regions within this ecosystem are dis-

i cussed:separateiy)Jinc]udedbays;>tidai channels, canals, ponds~and;1akes.. Phyto-
'plankton include.diatoms;.coccid biue-green‘a1gae.and‘coccoidugreen algae,

as well as numerous ultraplankton. AquatiC‘macroaIQaelinciude Chara

vulgaris, filamentous greens, Enteromorpha and: Ectocarpus Vascular-aquatic

'plants-are species of Ruppia, Lemna Eichornia, Myriophyilum, Ceratophy11um

- and Eleocharis. Zoopiankton are dominated by cyciopoid copepods and
-cladocerans,. and at times. ichthyoplankton. ‘

Because of high discharges of fresh-water into these estuarine areas.
;‘some typicaily fresh-water taxa are a]so found Macroinvertebrates also

range. from typical]y estuarine to typicaiiy fresh-water species. Moi]usca,

' polychaetes, oiigochaetes, amphipods, decapm and some Insects are

,.found 1n the fauna : Penaeid shrimp use the estuary asa nursery ground and
' -undergo most of their growth and deveiopment there Abundant fishes .
‘3ein the estuany inciude gulf menhaden. bay anchovey, blue and sea catfish,

sheepshead minnow, gulf kiliifish mosquitofish Siiversides atiantic |

‘fh.3croaker, striped muliet, and c]own goby, redfish, spotted seatrout and

\whirfsouthern fiounder are very important SPOVt and °°mme”°1a] spec1es Reptiies,

~ v;jamphibians mammals and birds associated with the estuarine ecosystem w111 i ]_57

L“f"be discussed ih the section on the sa]ine marsh _fw}ef\,

Fresh-water Ecosystems. Fresh~water ecosystems can be divided into ff" :

' *”‘*fthree subsystems paiustrine system is defined as aquatic habitats where

f:aisurface water is not restricted to a definabie channe1 where wave- formed
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shoreline features are absent, and where open water is less than 4 héctares
(10 acres) in extent. This class excludes permanently vegetatea regions
(i.e. marshes and swamps) and includes ponds and floodplains. The lacustrine
system includes all aquatic habitats situated in topographic depressions where
wave-formed shoreline features form all or part of the boundary; or if

such featurés are not present, where the deepest part of the catchment is at
least 4 hectares (10 acres) in size and permanently devoid of trees, shrubs
or persistent emergents. The riverine system includes all flowing water
habitats terminated in the estuary (downstream) by salt water (greater

than 500 ppm total dissolved solids) or where the water becomes part of a
lacustrine system. Again, definitions and descriptions of these systems
must take into account seasonal variations in physiocochemica} character~

istics and concomitant changes in the biota.

Phytoplankton of palustrine and lacustrine systems are very diverse
and productive, and are predominantly blue-green algae or diatoms, depend-
ing on the trophic state and/or time of year. The algae exert considerable .
influence on the rest of the system due to their photosynthésis,'respiration
and eventual decay. Phytoplankton in riverine habitats are predominantly
diatoms and green algae, with seasonal pulses of blue-greens. Diveréity

is generally high, but biomass is lower than in other aquatic ecosystems,

especially in turbid waters. Vascular plants in lacustrine and palustrine

habitats are much more diverse than in estuarine waters. In ponds, Eleo-

charis, Utricularia, duckweeds, Najas, water hyacinth, Cabomba, and others

are abundant. In lakes, Myriophyllum, Ceratophyllum, Cabomba, water hyacinth,

and alligator weed dominate. Vascular vegetation in large rivers is rare

‘but the shore can support willows and grasses.

Zooplankton of fresh-water ecosystems are comprised largely of

- cladocerans, Copepods, rotifers and pr'otozoans.‘ Macrobenthos of ponds and

w
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1akes.are dominated by tubificid worms, phanton midges,achironomid midges, °
and clams. Benthic macroinvertebrates:in riverine systems are predomi-
nantly mayflies,,TOrtopus,and‘Pentagenia. and clams of the generatCorbicula
 and Sphaerium, as well as tubificids,wchironomidsrand\amphipods.
The'economically 1mportant river shrimp'and crawfishes are also abun-
dant in large rivers and in the palustrine habitats of Louisiana. Important
yfresh-water fishes are the largemouth bass, black crappie, redear sunfish,
bluegilI. sma11mouth buffalo, carp, fresh-water drum, blue and channel
‘catfish, spotted gar and bowf1n. Louis1ana s waters support the largest
| inland-fiSherieStin*the.nation'andzmost:of‘this habitat is near the coast.
ThiS'production5is direct]y‘re1ated'to*thefclose association between open
ffwater areas such as the fresh-water ecosystems described here, and the
overflow SWamps ,. which provide nursery and feed1ng areas Other vertebrates
,‘water moccasin). a]]igator, nutr1a, beaver. muskrat, and water fow1 ' Because
Lou1siana,1s.1ocated_at:the southern end of thekM1ssissippi flyway, the :
v*ahﬁﬁa1'migratibhfor duck‘and geese make- the~effect1ve managementiof these

- ’Jfresh—water ecosystems of international 1mportance An endangered ‘species

”‘*f?that nests close to fresh-water ecosystems 1s the southern bald eagle.

- Saline Marsh Ecosystem. The sa11ne marsh is def1ned as an emergent }

:;'t7fg”’vegetated wet]and system subJect to tidal fluctuations of sa1t water

4;{i73i?(greater than 500 ppm tota1 disso]ved so11ds) This deflnition includes

L if;Chabreck s sa11ne, brackish, and intermediate marshes (Chabreck 1972), o

'”“1f;wh1ch encompass approximately 680 ,000 hectares (1 680 000 acres) 1n

*5pijLou1siana (Figure VII-A- . 1n Section VII)

The sa11ne marsh 15 dominated by a smal] number of emergent vascu]ar

'T“]'pIants 1nc1ud1ng Spart1na a]ternaflora gartina patens D1st1ch11s spicata,

: _,;and Juncus roener1anus.‘ The: greater the distance from the Gu]f the
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greater“the specigs diygrsi;y of emergent planFS'in saline marshes. Epi-
phytic and benthic algae may a]sq be an imertant\cqmponent of this systenm.
Most of the consumer foodweb is based on detrital breakdown. Insects,
snails, fiddler crabs, polychaetes, copepods, mites, nematodes, mussles,
and spiders are important invertebrates. Fishes associated with the saline
marshes include menhaden, sheepshead, spot, and croaker. Redfish and
spotted sea-trout are seasonally abundant. Economically important inverte-
brates are shrimp and blue crabs. There are few amphibians, buf at least
16 species of reptiles, including the threatened American alligator, are
found in saline marshes. Mammals include racoon, opossum, armadillo, swamp
rabbit, marsh rice rats, muskrats and river otters, and the endangered red
wolf. Birds include 79 species including the endangered brown pelican,
and Peregrine falcon. The saline marshes provide wintering or nesting
grounds for millions of egrets, herons, and ibis.v

The detritus export function of saline marshes not only supports on-

site productivity of economically and biologically important animals, but

also supports much of the estuarine and marine productivity of Louisiana.
Tidal and riverine flushing actions export detritus into estuaries where

productive foodwebs exist.

Fresh Marsh Ecosystem. The fresh marsh ecosystem, encompassing about

316,000 hectares (779,000 acres) in Louisiana, includes vegetated habi-

tats consisting mainly of herbaceous plants which are subject to being

o

flooded with fresh water all or part of the year (Figure VII-A-2, in Section VIII).

Floating or emergent hydrophytes found in this ecosystem are more diverse
and are found in more complex associations than those of the saline marshes.

~Chabreck(1970) lists 93 species of vascular plants in the fresh marsh

O
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 ecosystem. Maidencane is the dominant fresh maréh plant. Other vascular
| species are wiregrass;ybulltongue,’spikerush,‘a]iigator'weed,fduckweed,,
and water hyacinth. The primary productivity of these systems may be,just

~ as"great‘as in saline marshes, but since there is little detrital export

T from the~system'and since there is no cyclic.f1ushing’from tides, compar-

ative]y little of that‘productiv1ty is. transfered to outside consumer levels.
However. consumer diversity within the fresh marsh can be very great.
vInvertebrates.such as insects, spiders,.amphipods, isopods, tubificids,

and fingernail clams can be found.‘:Amphibians.and reptiles are very ,
diverse in these areas, whereas. birds areriess:diverse'than in saline marsh
areas. Birds include wrens, egrets, blackbirds, bitterns; gallinules,
herons;»egrets,,and,hamks;-,MOSt' duck}speciesm‘ seem’to prefer fresh

marsh:pTants to saline marsh yegetation ‘Nutria is the most abundant

| “"yjmammal but mink, racoon, deer, and’ rabbits are also important Fishes in

” :bi,fresh marshes are usual]y limited to those areas in c]ose proximity to

e open- water. “The edge between the marsh and open water can support many of

’5the iarger fish species described in the discussion on freshwater- ecosystems.‘
'*ZOnly forms such as mosquito fish topminnows and small sunfishes are :

’;*f‘”fabundant in the dens]y vegetated regions of fresh marshes.»,,'

Ridge Ecosystems. Ridge ecosystems are isoiated systems of. higher

';‘1*t§ground within fresh or saline marsh ecosystems These areas include

"”°7mgp»beaches cheniers natural and artificial levees pleistocene 1slands. ff,

; *’"5ﬁffﬁfsa1t dees, spoii banks and Indian mounds Each of these naturai or. arti-‘

: “‘3fficia1 habitats has 1ts own distinct community of organisms., Furthermore,vf'i'i

;3;3the geographica1 ]ocation of the individua1 area determines the biota. :;‘

khib’?*Ridges are surrounded by other wet]and ECOSyStem- With the CharaCteriStics .

”“*f’fof:that ridge~dependent onlthe~ad3acent ecosystem. For- instance, cheniers
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are found only in the western fresh and saline marshes while beaches are &_}
found a]ong the coast near marine, estuarine and saline marsh areas.

However, all these regions serve as refugia or landfalls for terrestial

ofganisms. For example, during storm tides mammals and reptiles use the

high ground until the water receeds. These ecosystems also provide land-

falls for birds migrating across the Gulf and nesting sites for many

species of birds.

Beaches. are found along barrier islands of the Louisiana coast adja-
‘cent to the marine ecosystem and the saline marsh and estuarine ecosystems.
Beaches serve to protect more productive inland areas from the erosive
force of the marine environment. The plants which stabilize the beaches
and dunes include some salt marsh species as well as some species unique
to beaches. Amphibians, reptiles, and mammals are not diverse, but large
numbers and species of birds either feed or nest along beaches. Inyerte;
brates along beaches in the flooded sand are mainly meiofauna and some
macrofauna such as clams, crabs, and other crustacea. Terrestrial
animals are few.

Cheniers are abandoned beaches located inland (Figure VII-A-3, in
Section VII). They are more stable and mature habitats than beaches, however,
and consequently have different communities. Cheniers are used intensively
for houses, agriculture and transportation so little of the natural vege-
‘tétion'remains. Where undisturbed, natural vegetation includes 1ive oak,
hackberry, elm, swamp maple, cypress, water locust, water oak, and numerous
understory species. The chenier's main ecological value is as a landfall,
especially in rough weather, for migrating bitds. Without these isolated

strands, many would perish before reaching the uplands.
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Sa]t‘domesxare_unique»geological features of which the “Five Islandsf
domes*aredmost,conspicUouS‘in the area of‘interesttfor-geopressured resource
deveTOpment:(Figure VII-A-3). 'wtth:elevations;of orer 100 feet above sea.
level, these domes stand hightaboveﬁthe surroundingjmarsh.‘ The vegetation
ranges-from typicalimarsh vegetation toﬂtypica]”upland'associations not
- found. in any other“ridge‘habitat;r-Hardwoods:such as butternut hickory,
pecan, pignutyhickory,,southérn*magndlia,-and 11Ve‘oak can be found. The
is]ands{arefimportant:wading bird rookeries and habitats for white tailed.
deer; small mammals. and possibly black bear. All ot the "Five Islands"
'domes~areymined for'salt; several other-domes in’the~study-area are used
to store crude 011 as part of the strategic 011 reserve program,

, Art1f1cia1 ridges such as 1evees, spoil banks, and Indian mounds are
_usual]y Tower in eIevation’than natura1;r1dges, but,'because of their
. 5eXtent and economic and. cu]tural'significance; are 1mportant features.

‘The Tevees are often ma1nta1ned for: grazing, but when allowed to succeed

fhnaturally. they revert to ‘the- flora of. natural Tevees: Geran1um carolin-

‘iaﬁfdianum, Cynoden dacty1on, Paspalum dilatatum, Sorghum halepense and

‘"T~lmsporobolus porirette. Vegetation on spoil banks in the marshes 1s

"‘ﬁuﬁ§jpredom1nant1y Spartina patens, Baccharis halimifolia, Phragmites communis,

= Eupatorium serotinum. N

In a11 of these inland r1dge habitats, there is a diverse assemblage oft.}d_f

| 'i”7f~”invertebrate consumers 1nsects sp1ders “mites, cent1pedes, snai]s,-

'}°7*;oligochaetes and nematodes Amph1bian and rept11e forms can be found in f'

| :°53r1dge areas which are not found in ‘the surround1ng marshes. Bird commun-

**‘fﬂ1t1es aside from trans1ents, inc1ude a diverse number which e1ther nest f

© o op overw1nter Mamma]s 1nc1ude eastern mole, shrews cottonta11 rabbit,

”7‘squirre1s;ffox,'bobcats, and,bats;-oEndangered or rare spec1es found in
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the ridge habitats include sea turtles, the brown pelican, Bachman's

warbler and the Peregrine falcon.

Bottomland Forest. The bottomland forest ecosystem includes all areas

with woody vegetative cover flooded by fresh water all or part of the year

(shown as cypress forests and two types of bottomland hardwoods in Figure

VII-A-4, in Section VII). Two subsystems are recognized: cypress swamp
forgsts dominated by bald cypress and tupelo gum; and the dryer bottomland
hardwood forest dominated by trees such as pecan, buttonbush, mayhew, haw-
thorn, ash, water locust, Virginia willow, tupelo gum, swamp cottonwood, and
others. Cypress swamps serve as important overflow habitats for fish
spawning and crawfish production. Bottomland hardwood forests also serve
these purposes, but in addition support significant production of game
animals: deer, squirrel, rabbit, racoon, opossum, fox, bear, woodcock,
ducks, wading birds and others.

Typically, it is these overflow habitats which support the productivity

of the fresh-water ecosystems in Louisiana. When a waterway is isolated from
its floodplain by levees, the production of fishes goes down and game fishes
are replaced by undesirable fishes. The yearly flooding of these areas in

the spring inundates detritus, annuals, and understory shrubs from the

previous growing season.
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TERRESTIAL ECOSYSTEMS

Prairie Ecosystenm. Thisxsystem~is,defined as a terrestrial upland
system which iS‘naturaiiy dominated by grasses.. 'When'first settled, this
ecosystem was dominated by tall grasses--main]y species of Androgogon and
Panicum. After the initial clearing and grazing of these tall grasses,
the system did,not:revert'to.its natural state, but s now dominated by

- other grass species as well as‘numerouS'weedy herbs. Eleven species of

amphibians andsmany,reptiieStinc]uding turtles and snakes are common to

- this ecosystem. The water snake Natrix is notable by its absence. Geese
are the dominant game animal in this habitat. Other birds found in prairies
| are the eastern meadow]ark, Ameri‘can kestrel, snipes, dove, and some
_/ducks There are at least“24'5bec1es of‘mammais’naturaiiy occurring, in-
‘cluding the endangered red woif The invertebrates of the prairie are

mainiy 1nsects and worms

Upiand Forest Ecosystem. The upiand forests are defined as terrestrial

: 'vsystems located on the P]eistocene terrace and dominated by hardwood or

’ ifpine trees.. Two: subsystems are recognized in south Louisiana - The hard-

" wood system includes oak, gum, ash, “hickory, POPIEF: map]e, beech, magnolia,

l‘];biack cherry, dogwood redbud and hayhaw. The flatwoods system is dominated

'”?by 1ongieaf pines, wiregrass, paimetto and some hardwoods, including

““i”{'scrub oaks.r Birds are very diverse in hardwood forests and Tess so- in

"kfiﬁffflatwood forests Ba]d eag]es nest 1n’ ta11 dead' hardwoods but no known i

A,nests are present]v found in th1S ecosystem. Other birds include herons,

";Viféegrets, owls woodpeckers, hawks, warbiers, crows blackbirds, the beltedr,

’f*i!kingfisher, and the game birds--ducks, quail and turkey. Mammais include
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squirrel,,rabbits, opossum, shrews, mq1g§, bats, armad111q, micg, rats,
and skunks. Important game mammals {nclude dgef, fox, bear, sqdirre]s.
and rabbits. Reptiles commonly found in upland forest'are‘lizards; snakes,
and turtles; amphibians include frogs, toads, and salamanders. Terres-
trial arthropods are important invertebrate consumers in upland areas

and are often in very great diversity.
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SUMMARY OF'CONSULTATIONS»WITH»INTERESTED GROUPS

‘Representatives of industry,iregulatory, ahd‘research groups were
" consulted during the course‘of'this research in order to obtain input
on key environmentai issues. Thesefgroups were selected<accordingvto
specific criteria. Industry representatives were identified on the
'basis:of’avstrong interest in geopressured resource“deveiopment,on the
part:ofithe;company. Regu]atory-agencies which-WiiT have an active:
role. in the environmental regulation Of'geopressuredkresource develop-
ment: activities were visited.. Research~organization5‘and individuals
“with work in progress that’directiy concerns. geopressured resource

, deveiopment or the environmentai setting of the study area were consu]ted.
Consultations with these groups were conducted as interviews and,
{n the case of the u. S Department of Energy/Industry Geopressure
f“Geothermai Adv1sory Group, Environmentai/Laboratory Research WOrking

"Subgroup, during the course of periodic group meetings. Thisfgroup was

“ 5vspecia11y convened on. Apri] 26, 1978 to review the results of the LSU

"sstudy. The fuil day meeting ‘was’ very productive in terms of feedback

“M",i? on the research resuits. and this Report was revised on. the basis of

“'comments madefat that time. A iist of participants in this meeting is

. appended to this section.,

A iist of the organizations and individuais consuited in indiv1dua1

'f*sessions is given beiow. S

. t'jiINDUSTRY

n.,x%:Industny 1nput in identifying key env1ronmentai issues was considered

: gsfvery important in order to insure that'due significance was ascribed to f

| 'effthose issues Industries covering the fui] range of functions expected

" *’5{of“geopressuredsoperations;were~contacted. of those companies Tisted
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be]ow, two are primarily involved in explqration and resource.eXtraction
(Magma Gulf Co. and Systems Fue}s); one is a pipeline company (United

Gas Pipeline Co.); and one is a4private1yvowned electric utility (Gulf
Stafes Utility Co.). Middle South Services, Inc. is a planning group

for Middle South Utilities, an electric utility with a service territory
that includes large portions of southeastern Louisiana. The other
gompanies listed also operate within the study area in Louisiana, and ha&e‘
shown an active interest in geopressured resource development.

Gulf States Utilities Company

P.0. Box 2951

Beaumont, Texas 77704

Representative: A. J. Champagne, Director, Nuclear Services

Magma Gulf Company

Box 65011

Baton Rouge, Louisiana 70896

Representatives: C. 0. Durham, Jr., President; W. A Romans, Vice President

Middle South Services, Inc. (a subsidiary of Middle South Utilities, Inc.)
Box 51000

New Orleans, Louisiana 70161

Representative: L. A. Wilson, Manager; Advanced Energy Programs

Systems Fuels, Inc. (a subsidiary of Middle South Utilities, Inc.)
Box 61532

New Orleans, Louisiana 70161

Representative: R. A. Rust, Vice President for Exploration

United Gas Pipeline Company

P.0. Box 1478

Houston, Texas 77001

Representative: R. Christopher, Director of Research

GOVERNMENT AGENCIES

Representatives of state agencies with regulatory responsibilities
either over geopressured operations specifically, or special regulatory
functions and concerns in the study area, were contacted. The objective

was to determine the regulatory particulars of potential environmental
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problems. and to. obtain input'on the: reiative significance of environ-
mental issues. | ‘ |

Specific regniations\and'agency functions are«discussed where appro-
priate in.the main~body'of the,report; - The following paragraphs
summarize~this‘information;‘

The- Department of Natural Resources, Office of Conservation has
generalrreguiatory authority over geopressuredfdevelopment activities.
In the: environmental area, the Office of Conservation will regulate the
subsurface disposal of geopressured fluids and other wastes. The intent
offthe;proposed regulations;on“subsurface disposal is. to protect fresh or
brackish-water>aqnifers, to'protectihydrocarbon'production from the sands
| into which geopressured f1uids are injected, and to insure that
compietion procedures are adequate so that ieakage wiii be minimized
'The Commissioner s proposed ruies on geopressured resource deve]opment

'also»include a provision'requiring baseline data collection and subsi-

- . dence monitoring

The,Department of Wildiifeeand Fisheries has general authority for

'1~the-protection of wildlife and aquatic»iife and for: certain areas of water

'if.quaiity Of interest for the future deveiopment of geopressured re-

“‘sources. the Department of Wiidiife and Fisheries has. responsibiiity in
; the following areas through its offices. . |

1 The Office of Coastai and Marine Resources administers

.. _programs relating to oysters. and other benthic species

;- including regulation of waste disposal into surface

- waters that might have adverse effects on these import-~
- ant commercial. species. : , ~ o

* ’_sifél]iThe Stream Contr01 Commission controls all disposai into -
o osurface waters. 'The Stream Control Commission has the :
'f”:iauthority'tOfpromuigate_and‘enforce water quality standards.
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3. The Office of Wildlife administers state wildlife refuges N
- and State wildlife management areas. There are a number of O/
these in the area of geopressured resource interest in
Louisiana. 0il and gas production does take place on.State
refuges and wildlife management areas, with production
practices regulated by the Office of Wildlife to insure
the protection of wildlife.

The Louisiana Air Control Commission has authority to promulgate
air quality standards and to ensure that these are enforced. The
Commission monitors compliance with federal air quality standards.

The U.S. Army Corp of Engineers regulates the disposal of dredged
or fill materials in wetlands and waterways generated for any purpose
unless expressly excluded by Congress. Disposal of material dredged
during oil and gas field operation--both in wetlands and offshore--is
regulated by the Corps.

The U.S. Department of Energy administers the Strategic Petroleum
Reserve Program in which several salt domes in the area will be used for
0il storage. Representatives of the Program were contacted to learn of
their experience with the subsurface disposal of brines stored in salt
dome cavities. Subsurface disposal of brines from solution mining acti-
vities is anticipated in the Program.

Louisiana Department of Health and Human Resources,
Louisiana Air Control Commission
P.0. Box 60630
New Orleans, Louisiana 70160
Representatives: J. F. Coerver, Director Environmental Services; .
G. VonBodunden, Air Qualtiy Section
Louisiana Department of Natural Resources
Office of Conservation
P.0. Box 44275
Captiol Station
Baton Rouge, Louisiana 70804 .
Representatives: A. C. Chauviere, Jr., Assistant Conmissioner of Conservation;

R. Bates, Chief Geologist; C. King, Assistant Chief Geologist; J. Adams,
Geologist; C. Decker, Permit Section.

-
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Louisiana Department of Wildlife and Fisheries
Office of Coastal and Marine Resources

400 Royal Street . .

New: Orleans, Louisiana. 70130

; Representative L. St.Amant, Assistant Secretary

Louisiana Department of Wildlife and Fisheries

Office of Wildlife

P.0. Box 44095

~ Capitol Station

Baton Rouge, Louisiana 70804

Representatives: J. Herring, Chief Game Division; K. Smith,. Chief,
Division of Fisheries : ,

Louisiana-Department of Wildlife and Fisheries
Stream Control Commission

P.0. Drawer FC

- University Station :

- Baton Rouge, Louisiana 70803 -

Representative: R. A Lafleur, Exec. Secretary

u. S. Army Corps of Engineers
New Orleans District ‘
P.0. Box 60267 .

- New Orleans, Louisiana 70160

Representative H.. Beckert, Biologist, Environmental Section

U. S. Department of Energy -

Vu’"/.Strategic Petroleum Reserve: Program
- 900- Commerce Road, East
- . New.Orleans, Louisiana 70123

Representative: C. Everette, Operations Manager, Bayou Choctaw Strategic _
Petroleum Reserve Program ' : .

RESEARCH ORGANIZATIONS 3 ‘ , ]
i Research groups with special interests in either the environment of

~ the study area or geopressured resource development were contacted. TheseL
iigroups provided both technical information and input on the relative
*"significance of potential env1ronmental problems. Coastal Environments,_v

'txtInc has completed and on-going contracts with DGE in the area of envirg’f i,

: f;onment impacts of geopressured testing activities. Professor Harrell, L

“ﬁgDirector of the LSU Mineral Law Institute, 1s the Principal Investigator‘:f__” ‘

llof a research proaect for DGE on legal aspects of the development of
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geopressured resources in Louisiana. Professor Bernard of the LSﬁ Petro-~
Teum Engineering Department is Principal Investigator of a project for
DGE to perform the,resourcé»assessment of geopressured prospeéts in
Louisiana. The LSU Center of Wetland Resources has completed a number

of research projects on environmental characteristics and impacts in the
Louisiana coastal region. The Coastal Resources Program in the State:
Planning Office provides technical assistance to the state for the for-
mulation of legislation in support of the National Coastal Zone Manage-
ment Act of 1972. The act‘ca]]s.fof states to develop a comprehensive
plan regulating the use to which coastal lands may be put. Mr. Waguespack,
LSU Office of Advanced Studies and Research, coordinated an operations |
research project on geopressured resource developemnt in Louisiana.

Center for Wetland Resources

124 Wetland Resources Bldg.

Louisiana State University

Baton Rouge, Louisiana 70803

Representative: J. G. Gosselink, Professor, Marine Sciences

Coastal Environments, Inc.

1260 Main Street

Baton Rouge, Louisiana 70802

Representatives: R. E. Emmer, Senior Associate; C. Wax, Associate

Louisiana State Planning Office

Coastal Resources Program

P.0. Box 44425

Capitol Station

‘Baton Rouge, Louisiana 70804

Representative: P. H. Templet, Program Coordinator

Louisiana State University

Office of Advanced Studies and Research

324 Chemical Engineering

Louisiana State University

Baton Rouge, Louisiana 70803

Representative: M. 0. Waguespack, Senior Research Associate

Louisiana State University

Petroleum Engineering Department

121 Geology Building

‘Louisiana State University

. “Baton Rouge, Louisiana 70803
“'Representative: W. J. Bernard, Professor
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 CONSULTANTS

Several experts'at LSU werevoonSulted on a-number of technical
points;. Dr. Lewis provided information on remote sensing data and
techniques. Mr. Hawkins and Dr. Thoms. consulted on engineering questions.

Dr. Noble reviewed. the sectionS'of‘the~Report'dea1ing with natural

;vegetation, and Mr. Smith consulted on ground-water considerations.

Anthony J. Lewis,. Associate Professor
Department of Geography and Anthropology

| Louisiana State University

Murray F. Hawkins, Project Engineer
Institute for Environmental Studies.
Louisiana.StateeUniversity ,

Robert E. Noble, Associate Professor:

-School of Forestry and Wildlife Management

Louisiana State University o

Charles G Smith Jr

‘Consultant Geologist 2
~ Baton- Rouge, Louisiana -

'Robert L Thoms, Professor of Civil Engineering o

Institute for Environmental Studies

“‘_;3V;Louisiana State University
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- Ann Bachman

Research Associate

Institute for Environmental
Studies

42 Atkinson Hall

Louisiana State University

Baton Rouge, Louisiana 70803

(504) 388-6946

John I. Bailey

Graduate Assistant

Department of Geography

Institute for Environmental
Studies

Louisiana State University

Baton Rouge, Louisiana 70803
(504) 344-6039

Rich Bennett

Research Engineer
Columbia Gas System

- Research Department
1600 Dublin Road

- Columbus, Ohio 43215
(614) 486-3681 -

- Charles R. Boardman

Geologist
- C.K. GeoEnergy Corp.
5030 Paradise Road, Suite Al03
Las Vegas, Nevada 89119
(702) 739-9630

~ James D, Chiti

- Engineer-Energy Resources
. Peoples Gas System
122 S. Michigan
Chicago, Illinois
(312) 431-7994

‘Arnold C. Chauviere

Louisiana Office of Conservation

~P. 0. Box 44275
Baton Rouge, Louisiana 70808

. (504) 389-5161

Louisiana

Ray Chavanne.

McNeese State University
Chemistry Department

Lake Charles, Louisiana 70601
(318) 477-2520 Ext. 438

Bob Christopher

Director Development Admin.
United Gas Pipeline Co.

Box 1478 '

Houston, Texas 77073
(713) 237-4440

Hank Coffer

C. K. GeoEnergy Corp.

5030 Paradise Road, Suite A103
Las Vegas, Nevada 89119

(702) 739-9630

Neil Crow

Geologist i

Lawrence Livermore Laboratory
P. 0. Box 808 .

Livermore, California 94550
(415) 846-6877

Kevin Cunningham

Graduate Assistant

Louisiana State University

Institute for Environmental
Studies

42 Atkinson Hall

Baton Rouge, Louisiana 70803

(504) 388-8521

D. A. Danielson

Senior Project Geologist
Texaco, Inc. '

Box 60252

New Orleans, Louisiana 70160
(504) 524-8511 '

Grant S. Darmell
Engineer

Amoco Production Company
P. 0. Box 50874

New Orleans, Louisiana
(504) 586-6250

70150

o
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R.. J. Dobson

Vice President

Gruy Federal, Inc.

2500 Tanglewilde
Houston, Texas 77063
(713) 785-9200

Rod E. Emmer

Coastal Env1ronments, Inc

. Senior Associate:

1260 Main Street

~ Baton Rouge, Louiszana470802
(504) 38307455 S ,

" Richard Epstein, Attorney
. Amoco Production Company
- P. 0. Box 50879

New Orleans, Loulslana 70150:31=‘

(504) 586-6671

Ernest,C, Greer

 ;:ChemicaI Engineer-
.. Transco Energy Co
Box 1396

‘Houston, Texas 77001

"i“(713) 626- 8100
‘eTTDoug Gundy

- Senior: Petroleum Engineer

:”7;Tenneco ‘01l Co.

- P. 0. Box 2511
~ " Houston; Texas 77001
eaQ;(713) 757 2558 g

'wvaussell Ham

.- Chemistry Department

"~ McNeese State University ,,ﬁ,',
- Lake Charles; Louisiana 70609;f' o

1 (318) 477-2520 Est. 411

. Jack Hamilton
"~ District-Geologist -
.~ Dow Chemiczal Ccmpany

. Box 22468 .
\,ﬂouston, Texas 77027
(713) 623-3144

Doug Harrison

Department of Chemical Engineering
Louisiana. State University

Baton Rouge, Louisizna 70803

(504) 388- 1426

Robert P. Hartley

Physical Scientist

U. S. Environmental Protection

Agency

Industrizl Environmental Research
: Laboratory ~

Cincinnati, Ohio 45268

(514) 684-4335

Jim Hartsock
Senior Engineer -

© Gruy Federal, Inc.

2500 Tanglew11de
Houston, Texas 77063 -
(713) 623 0300

f:~George-H1gg1ns
.. Research Engineer v
" Dow ‘Chemica Company
.~ Building 566 , ‘
- "-'Midland, Michigan - 48640

(577) 636 6773

- Ca1v1n D. Jackson -
Department of Energy
- San Francisco Operations,
1333 Broadway
-+-Oakland, California 94612

(415) 273-7963
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Michael Kohn
American Cyanamid Co.
10800 River Road.
West Wego, Louisiana
(504) 729-5511

Ed Luper

Subsurface Geologist

. Mississippi Geology Survey
P." 0. Box 4915

Jackson, Mississippi 39216
(601) 354-6228

Donald G. McCubbin
Research Geologist
Marathon 0il Company
Denver Research Center
Box 269
Littleton, Co. 80122
(303) 794-2601

Robert A. Muller

Professor of Climatology
Institute-Environmental Studies
Louisiana State University
Baton Rouge, Louisiana 70803
(504) 388-5942

Ed Newchurch

Professor

Institute for Environmental
Studies

42 Atkinson Hall

Louisiana State University

Baton Rouge, Louisiana 70803

(504) 388-8521

Louisiana
1978

Preston Newman

Research Associate

Institute for Environmental
Studies

Louisiana State University

Baton Rouge, Louisiana 70803

(504) 388-6051

Martin Novil

Assistant Engineer Economist
Institute of Gas Technology
3424 S. State Street
Chicago, Illinois 60613
(312) 567-3674

R. L.
- Institute of Gas Technology
3424 So. State Street
Chicago, Illinois 60616
(312) 567-3766 '

Stuart Richardson
Senior Environmentalist
Ecology and Environment
P. 0. Box D
Buffalo, New York 14225
(716) 655-0252

Robert H. Roberts

Manager Mechanical Engineering
Development

Pullman/Kellogg

16200 Park Row

Industrial Park 10

Houston, Texas 77084

(713) 492-2500

- William A. Romane
Magma Gulf Co.
Box 65011
Baton Rouge, Louisiana 70896
(504) 926- 8144

Randolph, Associate Director
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