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ABSTRACT 

E. J . Newchurch 

This report presents the results of research by the Institute for 

Environmental Studies a t  Louisiana S ta te  University, t o  develop a plan 

for the 1 ong-term environmental assessment o f  geopressuredlgeothermal 

resource development i n  the Louisiana Gulf Coast region. Th i s  work was 

sponsored by t h e  Lawrence Livermore Laboratory as part of a contract 

w i t h  the U.S. Department of Energy. 

I t  has been assumed t h a t  full-scale development of the Louisiana 
2 geopressured resource w i l T  involve 50 or more sites,  each 130-160 km 

(50-60 m i 2 )  i n  area. For each s i te ,  we envision 15-20 producing 

wells, each producing some 0,000 barrels/day of f l u i d ,  30-40 disposal 

paration faci l i t ies ,  one 25 megawatt power plant, and 
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for the measurement and analysis of geologic effects include: 

measurements related t o  subsidence, fault act ivat ion,  and seismicity; 

(2) sampling and testing t o  determine the mechanical properties of 

the geologic units involved as an a i d  i n  the interpretation of the 

effects measured' i n  (1); and (3) computer modeling by the finite 

element method t o  provide a basis for predicting future geologic effects. 

(1) 
Lj 

T h e  south Louisiana coastal region i s  characterlted by highly 

diverse and productive aquatic and wet1 and 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 i n  terms of 

recreational activities is also very high. Subsidence, should i t  occur, 

would have a significant adverse impact on this region. Much o f  the 

study area has very low elevations and re1 ief,  and is therefore vu l -  

nerable t o  extensive inundat ion from any measurable amount of subsi- 

dence. Marsh would be converted t o  open water, markedly reducing 

bjological productivity, w i t h  the geopressured producer possibly facing 

private suits for damages or even injunctive relief. Plans have been 

developed for the assessment of impacts on ecosystem qual i ty  (1) off- 

shore; (2 )  i n  the coastal region; and (3) i n  the upland and forest 

regions. Each plan involves the sampling of the biota,  the water, and 

the substrate , w i  t h  bioassays on selected organi sms . 
Regarding water qual i ty ,  there i s  concern t h a t  the large volumes 

of water t h a t  must be disposed of ,  subsurface, may overtax the receiving 

aquifer w i t h  perhaps leakage of fluids up fault  planes; o r  t h a t  aban- 

doned o i l  and gas wells i n  the vicinity may be breached. Both ground 



water and surface waters could be adversely affected should this occur. 

Causes for  concern include sal i n i  ty  , temperature, and to t a l  quantity 

of heat t o  be dissipated; a s  well as low dissolved oxygen content, and 

possible trace amounts of hydrogen sulfide, ammonia, copper, boron, 

and other toxic ions. Plans for  assessing impacts on water quali ty 

i ncl ude provisions for determining ground-water uses i n  the vici n i  t y  of 

a geopressured s i te ,  mapping ground-water resources , identifying s i tes  

o f  possible leakage, and sampling ground-water sources used for domestic 

and agricultural water supply. Surface water qual i ty  studies are t o  

i ncl ude monthly sampl i ng and testing . 

W 

Air quality impacts are expected t o  be minor as compared t o  poten- 

t i a l  impacts on water and ecosystem quali,ty. The major atmospheric 

emission from a geopressured power p l a n t  will be the steam plumes from 

wet cool i ng towers. Local i zed fogging w i  11 be possi ble. Fortunately, 

favorable for the 

Charles, and Baton 

y that a l l  state and 

11 , o f  course, be 

e well si tes b i  i l l  also 

be desireable t o  etermine uDwin ownwind concentrations of 
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The 1 ikely extent of the above described potential environmental 

impacts is unknown a t  the present time; t h u s ,  detailed studies should 

continue, beginning w i t h  reservoir testing activities. As more infor- 

mation becomes available, appropriate definitive plans must be incor- 

porated in to  the overall design of the resource development so as t o  

strike an acceptable balance between energy development and environmental 

qual i ty. 

A brief summary of the overall p lan  for the assessment of environ- 

mental impacts from geopressured resource development activities a t  a 

single prospect concludes this abstract. 

GEOLOGICAL EFFECTS OVERALL PRIORITY: HIGH 

0 Establish basel ine conditions : subsidence history,  surface 
elevations , seismicity. 

0 Monitor impacts: surface elevation changes , f a u l t  
movement, sei smi ci t y  . 

0 Determine compaction characteristics through laboratory materials 
testing and i n  situ rock mechanics tests. 

0 Model reservoir and overburden response t o  production. 

0 Analyze data and report results. 

AIR QUALITY OVERALL PRIORITY: LOW 

0 Establish regional basel ine conditions. 

0 Establish s i te  specific baseline conditions. 

0 Test and monitor emission streams. 

0 Monitor a i r  quality. 

0 Perform dispersion modeling studies. 

0 Analyze data and report results. 
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i 
I 1u 
1 
i 
I 

I 
WATER QUALITY: SURFACE- WATER OVERALL PRIORITY: MEDIUM 

0 :  Establish base1 ine conditions: hydrology, water quality, usage. 

0 Test and monitor emission streams. 

0 Monitor surface water quality. 

0 Analyze data and report results. 

I 
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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-1405-Eng. 48 with the U.S. Department of Energy (DOE). 

The geopressured/geothermal resource of the Louisiana Gulf Coast 

region has the potential of becoming an important source of energy in the 

forms o f  natural gas, electricity and process heat. DOE-sponsored efforts 

are underway to assess the energy content of this resource, and eventually 

to test its deliverability with the goal of establishing commercial 

viabil ity. In addition to environmental considerations specific questions 

deal with number and locations o f  reservoirs reservoir del iverabil i ty , 
natural gas conten disposal of spent fluids , economics , legal aspects , 
and instituttonal requirements. 

designed to provide information necessary for informed decision-making 
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concerning the 1 ong-term environmental assessment of geopressured resource 

development i n  Louisiana. 

The study area covers tha t  region of Louisiana which i s  bounded 

on the north by an east-west line drawn through Baton Rouge, and which 

extends south in to  the G u l f  of Mexico (Figure 1-1). T h i s  region includes 

the currently identified major propspect areas and i s  characterized by 

three major considerations: 

0 The geology varies significantly from east t o  west as a result 

of relatively recent geologic events, particularly changes i n  

the course of the Mississippi River. T h i s  has resulted i n  

deltaic formation and erosion i n  the central and eastern portions 

of the study area. The northwestern portion o f  the study area i s  

of Pleistocene or ig in ,  while the southwestern portion is char- 

acterized by the chenier system. 

0 The land i s  f l a t  w i t h  a very low elevation-the 5 f t  contour 

extending some 50 miles from the coast. Thus, there i s  a wide 

band of mixing between the surface waters o f  the wetlands and 

the G u l f  of Mexico, resulting i n  very productive aquatic eco- 

systems. There is also much general flooding, and a potential 

for large impacts if subsidence occurs. 

0 The surface water varies from fresh t o  saline, w i t h  the salinity 

gradient generally running from north t o  south. The hydrology 

of this coastal region is much altered by resource develop- 

ment activities. 

In this setting, we f i n d  a very complex mosaic of ecosystems, 

w i t h  large numbers of species o f  b o t h  plants and animals including many 



A 
A 
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commercially important species and several rare or  endangered species. 

In addi t ion ,  some parts of the study area are heavily populated and 

display a wide variety of cultural and economic activities. 

The plan described i n  this report deals w i t h  the environmental 

aspects of geopressured resource development i n  the context of the above 

considerations , and i s  structured as follows: 

0 Integrated assessment 

0 Description of the proposed activity 

0 Geological effects 

0 Air quality 

0 Water quality 

0 Ecosystem quality 

0 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 i s  drawn from the work described i n  the subsequent 

sections. Key environmental issues are also identified and reviewed i n  

the Integrated Assessment, as we1 1 as the approach taken i n  identifying 

these issues and the cri teria for assigning priorities. The section includes 

a discussion of those factors considered t o  be beyond the scope of this 

project. Finally, three natural regions w i t h i n  the study area are iden- 

tified as t o  their relative vulnerability t o  development activities. 

The section, Description of the Proposed Activity, i s  presented as a 

prelude t o  the subsequent sections dealing w i t h  environmental quality. T h i s  

section describes the resource and the energy extraction operations ; both 



13 

developed i n  sufficient detail t o  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 frame- 

bll 

work of the study area and discusses the potential effects on this 

geology stemming from the development of the geopressured/geotheral 

-resource. A plan is presented t o  measure, interpret and predict geolog- 

ical effects. Th i s  discussion lays the groundwork for a consideration of 

three separate areas of potential impact-air, water, and ecosystems. 

In each of these sections the environmental setting i s  described , poten- 

t iaf  impacts are identified, and plans are proposed for baseline and moni- 

tor ing studies. All of the plans are preceeded by a discussion of the 

data required t o  establish baseline conditions as well as for monitoring 

potential impacts. The adequacy of these data i s  a lso considered. 









17 

I r . INTEGRATED ASSESSMENT 
- 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- 

tiaT 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 detail 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 potential 

impacts i s  discussed. We have combined these assessments to arrive at 

the overall priorites of the issues. This priority - -  list, the approach 

and criteria used to develop it, and a discussion of the issues are pre- 

sented in Section 1 1 4 ,  following. To place the issues in the appropriate 

technological context, Section 11-B gives a brief summary of a development 
ent activities 

he study area, and 

r iabi l i ty  o f  the study 

area also calls for a summary of which natural regions could be most 
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severely impacted by resource development activities. This subject is 

addressed in Section 11-C, as well. 

The overall plan for assessing potential environmental impacts is 

given in Section 11-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 dirnenslons of a model geopressured operation are sunanarized i n  

Table 11-B-1 for the full-scale development of a prospect area 50-60 

square miles i n  extent. 

geopressured fi el d w i  11 have 15-20 producing we1 1 s , each producing ap- 

proximately 40,000 bbl/day o f  f l u i d .  

I t  is envisioned t h a t  such a ful ly  developed 

In this scenario, i t  i s  assumed t h a t  the spent f l u i d s  will be pumped 

back i n t o  the ground, into a different formation, b u t  safely below the 

base of fresh ground-water. 

under their own pressure 

the resistance of the receiving formation for disposal ; therefore, i t  is 

assumed t h a t  there w i l l  be a need for  two disposal wells for each pro- 

ducing well. Well spacing, for producing wells, i s  assumed t o  be one 

. .  

The f l u i d s  will flow i n  the producing wells 

terspersed among the 

well f ield will support a powe 



. .. ... 

TABLE D-B - I  
.. . , 

DIMENSIONS -OF GEOPRESSURED OPERATION 
(FULL SCALE DEVELOPMENT ) 

Prospect Area = 50-60 sq. mi. 
Producing Wel ls  = 15 - 2 0  
Flow R a t e  
Disposal Wel ls  

= 40,000 bbl  / d a y / w e l l  
30-40 - - 

Power Plant = 25 megclwatts 
Pipelines = 200 miles 

c 

N 
0 

C 
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the case of a typical o i l  well. I t ' s  this large volume o f  f l u i d s  t h a t  pro- ' 

vides for a large part of the environmental concern. 

The type of activities which will be involved i n  the development of 

the geopressured resource, a l l  of which are potential sources of environ- 

mental impact, fa l l  under the broad headings of s i te  preparation and 

construction, operations, accidental occurrences , and natural hazards. 

During s i t e  preparation and construction, i t  will be necessary t o  

bu i ld  roads and levees, structures of various types, pipelines, and canals 

t o  provide access.. i n  wetland sites. Operations will include d r i l l i n g  of 

we1 1 s, operation of the successful producing we1 1 s , drill ing  and operation 

\ 

of two reinjection wells for each producing well, and operation of the 

pipellnes. A l l  of these types of operations, o f  course, are similar t o  

those encountered i n  o i l  and gas production. B u t  now we add an energy 

p lan t ,  pipelines, and transmission lines t o  deliver the net energy re- 

These represent sddf - 

will be some risk 

casing failures, 

storm related 
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fluid delivery costs. Thus, if non-electric uses prove feasible, consider- 

able ancillary development activities could take place including industrial , 
commercial and residential development. The impacts from these ancillary 

activlties have not been considered in this report solely because of time 

and funding constraints. 



C- KEY ENVIRONMENTAL ISSUES 

The prime approach taken i n  identifying those environmental issues 

that could impede development of the geopressured resource i n  Louisiana 

W 

involved consul tations w i t h  industry and regulatory agency representatives. 

These meetings were conducted as interviews and i n  workshop settings. In  

each case, the LSU researchers presented a scenario for the full-scale 

development of geopressured resources, as sumnarized i n  the preedtng: sec- 

t ion,  and then asked for i n p u t  on the major environmental concerns. The approach 

was very successful, The  indus t  and regulatory agency representatives 

were chosen on the basis of a strong inter 

and/or direct involvement i n  envirbnmental 

A complete summary of these 

i n  development of the resource 

gulation of development activities 

ntacts is given i n  Appendix B of this report. 

Representatives of research groups w i t h  expertise i n  the environmental 

land use i n  the area. Conflicts 



0 Existing Impacts: Does this issue involve an impact that  is already L: 
affecting the region and is expected t o  affect the region i n  the 

future? 

* 0 Management: Is this issue or  the impacts resulting from this issue 

subject t o  management, mitigation, or  control? * 

ap Alternatives: Can this issue be resolved by employing alternative 

technologies or by engaging i n  a1 ternative activities? 

0 Legal Setting: Is this issue subject t o  legal means of control? 

Could legal redress halt or  delay development? 

0 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 crit ical  issue affecting the development o f  geopressured resources 

i n  Louisiana is possible surface subsidence due t o  compaction of sediments 

a t  depth as large quantities of f l u i d  are produced. The effects of even a 

small amount of subsidence i n  the large portion of the study area that is a t  

low elevation and low relief could be highly destructive. These effects would 

include inundation of large areas; increased areas prone to  flooding; reduced 

biological productivity i n  the inundated areas causing economic losses i n  

fish and shellfish harvests; loss of important water-fowl and fur animal 

habitat; and damage t o  roads and structures. 

sidence, if  i t  occurs, would extend beyond the boundaries of the producing 

geopressured reservoir 

I t  is likely that surface sub- 
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There is considerable uncertainty as to whether subsidence will occur and 

how much will occur in the full-scale development case. There are no analogous 

situations Subsidence from ground-water withdrawal is we1 1 documented , but such 
subsidence has occurred as a result o f  compaction at depths considerably 

shallower than those that will be encountered in geopressured operations 

Surface subsidence, if it occurs, is likely to lag behind peak production, 

thus compounding the uncertainties that otherwise exist. Subsidence from 

natural compaction of sediments in the Gulf o f  Mexico region is an on- 

gotng process resulting in loss o f  coastal marshes, and this impact is 

already of concern. Subsidence from geopressured operations would add 

to the existing problem, and it may be difficult to discern the subsidence 

out the potential 

he regulations 

s satisfied on 

jacent to the leased 

ges or injunctive 

presumed to have 

dicted? Can compaction subsidence effects 
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b. F lu id  Disposal 

Large quanti t ies  of spent geopressured f lu ids  , as much as 800,000 

barrel s/day l n  the full -scale operation of a sing1 e geopressured pros- 

pect area, must be disposed of i n  a manner compatlble w i t h  environmental 

quality. Surface disposal will be possible only i n t o  the open Gulf ,  and 

this alternative seems unlikely because of the likely presence of toxic 

substances i n  the geopressured f lu ids .  Subsurface disposal is t h u s  the 

most likely disposal method; i n  many areas i t  will be the only feasible 

a1 ternative. 

Subsurface disposal of wastes i n  the total  quantity, and a t  the rate 

antfcipated i n  the full-scale development of a geopressured prospect, 

has never been attempted i n  Louisiana. Geologists generally agree t h a t  

large volumes of suitable receiving sands exist i n  the disposal zone 

(at  depths of- 1500 meters). Th i s  thesis is not>proven> for  the cir -  

cumstances o f  geopressured development, however. 

have expressed considerable concern about disposal because o f  the great 

risk involved i n  the failure of a disposal system where no alternative 

methods exist. 

Industry representatives 

Possible environmental impacts of the failure of a subsurface d i s -  

posal system include fouling of fresh-water aquifers; contamination of 

hydrocarbon producing areas; bleeding o f  f l u i d s  to the surface alona 

f au l t  planes w i t h  possible severe surface effects; and breaching of 

abandoned wells w i t h  possible severe surface effects; These impacts 

could result because of intercommunication between the disposal aquifer 

and other aquifers and fau l t  planes; overpressuring the disposal 

aquifers; and improperly abandoned wells i n  the area. 
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W South Louisiana is already faced w i t h  the problem of sa l t  water 

encroachment of fresh-water aquifers pumped for rice i r r iga t ion  and 

other- domestic and agricultural uses, Failure of a subsurface geo- 

isposal system would 

l t i e s  have arisen i n  the sub-surface disposal of brines i n  

d t o  these problems , 

the Strategic Petroleum Reserve Program i n  Louisiana. These problems 

include plugging of disposal wells, and other technological failures. 

U.S , Department of Energy representatives have expressed concern over 
the environmental impacts, of further failures. The State 6 f  Louisiana 

has evidenced its concern over this Issue through extensive regulation 

of dkll1 fng  practices i n  geopressured operations t o  prevent contamination 

of fresh-water aquifers and hydrocarbon zones, and t o  m imize the like- 

a1 system failures can be minimized by assuring 
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I 
sources have been extensively explored for o i l  and gas. Wells drilled 

before 1920 d id  not come under casing or abandonment regulations- These 

wells, and some more recent wells, are difficult  o r  impossible t o  locate 

because of land use changes and surface disruption. The other management 
methods can be achieved successfully; although, a t  the present time, the 

most cri t tcal  factor--availabil i t y  of suitable disposal aquifers-is not 

known. 

The issues are: Do suitable disposal aquifers exist? Is the tech- 

nology available adequate for  disposal of f lu ids  i n  the volumes en- 

visioned here? Are monitoring and management methods adequate? 

c. Surface Disrupt ion i n  Wetland Areas due t o  Site 

Preparation and Construction Activities 

The scenario for f u l l  -scale development of a geopressured 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 w i t h  

gas separators. This level of activity i n  a 130-160 km2 (50-60 m i 2 )  

area will cause a considerable amount of surface d is rupt ion .  This is 

particularly true i n  wetland areas where access canal s, pipe1 ine canals, 

and impoundments will be required. The cumulative effects of wide- 

spread geopressured resource development (there are 63 identified pros- 

pects i n  south Louisiana) would indeed be serious. 

The environmental impacts of this kind of surface disruption i n  

wetland areas include: land loss and attendent habitat  loss; disrup- 

t ion o f  normal hydrology resulting i n  sa l t  water intrusion i n  coastal 

wetlands w i t h  subsequent habitat  loss for important commercial species; 

Li 

f 
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possible warming of waters locally; and loss of archeological s i tes  of 

which there.are over 400 i n  the coastal region. (In upland portions o f  

the study area, impacts would be much less severe. Some land use 

changes would result; the most likely being some loss of crop and pasture 

1 and .) 

The fmpacts from geopressured s i t e  preparation and construction 

activit ies are o f  particular concern should they take place in the coastal 

wetlands. T h i s  region i s  both unusually sensitive t o  these kinds of 

activit ies and unusually valuable i n  terms o f  commercial productivity,. 

recreation, and cultural and scientific interest. Most of t h e  identified 

geopressured prospect w i t h i n  this area. There i s  already a problem 

i n  coastal wetlands w i t h  land loss due t o  natural subsidence and erosion: 

\ 

and as a result of canal dredging, channelization and other human activ- 

i t ies .  The total  arge and the effects 

are serious i n  t h  marshes perform several v i t a l  

r comnercially impor- 

; as buffer of storm 
surges; and as a nts or iginat ing 

There are no s ta te  regulations concerning this issue a t  the present 



U.S. Army Corps of Engineers is responsible for issuing permits f o r  the 

dl’sposal of dredge and f i l l  material i n  the coastal wetlands. This 

regulatory function allows an avenue for private groups t o  attempt t o  

block certain kinds of activity: an avenue t h a t  is being used more fre- 

quently i n  Louisiana, 

The surface effects of site preparation and construction activit ies 

can be mitigated t o  a certain degree. Directional d r i l l i n g  might  be 

employed; helicopters can be used t o  emplace certain k inds  of equipment; 

canals can be properly oriented and maintained to  minimize land loss and 

impacts on the hydrologic system. In order for management methods t o  be 

effective, however, information on the biota of each geopressured s i te ,  

and on the hydrology of the s i te ,  must be obtained. Currently available 

data are not adequate for such an assessment. Hydrologic data i n  the 

coastal region are sparse. 

The issues are: What is the extent of impacts on wetland eco- 

I 

systems? A satisfactory answer to this question hinges on a thorough 

understanding of the biology and hydrology o f  the area and on moni- 

tor i  ng capabi 1 i ti es. 

2. Medium Priority Issues 

a. Accidental S p i l l s  

In many types of activit ies,  accidental spills o f  produced or waste 

flut’ds would be considered a low priority issue because o f  the low prob- 

abi l i ty  of occurrence, and because of effective prevention technology 

and clean up procedures. Accidental spills are a medium priority issue 

i n  the geopressured case, however. First, the impact i n  terms of  a i r ,  

water and ecosystem qua.1ity would be severe i n  the immediate vicinity, 
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depending partly on the biotic communi t ies  present, meteorological con- 

dit ions, .  hydrologic patterns, and soil s properties Certainly,~ the nature 

of% geopressured f l u i d s  i s  such that  any p l a n t  species, a t  least, t o  come 

i n  contact w i t h  spilled fluids would not survive. Volumes and rate o f  

flow of spilled f lui  ely t o  be high.. Second, clean up methods 

commonly used i n  the o i l  and gas industry may not prove as effective 

i n  the event of a geopressure well blowout. The emissions In the geo- 
I pressure case would include brines and methane gas, and these are not  

as readily susceptible t o  containment as are the more viscous and 

flammable l i q u i d s  of o i l  well blowouts. Also, because bottomhole 

I 

I 1 

~ 

pressures will be high--in excess of 10,000 psi, well blowouts i n  the 

geopressure case may be more difficult  to br ing  under control. 
. . *  

Blowout prevention technology i s  advanced as regards the conven- 
i 
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, 3. Low Priority Issues. c.i 
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 whtch could cause localized 

fogging under unfavorable meteorological conditions. Atmospheric 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 many 
o f  the world’s geothermal resource areas, but pollutant gas concentrations 

of H2S are not expected in the Louisiana geopressured fluids. However, 

because H S concentrations could vary from well to well, the presence of 

H2S must be considered an unknown at this time. 

are found, control technology is commercially available and, it is assumed, 

2 
If appreciable H2S levels 

would be employed. 

High localized noise levels can be expected during normal operations. 

Noise abatement equipment is available to ameliorate this problem, however. 

b. 

Set’smicity and fault activation as a result of producing or injecting 

Induced Seismicity and Fault Activation 

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 
gi 
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63 and gas have documented the slow and continuous-release o f  stress along 

the many growth faults i n  the region. Only two seismic events have been 

reported i n  Louisiana i n  this century. 

along fault  zones as a result of reduction i n  pore pressure i n  geopressured 

reservoirs, release could result  i n  many small "earthquakes" or micro- 

seisms. These would likely be too weak to be fel t  by humans, or to cause 

damage due t o  earth shock. 

If stress were to accumulate 

I t  i s  remotely possible that accumulated stress would be released 
i n  a. more drastic fashion. Fault movement should therefore be monitored 

dur ing  geopressured f l u i d  production. Ground-based instruments are 

avaiTab1 e for this purpose. 

c. Natural Hazards 

Tropical storms and hurricanes w i t h  gale force winds and storm 

surges occur frequently i n  the G u l f  Coast region c ed to  other parts 

. .  o f  the country. significant threat to human l i f d  and 

property i n  the urricane monitorin usually allows 

sufficient time personnel , and the shutdown of vul-. 

damage rare1 results in wet 

blowouts or othe 
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D 1 OTHER CONSIDERATIONS 
_- 

. 

i n  Figure 1-1 , includes al l  o 

considerably i n  both natural setting and i n  human use of these environ- 

ments. Given time and funding constraints, this fact  imposed certain . 

limitations on the range of impacts considered. Possible environmental 

impacts o f  'ancillary development activities were Judged beyond the 

scope o f  this work. These include the potential impacts o f  industrial ,  

residential and commercial activity generated either by extraction 

activities or  because o f  non-electric utilization of- the hot.. f lu ids .  

These kinds of activit ies could i 

envtronments, Also, the operations and accidental 

occurrences on the health 

The- area of interest for geopressured resource development, depicted 

Louisiana. This large region varies 

W 

s was considered beyond the scope of 

impacts on the socioeconomic 
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and practices were not explored i n  depth. The overall plan and fndiv id-  

ual plans do not include activit ies that will resolve questions on this 

subject. There is a need for these kinds  of activit ies,  particularly 

i n  conjunction w i t h  subsidence studies. 

Finally , the plans were developed for prototype geopressured pros- 

pects o r  reservoirs, and not f o r  geopressured prospects i n  specific 

geographic settings . There; are 63 identified geopressured prospect 

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

Authors of this report f e l t  that a more efficient approach was t o  develop 

plans based on average touisi ana reservoir characteris t i cs  , and t o  

specify, when necessary, differences i n  implementing the plans i n  three 

basic natura7 settings. 

shore regions. 

These three areas are upland, coastal, and o f f -  

Coastal regions are the most vulnerable t o  the impacts discussed 

i n  the previous section. The coastal wetldnds are uniquely productive 

biologically, providing habitat for many commercially important species. 

The key t o  both the biological diversity and productivity of Louisiana 

wetlands is the unbroken intercomnunication among many ecosystem types 

and the predictable cycles of physical events. Subsidence and surface 

d i s r u p t i o n  from s i t e  preparation and construction activit ies could 

seriously d is turb  these balances. Al.though sparsely populated, there 

is already competition among land uses i n  the coastal areas .resulting 

i n  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 o f  the upland region will help contain subsidence effects 

i f  they occur, although damage t o  structures and roads is a poss ib i l i t y  
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i n  these areas. The upland areas would bearno 

i n  subsurface disposal systems, which would be the only feasible disposal 

alternative. The principal land use i n  the upland portions of the study 

area is agriculture; specifically rice i n  the western and central parts 

of the study area. Rice is an irrigated crop, using fresh ground water 

resources extensively. 

vu1 nerabl e to  fai  1 ures 

u 

Offshore geopressured resourc'e development would conflict least  .. 

w i t h  the goal o f  maintaining environmental quality. Subsidence would 

have no adverse effects i f  confined t o  the offshore areas. Accidental 
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E. OVERALL PLAN FOR THE LONG TERM ENVIRONMENTAL ASSESSMENT 
OF GEOPRESSURED RESOURCE DEVELOPMENT 

IN THf LOUISIANA GULF COAST REGION 

The Plan outlined betow is for collecting baseline data, and monitoring 

the impacts, from full-scale geopressured resource development a t  a single 

geopressure prospect area. The Plan i s  not specific t o  a particular pros-- 

pect for- environmental setting, b u t  i s  generally applicable i n  the study area. 
Monitoring efforts will continue a t  a reduced level for the entire 

- 

period of production: approximately 20 years. The level o f  effor t  i n  

monitoring activities. w i  11 be contingent on the occurrence of impacts from 

development acti v i  ties o r  other environmental changes. Some moni tori ng 

activities are contingent on data ava i lab i l i ty  or  the development of ade- 

quate i ns trumentation . 

GEOLOGICAL EFFECTS 
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B. Level 11: Materials Testing. 

0 Perform near-surface soils tes t  and analyze results for  
correction of ti 1 tmeter readings 

C. Level 111: Prediction. 

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

I I Pos t-Devel opment Acti v i  t ies  . 
A. Level 1 : Detection Activities and Preliminary Interpretation. 

0 Extend leveling network t o  cover a l l  well clusters and 
perform annual re1 eve1 i ng , 

0- Instal 1 integrated ti 1 tmeter system and monitor continuously. 

Monitor seismic system. 

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

0 Log representative wells and prepare geologic cross sections. 

0 Record production and reservoir data. 

0 Analyze data t o  determine extent o f  geological effects and 
preliminary causal interpretation of field data. 

0 Report results t o  appropriate agencies and impacts 
assessment groups. 

B. Level 11: Materials Testing. 

0 Core representative wells and perform laboratory tests 
on cores. 

0 Perform i n  si  t u  rock mechanics studies i f  adequate instru- 
mentation is avai 1 ab1 e. 

0 Analyze data t o  determi ne compaction characteristics and 
t o  measure extent of compaction a t  depth. 

C. Level 111: Prediction. 

0 Revise model w i t h  relevant data from Level I and Level I1 
acti v i  ti es u n t i  1 agreement w i  t h  f i el d condi ti ons exi s t . 

0 Analyze data t o  develop predictive capabi 1 i t y  . 
e Report results t o  appropriate agencies and other impacts 

assessment groups. 
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AIR QUALITY 

ad Issues Addressed: Extent, cause, and prediction of atmospheric 

emissions and dispersion. 

Priori tE Emissions during normaT operations--low; accidental 

emi ssi oris-medi um. 

I. Pre-Devel opment Acthi ti es . 
A. Regional Activities. 

0 Install fixed location monitoring stations. 

0 ,  Monitor ambient ai r qual i t y  condi ti ons , i ncl udi ng 
background activity of H2S, NH3 and others. 

oC Col 1 ect meteorological data f o r  atmospheric dispersion 
characteristics 

0, Perform dispersion modeling studies. 

0'- Identify existing emission sources 

ata t o  establish regiona ne condl ti ons 
I 

I iance w i t h  federal and 
state standards. 
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I 

11. PosiAIevelopment Activities 

A. Emissions. 

0. Perform laboratory tests on emission streams: heat, 

0 Monitor emission streams: cooling tower exhaust, main 

H2S, "3, methane, and others.. 

condenser purge , and others 

B. Air Quality. 

0 Monitor ambient a i r  quality conditions from fixed 
1 ocation statf on . 

0 Conduct mobile testing. 

0; Perform dispersion model i ng studies. 

0 Analyze data t o  determine and predict conditions under 
normal operations and i n  event of accidental emissions. 

0 Determine level of compliance w i t h  federal and 
state standards . 

0 Report results t o  appropriate agencies and other impacts 
assessment groups. 

MATER QUALITY: SURFACE WATER 

Issues Addressed: Extent and cause of water quality impacts. 

Priority: Impacts from disposal-high; impacts from s i t e  prepara- 

t ion and construction activi ties--medium; impacts from accidental 

s p i 1 1 s --medi um . 
I. Predevelopment Activities . 

A . Hydro1 ogi c Studies . 
0 Inventory surface water bodies. 

0 Determi ne drat nage , discharge , m i  x i  ng characteri s ti cs 

0 Determi ne recent his tory o f  hydro1 ogi c changes. 

0 Analyze data t o  establish baseline hydrologic conditions . 
B. Water Quality Studies. 

g, 0 Conduct sampl i ng program: physical and chemical parameters . 
0 Monitor water qual i ty  conditions . 
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a> Inventory surface water usage. 

0.  Identify pollution sources. 

0 Analyze data t o  es tab1 i s h base1 i ne water qual i ty  condi ti ons . 
0 .  Determine level of compliance w i t h  federal, state, and 

1 oca1 standards . 
0 Report results to appropriate agencies and other impacts 

assessment groups 

I1 Post-Development Activities . 
A. Emissions, 

0-  Perform laboratory tests on f l u i d  emission streams: TDS, 

0: Monitor f i d  emission streams: spent brine, separator 

boron, radon, and others. 

condensate,+ condenser condensate, and others. 
B. Hydrologic Studies. 

0~ Monitor hydrologic conditions. 

0 Analyze data t o  determine extent and cause of 
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. 
I. Pre-Devel opment Acti v i  ties . 

A. Ground-water Resources 

0 Determi ne ground-water usage. 

0 Determine and map configuration and depth o f  ground- 
water aquifers from exis t ing data and well logs. 

B. Ground-water Qual i t y  . 
0 Conduct sampl i ng program: specific conductance, tem- 

perature, dissolved sol i d s  , and others . ’ 
0 Monitor ground-water qua l i ty  Conditions . 
0 Identify pollution sources and pollution history.  

0: Analyze data t o  es tab l i sh  baseline ground-water 
qual i ty  conditions . 

0 Report results t o  appropriate agencies and other  impacts 
assessment groups. 

C. Abandoned Wells. 

0 Inventory abandoned o i l  , gas and water wells. 

0 Field inspection of abandoned wells. 

0 Review abandonment records . 
0 Make recommendations t o  appropriate groups on replugging 

improperly abandoned we1 1s. 

I I .  Pos t-Devel opment Acti v i  ties . 
0 

0 

0 

0 

0 

0 

0 

0 

Review data on f l u i d  emission streams. 

Collect  and review data on production and disposal. 

Conduct shallow induction logging program on a l l  wells. 

Revise maps of ground water resources. 

Conduct sampl i ng program and moni t o r  ground water qual i ty  . 
Monitor conditions a t  abandoned we1 1 sites . 
Drill observation wells and monitor f o r  hydraulic and 
water quality changes, i f  necessary. 

Analyze data t o  determine extent and causes of impacts on 
ground-water qua l i ty  and impacts from subsurface f l u i d  
disposal system f a i  1 ure. 
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0 Report results t o  operator, appropriate agencies , and 
other impacts assessment groups. 

ECOSYSTEM QUALITY 

Issues Addressed: Extent and cause o f  impacts on ecosystem quality. 

Priority: Impacts from subsidence--high; impacts from f l u i d  dis- 

posal--high; impacts from s i t e  preparation and construction activ- 

i ti es--medi um; impacts from accidental occurrences-medi um; impacts 

from normal atmospheric emlssions--low. 

I. Pre-Development Activities. 

A .. B i  01 ogi cal Survey ." 
0 Identify control area. 

0. Perform biological surveys i n  control and developed areas. 

0 Compile biological inventories. 

0, Map vegetation. 

B. Other Studies 
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’ B. Other Studies. u 
Collect data and results from other impacts 
assessment groups. 

Perform periodic bioassays on selected organisms. 

Monitor substrate composition. 

Conduct special studies , if necessary. 

Analyze results t o  determine the extent and cause of impacts. 

Determine level of compliance wi th  federal , state and 
1 oca1 regul a ti ons 

Report results t o  appropri ate agencies and other impacts 
assessment groups. 

OVERAU RECOMMENDATIONS 

The LSU investigators recommend t h a t  t h i s  plan be Implemented, w i t h  

appropri ate modifications , for the f i rs t f u l  1 y-devel oped geopressured 

prospect i n  each o f  the following natural settings: 

0 Off shore areas. 

0 Coastal areas. 

0 Upland areas. 

The results from each of these areas will indicate the level of effort 

required i n  development o f  additional prospects. Portions of the plan 

may be applicable t o  less t h a n  full-scale development situations. 
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111. DESCRIPTION OF THE PROPOSED ACTIVITY 
D. P. Harrison 

A. INTRODUCTION 

Geopressured/geothermal (hereafter referred t o  as geopressured) 

systems are  known t o  ex i s t  throughout the en t i r e  G u l f  Coast regions of 

Louisiana and Texas. As shown i n  Figure III-A-1, identified Louisiana 

prospect areas extend completely across the s t a t e  i n  the east-west direc- 

t i o n ,  and approximately as f a r  nor th  as a l i ne  drawn through Baton Rouge 

( l a t i t ude  30° 30').. Although not shown on the map, the resource is also 

known t o  extend i n t o  the G u l f  of Mexico for distances as great as  160 km 

(100 miles) (Hawkins, 1977). 

Recent resource assessments indicate tha t  the most favorable 

prospects a re  located i n  the southwestern and south-central portion 

of the. s ta te :  specif ical ly  i n  Cameron, Vermilion, Iberia,  S t .  Mary 

and Terrebonne Parishes and adjacent waters; and i n  the inland parishes: 

CaTcasieu, S t .  Martin, and Assumption. Table III-A-1 gives the locations 

and pertinent data for  a preliminary ranking of the 20 most promising prospect 

areas (Bernard, 1977). However, because prospect areas ex i s t  throughout 

the l i ne  drawn through Baton Rouge i n  Figure III-A-1 is  defined as the study 

10,000 psi) may b i c  turbines t o  

may be used for a number of purposes ranging from e lec t r ica l  power generation 
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c 
rospect areas in Louisiana: f irs t  20 ranked 

.. 
Avg. Temp. Mo. Geop. 
Gradient Wells in Geop. Wells/ 

Sq. Miles Sand OF/~OOO ft Prospect All Wells 

11.30 20 1,000 
34.6 14,4 10.53 27 1,000 
11.8 16.2 12 . 20 12 1.000 
8.4 15.8 12.47 15 1.000 
24.5 14.5 11 , 57 11 1.000 

23.3 14.9 10.13 20 1,000 
0 . 972 14.9 15.7 11.95 35 

18.8 15.2 11.12 11 1.000 
17.5 15.8 10,73 10 1 . 000 
16.9 15.1 11.79 8 1.000 
21.2 15.4 10.48 18 0.947 

13 15.9 13.00 4 1.000 

7,3 16.8 11.43 10 1.000 
20.8 16.3 12.23 9 0,900 
21.8 13,9 10.29 17 1.000 
15.2 15.0 10,65 11 1,000 
998 16,l 12.37 25 0 . 694 
19.9 15,O 10.91 6 1.000 
18.4 14,6 11.62 15 -0.938 
9.2 15.5 11.26 2 1. 0.955 

8 
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t o  space heating. Finally, there are strong indications t h a t  large volumes 

of natural gas may be recovered from geopressured waters and used to'supple- 

ment the nation's dwindling natural gas supply. A t  this stage i n  the devel- 

opment of the resource, estimates of the total  energy i n  Louisiana range 

from a h i g h  of just over 1 x 1021 joules (965 quads) t o  a low of approximately 

3 x 10'' joules (34 quads) (Papadopulos, et .  a l . ,  1975, high estimate; 

Hawkins, 1977, low estimate). Regardless of the uncertainty, the overall 

potential i s  sufficiently attractive t o  warrant major funding from the 

U. S.  Department of Energy t o  prove the resource potential. 

Activities i n  the overall development will range from short term 

testing under the DOE "we1 1s of opportuni ty" program, t o  possible eventual 

comerci a1 i za t i  on of a- geopressure field w i  t h  natural gas recovery, el ectri c 

power generation and perhaps process uses of the h o t  waters. Each of these 

activities will have i t s  own unique set  of environmental impacts. F u l l  

discussion of the impacts of each level o f  activity is clearly beyond the 

scope of this study; hence, this analysis concentrates on those environmental 

impacts expected from the full-scale cornhercialitation of the resource. This  

approach should include a l l  potential impacts, a l though the relative impor- 

tance of each may shif t  a t  different stages i n  the course of development. 

For example, the most significant impacts when the activity is limited t o  

d r i l l i n g  and short term testing of a single well will bedifferent from 

those expected from full-scale resource development. 

Considerable i nterest has been expressed by industry i n recoveri ng 

only the natural gas from geopressured reservoirs (e. g . , W i  1 son; Rust, 

personal communication, 1977). However, t o  meet the objectives of this 

study , the acti v i  t ies descri bed below i nvol ve produci ng the to ta l  energy 

content of the geopressured f 1 u i  ds . 
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B. TECHNOLOGICAL SCENARIO 

1. General 

The activities discussed i n  this section comprise the technological 

scenario on which the identification o f  environmental impacts i s  based. 

This scenario and the a1 ternatives specified represent the most 1 i kely 

course of development. The scenario i s  based on pub1 ished reports (Wilson, 

e t  a l . ,  1977; Zinn, et. al.,  1978), and on discussions w i t h  industry and regu- 

latory agency representatives (Christopher, Rust, Wilson, Durham, 

Chauviere, LaFleur, personal communication, 1977). 

A1 1 potential activities of a totally devel oped geopressured reservoir 

are shown schematically i n  Figure 111-B-1. Fluid from a number of producing 

wells will be piped t o  a central processing site.  A t  this s i te  natural 

the following sections. CI 
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2. We1 1 Field Development 

A Louisiana geopressured reservoi r , assess as having good resource 
, u  
1 

recovery potential , i s  expected t o  support approximately 20 geopressured 
3 3  wells, each producing a t  a rate of 6.4 x 10 m (40,000 barrels) per day. 

These we1 1s w i l l  support a power generation faci 1 i ty w i t h  a 20-30 MW 

generating capacity. If the spent f l u i d  is disposed of via subsurface 

i njection , an additional 40 d i  sposal we1 1 s w i  11 be requi red. Production 

wells will be spaced a t  one per approximately 8-10 km (one per 3-4 m i 2 )  2 

I area w i  t h  disposal we1 1 s i nterspersed between produci ng we1 1 s . The areal 
2 I 

I 

extent of the prospect is expected. t o  be approximately 130-160 km (50-60 m i 2 ) .  

The geopressured field will be crossed by some 320 km (200 miles) of 

producing and disposal pipelines. Table 111-B-1 summarizes well field 

parameters and pertinent assumptions. 

Drilling and completion o f  a producing well i s  expected t o  require 

approximately four months w i t h  1 1/2 months required for- each disposal 

well. Plant  construction i s  expected t o  take some 3 t o  4 years. An overall 

acti v i  t y  time 1 i ne for 
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Table III-B-1. Well field parameters and assumptions for a Louisiana 
geopressured prospect with favorable reservoir charac- 
teristics. 

Rate of flow, producing we1 

No. of production wells dri 

Success ratio 

No. of producing wells 

S 

1 ed 

Ratio, disposal to producing wells 

No. of disposal wells 

Well spacing, producing wells 

We1 1 spacing , disposal we1 1 s 
Areal extent of prospect 

No. o f  energy plants supported - 

Power pl ant capacity 

Extent o f  pipeline required for 
col 1 ection, disposal 

6.4 x lo3 m3(40,000 barrels) per 
day per well 

20-27 we1 1 s 

.75 

15-20 wells 

2 

30-40 we1 1 s 

1 per 8-10 km2 (3-4 mi2) area 

interspersed among producing wells 

% 130-160 km2 (50-60 m i 2 )  

1 

20-30 MW 

% 320 km (200 miles) 
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U 
Fig. 111-B-2. Timing o f  geopressured well field development activities. 

ACTIVITY TIME LINE (post-exploration) 

Year 
a 1 3 3 4 5 to e 2 4  

Activity 

Well drilling I- 1 

Energy plant construction i a ,  
methane only methane, Energy production + - - - - -  I 

1 

el ectri ci ty 4 

ASSUMPTIONS 

Drilling time required (assuming 
4 months per producing well ; 3 
months per dry well ; 1.5 months 
per disposal well) 

120-1 60 months 

No. of rigs available 4 

Months of drilling activity 

activity 

30-40 months 

42 months ths o f  plant construction 
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Fig.  111-B-3. Schematic diagram o f  flashed steam cycle.  
(Adapted from Wilson, e t .  a l . ,  1977) 
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The flashed steam cycle shown i n  Figure III-B-3 has been described 

i n  several recent papers (e.g., Wilson, e t  a l . ,  1977). Geopressured f l u i d  

from a number of wells will be collected for processing. Pressure reduction 

associated w i t h  flow from the reservoir t o  the well-head will cause much 

of the natural gas t o  come o u t  of solution. This free gas will be recovered 

in the h i g h  pressure separator w i t h  the geopressured 1 iqu id  directed through 

a hydraulic turbine connected t o  an electrical generator. The remaining 

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

the facility. 

water t o  vaporize and the steam may be used t o  drive a low-pressure steam 

turbine connected t o  a second electrical generator. 

Further pressure reduction causes a por t ion  o f  the geopressured 

The geopressured l i q u i d  emerging from the low pressure flash chamber 

may be either further utilized or  disposed pf directly. Steam turbine 

exhaust has lower concentrations of total dissolved solids than  the liquid 

from the f lash chamber. Depending upon the particular case, the condensate 

may be utilized either separately or i n  conjunction w i t h  the bottom liquid, 

or disposed of either i n  conjunction w i t h  or  separately from the bottom 

1 i q u i d .  

The binary cycle, shown schematically i n  Figure III-B-4, i s  similar 

t o  the flashed steam cycle i n  i t s  early stages. Natural gas separation is 

the f i r s t  step, followed by electrical generation through a hydraulic tur- 

bine. Thermal energy is recovered, however, by using the heat from the 

geopressured f l u i d  t o  vaporize a sui table  high pressure working field 

such as isobutane. The working f l u i d  i s  used t o  generate electricity by 

passing i t  through an expansion t u r b i n e ,  a water or  air-cooled condensor, 

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

The binary cycle system may be particularly appropriate for the 

Louisiana resource. While the general temperature range of G u l f  Coast 

geopressured f l u i d s  is expected t o  be 90-200' C ( 200-4OO0F) , the 

data currently available indicate that Louisiana's geopressured 

f l u i d s  are likely to be  i n  the vicinity of 1 2 O O C  (250'F). As the f l u i d  

temperature decreases, the amount of steam which may be obtained by 

f 1 as h i  ng a1 so decreases t h u s  providi  ng added incentive t o  subs ti tute 

an appropriate secondary working f l u i d .  

Because o f  the low f l u i d  temperature, geopressure energy cycles 

have inherently low efficiency, For example, the flashed steam system 

considered by Wilson (1977), produced an overall cycle 

(neglecting methane) of only 10.3% us ing  as a design basis geopressured 

water avai 1 ab1 e a t  the surface a t  1.38 x 107 Pa (2000 psi) and 

1 6 3 O C  (325OF). As a general rule, cycle efficiency will decrease 

w i t h  a decrease i n  both surface pressur and temperature. Lower cycle 

eff i ci enci es would n ronmental impacts 

the magnitude of each of the 

es would be required 

t ion  facil i ty will 

purposes ranging from process and space heating t o  the recovery of 
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chemicals present i n  the water (e .g . , Schnadel bach , 1977; Hornburg, 

1975; Pile, e t ,  a l . ,  i n  press). Schnadelbach (1977) has studied the 

south Louisiana food and related products industry t o  identify areas 

where hot brine migh t  be effectively utilized and thereby replace 

natural gas and/or electricity, Pile, e t .  a l . ,  are examing agri-  

cultural uses of the waste heat from geopressured brines. A group 

a t  Johns Hopkins University i s  researching space conditioning app l i -  

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

There is general agreement, however, t h a t  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 justified f o r  process heat applications alone. 

the development scenario presented here, we have charged the primary 

developer w i t h  the ultimate responsibility of satisfactory disposal 

of the brine. The potential environmental impact, therefore, w i  11 

be l i t t l e  changed from the previous case of direct disposal following 

power generation. 

I n  

5. Flu id  Disposal 

A t  the flow rate required t o  supply a 20-30 MW plant, a fully- 

developed geopressured field would produce as much as 12.8 x lo4 m3 

(800,000 barrels) of spent brine per day, Two disposal alternatives 

are anticipated: surface disposal i n to  the G u l f ,  and subsurface 

disposal i n t o  relatively shallow aquifers below the base of fresh 

water. Water quality considerations p r o h i b i t  the disposal of spent 
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b r i  nes i nto f res h-water streams or coastal 1 agoons (LaFl eur , personal u .  
communication, 1977). 

A number of geopressured prospect areas i n  the coastal region of 

Louisiana ( and, of course, i n  the Gulf i t se l f )  are located near 

enough t o  open G u l f  waters for surface disposal t o  be considered. 

Wilson, e t .  a1 (1977) have suggested t h a t  the economic distance 

of the geopressured energy p l a n t  from the nearest body of saline water 

for surface disposal i s  less t h a n  65 km (40 miles). A t  this distance 

( i n  rural areas) surface disposal would be less costly than subsurface 

reinjection. Of course, the presence of toxic components i n  the spent 

b r i  nes could el i m i  nate surface disposal a1 together. 

I 

I 

I 

If surface disposal were pemi tted, either an open-di tch system 
I or pipeline would be used t o  transport the spent brines. Wilson, et .  a1 

(1977) note the conditions t h a t  must be present for an open ditch 

system t o  be feasible: 

obstructions, gently 

l i t t l e  likelihood f o  

I 

rural areas, few natural or constructed 

. 

opressured brines will be i n  aquifers 

ir 

i nci pal cons trai n t  



i 
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1 

k, C. RESOURCE CHARACTERIZATION 

A t  this time, we must consider the physical characteristics of the 

geopressure reservoir--temper ure, pressure, and fluid composition--to 
I 
I 

, be largely unknown. Much of e available data was originally collected 

~ for other purposes and is, therefore, incomplete and subject to numerous 

questions regarding sampling and analysis techniques. Wilson, et a7 . 
(1977) have pointed out the questionable nature of the data in their tab- 

ul ati on. 

~ 

I 

j 

I 

~ 

As previously noted, the general temperature range of Gulf Coast 

geopressured fluids is expected to be 90-2OO0C (200-4OO0F) (Wilson, et a1 . , 
I 
1 1977). The average temperature for all prospects in Louisiana is 98OC 
I 

(20g°F)--on the low end of this range 

fluid temperature is reported as 22OoC (428OF) (Hawkins, 1977). 

Maximum Louisiana geopressured 
I 

~ 

~ 

Bottom 
I 

I hoTe pressures i n  excess o f  7 x lo7 Pa (10,000 psi) and well-head pressures 

under operating conditions of 1.4 x lo7 Pa (2,000 psi) are expected (Hawkins, 

unication, 1977). 

ition values from 

ncounter water 

ly ten time more 

component from the Table 

avoidance of geopressured forma s normally desired. 
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Table 111-C-1. Range of concentrations reported for Louisiana geopressured 
waters. (From Wilson, e t  a1 . , 1977). 

Concentration, mg/l Number o t  
Component M i n i m u m  Maximum Analyses Reported 

Total Dissolved Sol ids 
Sodium 
Potassium 
Calcium 
Magnesi um 
Chloride 
Sulfate 
Bicarbonate 
L i t h i u m  
Stron t i  um 
Bari um 
Bromi ne 
Iodine 
Boron 

200 
10 
50 
8 
0 

10 
0 
0 
2 
3 
4 

14 
5 

18 

345,000 
103,000 

1,100 
33,000 
24,000 

201,000 
407 

2,500 
18 
265 

1,000 
21 3 
74 
67 

64 
65 
45 
65 
63 
66 
61 
65 
46 
10 
34 
44 
45 
38 
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I n  May, June and Ju ly  1977, the abandoned Edna Delcambre #1 gas well ,  

near Delcambre, Louisiana, was reopened expressly f o r  the purpose- o f  geo- 

pressured f l u i d  test ing.  Two geopressure sands: sand #3 a t  approximately 

3.93 x l o 3  m (12,900 f t ) ;  and sand #1 a t  approximately 3.84 x l o 3  m (12,600 

ft) were perforated and produced. These tes ts  marked the f i r s t  instance 

i n  which geopressured f l u i d s  i n  south Louisiana were del 5 berately produced. 

Rather complete l i q u i d  and gas analyses were obtained. These resu l ts  pro- 

v ide perhaps the best data current ly  avai lable on the composition o f  

Louisiana geopressured f luids. However, they should not be assumed t o  be 

representative o f  a1 1 Louisiana geopressured f l u i d s  f o r  several reasons. 

F i rs t ,  they represent data from a s ing le s i te ,  and we can expect f l u i d  

composition t o  vary s i g n i f i c a n t l y  from s i t e  t o  s i te .  The tests  were o f  

short  durat ion and, therefore, do not  necessari ly represent steady s ta te  

conditions. Final ly,  the o r ig ina l  wel l  was d r i l l e d  because o f  i t s  natural  

gas potent ia l ;  the s i t e  most probably would not have been selected solely 

f o r  development o f  geopressured resources. 

A summary o f  water analyses from the Edna Delcambre wel l  appears i n  . 

ted by Hankins a t  the Third Geopressured- 

vember 197t (Hankins, e t  al., 1978). 

i n  Tables 111-C-I and 111-C-2 

They a t t r i b u t e  a t  l eas t  a por t ion o f  the i r o n  content t o  contact w i th  
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Table 111-C-2. Summary o f  water analyses from the Edna Delcambre No. 1 ti 
well. (From Hankins, e t  a l . ,  1978). 

Sand #3 Sand #1 
Component Concentration, mg/l 

Total Dissolved Sol i d s  
Total Hardness (as CaC03) 
Chloride 
S i l i c a t e  (as Si0 ) 

Calcium 
Magnesium 
Iron 
Zinc 
Strontium 
Boron 
Sodium 
Potassium 

Bicarbonate (as E aCO3) 

PH 

115,000 
6,100 

67,000 
58 

1,100 
1,700 

160 
7 

133,000 
6,800 

80,000 
57 

1,100 
2,100 

180 
11 

<1 1 
290 400 
60 63 

43,000 46,000 
290 290 

6.2 6.1 
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the processing equipment. Zinc values continually decrease w i t h  time, and 

this result i s  attributed t o  the zinc content of the pipe dope which is 

gradually flushed from the system. 

Additional analyses are being conducted by laboratories across the 

country, b u t  most of the results are not yet available. However, radio- 

activity data determined by the U, s. Geologic Survey Laboratory i n  Denver 

has been reported and is summarized i n  Table III-C-3. Certain of these 

values are reported to be a factor of ten higher than those observed i n  

nearby surface waters. The potential radioactivity problem obviously 

requires additional attention, 

Chemical analysis of the gases from the Delcambre production tes t  was 

the subject of a paper by Karkalits and Hankins (1978) a t  the T h i r d  Geo- 

pressured-Geothermal Energy Conference. As far as can be determined, this 

is the only G u l f  Coast geopressured gas analysis which has been reported. 

A summary of the r ults is shown i n  Table III-C-4. Clearly, methane is 

the major component of the gas. The heating value is reported t o  be near 

3.4 x lo7 J/std. m3 (920 Btu/scf) . 
onia are the primary 

Hydrogen sulfide 

onia concentrations 

e of the world's 
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Table 111-C-3. Representative radioactivity analysis of Delcambre geopressured 
f l u i d .  (From Karkal i t s  and Hankins , 1978). 

Component Sand #3 Sand #1 Units 

Rn (gas) 60 40 pCi /I 

137c 1,500 1,000 pCi /1 

Gross a 10,000 6,600 as 119 u/1 

Gross 6 1,300 900 as pCi/Sr/l 

226Ra 350 240 pCi/l  

U 0.12 .05 

(1 iqu id )  400 200 P W l  

K (dissolved) - 300 mg/l 

40K - 220 pCi /l  
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Table 111-C-4. Typical gas analysis  from Delcambre test we l l .  (From 
Karkalits and Hankins,. 1978). 

Mole % 
Component Sand # 3 Sand # 1 

N2 

CH4 

1.08 

0.29 

92.7% 

2.03 

0.13 

95.36 
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the Delcambre data (Tables IiI-C-2, 111-C-4). 

Karkal i t s  (personal communication, 1977) stated t h a t  sul f ide concentrations 

i n  the water were less than 1 ppm, and tha t  no hydrogen su l f i de  odor was 

detected i n  the gas samples. 

I n  supplementary discussions, 

However, because o f  i t s  t o x i c i t y  and low odor threshold, i t  i s  impor- 

t an t  t ha t  baseline environmental data acquis i t ion plans be based upon a 

presumption o f  H2S being present. The presence o r  absence of hydrogen 

su l f i de  i n  other s i tuat ions seems t o  be qu i te  unpredictable. 

gas f i e l d s  l i e  near sour f i e lds .  

production o f  geopressured f l u i d  f o r  iodine and methane recovery, i t  i s  

reported (Reed, personal communication, 1977) tha t  hydrogen su l f ide leve ls  

from d i f f e r e n t  wel ls i n  the same formation are qu i te  variable. 

Sweet natural  

I n  an Oklahoma pro ject  invo lv ing the 
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IV . GEOLOGICAL EFFECTS 
R. Wilcox, 3. A. Rehage, and K. J. Cunningham 

The purpose of this section of the report is t o  provide a rationale 

for the assessment of geological 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 t o  surface 

and subsurface geological regimes which could result from geopressured 

resource development i n  southern Louisiana. 

A. Rationale 

1. Introduction 

The potential effects on the environment of geopressured resource 

development are both varied and complex i n  relationship t o  the geological 

setting i n  southern Louisiana. Ground-surface subsidence , earthquakes 

and extensive gfound-water po l lu t ion  by toxic saline waste water are the 

important environmental geological changes which may result from 

(Water quality aspects production and disposal of geopressured water. 

of subsurface f l u i d  disposal are discussed i n  Section V I ) .  Because 

not been exten 

oas t reservoi r rates antici- 

i n  equally large volumes by reinjection i n t o  the subsurface or by surface 

dumpi ng . The surface disposal a1 ternati ve i s  general ly agreed t o  be unl  1 kelj 
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because of salinitv and toxicity, unless the waters are suitably piped t o  

and dispersed in to  the open G u l f  of Mexico. 

Removal of the geopressured water and consequent 1 oweri ng of reservoir 

pressures may cause adverse effects on any production of o i l  and gas from 

nearby fields producing from the geopressured zone. Proposed state reg- 

ulations on the production and disposal of geopressured waters are designed 

t o  protect o i l  and gas production from these effects (Harrell , 1978). For 

this reason, the investigators making the resource assessment i n  Louisiana 

selected geopressured prospect areas which, if produced , would avoid any 

possible interference w i t h  established o i l  and gas production (Hawkins, 1977; 

Bernard, personal communication, 1977). O f  greater general environmental 

concern is the potential for  surface subsidence and induced seismicity 

(earthquakes), both of  which are related t o  subsurface compaction and f a u l t i n g  

i n  the vicinity of geopressured water production. 

Subsurface disposal of the saline waste water should be accomplished 

w i t h o u t  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 i n  the study area i s  

beyond the scope of this study. However, the subject should be studied 

i n  depth given the large quantities of f l u i d  t h a t  must be reinjected, 

and the likelihood t h a t  subsurface disposal will be the only alternative 

i n  most of the study area. 

The following two sub-sections describe the geological setting of t h  

geopressured-geothermal zones i n  the northern G u l f  of Mexico basin and the 

potential environmental impacts of production from such zones. 
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2. Geological Setting: Northern Gul f  of Mexico Basin 
: w  
~ 

~ 

a. General Geology 

The following summary of the geology of the northern Gulf  Coast is 

based primarily on and i n  part quoted from the papers of Jones (1975, 1969a, 

1969b). 

I I 
I 

He has u t i l i zed  many o f  the classic papers and books on Gulf  

a strong advocate of energy development from the geopressured formations 

of the Gul f  Coast. 

The G u l f  o f  Mexico basin has been a p r o l i f i c  source o f  o i l  and gas 

from Mesozoic and Cenozoic deposits. These sediments over1 ie the southern 1 
I 

1 continental margin of North America and, therefore re underlain by 
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l a t e  Jurassic, evaporites ( s a l t  and anhydrite) 

northern Gulf basins, which are now the Gulf  Coast s a l t  dome basins, and 

elsewhere along the southern basin margins. The F lor ida and Yucatan carbonate 

platforms were constructed during the Cretaceous and ea r l y  Te r t i a ry  times as 

the Gulf subsided and became a mediterranean deep-sea basin. 

depos i ted i n  the hs 

I 

I 

The f i n a l  major episode i n  the development o f  the present Gulf  o f  Mexico 

began w i t h  the continent-wide Laramide orogeny during the l a t e  Cretaceous and 

Paleocene (ea r l i es t  Tert iary) .  Huge quanti t i e s  o f  Cenozoic c l a s t i c  sediments 

derived from the continental i n t e r i o r s  and deposited by the Mississippi  River, 

the Rio Grande, and smaller r i v e r s  have blanketed a l l  e a r l i e r  deposits i n  the 

Gulf  except the carbonate plat form o f  F lor ida and Yucatan which continued t o  

grow as the basin subsided. Along the northern Gulf margin (southern United 
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Id adjacent G u l f  continental shelf and slope; the rivers tha t  provided the 

sediments ranged widely between the Sabine U p l i f t  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 i n  the G u l f  Coast geosyncline underlying what i s  now the Louisiana 

coastal plain and adjacent G u l f  continental shelf and slope (Jones, ,1975). 

As each younger deltaic system overrides i t s  predecessor, a wedge of 

deposits i s  formed which gradually thtckens gulfward. Fluvial  sandy deposits 

accumulate a t  the gulfward extremity of each wedge, thickening downward along 

shear zones t h a t  cut deeply into prodelta and marine clays o f  older deltaic 

systems (Jones , 1 975). 

Basically, the shea nes (faults) devel as the prograding sandy 

deposits begin t o  overload the undercompacted.older shales which lose water, 

n from deeper deposits 
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CI of the water column. In the geopressured zone, fluid pressures are greater 

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 deposition, water 

expulsion, downwarp, shear, and progressive rotation of deposits into the 

fault plane (with resulting reversal o f  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 v ia  

1 
I 

j 
I 
~ 

1 

~ 

I a complex and little-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 aquifer 

systems in the down-thrown blocks. 

northern Gulf basin trend roughly parallel to the modern shoreline. Although 

In plan, growth-fault zones of the 

I 
j individual faults are discontinuous, the fault zones are continuous for 

hundreds of kilometers. 
I The depth to the top of the geopressured zone generally increases with 

age of the sediment (Figure IV-A-3). Jones (1975) gives the reasons for this 

as follows: "This is because the drainage of the younger Tertiary growth- 

faulted deposits is less advanced than in the older deposits, and the volume 
8 

1 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 

I 
I 
I 

I 

I 

~ 

1 

d, 
i coarse-grained material is large." 
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In profile, fault planes are concave upward and gulfward (Figure IV-A-3). L+ 
Duri g 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 

100°C. 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 

o f  enormous volumes of water can therefore take place, accompanied by volumetric 

reduction at depth through upward escape o f  hot, high-pressure water via fault 

planes. 

fault blocks with attendant vertical and horizontal components of movement. 

Superheated waters released to the hydropressured zone aquifers heat adjacent 

These mechanisms make possible rapid, large scale subsidence of 

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 Reqime 

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. 



. (2) hydropressured zone--fl u i d  pressures r e f l e c t  weight o f  super W 
incumbent water column and back pressure o f  out-flowing water. 

The geopressured zone i s  the largest. Leakage from the geopressured zone 

a f fec ts  the hydropressured zone because a l l  water t h a t  escapes from the geo- 

pressured zone must pass through the hydropressured zone t o  reach the 

surface. 

with increasing depth. Also, compection increases wi th  increasing depth 

along w i t h  expulsion and upward discharge o f  water. Permeabil ity decreases 

I n  deposits o f  the hydropressured zone, a loss o f  porosi ty occurs 

w i th  increasing depth, causing an increase i n  hydraul ic head required t o  

cause f l u i d  discharge and thus an increase i n  i n t e r s t i t i a l  f l u i d  pressure. 

Loss of permeabil i ty w i th  depth i s  o f f s e t  somewhat by a decrease i n  v is-  

cos i t y  o f  pool waters w i th  ra tu re  (Jones 1975) 

Waters i n  geopressured rease i n  s a l i n i t y  w i th  depth which 

increases e f f e c t i v e  permeabil ity. This s a l i n i t y  gradient i s  due t o  the 

geopressured-hydro- 
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c. Hydrothermal Regime 

An important aspect of the geopressured energy resource i s  the rela- 

tively high  temperature of the geopressured waters. 

carries out  the major role i n  the redistribution and subtraction of heat 

i n  the geothermal field (Bogomolov, 1967). 

grains, heat flow i s  a function of the mass transfer of water. 

i s  held motionless the heat flow i s  reduced. The temperature increase 

w i t h  depth is  approximately 1 inear w i t h i n  the hydropressured zone i n  the 
G u l f  basin. 

In general , water 

Because water surrounds mineral 

If water 

In the geopressured zone, the gradient is commonly 2-3 times 

greater t h a n  i n  the hydropressured zone (Jones, 1975). 

Bottom-hole temperatures measured i n  wells can be used t o  produce 

maps showing isothermal surfaces, and t o  identify the areas i n  which h igh-  

’ temperature water may be found a t  shallow depths. The 66% isotherm is  

always w i t h i n  and near the base of the hydropressured zone and the 93OC 

isotherm is  always w i t h i n  or near the top of the geopressure zone (Jones, 

1975). 

The isotherms of the geopressured zone may upwarp i n  areas where 

water leaks up fault planes. 

by the updip movement of water i n  sandy deposits. 

pressured zone rises gul fward and sinks 1 andward (Figure IV-A-3).  

Upwarping of isotherms may also be caused 

The t o p  of the geo- 

d. Hydrochemical Regime 

Dissolved solids i n  the geopressured water may be potentially harmful 

t o  the surface o r  ground-water environments. High salinities may exist 

i n  geopressured waters, because the expulsion of water from shales w i t h  

porosities less t h a n  45% i s  restricted by hyperfiltration (Jones, 1975). 

T h i s  restriction i n  flow and resultant increase i n  salinity i s  created 
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by osmotic pressure which opposes the flow and is created by the fine- 

grained sediments behaving as semi permeable membranes. Jones further 

states: "The selective retention of ionized dissolved solids w i t h i n  

clay beds from which water is expelled by compaction ( w i t h  increasing 

depth of burial  and over-burden load) produces an osmotic pressure 

gradient resisting compaction as water squeezed i n t o  adjacent sand beds 

is freshened. I' 

A very large gradient i n  head is present between the geopressured 

zone and hydropressured zone. The re tance of- a clay bed t o  compaction 

., its load bearing strength) depends upon the sal i n i  ty  contrast 

between the clay pore-water and water i n  the adjacent sand beds. Any 



\ 

88 

great depths. I f  water from one o f  these fresh-water areas o f  the geo- 

pressured zone escapes,it may f l u s h  the hydropressured zone. 

e. Hydrocarbons Associated w i th  Geopressured Zones 

A major source o f  energy from geopressured waters should be dissolved 

Petroleum hydrocarbons are formed by a1 te ra t i on  o f  organic methane. 

matter; the r a t e  o f  hydrocarbon generation increasing w i t h  depth. The 

temperature a t  which hydrocarbon generation begins depends upon: 

o f  organic matter, (2) sediment type, and (3) time-temperature regime. The 

(1 ) type 

depth a t  which conversion begins depends on the geothermal gradient (Figure 

IV-A- 4). 

I n  the geopressured zone, the thermal diagenesis o f  montmori l lonite 

i n  s lay beds releases water as pore water which moves out o f  the c lay 

beds and moves upward along f a u l t  planes toward the top o f  the geopressured 

zone. A t  the same time t h a t  montmori l lonite i s  dehydrated, thermal matur- 

a t ion o f  hydrocarbons occurs i n  the c lay beds. The saturated hydrocarbons 

are dissolved i n  the high temperature waters o f  the geopressured zone and 

are carr ied out o f  the c lay beds as a hydrocarbon-water solut ion. Methane, 

which i s  soluble i n  water a t  high temperatures and pressures, i s  generated 

i n  large quant i t ies  and saturates the water of the geopressured zone. 

Hydrocarbons dissolved i n  water may move upward along growth f a u l t s  which 

cut  the clay-bed seal o f  the geopressured zone and move i n t o  the t r a n s i t i o n  

zone between the geopressured zone and hydropressured zone. As the high- 

pressure water enters sand beds cu t  by the fau l ts ,  so lu t ion pressure 

drops and hydrocarbons exsolve and accumulate, i f  a su i tab le t rap i s  

present. 

L; 
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I 

. 3. Potential Environmental Impacts 
u 

l 

a. Subsidence of the Ground Surface. 

In southern Louisiana, the ground surface has low relief and low 

elevation above sea level grading 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 geological pedological , and biological processes combine to 
produce slow and continuous subsidence in the Louisiana coastal zone 

(Adam, et al. , 1976). Extraction of fresh water for human and industrial 

nsumption has contributed to subsidence near vera1 large population 

centers in Louisiana (Smi 1978; Wintz, et.al. , 1970; 
and Heath, 1968). Oil a ction causes local subsidence 

Over some fields, but not o 

elds seem to be lack 
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geopressured resource development (Louisiana Department of Natural Re- 

sources; Office of Conservation, 1978) has proposed regulat ions t h a t  

w i l l  require the co l l ec t i on  o f  baseline data on surface elevations and 

reservoi r and overburden characteri  s ti cs . Speci f i cal l y  , fou r th  order 

l e v e l l i n g  resul ts  must be f i l e d  annually, and a gamma ray-neutron l o g  

must be run i n i t i a l l y .  The proposed rules give the O f f i ce  of Conserva- 

t i o n  author i ty  t o  require addi t ional  data i f  subsidence i s  evident during 

production (Harrel l  , 1978). Harrel 1 a1 so has presented a deta i led 

analysis of the substantial legal  implications f o r  producers of geo- 

pressured waters if such production i s  considered t o  be the sole o r  con- 

t r i b u t i n g  cause of subsidence. It i s  Harre l l ’s  opinion t h a t  the geoL 

pressured water producer could be faced wi th  p r i va te  s u i t s  f o r  damages, 

o r  even in junc t i ve  r e l i e f ,  should a landowner o f  property adjacent t o  

the property leased t o  t h e  geopressure producer bel ieve h i s  o r  her land 

has been damaged due t o  subsidence from geopressured development. 

(Louisiana courts have ru led t h a t  persons leasing property for  hydro- 

carbon production are considered t o  have agreed t o  the consequences o f  

normal operations). Given the large r i s k  t h a t  i t  appears geopressured water 

producers must assume i n  connection wi th  the p o s s i b i l i t y  of subsidence, 

t h i s  pa r t i cu la r  potent ia l  environmental impact i s  o f  s i g n i f i c a n t  concern 

t o  industry representatives i n  Louisiana (Christopher, Durham, Rust, 

Milson; personal communication, 1977). 

planning and regulatory functions i n  the coastal region o f  Louisiana 

also consider the ef fects  o f  subsidence, should i t  occur, o f  major conse- 

quence (Templet, S t .  Amant; personal communication, 1977) 

State agency representatives w i t h  

Production of geopressured waters f rom zones i n  the Louisiana Gulf 

Coast has the potent ia l  f o r  causing land subsidence associated w i th  
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tectonic adjustments along faults, o r  w i t h  gradual s ink ing  due t o  compaction 

and dewatering of the rocks a t  depth. No studies of land subsidence and i t s  

effects due t o  f l u i d  withdrawal i n  the deep geopressured reservoirs of the 

G u l f  Coast have been conducted. However, some i n f  erences regardi ng such possi - 
ble subsidence-can be made from studies of land subsidence effects due t o  ex- 

ploi ta t ion of shallow reservoirs. Studies such as those conducted by Gabryscb 

and Bonnet (1974, 1975), i n  the Houston-Galveston area, indicate t h a t  the 
potential exists for horizontal and vertical land-subsidence effects 

due t o  withdrawal of large quantities of fluids from a geopressured reser- 

voir. Hun t  (1970) indicates tha t  the surface area affected by subsidence 

W 

, 

may be much larger t h a n ,  and may be offset laterally from, the area of 

maxi mum geopressured water produ t ion .  Because of the magnitude (areal 

extent) and consequences ( land  loss due t o  submergence, and ecosystem 

of sulfur and s a l t  from 

i 
I 
1 
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( 4 )  Subtle and often unrecognized subsidence due to the withdrawal of 

oil, gas, and formation waters from deep normal ly-pressured reservoirs, as 

well as from geopressured reservoirs.. 

(5) Subsidence resulting from volume reduction of organic soils 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 elevatioh change--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 geographic 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 unconsol idated sediments and/or deep-seated tectonic readjustments 

triggered by fluid withdrawal (Lofgren, 1977). 

The magnitude of the compaction depends upon characteristics of 

the deposits and applied stresses such as: (1) the compressibility of 

the deposits, a function of their physical and chemical properties; (2) 

the nature, magnitude and history of stFess application; and (3) the 

thickness of the compacting interval. Knowiedge of assimed field parameters 

and laboratory information from analyzed mechanical properties of the 

reservoir system can be utilized to model subsidence effects, but 

data are sparse and such models are in the early stages of development. 
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Effective ch nges in fluid pressures of reservoirs, possibly correlated 

to the net volume of fluids extracted, are an important factor contributing 

to formation compaction and land subsidence. 

Gulf Coast region, few unequivocal correlations have been made between 

heavy development of deep oil and gas fields and land subsidence. 

to detect subsidence effects in these areas of deep fluid withdrawal must 

be accounted for by one or a combination of these conditions: 

In the Texas and Louisiana 

Failure 

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

land surface, or sufficient scrutiny o f  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 physical 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 oil and gas 

reservoirs, a method for estimating order of magnitude of compaction and 

subsidence, and a review of prediction 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 

produc ti on. 
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W Geertsma reports t h a t  some o r  a l l  o f  the fo l lowing conditions are 

f u l f i l l e d  when considerable Subsidence occurs i 

1) s ign i f icant  reduction i n  reservoir  pressure during production period; 

2 )  production i s  from a large v e r t i c a l  in terva l ;  3)  o i l  o r  gas, o r  

both, are contained i n  loose o r  weakly cemented rocks; 4)  reservoirs have 

small depth o f  burial. 

1 and gas f ie lds:  

Geertsma derives estimates of formation compaction, a compaction 

coef f ic ient ,  and a deformation constant. These are useful i n  estimating 

I 
I 

the magnitude o f  compaction and subsidence, and can also be useful when 
1 

combined wi th  other parameters i n  predic t ing subsidence. An estimate o f  

formation compaction i s  expresse as a change i n  reservoir  height r e l a t i v e  

t o  the i n i t i a l  height, The compaction c o e f f i c i e n t  i s  the change i n  reser- 

v o i r  height divided by the product o f  i n i t i a l  height and pore pressure. The 

deformation constant i s  derived from mechanical experiments Derformed on 
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on the complex problems of reservoir f l u i d  dynamics and rock mechanics, 

a l l  of which are relevant t o  attempts t o  predict ground surface subsidence 

caused by subsurface compaction related t o  fluid production. 

b. 

The possible effects of geopressured water production on faulting 

and seismi ci ty  are closely re1 ated t o  ground surface subsidence caused 

by compaction o f  sediments a t  depth. In fact, faults (especially growth 

faults)  are an integral part  o f  the subsidence mechanism. The displace- 

Faul ti ng and Induced Sei smi ci ty  (Earthquakes). 

ments o f  fau l t  blocks downward allow for adjustments i n  the differences 

i n  stress and strength throughout the mass of accumulated sediments 

The G u l f  Coast of Louisiana and Texas is generally considered to be 

lacking i n  the generation of seismic activity. Growth faults, and smaller 

faults an t i  thetic t o  the major faults or related t o  sal t-dome emplacement, 

are planes (more correctly, irregularly curved surfaces) along which 

deformation i s  concentrated as adjacent masses subside differentially . 
Abundant evidence from d r i l l i n g  and seismic exploration for o i l  and gas 

have documented the slow and continuous release of stress. With such a 

conti nuous re1 ease of stress, sei smi ci ty i s normal . 
Only two seismic events have been reported i n  Louisiana i n  this 

century (Gulf States Ut i l i t y  Co., 1973). An earthquake near Donaldsonville, 

Louisiana i n  1930 registered VI on the modified Mercalli scale causing 

slight damage t o  poorly b u i l t  structures. A localized earthquake near 

Baton Rouge i n  1957 registered V on the modified Mercalli scale. 

The effects on the G u l f  Coast of producing geopressured water from 

f a u l t  blocks, and especially from rocks near faults, are unknown. Research 

i n  other areas (e.9. Colorado) has shown a relationship between injection 
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and removal of fluids and seismicity LEvans, 1970; Raleigh, 19721. I t  is 

possible t h a t  reducing the pore pressure i n  geopressured reservoirs w i  11 

produce a "locking" effect on the nearby faults thus perhaps allowing the 

accumulation of stress along the fault  zones. After reaching a certain 

( b u t  now unknown) cri t ical  stress value, the f a u l t  blocks might slip past 

each other i n  such a way as t o  cause a (probably) small earthquake. A 

less drastic release of the accumulated stress might result i n  many small 

"earthquakes" or microseisms, fa r  too weak t o  be f e l t  by humans or t o  

cause damage due t o  earth shock. Clearly more research is needed i n  this 

area and a seismic and microseismic monitoring program should be included 

i n  any environmental evaluation of a geopressured energy site. 

s, 

IC 

.. 

Faults a t  the surface, or fau l t  "lines" projected t o  the surface 

from subsurface fau l t  data,  should be monitored by ground-based instru- 

ments and surveys and by aerial photography and other remote sensing 

hniques. Damage t o  structures and changes i n  the landscape along the 

surface traces of faults are well kno ' As w i t h  general (Perhaps more 

uniform) subsidence considerable uncertaf nty and 

l l y  signific 

geopressured reservo 

legal l i a b i l i t y  may be i n  

ct i  v a t s  f a d  ti ng old or  new faults. 
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B. DATA REQUIREMENTS AND AVAILABILITY w 

1. Introduction 

The pre-impact assessment of the geologic effects of geopressured 

resource development includes collecting information for difini t i o n  

of geopressured reservoirs, and providing base1 i ne data for later 

moni to r ing  of subsidence, fault  activity, and induced seismicity. 

2. Data Requirements 

a. Def i n i  ng Geopressured Reservoi rs 

In the Texas Gulf Coast, the Bureau o f  Economic Geology and 

Department of Petrol eum Engi neeri ng of the Uni versi ty of Texas , A u s t i n  

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: regional resource assessment and detailed s i t e  

ional study was t o  outline 

reas which i nclude the 

1 i tho1 ogi es t o  be considered 

ays which resulted 
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(reservoirs) i n  Louisiana is presently underway CBernard, personal 

communication, 1978). Well logs would also be useful i n  defining l i t h -  

ol ogy , porosi ty  , and permeabi 1 i ty of geopressured reservoirs and i n 

locating appropriate horizons t h a t  could accept spent f l u i d s  during 

reinjection. 

b . Subs i dence 

Subsidence involves a number of physical parameters, such as com- 

paction and compressibility of sediments, which can be monitored i n  

order t o  determine subsidence resulting from f l u i d  withdrawal. The 

types o f  data needed for studying subsidence potential of deep reser- 

voirs i n  the study area include: 

elevations; (2) compressional measurements on subsurface samples: and 

( 3 )  aerial photographs and other remote sensing data. 

(1) measurements o f  land surface 

Leveling Surveys. Subsidence i s  measured as the lowering i n  ele- 

va t ion  of the land surface. Three types of field data are useful i n  

detecting and monitoring subsidence: 

tied t o  a stable reference datum, such as surveys conducted by the 

National Geodeti c Survey (NGS) and the U . S. Geological Survey (USGS) ; 

(2) surveys of t idal  bench marks for monitoring isostatic sea level 

changes by the National Oceani c and Atmospheric Admi nis t ra t i  on (NOM) ; 

and (3) ti 1 tmeter data which record re1 a t i  ve verti cal movement (para- 

l le l  liquid-level tiltmenters) and rotat ion (borehole tiltmeters). 

(1 ) 1 eve1 i ng surveys t h a t  are 

Compaction. Compaction i s  the decrease i n  volume of sediments i n  

response t o  an increase i n  effective stress. Predominately one-dimen- 

sional vertical consolidation occurs for t h i n  formations of considerable 

lateral extent. TWO techniques are useful for measuring compaction: 

(1) Measurement of bench-mark subsidence gives a direct measure 

o f  net compaction a t  the surface which may be the result of differential 

I I 
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compaction a t  one o r  more depths, , .  . .  . .  

(2) Repeated well l o g  surveys tha t  can define density increase or . .  . .  . .  

porosity decrease i n  specific rock units or can show subsurface 

subsidence of certain rock layers compared t o  well casing joints, 

Compress i b i  1 i tx. Reservoi r compressi b i  1 i ty i s a cri ti cal para- 

meter for estimating compaction and subsidence. Data from field 

measurements of compaction and laboratory consol idat ion tests of core 

samples are useful i n  estimating formation compressibilities. 

Change i n  Effective Stress. A decrease i n  formation f lu id  

pressure caused by production of geopressured f l u i d s  results i n  a 

corresponding increase i n  effect stress on mineral grains i n  the rocks 

fgren, 1968). A record of formation-pressure decline is a measure 

se i n  effective stress tending t o  compact the f l u i d -  

i r  system. Drill-stem tests run on a l l  

eful tools i n  measuring formatfon 

be subdivided i n t o  

i nterrel a t i  ons h i  p 
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subsidence. Computer techniques are availahle for studies of t h i s  

k i n d  once suitable data have been acquired. 

Aerial Photography and Remote Sensing, Before land loss rates 

caused by subsidence o r  other natural o r  induced processes can be 

properly evaluated, an inventory of land and water environments as 

they presently exist i s  necessary. 

historical data t o  establish a quantitative base level of land/water 

In addition, an inventory of 

changes i n  the past  would be needed i n  order t o  isolate the future 

subsidence effects due t o  geopressured operations. 

The detailed study of aerial photography and other remote sensors 

along w i t h  USGS quadrangle sheets may be useful f o r  measuring compara- 

tive land losses over long periods w i t h i n  specific geographic areas. 

For instance, methods such as one developed by Gagliano and van Beek 

(1970) for determining land loss rates and marsh deterioration may 

be adaptable for long-term subsidence studies. 

photographs, USGS quadrangle sheets, and USGS orthophotoquad sheets 

were evaluated by a point-counting system t o  determine changes i n  

land/water ratios over time periods of approximately 15 years 

In  this study, aerial 

Evaluation of historic data from early USGS quandrangles and 

aerial photography can furnish information on past  levels o f  land loss 

due t o  subsidence or other processes. Likewise, the most recent 

coverage by maps and sensors can serve as a base for future environ- 

mental inventory . 
c. Faul t Activation and Sei sml ci t y  

Impact on the environment due t o  f a u l t  activation and induced 

seismicity i s  a complex problem which could result from f l u i d  
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withdrawal and/or subsurface disposal. Since no historical moni toring 

of f a u l t  activation and seismicity on the Gulf  Coast has been conducted, 

baseline data requirements would have t o  be obtained during the pre- 

impact period. A network o f  tiltmeters periodic study of aerial 

photographs and ground leveling surveys would provide some of the 

data necessary t o  monitor any possible faul t ing.  Since no seismic 

stations exist i n  the Louisiana coastal area, establishment of a 

seismic monitoring system would be required t o  observe any seismicity. 

d. Post-impact Data 

The data requirements for post-impact evaluation of subsidence 

i nvol ves the moni tori ng es tab1 i shed pre-impact parameters . For 

hat are tied t o  a s ta  e reference datum eve1 ing  survey 

would require periodic re-surveyi ng 

dence . L i  kewi se, any base1 i ne 

ty as outlined i n  the previo 

. Evaluation of the effects einjection necessitates 

a u l t i n g  and induced 

would need continuous 
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iJ coverage is  unknown, detai led maps of Louisiana locating f au l t s  a r e  

available through Geomaps of G u l f  Coast, Inc., Houston, Texas. 

b. Well log Acquisition 

Interpretation of well logs is essent ia l  t o  defining t a rge t  

Information such as l i thology, geothemal/geopressured 'fairways. 

porosity and pemeabili  ty ,  and sometimes temperature, is available 

from we1 1 logs. 

Well logs may be obtained f o r  viewing from either the Louisiana 

Geological Survey, Baton Rouge o r  the Louisiana Department o f  Natural 

Resources, Office o f  Conservation, Baton Rouge. The s t a t e  Survey has 

i n  i ts  files only those logs which i t ' h a s  u t i l i zed  i n  past  and 

present projects.  A complete log l ib rary  containing a l l  well logs 

filed w i t h  the s t a t e  of Louisiana can be found a t  the Office of 

Conservation. However, not a l l  logs filed w i t h  the Office are  

available f o r  p u b l i c  inspection. The o i l  and gas industry has the 

r igh t  t o  hold i ts  logs confidential .  Almost a l l  logs from offshore 

a re  held confidential and onshore logs a t  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 a re  available t o  the publ ic  a l -  

though a few onshore logs a re  held confidential .  

c. Information Available i n  Annual Summaries of Field S t a t i s t i c s  

and D r i l l i n g  Operations i n  Louisiana 

Annual l y  the Louisiana Off i ce of Conservation compi 1 es and 

publishes a summary of f ield s t a t i s t i c s  on d r i l l i n g  operations which oc- 

curred i n  Louisiana dur ing  the year. Included i n  the report are: (1) 

district  and s t a t e  summaries f o r  the year; (2) a l i s t  of new f ie ld  
Qj 



105 

discoveries; (3) field s ta t is t ics  by onshore conservation districts 

and offshore; (4) a s a l t  water disposal and disposition report; and 

(5) a miscellaneous well report. 

The d is t r ic t  and state summary includes such information as: 

number of wells drilled, number of oi l  well completions, number of gas 

well completions, number o f  multiple completions, 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. A l l  of the above 

s ta t is t ics  are summarized for each state dis t r ic t  and for the entire 

state. 

of new field discoveries per district includes s ta t is t ics  

on: operator, lease and well number, location of the well, completion 

ucing formation. 

volume of injection parish totals and dis t r ic t  totals 
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The s ta t is t ics  on the disposal of sa l t  water produced for the 

total amount for districts,  year per dis t r ic t  and state include: 

to ta l  amount disposed i n  pits, total amount disposed i n  streams and 

rivers, and to ta l  amount disposed i n  non-potable water bodies. 

Finally, a miscellaneous we1 1 report includes the number of we1 1 s 

per dis t r ic t  other than  o i l  and gas, and the types o f  wells (e.g., 

sulfur). 

d , Extensometers 

A network of extensometers i n  south Louisiana could provide 

valuable information related t o  fault  movements and subsidence. 

However, prel i m i  nary i nqui ry i n t o  t h e  1 ocation of extensometers i n  

south Louisiana has not located one. 

e. Research and Development Programs i n  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 i n  providing background material and 

data sources for site-specific studies i n  Louisiana, The USGS is 

actively involved i n  a five year program initiated i n  1975 t o  study 

the ramifications of brine disposal. In 1973 the USGS began a G u l f  

Coast study which includes de f in ing  subsurface temperatures and 

hydrologic parameters. The USGS i s  also involved i n  studying the 

effects of f l u i d  withdrawal on subsidence and seismic activity i n  

the Imperial Valley, California. 
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c-s, 
f .  S ta tus .  of Photographic and Other Remote Sensors 

The compilation of information presented i n  this section was 

taken from several sources and inventories of photographic and sensor 

data. Much of this information is a l so  presented i n  "Planner's 

Mapping Guide f o r  Louisiana", a publication of the Louisiana S ta t e  

Planning Office (1975). This.  guide consis ts  of an inventory of many 

types of maps and mapping tools ,  and a l so  indicates the amount of 

state-wide coverage f o r  each item. Supplemental information concerning 

remote sensor coverage f o r  the study area obtained by personal 

communication w i t h  Dr, A. J. Lewis (LSU, 1977) i s  also included. 

Undoubtedly more photographic and sensor information ex i s t s ,  inc luding  

proprietary information belonging t o  private companies which is not 

tabi l i  zation and Conserva- 

as a repository f o r  older ASCS photographs. 
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Five of the thirty parishes included i n  the study area have no 

aeri a1 photographi c coverage by ASCS . These pari shes i ncl ude the 

urban areas of Baton Rouge and New Orleans and environs. Twenty-seven 

per cent (8 parishes) have been covered twice by ASCS f l igh t s .  Seven 

parishes have coverage from 3 time periods. 

coverage from 4 different f l i gh t s .  A l l  ASCS coverage extends from 

1939 t o  1968. 

Ten of the parishes have 

U .S. Geological Survey Low A1 ti tude Aeri a1 Photography. The 

U. S. Geological Survey has been- usi ng 1 ow a1 ti tude aeri a1 photography 

t o  faci 1 i ta te  topographic mapping s i  nce the 1940 Is. The coverage 

dating from 1947 to  1972 includes standard photographic imagery, 

usually a t  a scale of 1:24,000. Approximately 18% of the study area 

is covered by these photographs. 

Si nce 1975, the USGS has pub1 i shed aer i  a1 photographic coverage 

i n  the form of orthophotoquad and orthophotomap prints. The scale 

and format of these prints is  the same as the convential 1:24,000 USGS 

topographic maps. Orthophotoquad prints a re  usual l y  produced from 

uncontrolled photo mosaics by bringing the mosaic t o  a defined scale, 

re la t ing i t  t o  a geodetic reference system, and providing a map 

border. The orthophotomap prints have color-enhancements of d i s t r i c t  

physiographic features,  such as the 1 imi ts of marshlands, boundary of 

sal t-water encroachment, fau l t  1 i nes and other prominent geologic and 

biologic features.  The orthophotomaps are also enhanced w i t h  the 

conventional cartographic symbols used on line maps. Coverage of the 

study area by orthophotomaps is  approximately 28%; and by orthophoto- 

quads, approximately 11%. Because i t  includes both photoimagery and 
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and topographic de ta i l  , the orthophotomap format is the most useful W 
for environmental inventory studies. Production costs for acquiring 

new orthophotomaps range from $15,000 t o  $30,000 per 7 1/2 minute 

quadrangle, dependi ng upon topographic detai 1 and access1 hi  1 i ty  t o  

the area being mapped (Schuertz and Larimore, 1976). 

High A1 ti tude Aerial Photography. High a1 ti tude photography 

generally shows less de ta i l  than  photoimagery o f  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 i n  connection w i t h  

this study.. The U.S. Geological Survey has available high a l t i t ude  

aerial photography a t  scales of 1 :56,000 t o  1:80,000 for approximately 

8% of the study area. High a l t i t ude  imagery for the entire study 

. area is  also available from NASA. From 1972 t o  1974, black and white, 

color, and col 

The majority of this 

and can be enlarge 

times is available 

infrared photography was 

f high qual i ty  and good resolution 

ri zed interrogation 
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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 

Qd 

subsidence i n  the Louisiana G u l f  Coast area and serve as a base for 

subsidence moni tori ng s t u d i  es . 
Topographic surveys for es tab1 i shing verti cat control and del i nea- 

t ion  o f  relief differences i n  the low lying coastal area are referenced 

t o  the mean tide sea level position. Considerations o f  changes i n  

this datum, $.e. subtly eustatic or isostatic changes i n  sea level, 

and methods t o  calibrate such effects, are necessary. 

Topographic mappi ng produced by the federal government i s 

considered t o  be the most accurate and the best available. Federal 

agencies making topographic maps include the U S .  Geological Survey, 

the U.S. Atmy Map Service, the U.S. Anqy Corps of Engineers, and the 

National Geodetic Survey (Schwertt 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-minute quadrangle maps on a scale o f  1:62,500 are avail- 

able for approximately 83% of the s t u d i  area. These maps are usually 

printed i n  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 
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published i n  1930, a r e  available f o r  h e  Lake Decade, Mar,ngouin, and 

Lake Chi cot  quadrangles. 

A series o f  7 1/2-minute quadrangles, produced a t  a 1:24,000 scale ,  

Are the most detailed maps available.  These maps a re  Produced i n  

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 a1 1 

of the area  not covered by the 15-minute quads) is covered by this 

series of maps. Approximately 42% of the areas have duplicate map 

coverage from two t o  a s  many as four- different years. The oldest  

coverage by 7 1/2-minute quadrangles was published from 1932-1934. 

I t  includes an area of approximately 2500 km2 (1,000 m i 2 )  west of 

Marsh Island i n  southwest Louisiana. Re 

1975 i s  available f o r  these areas: (1) approximately 34% of the study 



h. Status of Leveling Surveys 

Precise leveling surveys by the National Geodetic Survey will be 

useful for detection and monitoring subsidence i f  the existing lines 

cross areas o f  geopressured production. 

i n  the coastal and low-lying areas are o f  three types: 

traverses tha t  measure elevation differences of bench marks along the 

traverse - usually highway or industry surveys of low precision for 

engineering purposes ; (2) geodeti c networks o f  high precision of 

regional extent, designed t o  establish absolute elevations o f  bench 

marks throughout the net (Lofgren, 1977); (3) short lines of h i g h  

order levels, such as the Interstate Highway System traverses. 

In general, leveling surveys 

(1) local 

i . Additional Materials 

A number of addi t iona l  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 i n  detail and much useful information is  available for base- 

line studies i n  connection w i t h  the assessment of geological effects 

of geopressured resource development . Other areas have been i nvesti - 
gated only i n  a cursory manner i n  the past and will require extensive 

mapping' of the geo-hydrologic and structural elements before long- 

term environmental effects can be determined. 

Geologic B u l l  e t i  ns (Louisiana Geological Survey) 

Howe, H.V.: and Moresi, C.K., Geology o f  Iberia Parish, 187 pp., 
18 figs., 1931. Includes discussions o f  the physiography w i t h  
special reference t o  the Pleistocene terraces and t o  drainage; 
stratigraphy, historical and theoretical considerations of the 

(si 
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A ,  
salt .  domes and associated caprock; mineral resources; and a 
bibliography of 224 papers . 
Howe, H.V.; and Moresl, C.K., Geology o f  Lafayette and St .  Martin 
Parishes, 238 pp., 52. f igs .  2 pk., 1933. Under physiography, the 
P1 ei s tocene terraces , Mi ssi ssi ppi River meanders and drai nage are 
given special attention. Stratigraphy, salt  domes and prospec- 
tive domes are also discussed. The bibliography contains 141 
references . 

. Howe, H.V.) et. a l . ,  Reports o f  the geology o f  Cameron and 
Vermilion Parishes, 242 pp., 24 f igs . -  10 pls., 1935. Pleistocene 
Mississippi River deltas, cheniers, Gulf Coast subsidence and 
isostatic data of Mississippi are discussed under physiography. 
S a l t  domes and prospects; mineral development; descriptions o f  
some microfossils; l i s t  o f  maps and references are also included. 

Russell, R.J. , et. al.,  Lower Mississippi River Delta: Reports 
on the geology of Plaquemine and S t .  Bernard Parishes, 454 pp., 
36 f igs . ,  17 pls., 1936. Includes reports on the physiography 

Indian mounds; and vegetation of marshes and Indian mounds. 

I 1 

I 
I 

of lower Mississippi River Delta; salt  domes; bibliography of 
41 pages; l i s t  of maps; petrographic analysis of two Mississippi 
River subdel tas and pebbles of Chandeleur Island; Recent molluscs; 

I 
I 

I 

I I 
I 

f the geoJogy of Ibervf l le  and 
5 illustrations, 1938. Report on 
f the central portion of the existing 

iver, and adjacent terraces, salt  domes, 
, Indfan mounds and fossils. 

and Allen Parishes, 
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, 

The 60 producing fields of the two-parish area are discussed i n  
detail , and 10 field structrual maps are illustrated. Complete 
l i s t  of wildcat wells, give pertinent statist ics.  

Rixon, L.H., Cenezoic Cycltc Deposition i n  the Subsurface of 
Central Louisiana, 124 pp., 23 pls., and l is t  of selected wells, 
1965. Primarily an electric log study supporting the concept 
that major cycles of deposition represent the natural divisions 
of the Ceneroic on the northwestern margin of the Gulf  Basin. 

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

parishes i n  the study area a t  a scale of 1:62,500 (1 inch = approxi- 

mately 1 mile) are available from the Louisiana Geological Survey. The 

maps are included i n  the following geological bulletins o f  t h e  

Louisiana Geological Survey and are not d i s t r i b u t e d  separately 

(Schwertz and Larimore, 1976) : 

Geol ogi cal Bu l l  e t i  n 

No. 27 
No. 27 
No. 31 
No. 31 
No. 8 (no map) 
No, 8 (no map) 

Subsurface Structure 

Pari s h 

A1 len 
Beau regard 
Evangel i ne 
S t . Landry 
S t .  Bernard 
P1 aquemi nes 

cost 

$2.00 
2.00 
2.90 
2.00 
1.50 
1.50 

e. A number o f  su,surface struc-ure maps 

are contained i n various bul l  e t i  ns and pamphlets publ i shed by the 

Louisiana Geological Survey. Coverage is sparse i n  the coastal parishes 

and a copy of the Publications of the Louisiana Geoloqical Survey 

should be consulted i n  identifying those parishes i n  which subsurface 

maps are available. 

Surface Soil  Surveys and Maps. Soil  maps and taxonomic 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 publ i shed by the National Cooperative Soi 1 Survey, i n  connection 
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wi th  the Soil Conservation Service and the U. S. Department of 

Agri culture, are avai 1 able or are presently i n preparation .. Capa- 

bil i ty classes for engineering and agricultural purposes are assigned 

for individual soil units on the basis of soil properties such as: 

soil reaction, soil wetness, grain-size d i s t r i b u t i o n ,  natural soil 

structure, depth to seasonal water table, plasticity index, organic 

matter content, mineralogy, and soil chemistry. On the basis of these 

properties , i nferences concerning the degree of erodi b i  1 i ty  , permea- 

b i l i t y ,  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 (j e , 

. 

Murphy, et. a1 . , 1977). Included i n  these parish soil surveys are 

1:20,000 black and white aerial photos w i t h  soil mapping units 

s discussed i n  

U 
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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 areas 

in connection with  geopressured resource developmental pl anni ng and 

operations. 
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6.' C. PLAN FOR THE ACQUISITION OF DATA FOR'THE 
ASSESSMENT O F  POTE NTIAL GEOLOGICAL EFFECTS 

1. Introduction 

The kinds o f  data needed t o  assess potential geological effects 

of geopressured resource development were reviewed i n  the preceedi ng 

section. Because. such data must be s i t e  specific, the usefulness 

of available data i s  likely t o  b e  limited t o  tasks such as developing 

histories of natural subsidence i n  areas of interest, and compiling 

case histories of geological effects from f l u i d  withdrawal and dis- 

posal from similar geological settings. Data specific t o  each 

geopressured reservoir must be generated t o  measure actual geologic 

effects as well as t o  predict possible geological effects. The plan 
proposed here focuses on the acquisition of'  new data w i t h  respect t o  

potential subsi nce, f au l t  activation and seismicity (earthquakes) 

The impacts of advers 1 effects of geological 

oris of such impacts on water 
quali ty,  on the bfo ta  of 
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Three levels of effort are proposed for the assessment of geo- 

logic  effects: 

Level 1: Detection o f  Geological Events. Collection of field 
data t o  measure, detect, and monitor the occurrence of subsidence, 
f a u l t  activity and seismicity. 

Level 11: Materials Testing. Laboratory and i n  situ testing 
t o  determine the mechanical DroDerties of subsurface rocks and 
field testing of soils will be used t o  a id  i n  the interpretation 
of field data. The objective is t o  discover the causes and con- 
di t ions of geological effects, and t o  d i s t ingu i sh  where possible 
among the effects from the several underlying causes, including 
the development of geopressured/geotheral resources . Level I1 
data will also be used t o  verify the modelling efforts under- 
taken i n  Level I11 work. 

Level 111: Prediction. Using the finite element method, com- 
puter modelling of geologic events of each reservoir will be used 
t o  provide a means for predicting their impacts on other environ- 
mental systems. Inpu t  t o  this effort will include the results of 
the Level I and Level I1 efforts. 

2. Level I: Detection 

Level I activities represent the absolute minumum level of 

effort required t o  assess geological effects. The objective is t o  

determine if  subsidence, f a u l t  activation, and seismicity are occurring 

i n  the vicinity o f  a geopressured reservoir; and, i f  so, how much is 

occurring. Data collected before geopressured f l u i d  i s  produced will 

provide information on baseline conditions. Measurements of relative 

vertical and rotational movements a t  the surface and of seismicity 

will establish rates of change relative t o  baseline conditions. Well 

logs, drill stem tests,  geologic and production data will also pro- 

vide supporting information. Specific measurements which are planned 

are discussed i n  the fol lowing paragraphs. 
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Precise Leveling, Precise leveling is essential t o  establjsh U 
relative vertical movements of the surface, i .e. , subsidence. Annual 

precise 1 eve1 i ng s houl  be performed w i t h  the leveling network ex- 

tending from the center of the geopressured reservoir t o  a distance 

approximately twice the radius of the reservoir beyond the reservoir 

boundaries. T h i s  large net is necessary because when fluids are pro- 

duced, subsidence may form a bowl w i t h  a large diameter t h a n  t ha t  of 

the reservoir. All producing wells should be tied in to  the network 

because the most severe subsidence is likely t o  be localized around 

the wells. The-entire. ne t  must b e  tied t o  t i da l  bench marks and/or 

a stable reference datum, such as t ha t  o f  the National Geodetic 

Survey. 

I t  is recomended tha t  econd Order, Class I leveling be per- 

formed. Second order, Class 1 leveling has an accuracy of 6 m C  

is the distance of the line between benchmarks i n  kilometers. 

placement greater 
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effects as well as fault activity. The liquid-level tiltmeter will 

give a precise, constant record of relative vertical movement, and is 

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

dence effects. I ts  advantages over the borehole tiltmeter are i ts  

s t ab i  15 t y  and 1 ong base-1 ength measurement capabi 1 i ty  (Huggett and 

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

w i  11 thus record the rotational component of surface movements due 
t o  subsidence w i t h  an accuracy i n  the field of 1 x loo6 radians (Thoms, 

personal communi cation, 1978). The borehole ti 1 tmeter w i  11 record epi - 
sodic tilts which could occur as a result of differential subsidence, 

f a u l t  activation, or as precursers of seismic events. 
The integrated tiltmeter system should cover each cluster of 

producing and d i  sposal we1 1 s and should extend outside the boundaries 

of the reservoir. 

uration) t ha t  several clusters of producing and disposal wells can be 

tied in to  a single liquid-level tiltmeter system. Borehole tiltmeters 

should be placed along major growth faults t o  record rapid tilts. The 

overall tiltmeter system should be i n  place early so as t o  obtaln 
base1 i ne data before production begi ns . 

I t  i s  likely (depending on well spactng and config- 

Seismic Monitoring System. A system of seismometers should be 

I instal led along major growth faults w i t h i n  the geopressured reservoir 

t o  monitor seismic activity possibly initiated by geopressured devel- 

opment. In the size reservoir used i n  the model presented i n  Section 111, 

approximately 10 seismometers would be required. Seismi c i nstruments 

similar t o  those used i n  other geopressured/geothermal areas will be 

appropriate (e.9. , the seismic system t o  be used a t  the Brazoria County, 

Texas geopressured tes t  well s i t e  under the direction of Teledyne Geotech 

Co , Inc. , Sorrel 1 s , personal communication, 1977). 



I 121 

W .  Basic Geologic and Production Data. For a preliminary inter- 

pretatlon of data from the leveling surveys and tiltmeters, basic 

geologic and production data are required. Well log data will provide 
information on the degree of compaction associated with f l u i d  wi th-  

drawal during the course of geopressured fluid productlon. We1 1 logs 

and review o f  geologic cross sections will also provide data on 

thicknesses of compressible units. 3-0 velocity logs and gamma ray 

neutron logs are recommended a t  minimum t o  provide data on material pro- 

perties. The logs. should be r u n  immediately after each producing we 1 i s  

dril led and then repeated a t  6 month intervals. Fewer (or more) logging 

runs can be made after the first year of production, as needed. 

be possible to estimate changes i n  effective rock stress from measurements 

of reservoir f l u i d  pressures obtained from d r i l l  stem tests. However, i t  

will probably be n 

I t  m a y  

s a result of Level I activities. 

I 



.L) Engi neeri ng Geol ogy Studies . Engi neeri ng geology studies of the 

thermal and mechanical properties of near-surface soils are needed i n  

order t o  a id  i n  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 i n  which the tiltmeters are 

embedded. These effects must be understood so as t o  separate near- 

surface natural effects from geopressured extraction effects. Then 

surface instrumentation data will provide maximum information for both 

the measurement and model 1 ing  efforts. 

A number o f  i n  s i tu soil evaluation methods (e.g., borings, stan- 

dard penetration, cone penetration, vane sheer, and pressuremeter) are 

available. 

appropriate t o  the problem a t  hand. 

Further study i s  required i n  order t o  select the system 

Field sampling of soils down t o  30 meters (100 feet)  is recom- 

mended. Laboratory study should include testing for water content, 

specific gravity,  void ra t io ,  relative densities of granular soils, 

compressi b i  1 i ty  characteri s ti cs , thermal conductivi ty  , 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 t o  determine the mechanical pro- 

perties of the producing reservoirs and the overlying geologic units. 
The results will be used i n  the predictive model and are necessary t o  i n -  

terpret the field data  collected from the monitoring system. The objec- 

tive of laboratory and, i f  possible, i n  situ tests of the mechanical pro- 

perties of reservoir overburden rocks is t o  develop estimates of formation 

compaction, compaction coeffecients , and deformation constants for i n p u t  

i n t o  the mathematical model of subsidence. LJ 
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I 

A i  Laboratory tests should provide details on specific gravity, ab- 

sorption, and mechanical behavior of rocks for stress conditions anci- 
W 

cipated under actual field conditions. 

The number of rock samples taken will depend i n  par t  on the vari- 

a b i l i t y  of the geology i n  the well field. Therefore, i t  i s  recommended 

tha t  a minimum of 3 well i n  different sections f the field be cored 

t o  obtain adequate samples. 

In S i t u  Rock Mechanics Studies. In situ rock mechanics studies, 

when possible, would be highly desirable t o  interpret field measure- 

ments and laboratory tests,  and t o  provide data and verification for a 

model o f  subsidence. The objective is t o  measur compaction a t  depth 

i n  the actual temperature, pressure and chemical environments of the 

geopressured reservoir and I t  is difficult  t o  reproduce 

tory, par ti cu 1 a rl 

testing is necessary fects i n  the laboratory 

dioactive bulle 
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LJ Recently, downhole testing by hydrofracturing has beem employed 

t o  obtain a measure of i n  situ stress and formation strength a t  depth. 

This type of testing may also prove promising i n  the geopressured case 

(Haimson, 1977). 

4. Level 111: Prediction. The overall objective of the efforts i n  

measurement and data interpretation is t o  develop a predictive capa- 

bi 1 i ty w i t h  respect t o  geological effects--particularly subsidence. 

Subsidence is a time dependent phenomenon w i t h  asymmetric effects ex- 

pected t o  lag considerably behind production. Because some degree of 

management of these effects may be possible (e.g., reinjection in to  

different formations) , operators need t o  know i n  advance of potential 

surface effects the degree and configuration of displacements a t  

depth. In addi t ion ,  predictions of subsidence are desirable i n  order t o  

ameliorate the impacts on the hydrologic, biotic, and socioeconomic 

environments . 
The steps i n  developing this predictive capability are shown i n  Figure 

IV-C-1. The first step i s  t o  develop a preliminary numerical model of the 

geopressured system t h a t  will simulate the reservoir and overburden response 

(including the surface) t o  production. Exis t ing  models of subsidence should 

be reviewed t o  determine i f  an appropriate model exists for the problem a t  

hand. 

been applied i n  the study of subsidence as a result of subsurface withdrawals 

The preferred model type employs the finite element method which has 

(e.g., GarnFjolati, 1977; Geertsma, 1973; Gupta,  et.al . , 1975). The f inite 

element method is ,particularly suited for use i n  geophysical problems because 

t assumes any continuous quantity , such as displacement, can be approximated 

by a set  of piecewise continuous functions. T h i s  assumption allows for 

the following conditions: adjacent materials i n  the geomechanical system do 6; 
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Fig. IV-C-1. Interaction of efforts related to prediction 
o f  subsidence. ccd 

Step: 

I 
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6, not  have t o  be homogeneous, irregularly shaped boundaries can be utilized, 

the size of  the elements employed i n  the model i s  variable and easily changed, 

and boundary conditions can be discontinuous (Segerl ind , 1976) 

Data i n p u t  for the development of the preliminary model include basic 

geologic information, production scenarios , laboratory tests on rock cores, 

and the results of well logs and drill-stem tests. 

The f ide l i ty  of numerical modeling of any geomechanical system w i l l  be 
c 

limited by the quality of i n p u t  data on configuration and the constitutive - 

relations (material behavior parameters) o f  the geologic formations and rocks 

(Thorn, e t  a l . ,  1977). The importance of proper constitutive lairs cannot be 

overemphasited-particularly i n  the case of geologic media. Computer o u t p u t  

from any simulation attempt i s  of no significance unless the material was 

properly characterized i n  the first place. Thus the preliminary model must 

be continually revised as new data become available (Step 2). 

Step 3 provides fo r  incorporation of i n p u t  on actual production in to  

the model (the preliminary model used production scenarios). Once data - 

from the field instrumentation network i s  obtained and, interpreted, the actual 

behavior of the geopressured system can be determined and monitored (Step 4) .  

In si tu monitoring of displacements a t  depth, i f  possible, would be 

particularly helpful here, both as i n p u t  t o  the model and i n  verifica- 

t ion o f  the laboratory tests results. Agreement between the behavior 

of the system and the preliminary model will then be examined (Step 5).  

If there i s  agreement , longer term predictions can be made (Step 6) (I If 

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

maining steps will be required whenever new data  become available. 

ti 5. Estimated Costs. Estimated costs of implementing this plan  are 

given i n  Table IV-C-1. 
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Table IV-C-1 Estimated costs f performing geological effects studies a t  
a geopressured s i t e  50-60 sq. m i  .. i n  area. 61 

Acti v i  ty  

LEVEL I 
Precise Level i ng 

Integrated ti 1 0  
meter system 

Sei smi c sys tem 

Well logs 

Estimated Costs 

$50,000-60,000 per si te 

$250,000 per s i t e  

$150,000 per site 

$32,000 per wella 

$1 1,000 

$1 5,000 per si te, 
per year 

$5,000 per 
er 

00 

a per s i t e  cost i s  given beca 
I site specific conditions. 

Cost Bases 

Subcontracted; empl ace- 
ment and first reading 
costs only. 

Subcontracted; equipment 
and emplacement costs. 

Subcontracted; equipment 
and emplacement costs 
only. 

Subcontracted; 15,OOOft 
well; 3-0 velocity and 
gamma ray neutron log;  
truck-on-barge operation . 
Subcontracted; salaries; 
data available a t  low 
cost. 

Subcontracted;. black and 
white infrared photo- . 
V P h Y  

Exi s ti ng sate1 1 i t e  and 
other data  acqui s ti on 
only. 

1st  yr. costs 

Senior i nves ti gators 
Assistants 
Benef i ts and overhead 
e the number o f  wells 
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V .  AIR QUALITY 
D. P.  Harrison, R. A .  Muller, 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 o f  the 

activities, and on the geographi 

for geopressured resource devel o 

It is clear that air qual 

cation of the activity . Scenarios 
have been described in Section 111. 

I 

I 

I 
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Warm, moist maritime tropical air from the Gulf of Mexico dominates 

south Louisiana throughout much of the year. 

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. 

But during winter and 

Due to the moderating effects ;of the Gulf of Mexico, there is a 

sharp thermal gradient between coastal and inland sites in Louisiana. 

This gradient is nost 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 un (55 inches) in the 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 analysis of the frequency 

and duration of occurrences of synoptic weather types (Muller and Wax, 

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



133 

W 
some differences between Lake Charles in the western portion of the 

study area, and New Orleans in the eastern portion. Figure V-A-1 
illustrates the comparison between the frequencies of synoptic 

weather types and percentages of precipitatton at both locations. 

Table V-A-1 lists the synoptic weather types and their character- 

istics (Muller, 1977). 

A variety of tropical disturbances, ranging from weak easterly 

oastal Louisiana 

e there are little to no 

at Lake Charles an 

the coastline (Muller 
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Table V-A-1. Synoptic weather types. (From Muller, 1977). 

, Name Characteristics 

Pacific High (PH) 

Continental High (CH) 

Westerly winds, fair mild weather; rela- 
tively poor ventilation at night. 

Northerly winds, fair and cool to cold 
weather; low-1 eve1 nversions and fair to 
poor ventilation at night, especially after 
third consecutive d ; 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. 

Frontal Overruning (FOR) 

Coastal Return (CR) 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. 

Gulf Return (GR) 



for example, the a i r  temperature a t  Boothville, located about 96 km 

(60 miles) downstream from New Orleans, and nearly surrounded by 

very warm water from the Mississippf River and the G u l f ,  averages 

about,lO°F warmer than New Orleans during the Continental High (CH) 

type. During Gulf  Return (GR) weather, i n  contrast, the 0600 CST 

temperatures are essentially the same a t  both locations. In January, 

as an additional example, the average temperature a t  0600 CST during 

the GR type is somewhat lower a t  Boothville than a t  New Orleans, 

probably because Boothvil l e  is  just about surrounded by very cold water 

during this season. Hence, the synoptic weather type system permits 

interpolation of atmospheric properties by synoptic weather types t o  

coastal locations w i t h  very limited data. 

b. Atmospheric Dispersion Characteristics 

A general description of the atmospheric dispersion character- 

is t ics  of the coastal zone of Louisiana has been presented by Hsu (1976). 

He asserts that the ventilation factor, which is the product o f  the 

atmospheric mixing height and the wind speed averaged through the 

mixed layer, is inversely proportional t o  pollutant concentration. A 

large ventilation factor, therefore, inddcates broad and rapid dis- 

persion of pol 1 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 i t  is possible t o  make some 
gi 

136 
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I t en ta t ive  judgements about vent i la t ion and dispersion charac te r i s t ics  

izations:  

1) On the average, vent i la t ion is always greater  i n  the afternoon 

1 than i n  the morning. 
I 
I 2) During the afternoon throughout the year,  on the average, 

vent i la t ion tends t o  be greater  inland, a t  Baton Rouge f o r  example, 

than a t  o r  near the coastl ine.  

i 
I 
I 
I 

3) During the morning throughout the year, on the average, 

vent i la t ion tends t o  be greater  a t  o r  near the coast l ine than inland. 

4) Inland, i vent i la t ion tends t o  be grea tes t  

and spr ing and l e a s t  dur ing  f a l l .  

fa t ion  tends t o  be 
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clean the a i r  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 p u t  on a 

more firm basis by means of an analysis of radiosonde data a t  Lake 

Char1 es and Boothvi 11 e. 

Despite the apparent advantages of the coastal zone for dispersing 

pollutants, certain mesoscale and microscale phenomena might  ac t  to 

increase pol lu t ion  concentration i n  the nearshore region (Hsu, 1976). 

In particular, w i t h  the existence of a well developed sea breeze/land 

breeze system, pollutants could be trapped w i t h i n  the circulation, 

which would increase concentrations. Also, the formation of an 

i nternal boundary 1 ayer w i  t h i n  the sea breeze/l and breeze circulation, 

due t o  aerodynamic roughness changes across the coastline, might 

increase concentration. However, the apparent general absence of a 

well developed sea breeze/land breeze i n  Louisiana and the f l a t  

marshy coastal zone, which would dampen the formation of a strong 

internal boundary layer, probably diminishes the effect of these 

mesoscale and microscale phenomena. 

c. Air Quality Characteristics and Regulations 

Ambient a i r  quality standards i n  Louisiana are summarized i n  

Table V-A-3. The state standards are, w i t h  few exceptions, identical 

t o  federal a i r  quality standards. There are no state standards for 

hydrogen sulfide. The Louisiana Air Control Commission (LACC) has 

the authority t o  adopt and enforce a i r  quality standards i n  the state. 

Parishes and municioalities i n  Louisiana do not share these Dowers. 

The LACC operates monitoring stations a t  selected locations 

shown i n  Figure V-A-2. In addition, local industries operate a 
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j Table V-A-2. Estimated dispersion characteristics o f  synoptic weather types. 

July October 
I ( A )  (B) 0600 CST (A) (B) (A) (B) (A) (B)  

January Apri 1 

- 0 2 2  PH 2 1.5 2 2.5 

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 

FGR 3 3  3 3  3 1.5 3 1.5 

2.5 2 

GH 2 1.5 - - 2 1.5 2 1  

GTD - - _r 4 1.5 4 2  

1500 CST 

3 2.5 

CH 3 3.5 3 4  4 2.5 3 2.5 

- -  PH 3 3  3 3.5 

3 2.5 3 3  

4 3.5 3 3  

5 3.5 

No occurrences o f  weather types during the month. 

I 
I 
j 
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Table V-A-3. Ambient a i r  qual i ty  standards: State of Louisiana. (From LACC,u76]  

Pol 1 u t a n t  Primary Secondary 

Sul fur  Dioxide 
Annual Ari thmeti c 

24-Hour Maximum 
3- Hour Maxi mum 

Mean 

Carbon Monoxide 
8-Hour Maximum 
1 -Hour Maximum 

Ozone (Oxidant) 
Annual Arithmetic 

1-Hour Maximum 
Mean 

N i  trogen Dioxide 
Annual Ari thmeti c 

Mean 

Total Suspended Part iculate  
Annual Geometric 

24-Hour Maxi mum 
Mean 

I O  mg/m3 
40 mg/m3 

58.8 yg/rn3 

160 yg/m3 

260 pg/m3 
1300 yg/d  

I O  mg/m3 
40 mg/m3 

58.8 yg/m3 

160 ,ug/m3 

100 pg/m3 100 ,ug/m3 

75 yg/m3 60 ,ug/m3 

260 ,ug/m3 150 ,ug/m3 

t 
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re la t ive ly  large number of s ta t ions  and report  their data t o  the LACC. 

Almost without exception, both the LACC and industr ia l  monitoring 

s ta t ions  a re  located near the h ighly  industr ia l ized areas along the 

Mississippi River from Baton Rouge t o  New Orleans and i n  the Lake 

Charles area of Calcasieu Parish. Ambient a i r  data from LACC 

monitoring s ta t ions  i n  these areas a re  summarized i n  Tables V-A-4 and 

V-A-5. A full description of the sampling and analysis techniques 

used may be found i n  the LACC Ambient Air Data Report (LACC, 1976). 

On the basis o f  these data,  this region of Louisiana has been 

Indeed, defined a non-compliance area only w i t h  respect t o  orrone. 

violations of the one hour ozone standard occur a t  a l l  ozone monitoring 

s ta t ions .  Geopressured energy development is not expected to  contri-  

bu te  s ignif icant ly  to  the ozone loadings either as  a result of direct 

ozone emissions or indirect ly  by the emission of oxidant precursors. 

Although the south Louisiana area is  i n  compliance w i t h  par t icu la te  

and sulfur oxide standards, there is  concern over future levels of 

these pol 1 utants i n the industr ia l  i zed areas (Coerver , personal 

communi cation, 1977). Conti nued i ndus tri a1 expansion coup1 ed w i  t h  

inevitable subst i tut ion of l i q u i d  and so l id  fuels f o r  natural gas 

will both contribute to  higher par t icu la te  and sulfur oxide emissions. 

The level of hydrocarbon emissions i n  south Louisiana is o f  real  

concern because of its contribution t o  photochemical smog. However, 

emissions of reactive hydrocarbons and par t iculates  associated w i t h  

geopressured resource development a re  expected t o  be minimal. Poten- 

t i a l  emissions of hydrogen sulfide a re  of prime concern from geo- 

pressure sources. Because of i t s  high tox ic i ty  and low odor threshold, 
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Table V-A-4. Summary of ambient a i r  qual i ty  data 1976. 
(Continuous monitoring sites). 

I 

Sulfur  Dioxide, yg/m3 ! 
I 1 Ozone, fig/m3 
I 

I 

I 1 Annual Max. Annual Max. 

I Map Location Mean Conc . 
~ 

Ari t h .  1 -Hour 
Mean Conc . Ari t h .  1-Hour 

1 
I 

No.* 
I 

Baton Rouge (LSU) 54.9 394 44.5 162 1 
u c  --- 2 Carvi 11 e 49 325 

3 
I 
~ 

~ 

I Garyvi 11 e --- -*- 13.1 105 

i 4 New Or1 eans 31.4 231 
~ (State  Office Bldg.) 

I 

-e* --- 



Table V-A-5. Summary o f  ambient a i r  q u a l i t y  data, 1976. (Non-continuous moni tor ing S i t e d  

Tota l  Suspended Su l fu r  Dioxide N i  t rogen Dioxide 
Par t i cu la tes  , yg/m3 )rg/m3 ug/m3 

Annual Max, Annual Max, Annual Max. 
Geometric 24-Hour A r i  th. 24-Hour A r i  th .  24-Hour 

Map Locat ion Mean Conc. Mean Conc. Mean Conc. No.* 

6 -  
7 

9 
10 
11 
12 

a 

13 

\ 14 

Baton Rouge 
Evangel i ne 
LSU 

Carvi  11 e 
Geismar? 
Garyvi 1 1 e 
Harvey 
New O r 1  eans 

A lg ie rs  Pump. Sta, 
C i v i l  Court Bldg, 
F i r e  S t a t i o n  5 
Pumping S t a t i o n  3 
Pumping S t a t i o n  4 
Water P u r i f i c a t i o n  P lan t  
Wood1 and P1 ace 

Lake Charles 
Heal th Uni t  
McNeese 

Wes tl ake 

54 
47 
37 
35 
43 
62 

40 
62 
37 
60 
40 
67 
57 

55 
42 
49 

109 
155 
92 
46 

100 
121 

68 
119 
90 

176 . 
97 

126 
126 

154 
117 
136 

27.1 
1.9 
2.5 
1.6 
1.9 
1.3 

1.3 --- 

1.5 
1.7 
1.5 

162 
20 
14 
6 

16 
6 

13 
19 
9 

51.1 
37.2 
17.4 
26.8 
18.5 
47.1 

42.7 
25.3 
30.9 

102 
74 
49 
61 
73 

111 

77 
53 
50 

_~ ~~ 

*Location numbers F igure V-A-2. 

c 

A 
P 
P 

c 
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w 
I t i g h t  controls will be necessary. Therefore, geopressured resource 
I development is not expected t o  contribute significantly t o  ambient 
I 
I sulfur oxide concentrations. The atmospheric emissions subject i s  
1 covered i n  more d i t  i n  Section 

The areas for which reasonabl I 
- 

lete ambient air data are 
I 

I available l i e ,  i n  general, on the edges of the potentlal geopressured 
i 

~ 

development area. Most o f  the geopressured prospect s i tes  are i n  rural 

areas re1 a t i  vely far removed from i ndus tri a1 development . No permanent 
1 

~ 
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Ld 
hour maximum secondary standard o f  1300 ugJm3 was closely approached 

on both May 27 and May 28, 1976 but never exceeded. Cabot o f f i c i a l s  

a t t r i b u t e  the abnormally high concentrations during t h i s  period t o  a 

barge c o l l i s i o n  on the Gulf Intracoastal Waterway very near the ambient 

a i r  monitor. During normal conditions , the maximum concentrations 

noted were approximately 70% o f  the secondary standards w i th  the 

major i ty o f  the ind iv idual  readings showing less than 20% o f  the 

standard (Beck, personal communication, 1977) 

The Ashland Chemical Company was required by the LACC t o  monitor 

ambient SO2 leve ls  during 1975 and 1976 near t h e i r  carbon black 

f a c i l i t y  i n  Ibe r ia  Parish near New Iber ia,  Louisiana. Only 24-hour 

average values were reported. The s ing le highest value of 115 ug/m3 ’ 

was approximately 32% o f  the primary standard and 45% o f  the secondary. 

The second highest value was 61 u g h 3  whi le most d a i l y  readings 

were below 20 u g h 3  (Mi n o t t  , personal communi cation, 1978). 

The f i n a l  source o f  ambient a i r  background data was obtained 

f rom monitoring work carr ied on by Radian Corporation a t  nine south 

Louisiana locations during 1976. This work was sponsored by Region 

V I  o f  the Environmental Protection Agency. 

n i t r i c  oxide (NO) , nitrogen dioxide (NO2), s u l f u r  dioxide (SO2), ozone, 

and par t icu la tes were monitored along wi th  key meteorological parameters 

such as wind speed, wind d i rec t i on  r e l a t i v e  humidity, p rec ip i t a t i on  and 

Nitrogen oxides (NO,), 

solar inso lat ion (Radian Corp., 1977). The locat ion o f  the nine 

stat ions i s  shown i n  Figure V-A-3 and selected data i s  presented I n  





j 
148 

i 

Table V-A-6. While this data is limited i n  dura t ion  i t  does reinforce 

the concern previously expressed w i t h  respect t o  ozone loadings, and 

t o  a 1 esser degree, particulate 1 oadi ngs . 
3. Potenti a1 Environmental Impacts 

Potential impacts on ambient a i r  quality from geopressured 

resource development i n  the study area are discussed below. The 

identification of these potential impacts and their relative signifi- 

cance i n  the study area is based on the description o f  the proposed 

activity and resource characterization (see Section 111) i n  view of 

the environmental setting of the study area, as described above. In 

add i t ion ,  interviews w i t h  representatives of regulatory agencies , 
research and planning groups, and industries were used t o  identify 

impacts and assess their relative significance. 

In general , impacts on air qual i ty  from development of the 

resource are expected t o  be minor and localized. The significance 

of air quality impacts relative t o  potential impacts on ecosystem 

and water qua l i ty  and relative t o  the effects of subsidence, is 

considered by the LSU investigators t o  be very low. 

T h i s  assessment could change as new data become available on 

the chemical properties of the geopressured f 1 u i  ds  . As discussed 

i n  detail i n  Section 111, we must consider the physical characteristics 

of the geopressured fluids t o  be largely unknown a t  this time. 

Because much of the data  currently available was or ig ina l ly  collected 

for other purposes, i t  cannot be used w i t h  confidence i n  the assess- 

ment of air qual i ty  impacts. However, control technology exists and 
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le V-A-6, continued, 

Map Pol 1 ut ant July 17- Aug. 1- Sept. 1- Oct. 1- 
No.* July 31, 1976 Aug. 31, 1976 Sept. 30, 1976 Oct. 17, 1976 

22 

23 

24 

25 

Morgan City 

St. James 

Vinton 

La f aye t t e 

Ozone 
Part i cu 1 ate 

Nitrogen Oxides 
Nitric Oxide 
Nitrogen Dioxide 
Sulfur Dioxide 
Ozone 
Particulate 

Nitrogen Oxides 
Nitric Oxide 
Nitrogen Dioxide 
Sulfur Dioxide 
Ozone 
Particulate 

Nitrogen Oxides 
Nitric Oxide 
Nitrogen Dioxide 
Sulfur Dioxide 
Ozone 
Particulate 

Nitrogen Oxides 
Nitric Oxide 
Nitrogen Dioxide 
Sulfur Dioxide 
Ozone 
Part i cu 1 ate 

70.5 

7.0 
4.5 
2.6 

.o 
78.2 

57.4 

19.6 
6.5 
13.1 
1.3 

53.1 
42.4 

10.6 
3.2 
7.4 
0.3 
69.7 
47.5 

76.0 
58.7 

11.5 
5.0 
6.6 
4.0 
77.1 
65.1 

30.6 
11.8 
18.8 

16.5 
5.4 

11.1 

46.8 

9.1 
3.9 
5.1 
2.1 
95.1 
56.9 

00.7 
59.5 

0.7 
71.7 

29.1 
12.2 
16.8 

69.6 
76.7 

12.2 
2.4 
9.9 
0.7 
60.0 
43.5 

10.6 
4.6 
5.9 
0.7 
71.7 
45.2 

45.7 

95.3 
82.4 

20.1 

20.2 
84.7 
82.9 

22.3 
5.9 
16.3 
0.9 
73.9 
41.5 

75.5 
59.6 

* Location numbers, Figure V-A-3. 

c c- 
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W can effectively ameliorate problems associated w i t h  atmospheric 

emissions dur ing  normal operation o f  geopressured we1 1 fields and p l  ants. 

Large-scal e development of geopressured resources 5 n the study 

\ area is  not expected t o  have a serious cumulative impact on a i r  

quality. Many of the prospect areas are i n  rural settings relatively 

far  removed from ind development. Energy plants will be small 

and scattered. A we1 130-160 km2 (50-6 

Dort an energy plant w i t h  a generating capacity o f  25 MW. Only 

when the addttion of geopressured power plants add pollutants i n  areas 

w i t h  h i g h  pollutant l o  ings ,  will sfgnificant a i r  quality impacts 

arise. Two areas w i t h i n  the study region contain both  geopressured 

prospects and industrial concentrations-the Lake Charles area and 

anci 11 ary to resource 
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internal combustion engines used during s i t e  preparation, we1 1 u 
d r i l l i n g  and construction of the energy plant should not add sig- 

nificantly to ambient pollutant levels. 

b. Wellfield and Plant Operation 

Adverse impacts on a i r  quality during normal operating conditions 

are expected t o  be minor and localized. A detailed discussion of 

the type and extent of emissions associated w i t h  each major processing 

step i n  the gas separation and power generation operations has been 

presented by Wilson, e t  a l .  (1977). 

Steam plumes from wet cooling towers will be the most obvfous 

atmospheric emission from the facil i ty.  T h i s  emission can, under 

certain atmospheric conditions (at  n i g h t ,  especially when the FOR, 

CR, GR, and FGR weather types are i n  effect), cause localized fogging. 

The problem is expected t o  be relatively minor and quite similar t o  

cooling tower emissions from many other industrial sources i n  the 

study area. The relatively small size of the power plant will 

tend t o  limit the adverse effects t o  a relatively small area. The 

actual emission will be air and entrained water droplets. The water 

droplets will contain relatively h i g h  TDS levels and small amounts 

o f  any chemicals used as corrosion i n h i b i t o r s  or  fungicides, which 

would be harmful t o  vegetation i n  the area of contact (Wilson, et. al., 

1977). 

Atmospheric hydrogen sulfide emiss’r’ons are of major concern i n  

many of the world‘s geothermal resource areas. The very low odor 

threshold makes even small amounts of H2S immediately evident. As 

previously discussed, the H2S levels i n  geopressured f lu ids  must, iJ 
1 
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a t  present, be treated as an unknown. 

then there i s  no potential for a i r  emissions. 

are found, then control technology must be included as an integral 

portion of the gas separation/power generation p lan t .  Processes for 

If the f l u %  are free of H2S, 
u 

If appreciable H2S levels 

the removal of H2S and recovery of elemental sulfur are commercially 

available. Both the natural gas and petroleum refining industries 

operate processes capable of recovering 99.9% of the feed sulphur .  

If a problem does materialize, i t  can be controlled dur ing  normal 

operation sufficiently t o  meet standards. While neither federal nor 

Louisiana ambient a i r  standards have been set  for H2S, such standards 

are likely t o  be promulgated i n  the near future-certainty on the 

federal level. California has established a one-hour hydrogen sulfide 

/m3. In addi t ion ,  Texas has defined a 30-minute 

ncentration standard of 0.08 ppm i n  residential 
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The overall degradation of a i r  quality dur ing  normal operating 

conditions i s  expected t o  be both small and localized. This assumes, 

of course, t h a t  control technology will be included for H2S if  

necessary. 

c. Accidental Occurrences 

Atmospheric emissions associated w i t h  major accidents, either i n  

the geopressured well field or  the gas separation/power p lan t ,  can 

be much more severe than dur ing  normal operating conditions. Such a 

statement i s  true for many of the region's industrial activities. 

Accidental occurrences can never be completely el iminated, 

a1 though proper design and maintenance practi ces can minimize both 

the frequency of occurrence and the adverse impact associated w i t h  

the event. A major accident could result i n  the direct discharge 

i n t o  the environmentof large volumes of h igh  pressure, hot  water. 

Air qual i ty  impacts would be largely those previously mentioned- 

fog,  hydrogen sulfide, and noise, although i n  potentially much 

greater quantity . 
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B. DATA REQUIREMENTS AND AVAILABILITY 

1. Data Requirements 

Data requirements for‘ the long-term assessment of potential 

impacts on a i r  qual i ty  are summarized i n  Table V-B-1. The air 

pollutants t o  be measured both before and after development activ- 

i t i es  begin include those likely t o  be emitted in significant 

quantities from a geopressure operation; i .e., hydrogen sulfide, 

ammonia, and carbon dioxide; those likely t o  be involved in the 

transformation of H2S t o  SO2’. i .e.’ ozone and particulates; and those 

for which ambient a i r  quali standards have been established. 

Commerci a1 i nstruments are avai 1 ab1 e t o  provide for conti nuous 

monitoring o f  each o f  t h  
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Table V-8-1. Data required for assessment of impacts on a i r  qua l i ty ,  
Lj 

Pol 1 utants 

*Sulfur Dioxide 
Hydrogen Sulfide 
Total Sulfur 

*Ozone 
Ammonia 

*Nitrogen Oxides (NO,, NO2, NO) 
*Carbon Dioxide 
*Total Par t iculate  
*Hydrocarbons 

Radi ol ogi cal 

Gross Alpha 
Gross Beta 
Radon 

Meteorological 

Wi nd D i  recti on 
Wind Speed 
Preci p i  t a t i  on 
Relative Humidity 
Solar Radiation 

*Air qula i ty  standards a re  i n  effect for these pollutants.  
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i 

result from various scenarios associated w i t h  long-term geopressured 

energy development, and a t  specific sites. A variety o f  computer 

models t o  accomplish this p 1 
I description of one set of such models developed by the Environmental 

~ 

I 

i 1) Climatological Dispersion Model (CDM). Determines long 
1 
I 

Protection Agency is provided bel ow. 
~ 

I 
1 

I 

term (seasonal o r  annual) quasi-stable pollutant concentrations a t  

any ground-level receptor using average emission rates from point 

and area sources. and a jo in t  frequency d i s t r i b u t i o n  o f  wind direc- 

tion, wind speed, and stability for the same period (EPA, 1973). 

1 
I 
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and emission inventory, will provide data for mesoscale studies t o  

assess a i r  pollution dispersion potentials. These studies will be  

necessary t o  assess the a i r  quality impacts of full-scale geopressured 

resource development. 

2. Data Availability 

The ambient a i r  quality data available from LACC monitoring 

stations and ,as a result of special studies were reviewed above i n  

the discussion of a i r  quality characteristics and regulation. Data 

from these stations and studies will no t  provide sufficient information 

for assessing a i r  quality impacts from geopressured resource develop- 

ment. As noted above, the areas for which ambient a i r  data are 

avai 1 ab1 e 1 i e on the periphery o f  the potential geopressured develop- 

ment area. No data are available routinely for the Louisiana coastal 

marsh areas which include a number of prime geopressured prospects. 

Coverage i n terms of meteorological and cl imatol ogi cal data 

useful for mesoscale atmospheric dispersion studies is  somewhat better, 

b u t  data are stfl l  lacking for microscale analyses. The best routine 

meteorological and climatological data i n  the study area are found i n  

the publications of the National Oceanic and Atmospheric Administration 

(NOM). These are available primarily from the National Climatic Center 

(NCC) a t  Asheville, North Carolina. Data i n  these publications are 

from the first-order and cooperative stations of the National Weather 

Service. Pertinent data is  collected and sometimes published by 

other federal organizations such as the U.S. Army Corps of Engineers; 

Li 
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the Federal Aviati-n Administration; the U.S. A r m y ,  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, municipal agencies, and 

pri vate ci ti zens 

The National Weather Service first-order weather stations i n  

the study area are located a t  Lake Charles Municipal Airport, 

Baton Rouge Ryan Airport,. New Orleans Moisant Airport, and a t  

Boothville i n  the lower delta of the Mississippi River below New 

Orleans. Hourly observations by well-trained personnel are taken a t  

the first-order stations, and much of these data are published 

i n  various formats (Table V-8-2). These are the data which Muller 

has reorganized by synoptic weather types as his baseline si tes ~ 

a t  Boothvi l le  

ne Betsy. These 
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Table V-B-2. Meteorological data collected a t  National 

\ Weather Service f i rs t -order  s ta t ions.  

Hourly surface observations o f :  

Air temperature 
Wet bulb  temperature 
Dewpoi n t  temperature 
Relative humidity 
Wind direct ion 
Wind speed 
Sky cover 
Cei 1 i ng 
Cloud types 
Vi s ib i l i t y  
Precipitation types and amount 
Pressure 

Solar radiation (Lake Charles only) 

Radiosonde data-temperature pressure humidi ty wind d i rec t ion  
and speed a l o f t  (Boothville and Lake Charles only). 
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w i t h  a recording rain gauge i n  order that precipitation can be 

published on an hourly basis. The cooperatlve station data are n o t  

adequate for microscale analyses of atmospheric dispersion, b u t  

these data have been u t i  1 i zed t o  establish coastal temperature and 

precipitation gradients by synoptic weather types (Muller and Wax, 

1978). 

Other federal and state agencies obtain some climatic data i n  

the Louisiana wetlands. A t  Coast Guard stations, for example, a i r  

temperature, and wind speed and direction are recorded every three 

hours, and usually precipitation, once every 24 hours. The National 

Climatic Center a t  Asheville, and their unofficial representative 

i n  the state,  Dr. Robert A. Muller, Dept. of Geography, Louisiana 

State University, B 

climatic data of t h  

ological and cl atological data for Louisiana are as follows: 

maintain inventories of most of the 

blications g iv ing  meteor- 

C1 imatological Data ,_Loui siana. National C1 imatic Center, 

per- 

his publ ica t ion  includes daily sola 
or Lake Charles and mean monthly ra 

adiation data 
sonde data for 
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Boothvi 11 e and Lake Charles (mean monthly temperature, c1 
humidity, wind speed and direction, and pressure a t  ten 
o r  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 f i l e  a t  
the National Climatic Center, including some data not 
published by NOAA agencies. Arranged alphabetically, by 
year, and by la t i  tude. 
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. 
C. PLAN FOR THE ACQUISITION OF DATA FOR THF A% 

QF POTFNTIA' n " R O  NMENTAL IMPACTS rl 

1. Fixed Location Monitoring Stations 

Clearly, the ambient a i r  quali ty data previously discussed is 

insuff ic ient  t o  provide a t rue measure of the a i r  qual i ty  baseline i n  

the rural portions of the geopressured prospect area. 

It i s  recommended t h a t  three fixed locatton monitoring s ta t ions be 

ins ta l led  a t  the approximate s i t e s  shown i n  Figure V-C-1. These s i t e s  

should &e fu l ly  operational a t  l e a s t  one year pr ior  t o  the f i r s t  

anticipated geopressured ac t iv i ty .  A l l  s ta t ions  should be fu l ly  

equipped t o  obtain meteorological da 
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The Terrebonne monitoring s i t e  possesses many of the same proper- 

t ies as the Cameron Parish s i te .  I t  should be located approximately 

80-100 km (50-60 miles) southwest of the major industrial concentrations 

along the Mississippi River near New Orleans,% and may show present 

air quali ty degradation because o f  those activities. 

The exact location of these stations will be specified once 

budgetary approval has been obtained. Factors t o  be considered i n  

specifying the exact s i t e  location include proximity t o  current p o i n t  

sources, the avai labi 1 i ty  of 1 and (preferably accessible by road) and 

the avai 1 abi 1 i ty  of electric power. 

Parameters t o  b a t  these stations were discussed above 

i n  Section V-B. Table es a l i s t  of these. 

2. 
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L, I t  is  estimated t h a t  such services can be obtained for approxi- 

mately $150,000 annually per land-based station. Off-shore s i tes  w i l l  

require speci a1 data telemetry capabi 15 t ies and w i  11 incur added costs 

associated w i t h  s i t e  access by boat o r  helicopter. A to ta l  annual cost 

of $450,000 for a i r  qual i ty  monitoring i s  estimated. Dispersion 

modelling studies are not included i n  this cost estimate. I t  is recom- 

mended tha t  dispersion modelling work be conducted, or  a t  least coor- 

dinated, by t h a t  Organization responsible for the overall environmental 

assessment. 

3. Si  t e  Specific Moni tori  ng 

In recommending these three baseline stations, we are i n  no way 

implying t h a t  no addi t iona l  air quali ty monitoring work will be needed. 

The stations are intended t o  provide necessary baseline data only. Once 

specific si tes have been selected and operations initiated, additional 

fixed monitoring stations may be needed. 

operations begin a t  a certain s i te ,  i t  may be highly desirable t o  con- 

duct mobile testing t o  determine such parameters as upwind and down- 

wind concentrations. 

will also be necessary. . 

In addition, once geopressured 

Emission testing from geopressured operations 
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V I .  WTER QUALITY 
C. F. Bryan, A. A. Muller, R. E. Wilcox, 

J. P. Newman, R. K. Hilding, and K. J .  Cunningham 
_- _-- 

The purpose o f  th is section i s  t o  provide the rat ionale and plan 

f o r  the assessment o f  potent ia l  environmental impacts t o  water q u a l i t y  

from geopressured resource development i n  Louisiana. 

A. RATIONALE 

1. Introduct ion 

The discussion i n  t h i s  section focuses on the impacts on surface 

water and ground-water q u a l i t y  from two general occurrences t h a t  could 

take place i n  the course o f  geopressured resource development. F i r s t  

i s  the d i r e c t  in t roduct ion o f  suspended and dissolved materials i n t o  

receiv ing waters as the r e s u l t  o f  e i t he r  planned a c t i v i t i e s  o r  accidental 

events. 

t i o n  a c t i v i t i e s  and from subsidence induced by production o f  the 

geopressured f l u i d s  w i l l  be reviewed here, These include changes i n  

water c i r c u l a t i o n  and drainage patterns , and s a l t  and freshwater intrusions. 

Th6 subject o f  the ef fects  o f  water q u a l i t y  and hydrologic changes on the 

b io ta  o f  the study area i 

Second, the hydrologic changes t h a t  could r e s u l t  from construc- 

reserved for  the section on ecosystem 

q u a l i t y  (Section VII). 

t sui tab le aquifers f o r  sub- 

herefore, the locat ion o f  

a r i s ing  from 

occurrences are 

i dent i  f i ed here, however. 
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The ra t ionale  f o r  the plan proposed here is based on both the 

description of the proposed a c t i v i t y  and resource characterization 

presented i n  Section 111; and on a consideration of the cumulative 

effects on hydrologic patterns of large-scale development i n  the 

study area. 

2. Environmental Setti n t  

a. Surf ace Hydro1 ogy 

Three broad geographic divisions can be made of the surface 

(1) the Mississippi River and i ts  hydrology i n  south Louisiana: 

d i s t r ibu ta r i e s  i n  the eastern part of the study area; (2) the local 

drainage systems i n  the western pa r t  of the study area; and (3) the 

1 oca1 drainage in to  Lakes Pontchartrai n and Borgne. These three 

divisions have been further divided in to  9 drainage basins (Figure VI-A-1 ). 

The Breton (hydrologic un i t  11), Lower Delta (111), Barataria (IV), and 

East and West Atchafalaya basins ( V  and VI) a r e  associated w i t h  the 

Mississippi River system. The natural levees of the Mississippi River 

and Bayou Lafourche a c t  as  drainage divides.  The Atchafalaya River 

levees separate East and West Atchafalaya floodways north of In t e r s t a t e  

10. During low water e a s t  and west floodway basins drain in to  the 

river; during high water the r ive r  overflows into the lower basins 

below In te r s t a t e  10. Only his tor ical  floods inundate floodways north 

of Interstate 10. Several r ivers  such as  the Pearl ,  Tangipahoa, and 

Ami t e ,  drain in to  Lakes Ponchartrain and Borgne ( I ) .  The Teche drain- 

age subdivision a l so  includes the Vermilion River drainage (VII). 

The Mermentau (VIII) and Calcasieu (IX) a r e  the remaining drainage 

sys terns 
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In general , wetland regions i n  Louisiana a r e  inter laced w i t h  

bayous and w i t h  canals dug f o r  access and navigation. Numerous small 

lakes, as  well as  large ones like Lake Calcasieu, Grand Lake, and 

Lake Salvador, dot  the coastal portions o f  the study area. 

Natural drainage is general ly  southward toward the G u l f .  However, 

drai  nage is frequently diverted o r  i ntercepted by f 1 ood control 

structures, channelization, canals, and the like, Interception and 

diversion of local drainage channels w i t h i n  swamps and marshes of 

wetlands simply results i n  a very local redirect ion o f  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 o r  the coast l ine permit intrusion of 

s a l ine  o r  brackish water f a r  in land  in to  zones which  normally would be 

fresh; consequently, the f lo ra  and fauna gradually respond t o  the al-  

tered environments, and ob1 iga t e  fresh-water species are replaced 

w i  t h  o ther ,  more euryhal i ne, speci es . 
Spoil banks tend t o  impede drainage from adjacent swamps and 

marshes in to  canals, and i n  some cases, accidental impoundments w i t h  

very restricted surface drainage and minimal c i rculat ion are produced. 

The f l o r a  and fauna of poorly-drai ned areas and impoundments are a1 tered 

dramatically, and usually f o r  the worse from an environmental perspec- 

t ive .  Nevertheless, the spoil banks, i f  large enough and well drained, 

serve as  "islands" where exot ic  f lo ra  and fauna can be established, 

In addition, canal dredging converts swamp and marsh ins tan t ly  t o  

open water. Subsequent erosion of canal banks, especially by wash 

from passing boats, results i n  an ongoing b u t  gradual "land loss". 
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W Some of the marshes have been criss-crossed by so many canals for  

various purposes that wetlands have been converted essentially t o  

broad bays and lakes w i t h i n  just a few years. 

In southwestern Louisiana, canals have been dug across the grain of 

the natural drainage of the Pleistocene Terrace. These canals divert 

both 'surface waters and ground water for  rice production. Conse- 

quently, natural flows i n  local streams and rivers become more 

vari ab1 e. 

Rainfall i n  south Louisiana is usually abundant and fairly 

evenly distrubuted through the year. Periods of moisture deficits- 

water shortage for vegetation-have occurred, nevertheless , espe- 

cial ly dur ing  the hot sununer months when evapotranspiration rates 

h i g h ,  and i n t o  autumn when rainfall tends t o  be lower than other 

seasons. Southwest Louisiana seems t o  be more susceptible t o  def 

are 

ci ts , 
which have on occas on been as much as 46 cm (18 inches) i n  a year. 

ish t o  s a l t  i n  
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b . Ground-Water Hydro1 ogy 

Aquifers containing potable water i n  Louisiana are found i n  geo- 

logic formations ranging i n  age from Pliocene--Miocene t o  Holocene. 

Ground water i n  the s ta te  i s  usually associated wi th  sand or sand and 

gravel deposits Sal t-water encroachment i n  coastal areas, caused 

by the lateral and/or upward migration of salt-water, is always a 

problem. Reversal of contamination is difficult t o  correct and may 

require pumping fresh water back i n t o  an aquifer. 

Miocene fresh-water aquifers are confined t o  a broad eastward 

trending belt i n  central Louisiana (Figure VI-A-2). The Miocene 

strata consist of lenticular beds of fine t o  medium sand interfin- 

gered w i t h  s i l t  and clay. Approximately 30' 30' north la t i tude is 

the southern limit of fresh water and represents the boundary between 

fresh water and connate sa l t  waters which, by natural processes, are 

being flushed southward or downdip w i t h i n  the aquifer (U.S. A r m y  

Corps of Engi neers , 1 976). 

P1 iocene fresh-water aquifers are 1 imi ted t o  an eastward 

trending belt i n  south central Louisiana (Figure VI-A-2). The sedi- 

ments are fine-grained lenticular, deltaic sand, clay and s i l t ,  which 

are l ignit ic and slightly calcareous. The boundary between fresh 

water and connate sa l t  water is approximately 3 5 O  25' north latitude. 

Flushing  of the connate sa l t  water (southward) is s t i l l  occurring as 

i n  the Miocene series (U.S. Army Corps of Engineers, 1976) 

Fresh water w i t h i n  the Quaternary system occurs throughout most 

of south central and northeastern Louisiana (Figure VI-A-2). Approx- 

imately two-thirds of a l l  ground-water withdrawals i n  Louisiana are 

from Quaternary sediments. The Pleistocene s t r a t a  are composed of 

a gulfward thickening wedge of deltaic sediments and t h i n  deposits 
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1 

Fig. VI-A-2. Maps illustrating the availability df fresh ground-ter f n  

I 1 

.-  . -._ - -- . - south touis1ana.- (FPom'US. Corps o f  Engineers, 1976). u 

i 

Map showing the approximate area where rocks 
o f  the Quaternary system contain fresh water. 



of stream terraces and valley f i l l s .  The Holocene sediments form 

a t h i n  veneer of sand, s i l t  and clay. Fresh water i s  generally 

limited t o  north of the 30' North l a t i t ude  except for fresh-water 

lenses contained i n  minor sandbars (U.S. Army Corps of Engineers, 

1976). 

c. Water Usage 

Surface waters o f  southern Louisiana are used for many 

commercial, industrial municipal, agricu tural, and recreational 

purposes. The G u l f  o f  Mexico and many of the bays and estuaries 

are rich commercial f i sh ing  grounds for finfish such as menhaden, and 

she1 lfish such as shrimp, oysters, and crabs. Crawfishes are "farmed" 

i n  ar t i f ic ia l  ponds, mostly i n  the south central and southwest parts 

of the state. The overwhelming portion of water used for agricul- 

tural  purposes goes into irrigating rice fields f n  southwest Louisiana. 

The demand exists only between April  and September; no u t i l i z a t i o n  

occurs i n  other months. 

Most surface waters for industrial processes, cooling, and d i l u t i o n  

of waters are drawn from the Mississippi River from north of Baton 

Rouge t o  New Orleans where a concentration of chemical , petroleum, 

and primary metal (mostly aluminum) plants have been established. A l -  

most a1 l muni ci pal water suppl i es i n southeas tern 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 

Pub1 i c  Works, 1969). 
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Natural raterways have been well developed fo r  navigation, 

and thousands of miles of canals f o r  just about every purpose have 

been dredged across wetland swamps and marshes. Coastal waters 

and wetlands o f  Louisiana a l so  o f f e r  major recreatidnal opportunity 

where f i s h i n g  and boating can be enjoyed prac t ica l ly  year round. 

Ground water is used f o r  a m r i e t y  of purposes In sauthern 

Loui si ana , i ncl udi ng domes ti c usage, i ndus tri a1 usage, 1 i ves tock and 

agricul tural  needs. In southwestern Louisiana, three-fourths of a l l  

ground water pumped i s  use 

agri  cul tura l  development has i ncreased i n southern Loui si ana, creating 

a heavier demand on ground-water resources (U.S. Army Corps of 

Engineers, 1976). , 

Industrial  and 



Louisiana law prohibi ts  disposal of saline water into natural streams 

when that disposal is " i n  quantities t o  destroy the fish therein" (La. 

Revised Statutes 56: 1451 ; Harrel 1 , 1978). Geopressured f 1 u i  ds are 

expected t o  meet this criterion. They probably have high salinities 

I 

and w i  11 be produced i n 1 arge quanti ties. 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 

i n  Table VI-A-1 for the major basins i n  South Louisiana. Specific 

standards for sub-basins are found i n  LSCC reports (e-g., LSCC, 1977)- 

Numerical standards for bacteria have also been promulgated, General 

cri teria are stated for the following additional parameters: 

aesthetics , color, floating , suspended and settleable solids , taste 

and odor, toxic substances, oi ls  and greases, foaming or f ro th ing  

materials, nutrients, turbidi ty  and other materials, These standards 

apply only t o  water bodies and not t o  effluents. There are no state 

standards for effluents a t  the point of outfall. 

Surface water quality w i t h i n  the study area is highly varfable. 

Waters from the Mississippi and Atchafalaya Rivers are generally 

h i g h  i n  suspended solids and total dissolved solids. To the west, 

waters i n  the Chenier Plain are derived from indigenous rainfall and 

differ i n  the amounts and kinds of dissolved and suspended materials. 



6,O-9.0 32-35 427-1 320 

6.0-9.0 32-35 1320-2000 

6,O-9.0 30-35 100-600 

6 .O-9 .O 30-35 100-500 

6.0-9,O 32-35 ' 400-500 

6,O-g.O 30-35 105-300 
4 
U 6.0-9.0 30-35 54-3000 m 

6.0-9.0 32-35 90- 1000 

6,0-9,0 32-35 ! 200-875 

6 
Total Dissolved Solids expressed in ppm; range o f  highest allowed, sub-basins. 



r, Waters influenced by the G u l f  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 pollutants due t o  

industrial effluents, municipal. runoff, boat traffic and agricultural 

runoff. 

A major agency i n  the state monitoring water quality is the U. S. 

Geological Survey. Raw data for Louisiana are publ ished yearly (USGS, 

1971-1977). The Louisiana Stream Control Commission also regularly 

monitors water qual i t y  for compl iance w i t h  s tate standards, The stations 

monitored by the USGS are shown i n  Figures VI-A-3 and 4 whi le  the statians 

sampled by the Louisiana Stream Control Commission are shown i n  ~ 

Figure VI-A-5. Characteristics regularly measured by these agencies are 

summarized i n  Table VI-A-2. 

Ground Water, Jurisdiction for the subsurface disposal of brines 

and other waste 1 ies w i t h  the Office o f  Conservation, Louisiana Department 

of Natural Resources. The Office of Conservation issues permits for the d r i l l i n g  

of disposal wells and has the authority t o  shut i n  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 t o  the Commissioner of Conservation (La. Revised 

Statutes 30:802; Harrell , 1978). The Commissioner's proposed regula- 

tions for this disposa? exhibit three primary concerns: that subsurface. 

disposal will not foul fresh or brackish water aquifers; that subsurface 

disposal will not impinge on production of o i l  and gas; and that disposal 

well completion should be adequate t o  minimize the risks of leakage 

(Harrell , 1978). 
u 
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u 
Table VI-A-2. Surface water qua l i ty  charac.t@rlstjcs mqnttyect.--bi the U.S. 

Geological Survey and the Louisialia Stream Cbntrb I 
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 Sol i d s  
Set t leable  Matter 
Hardness 
Non-carbonate Hardness 
Specific conductance 
PH 
Temperature 
Color 
Tu r b i d i ty  
Dissolved Oxygen 
Chemical Oxy en Demand 

Immediate Coliform 
Fecal Col iform 
Total Organic Carbon 
Cyan i de 
Phenols 
O i l  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 

Biochemical % xygen Demand 

La. Stream Control Corn. 

PH 
Secci Disc 
Temperature 
Dissolved Oxygen 
Sal i ni t y  
A1 kal i n i  t y  
Hardness 
Tur bi  d i t y  
Specific Conductance 
Sulfate 
Color 
Chlorides 
Total Sollds 
Dissolved Sol i d s  
Suspended Sol ids 
Arsenic 
Cadmium 
Chromium 
Copper 
Mercury 
Lead 
Nitrate  
N i  tri t e  
Total Kjel, Nitrogen 
Total Phosphate 
Chemical Oxygen Demand 
Total Organic Carbon 
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The primary concern in south Louisiana with respect to ground-water 

quality is sal t-water encroachment due to ground-water withdrawal . The 
natural movement of ground water in south Louisfana i's in a southward 

I di rection. However, heavy pumpag 
I 

ment of salt-water north into aquifers occurs (U.S. Army Corps of Engi- I 

. neers , 1976). 

3.- Potential Environmental Impacts 
~ 

i 

j resource. development in the study area are discussed below. 
~ 

~ ! 

~ 

Potential environmental impacts on water qual i ty  from geopressured 
I 

I The identification of these potential impacts and their relative significance 

in the study area is based on the description o f  the proposed activity and 

resource characterization (see Section 111) in view of the environmental 

setting of the study area, as described above. In addition, interviews ~ 
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subs 

(see 

that 

will 

Ld Available data are inadequate for an assessment of either the probability o f  

dence occurring or an estimation of how much subsidence could occur 

Section VII). The approach taken here is t o  assume the worst case; Le., 

enough subsidence could occur t o  inundate wetTand systems . 
a. F lu id  Disposal 

I t  is assumed that surface disposal of spent geopressured f luids  

be possible only in to  the open waters o f  the G u l f  of Mexico. Whether 

permits can be obtained for such discharges will depend on the physical. 

and chemical characteristics of the spent fluids. A t  present, no per- 

mitted discharges of the quantity and duration hypothesized for full-  

scale geopressured development are permitted i n t o  toui  sfana Gulf coastal 

waters (LaFl eur , personal communication, 1977). Should a permit be 

granted for disposal of geopressured brines, continued monitoring should 

be performed t o  insure t h a t  heat and dissolved solids are adequately 

dispersed, and tha t  toxic substances, i f  present, do not result i n  fish 

kflls or significant migration from t rad i t iona l ly  used spawning and 

feeding areas. 

Subsurface disposal of spent geopressured brines i s  the most likely 

disposal a1 ternative given the constraints on surface disposal The po- 

tential environmental hazard from subsurface disposal is the fou l ing  of 

fresh-water aquifers and surface waters. T h i s  could result from in- 

creased pressure i n  the receiving aquifer which could cause the upward 

flow o f  injected spent fluids along f a u l t  planes, or through permeable 

strata,  o r  leakage through abandoned wells i n  the vicinity. 

The key t o  avoiding these effects i s  the ava i lab i l i ty  of adequate 
receiving aquifers w i t h  thick sands and favorable permeability and porosity. t 
The aquifers should be a t  least 300-450 meters (1000-1500 f t )  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 t o  be plentiful i n  the Gulf Coast region. Industry 

and regu1atorY agency representatives I however, have expressed concern 

on this p o i n t  because of the very large total  quantity of spent f l u i d s  t o  

be reinjected over. the l i f e  of a geopressured operation. 

U 

A t  present, the largest subsurface brine disposal programs i n  

Louisiana are those planned for the Strategic Petroleum Reserve pro- 

gram (i .e. , Federal hergy Administration, 1977a&b). The brine is 

from draining brine stor 

from leaching new caviti 

the program expands. Disposal rates 

program, for example, will be a t  maximu 

(Everett, personal communi 

i n  cavities i n  sa l t  domes, although brine 

for oi l  storage may also be produced as 

i n  the Bayou Choctaw s a l t  dome 

50,000 barrels per day 

b. Subsidence 
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bi subsidence could produce marked changes i n  local drainage. 

t h a t  extensive inundation and land loss would develop i n  the area of 

I t  is possible 

greatest subsidence. Subsidence would have less effect on natural levee 

regions i n  the Mississippi Alluvial Valley and even less effect on the 

terrace surfaces al though swamps and marshes may develop I n  these low areas, 

and open water could be increased i n  areal extent. 

c. Si  te  Preparation and Construction 

The most adverse potential impact from s l t e  preparation and construction 

i s  also on drainage patterns and circulation, discharge, and water levels 

i n  the vicinity o f  the geopressured wellfield. The dredging o f  canals 

and the construction of impoundments i n  the wetland portions of the study 

area have already allowed intrusions of saline waters in to  previously 

fresh or brackish water areas. These intrusions have greatly altered 

the ecological situation, converting fresh-water marsh i n t o  brackish- 

water marsh. In addition, canals have affected the normally slow dis- 

charge and circulation patterns i n  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 clrculation and an environment distinctly different from 

outside the impoundment. Spoil banks and levees can also block circula- 

t ion  if  they are oriented across'the direction of flow. 

thesetactivities tend t o  destroy the character of the wetlands and can 

cause a drop i n  productivity as well as land loss (Stone, et. a l . ,  1977; 

In general, 

Craig, et .  a l . ,  1977; and others). 

d. Accidental Brine S p i l l s  

di Accidental spi l ls  of brines would have a serious impact on 

ater qual i ty  i n  the area of contact. The impact i s  of less significance 
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relative t o  other impacts on water quality, however, because the effects 

o f  a brine spill should be of relatively short duration and lotalized 

unless the spil l  resulted i n  total destruction of the indigenous biota 

over a fairly large area. 

time for recolonization o f  the indigenous biota. 

In any case every precaution should be taken t o  prevent accidents and 

contain spills should they occur. Brine spil ls  from a geopressured 

operation will be decidedly more serious than  either brine or o i l  and 

gas release from conventional 01 1 and gas recovery principally because 

the volumes of fluid released could be so much greater. I t  may b e  more 

difficult  and take longer t o  bring a, geopressured well under control 

after a blowout, Also, unlike most o i l  spi l ls ,  brine spills cannot 

In t h a t  extreme case, i t  would take some 

(See Section VII). 

ontained and cleane 

In general, the ac 

if they should reach surface waters. 

effects on water quality i n  the impacted 

waters will depend on the mixing rate and d i l u t i o n  of the brines, and 

on the receiving water quality. Impacts from brine spills i n  off- 

shore geopressured fields would be minimal compared w i t h  impacts on 

sh-water streams and ponds . Tidal marsh systems are characterized 

by repeated f l u s h i n g ,  s brine spills would be dispersed rapidly in to  

surrounding open water estuarine sys tems . However, sediments i n  estuarine 

s could t rap  d release toxic ions i n t o  the water column, 
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8, DATA REQUIREMENTS AND AVAILABILITY 

!I . Data Requirements 

Data requirements for the 1 ong-term assessment o f  potenti a1 impacts 

on water qual i ty  are summarized i n  Table VI-B-1. These characteristics 

include the standard analysis suggested by the U S .  Department o f  the 

Interior i n  i ts publication g i v i n g  guidelines for the acquisition of 

envi ronmental basel i ne data on federal geothermal 1 eases (1 977) . 
Additional characteristics have been identified based on what is now 

known concerni ng G u l f  Coast geopressured f 1 u i  d s  (see Section I TI ) .- 
However, an accurate identification o f  data requirements must await 

furtber specific analyses o f  geopressured f lu ids  from Louisiana sites. 

In addi t ion  t o  characteristics i n  the table ,  surface hydrology and 

ground-water resources i n  the v i  ci n i  ty o f  each geopressured development 

s i t e  should be i d  ified and mapped. I t  is particularly important t o  

termine circulation and mixing r is t ics  i n  w 

ater, and the direction of 

-poin t  pollution source 

ned and a h i s to  
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Table VI-B-1. Data requirements for water quali ty impacts assessment. 

SURFACE WATER 

discharge 
*dissolved sol ids 
*suspended sol ids  
*specific conductance 
*temperature 

turb id i ty  

b i  ochemi cal oxygen demand 
chemical oxygen demand 
total organic carbon 
fecal coliforms 
fecal streptococcus 

SURFACE WATER and GROUND NATER 

alkalinity 
bari um 
boron 
bromi ne 
b i  carbogate (as CaC03) 
cal ci um 
chloride 
chlorine 
di ssol ved oxygen 
fluorine 
i odi ne 
i ron 
l i t h i u m  
magnesi um 
nitrate 
po tassi umb 
silicage (as s io2)b  
sodi um 
sulfateb 
sul f i des 
s t ron t i  um 
to ta l  phosphorus 
zinc 
PH 

radon 
gross alpha 
gross beta 

*Ground-water sources should a1 so be measured for these 
characteristics a t  minimum. 

gd 
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cd located i n  appropriate positions within,  geopressured development sites. 

Water quality data from other sources i s  frequently insufficient i n  

geographical extent and i n  the characteristics measured. 

Stream discharge da ta  f o r  the study area i s  also available from 

the USGS for the gaging statfons shown i n  Figure VI-B-1. Routine 

daily discharge readings are rare. There are relatively few gaging 

stations i n  the coastal wetlands portion of the study area--the region 

containing the most promising geopressured prospects 

C i  rcul ation m i  x i  ng characteristics and. currents i n coastal areas 

and estuaries are not well known. Th i s  i s  particularly true for the 

entire area west of the main Mississippi distributary system (Murray, 

1976). However, a number of agencies and research institutions are 

conducting research on the hydrology of coastal wet1 ands: the Coastal 

Studies Insti t Louisiana State 

o f  Wildlife an sheries; U S .  

ersi ty ; the Louisiana Department 

f the Interior); B .S. Army Corps of Engineers 
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u 
is particularly extensive i n  southwest Louisiana where, ground water 

is used to irrigate rice crops. Parish. ground-water studies cover usage, 

physi cal and hydraulic characteristics , geologic setting , depth and 

future potential . These studies are published under a cooperative pro- 

gram w i  t h  the Louisiana Geological Survey, the Louisiana Department of 

Natural Resources, and the Louisiana Department of Pub1 i c  Works. 
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C. PLAN FOR ACQUISITION OF DATA FOR THE ASSESSMENT 
OF PbTENTIAL E NV IRONMENTAL. IM PACTS ON ‘WATER ‘QUACFTY 

csd 

T h i s  subsection deals w i t h  a proposed plan for acquiring base- 

line data on water quality and hydrology a t  a geopressured site prior 

t o  the. begtnning of production, and for continuing monitoring activities 

during the lifetime o f  the project, Water quality data i n  the largely 

undeveloped region o f  prime geopressured prospects-the coastal wet- 

lands--are vital for a determination o f  impacts on the biota i n  these 

areas. Thus,. t h i s  program should be. carried out i n  close coordination 

w i t h  t he  program on ecosystem quality (Section VII-C) In most instances, 

water quality samples should be taken a t  the same locatfons as biotic 

surveys i n  aquatic and wetland areas. In upland areas, water quality 

measurements can be taken i n  open water systems. 

1 .- Surface Water Quality 

\ 

should be carefully 

f human activities 

t o  a1 1 ecosystem types Considera- 
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I chosen, preferably two years before any construction activities. Sam- 

l i n g  should be done by personnel of the ecosystem quality study (Section 

VII) and should consist of three 18-month intensive sampling periods 

coinciding w i t h  pre-development, development and operational phases. Para- 
meters to  be analyzed should be keyed t o  possible impacts and include 

those listed i n  Table VI-B-1 i n  the preceeding section, as well as 

any further contaminants identified when geopressured fluids are ana- 

lyzed. Station locations and sampling dates should coincide w i t h  

biological sampling (see Section VI1 ). Other stations should be 

established i n  relation t o  possible p o i n t  and non-point sources of 

pol 1 u t i o n  and based on hydrologic regime and placement o f  geopressured 

faci l i t ies .  

should be performed upstream and downstream of any possible geopressured 

devel opment i n f  1 uence , 

In upland areas where directional f l o w  exists, sampling 

Hydrologic characteristics and discharge i n  the vicinity of the 

s i t e  should be established from previous records arid a predevelopment 

study. T h i s  is especially important i n  the coastal zone where water 

qual i ty  has great influence on productive ecosystems {see Section VI1 1 
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  i n  upland regions. 

The estimated costs o f  monitoring surface water quality, hydrologic 

patterns and discharge for a single geopressured development s i t e  are 

shown i n  Table VI-C-1. 



I 

199 

Table VI-C-1. Estimated costs of performing surface water qual i ty  studies a t  W a geopressured si te.a 

Year 
0 1 2 3 4 5 6 7 

ITEM 

Salar ies  & Wages 13.5 13.9 14.3 14.7 15.1 15.5 15.9 16.3 

(thousands o f  dol 1 ars  ) 

Wages 

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 
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I 
I 
I 

W 
2. Ground-water Qual i ty  i 

I 

1 
! 

Essential i n  assessing impacts on ground-water qualt ty is a deter- 

mination of ground-water uses i n  the v ic in i ty  of the geopressured site. 

Ground-water sources used for domestic water supply and for  agricul ture  

should be mapped. If exis t ing maps are not adequate and if domestic 

I 

i 

and agricul tural uses are widespread, information on the configuration 

and depth of ground-water aquifers can be obtained from well logs. In- 

duction logs are routinely r u n  on a l l  o i l  and gas wells and some water 

wells. For determining information on ground-water aquifers , induction 

logs r u n  on geopressured wells should give as complete coverage from 

the surface down as possible on each producing and disposal well i n  
~ 

i the area of concern. 
I 

An annual sampling program should be conducted on ground-water 

sources used f o r  domestic and agricultural purposes i n  the v i c in i ty  of 

the site. Sampling should be for specific conductance a t  a minimum. 

Other parameters may be added and sampling could occur more frequently 

if  contamination is suspected. 

I t  will be diff icul t  t o  determine if  ground-water contamination, 

if  i t  should occur, stems from geopressured a c t i v i t i e s  par t icu lar ly  

reinjection of spent f l u i d s .  S a l t  water encroachment on ground-water 

resources is already widespread i n  the southwestern portion of the 

study area. "Fi ngerpri n t i  ng" the geopressured f 1 u i  ds def ini  ti vely may 

a lso  be difficult ,  because the contamination will occur as  a result 

of brines migrating from depths  of approximately 1500 meters (5000 feet) 

through non homogenous formations. Information on the direct ion of 

ground-water flow will give some indication o f  the source of contaminatfon. cgi 
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u If contamination is suspected and exis t ing 

vation wells can be drilled . to monitor changes i n  the potentiometric 

surface and t o  determine dfrectlon of flow i n  shallow aquifers. A net- 

work of observation wells could be required i n  an area of special concern. 

are not available,  obser- 

A number of measures can be taken t o  prevent ground-water contami- 

nation as a result of subsurface dfsposal a c t i v i t i e s ,  The LouSsiana 

Office- o f  Conservation , Department of Natural Resources regulates 

subsurface disposal,  requiring well casing t o  be placed t o  depths well 

below the base o f  fresh ter. The plugging and abandonment of wells 

i s  a l so  regulated and records are made o f  these procedures, Records 

on a l l  abandoned wells i n  the v ic in i ty  o f  the geopressured site sfiould 

be reviewed t o  see t h a t  adequate procedures were used i n  plugging and 
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I 

I Table VI-C-2. Estimated costs of performing ground-water quali ty a 1 

studies a t  a geopressured s i t e  50-60 sq. m i  In  area. 1 
I 

~ 

I 

i I Activity 
~ 

~ Determi nation of ground- 
water uses 

Mapping sources 

Induction logs 

Sampling program 

Observation wells 

Location and records 
review of abandoned 
we1 1 s 

Program management 
and data  analysis 

Estimated Costs 

$750 per s i t e  

$1,250 per s i t e  

$3,000 per we1 1 

$1,000 per s i te ,  
per year 

$1,900 per s i te ,  
per year 

$75,000 per s i t e  

$1,500 per s i te  

$750 per s i te  

b21,OOO f i r s t  year 

Cost Bases 

Salaries; one-time 
effort  

Salaries ; data 
available a t  no 
cost; one-time effort 

Subcontracted ; 
shallow logs; one- 
time effort 

Subcontracted; 
limited analysis o f  
6 existing wells 

Subcontracted ; 
complete analysls of 
6 existing wells 

Subcontracted ; 3 
wells; d r i l l i n g  and 
sampling a t  1,000 feet; 
one-time effort 

Permanent 1 eve1 
recording devi ce : 
installation and 
maintenance 

Sal ari  es ; records 
available a t  no cost 
one-time effort 

Sal ar i  es 

aThe activities listed represent alternative courses of action i n  
several cases (see text). Therefore, to ta l  program costs are not  given. 6, 

bA per well rather t h a n  a per s i te  cost i s  given because the number 
of wells t o  be logged will depend on site-specific conditions. 
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VII, ECOSYSTEM QUALITY 
C. F, Bryan and J. P. Newman 

The purpose of this section is t o  provide the rationale and plan 

for the assessment of potential environmental impacts on ecosystems 

from geopressured resource development i n  Louisiana. 

Summary of Findings. The project area is divided i n t o  ten ecosystem 

types, based on vegetation, hydrology and water chemistry, which are 

then described i n  terms of the b io t a .  Most of the geopressured pros- 

pect areas are i n  the wetland and aquatic ecosystems of the coastal 

zone. These areas are important for fisheries, fur production and 

recreation as well as mineral production. 

dependent on dai ly  and seasonal cycles of physical events, they will 

be sensitive t o  disruption caused by full-scale geopressured develop- 

Since these ecosystems are 

ment. Access or pipeline canals directly change wetlands t o  open 

water and a l so  d i s r u p t  natural  hydrological and migratory patterns. 

Any subsidence i n  the wetlands due t o  geopressured f l u i d  wf thdrawal 

will change vegetation characteristics or convert productive marsh 

t o  open water. Accidental brine spil ls  i n  the coastal zone may destroy 

vegetation and animal l i f e  wherever contacted, b u t  i f  the volumes are 

1 imi ted these ecosys tems should quickly recover. 

Upland and Gulf of Mexico areas are less sensitive t o  subsidence 

and construction activities. The Gulf would also be less sensitive 

t o  brine spi l ls ;  however, brine spi l ls  i n  upland areas may quickly 

run-off i n t o  aquatl  c sys tems. Natural upland vegetation would be 

slow t o  recover from a brine spil l .  

Based on ecosys tern quality criteria , geopressured acti v i  ty would 

have'the least effects i n  already disrupted upland locations, moderate 
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effects i n  the open G u l f  except where support  and ancillary facil i t ies 

cross wetlands, and major effects i n  the wetlands of the coastal zone. 

Biological studies on south Louisiana emphasize taxonomic and 

distributional information on vertebrates and include some vegetational 

zone mappi ng . Ecol ogi cal studies have been made on economi cal ly  impor- 

tant species, however. Studies of non-economica ly important species 

and total comnunities are lacking i n  quality and quantity. In order 

t o  monitor possible effects of geopressured deve opment a t  specific 

si tes,  plans are proposed for several types of studies. Important 

communities should be sampled th rough  time. Intensive studies are 

therefore proposed for  the pre-development, construction, and operation 

phases. Reactions of populations and comnunities t o  specific poten- 

t ia l  contaminants should a lso be measured using acute and chronic bi:o- 

assays. To measure functional components o f  ecosys tem qual i t y  , pro- 

ductivi ty  estimates and tissue analyses are recomnended. 



207 

W 

b, 

A. RATIONALE 

1. Introduction 

In general , impacts on ecosystems from geopressured resource devel- 

opment will vary i n  extent and significance depending on the geographical 

location of the activity. For example, a given amount of subsidence 

will greatly impact low lying areas and consequently have a greater impact 

on ecosystems i n  these areas. Therefore, the rationale for the plan  

proposed here is  based on : 1 )  the classification of geopressured pros- 

pect areas in to  ecosystem types; 2) a consideration of potential impacts 

each ecosystem type taken separately; 3) a consideration of the relative on 

vu 

4)  

i n  

2. 

nerabi 1 i ty  o f  ecosystems t o  the proposed development act1 v i  t ies ; and 

a consideration of the cumulative effects of large-scale development 

the study area. 

Environmental Setting 

.a. Aquatic and Wetland Ecosystems 

The geopressured prospect areas identifJed i n  the resource assess- 

ment phase of Department of Energy research are largely located i n  coastal 

Louisiana (see Figure VII-A-1). T h i s  area i s  characterized by highly 

diverse and productive aquatic and wetland ecosystems which could be 

significantly impacted by large-scale geopressured resource development. 

If a l l  of the prosp areas 1 ocated i n these ecosys tems weri devel oped 

he activities described i n  Section 111, a total of 10,900 km2 

(4200 m i 2 )  would be impacted t o  some degree. The cumulative effects of 

development of this magni t ud  could be very destruct1 ve t o  these sensi - 
tive ecosystems 

Louisiana contains 50 per cent of the marshes and wetlands of the 

Atlantic and G u l f  Coasts of the United States. The economic value of 



Fig. V I I - A - 1  

Boundaries o f  Lou1 s i  ana Coastal 
Zone i n Re1 a t i  on t o  Geopressured 
Prospects Sites (Adapted from 
McIntire,  1975; Hawkins, 1977). 

Geopressured Prospect 
+oas t a l  Zone Boundary 
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these wetlands derives from their use as habitat  by sport  and comercial 

fish, water fowl, and fu r  animals and i n  par t  from mineral production 

(see below and Section VIII). Less easi ly  measured i s  the role  of the 

wetlands and marshes as buffer zones between the Gulf and upland areas. 

These coastal ecosystems protect populated inland regions from erosion 

and storm surges from hurricanes and tropical disturbances. The marshes 

i n  turn assimilate and precipi ta te  urban. and industrial  pollutants from 

up1 and areas. 

The key to  both the biological diversity and productivity of Louisiana 

wetlands is the unbroken i ntercomunication among many ecosystem types 

and the predictable cycles of physical events. Diversity i s  related t o  

s tabi 1 i ty , predi ctabi 1 i ty  , rigor,  and spat ia l  heterogeneity of the envi r- 

onment (Pielou, 1975). Spatial heterogeneity is  increased i n  the zone 

where two d i f fe ren t  habitats or ecosystems meet. I ts  e f fec ts  a re  often 

referred t o  as the "edge effect".  This zone is called an-ecotone and species 

common to  both areas are  found i n  this t ransi t ion zone. The c lass ic  ex- 

ample is the border between a fores t  and a f ie ld .  In south Louisiana, the 

principal ecotone is  the meeting of land and water i n  the marshes. Here 

i t y  is maximized over a large area and much of this productivity 

is exported t o  the estuar ies  iltnd Gulf. The animals i n  this complex eco- 

re adapted t o  u t i l i z i n g  adjacent systems. Numerous organisms u t i l i z e  

the marshes, estuaries and G u l f  dur ing  portions of their l i f e  cycle. 

Although the m hes and estuar ies  of Louisiana a re  i n  some ways 

ey a re  a lso f a i r l y  predictable. T h i s  is because the physical 

ng the system a re  cyclic i n  nature Near the G u l f ,  water 

level cycles daily w i t h  the tide. Seasonal cycles i n  water level from 

r iver  discharges often override t idal  effects .  During highwater seasons, 
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formerly dry land can become open water. These predictable events con- 

tribute t o  the productivity and diversity of the wetland ecosystems. 

Another important physical cycle is the seasonal variation i n  temperature. 

Temperature affects behavioral and physiological processes i n  organisms , 
as well as stratification patterns i n  lakes and other bodies of water. 

Productivity i n  Louisiana i s  h i g h  because a1 1 physiological processes such 

as feeding, assimilation, respiration, and 

by h i g h ,  b u t  no t  excessive, temperatures. 

The wetlands are a complex network of 

tributaries, lakes, ponds, bays, canals , t 

development are accelerated 

open water--tributaries, dis- 

dat passes--and intervening 

low lands which are flooded for a l l  or part  of the year. Because of the 

low elevation o f  the coastal region, small changes i n  water level can 

inundate or drain vast areas of wetlands. While this maximizes diversity 

and productivity, i t  makes classification of wetlands in to  ecosystem 

types very difficult. Since vegetative zones do n o t  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 u s i n g  Chabreck (1972, see Fig. VII-A-2); 

and cypress swamps and bottom1 and hardwoods, according t o  Newton (1972, 

tee Fig. VII-A-3). Ecosystems occurring on higher ground w i t h i n  other 

wetland types are considered ecologically distinct (Noble, personal com- 

munication, 1977; see Fig. VII-A-4) and are therefore also classified 

c 

separately. 
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Vegatolivs Type Mop 
;*.:-:I BRACKISH MARSHES ....)' Il,lSS,OOo rcrn)  

of the 

LOUISIANA COASTAL MARSHES 
dent l f ied  as sa l ine  Fig.  VII-A-2 From Chabreck, 197 marshes i n  the tex t .  
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b e Terres t r i  at  Ecorys tern 

Terrestrial ecosystems i n  t h e  area of interest for, geopressured re- 
. .  

source development occur primarily on the Plefstocene terrace. The 

Pleistocene terrace occupies the northern portion of the study area and is 
broken i n t o  two portions by the Mississippi river and i t s  floodplain 

(Figure VII-A-5). The eastern portion of the terrace i n  Louisiana has no 

known geopressured resources. 

The draining of these upland areas has been accelerated t o  make more 

land available for settlement and agriculture. Thus, most of the natural 

vegetation has been removed or  modified. The natural vegetation, where it  

s t i l l  exists , defines the prairie and the upland forest ecosystems. 

The controll ing factors i n  aquatic and wetland ecosystems are not 

appl i cab1 e t o  terres tri a1 ecosys tems . R i  veri ne and t i  dal water cycles have 

l i t t l e  effect. With  rapid and direct intracomnunication among the many 

habi ta t  types i n  these systems limited t o  only the larger, more mobile 

vertebrates, the systems are not dynamically interacting 1 i ke the marsh 

ecosystems. 

The ecosystem categories occurring w i t h i n  the area of interest for 

geopressured resource development are listed w i t h  a sumnary of major 

characteristics i n  Table VII-A-1. A brief description of each ecosystem 

type is given i n  Appendix A. 

There are also a number of state wildlife management areas and wild- 

l i f e  refuges i n  the study area, as well as several federal wildlife refuges. 

These are discussed i n  Section VIII, Socioeconomic and Cultural Consid- 

erations. The wildlife management areas and refuges include a11 of the 
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Table YII-A-I. Major characteristics of ecosystems i n  south Loutstana. 

Mari ne Ecosys tem. 

Estuarine Ecosys tem. 

Fres h-water Ecosys tern 

Saline Marsh Ecosystem. 

Fresh Marsh Ecosys tern. 

Ridqe Ecosys tem . 

Bottom1 and Forest . 

Prairie Ecosystem. 

Up1 and Forest Ecosys tem. 

Coastal open water system w i t h  unobstructed 
access t o  the open G u l f .  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 t o  35,000 mg/l , depending on riverine 
discharge and distance offshore. 

Coastal sys tem, semi -enclosed by 1 and, wf t h  
open, partially obstructed, or sporadfc access 
t o  the Gulf and w i t h  a measurable quanttty of 
ocean-derived salt i n  the water. Salinities 
vary between 500 and 25,000 mg/l . 
Fresh-water ecosystems are divided i n t o  three 
subsystems: Palustrine, lacustrine, and 
riverine. These are a l l  open fresh water areas 
where salinities are less t h a n  500 mg/l 

An emergent vegetated wetland system subject 
t o  t i d a l  fluctuations of sal t  water greater 
t h a n  500 mg/l sa l in i ty .  This definition 
includes Chabreck's saline, brackish and 
intermediate marshes (Chabreck, 1972) 

A herbaceous emergent vegetated wetland system 
which i s  subject t o  f looding w i t h  fresh water 
a l l  or par t  of  the year. 

Isolated systems of higher ground w i t h i n  fresh 
or saline marsh ecosystems. These areas include 
beaches, cheni ers , natural and a r t i  f i ci a1 
1 evees , pl ei s tocene i sl  ands , sal t domes , spoi 1 
banks and Indian mounds. 

Areas w i t h  woody vegetative cover flooded by 
fresh water a l l  or par t  o f  the year. Two sub- 
sys tems are recogni zed : cypress swamp forests 
and bottomland hardwood forests. 

Terres tri a1 up1 and sys tern whi ch is natural ly 
dominated by grasses. 

Terrestrial systems located on the Pleistocene 
terrace and dominated by hardwood or pine trees. 
Tu0 subsystems are recognized: the hardwood 
system and the flatwoods system. 
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7 .a . 
ecosystem types described above. Protected plant and animal species are 

a lso found i n  each ecosystem type, Table VII-A-2 lists endangered and 

threatened species i n  Louisiana. 

. .  . .  

. .  

c, Economic S e t t i n g  

The ecosystems of south Louisiana have a h i g h  economic value because 

of their productivity of renewable resources and the presence of mineral 

resources. One method of comparing ecosystem types on the basis of the 

economic value of the renewable resources i s  t o  present the catch sta- 

t i s t ics  for commercially harvested fish, shellfish, and furbearers. F i s h  

and shellfish s ta t is t ics  are reported i n  a Department of  Commerce p u b l i -  

cation (1977b). Recent furbearer statist ics have been reported by O'Neil 

and Linscombe (1976). There are two major problems i n  assigning numerical 

values o f  this k i n d  t o  ecosystem types, however. First, the statist ics 

are not  broken down into well defined areas. A t  most, harvests of each 

species are reported as "coastal" including offshore and i.nshore areas, 

and "inland" which includes the remainder of the state. Second, a l though 

. 

' 

a resource i s  harvested i n  one ecosystem, i t s  productivity and/or l i f e  

cycle may be dependent on other ecosystem types, Th i s  is especially true 

of highly migratory fish and shellfish. G u l f  menhaden i n  1976 yielded 

over $37 million t o  the commercial f i sh ing  industry, All o f  this harvest 

was offshore marine; however, the entire early l i f e  history of this 

species is estuarine and saline marsh dependent. Brown and w h i t e  shrimp 

undergo most of their growth i n  estuaries b u t  are harvested primarily 
I offshore. 

I t  i s  possible t o  summarize the da ta  i n  broad categories i n  order t o  
I 

give some idea of the relative economic importance of ecosystems. Fresh- 

U water fish (bowfin,  buffalofish, carp, catfishes, bullheads, garfish, 

1 
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Tab1 e VI I -A-2. Threatened and endangered speci es i n Lou1 sf ana. 

PLANTS* 

Isoetes louisianensis 

ANIMALS ** 

- 

te1 i s concol or  cougar 
Canis rufus 
T'Z'ZeZliKiiana t u s 

q u i  11 wort 
bl ues tar 
s k u l  1 cap 
beardgrass 
gerardia 
sarvis holly 
spice bush 
parrot p i  tcherplant 

Atlantic Ridley turtle 
hawksbi 11 turtle 
leatherback turtle 
American a l l i ga to r  
brown pel i can 
southern bald eagle 
American peregrit? fa1 con 
arctic peregri n f a1 con 
i vory-bi 11 ed woodpecker 
red-cockaded woodpecker 
Bachman's warbler 
eastern cougar 
red wolf 
West Indian manatee 

endangered 
threatened 
threatened 
threatened 
threatened 
threatened 
threatened 
threatened 
threatened 
threatened 

endangered 
endangered 
endangered 
threatened 
endangered 
endangered 
endangered 
endangered 
endangered 
endangered 
endangered 
endangered 
endangered 
endangered 

* Proposed endangered or  threatened (U. S. Department of Interior, 1975) 
** Actual endangered or threatened (U.S. Department o f  Interior, 1977, 1978). 
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paddlefish, shad, and fresh-water sheepshead) . .  totaled nearly $4.1 

million i n  1976. Fresh-water she l l f i sh  tcrawfish, fresh-water shrimp, 

snapping turtles, frogs) totaled over $2.4 million. Salt-water fish 

including estuarine and marine species (croaker, black drum, red drum, 

f 1 ounders , groupers, k ing  whi  ti ng , menhaden, mu1 l e t ,  pompano, spotted 

sea t rou t ,  white sea t rou t ,  sal  t-water sheepshead, red snapper, Spanish 

macheral , spot and others) totaled $39.88 million; and salt-water shell- 

. .  W 
. .  

fish (blue crabs, shrimp, oysters,  squid,  and sea turtles) totaled 

nearly $92 million. Furbearers and a l l i ga to r  harvested i n  the 1974-5 

season totaled $10.4 million for  aquatic dependant species (beaver, 

muskrat, nutria,  racoon, m i n k ,  o t t e r ,  bobcat, a l l iga tor )  and only $105,000 

fo r  non-aquatic species (opossum, coyote, red fox, and skunks ) .  

In summary these figures show tha t  most animal production harvested 

for  human use is  dependent on aquatic o r  wetland ecosystems. Total com- 

mercial value fo r  these systems was over $148 million fo r  one year. Value 

of t e r r e s t r i a l  animals totaled only $105,000. The recreational value of 

a l l  of the ecosystem types is also s ignif icant ,  although again, the wet- 

land and aquatic ecosystems probably account for more sport catch than 

upland ecosystems. 
7 

3. Potenti a1 Environmental Ibpacts 

Potential envi ronmenta impacts on ecosystems from geopressured 

resource development i n  the study area a re  discussed below, w i t h .  par t icular  

attention to  the re 

and occurrences s temi ng f r o  

tha t  both d i rec t  and indirec 

arising from anci l lary ac t iv i t i e s  o f  development o f  the resource (i .e. , 

i ve vu1 nerabi 1 i ty  of ecosystem types t o  the activities 

evelopment ac t iv i t i e s .  I t  should be noted 

mpacts have been assessed, b u t  the impacts 

L.’ industr ia l izat ion and the l ike)  a re  beyond the scope of this study. The 
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identification of these potential impacts and their relative significance 

i n  the diverse environment of the study area is based on the proposed 

activities and resource characterization (see Section 111) i n  view of the 

environmental setting of the study area, as described above. In addition, 

interviews w i t h  representatives of regulatory agencies , research and planning 

groups, and industries were used t o  identify impacts and assess their 

significance. 

Particular attention has been given t o  the cumulative impact of 

large-scale geopressured resource development i n  Louisiana. This  approach 

is consistent w i t h  the objective of this study; and is also clearly called 

for because of the uniquely h igh  value, both cultural and comnercial, of 

the ecosystems of south Louisiana. Also, i t  has been demonstrated t h a t  

these ecosystems are highly vulnerable t o  large-scale resource extraction-- 

speci f i cal ly oi 1 and gas production. 

In terms of the activities that take place during well field devel- 

opment, o i l  and gas recovery and geopressured resource recovery are nearly 

identical. I t  is the cumulative impact of these practices, no t  those o f  

the indiv idua l  small operations, t h a t  create problems i n  terms o f  eco- 

system quality (St. Amant, 1977; personal comnunication, 1977; Herring, 

personal comnunication, 1977; Smith, personal comnunication, 1977). A t  the 

same time, the impacts t h a t  could result from features unique t o  geopressured 

resource recovery-e.g ., subsidence due t o  the large volume of fluid 

withdrawal required for net energy recovery--are significant chiefly 

because of their cumulative effect. 

a. Subsidence 

Land subsidence due t o  geopressured f l u i d  withdrawal would have signif-  

icant adverse effects i n  the Louisiana coastal region. Much of the study 
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communication, 1977). 
I 

The ef fec ts  of induced subsidence on biological assemblages a re  
i 
i 
I 

discussed below. The factors  t ha t  contribute t o  the probabili ty o f  

1 
I 

I 
1 Marsh ecosystems a re  the s t  sens i t ive  t o  both natural and induced 

subsfdence because their struc re and productivity a re  based on the juxta- 

position and interaction of a i r  and water. Vast areas a re  only a few 

, 

i 

area has very low elevatiofis’and r e l i e f  and i s  therefore vulnerable t o  

1 

extensive inundation from any measurable amount of subsidence. Subsidence 

I 

I 

would also increase the area subject t o  periodic f looding  from stream 

discharge and storm surge. 

Land loss  i n  the Louisiana coastal region is  an on-going process 

resul t ing from natural subsidence and erosion, and the erosion and s a l t  

water intrusion tha t  resu l t s  from dredge and f i l l  operations i n  marsh eco- 

systems. The r a t e  of land loss i n  south Louisiana has been estimated a t  

50 km2 (20 m i 2 )  per year (Craig, et .  a1 . , 1977; Templet, personal comun- 

icat ion,  1977). Additional loss o f  the uniquely productive marsh ecosystems 

due t o  subsidence induced by the withdrawal of geopressured fluids, 

would accelerate the changes i n  biota already occurring i n  the wetlands. 

In general marsh ecosystems are  more productive than open water 

systems. Therefore, conversion of marsh to  open water results i n  

a net loss i n  biological productivity. Land loss due t o  subsidence 

~ 

I 

, 
I 

, 
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certainly diminish natural resource production. Since the system i s  

based on detritus production from emergent vascular plants that are 

adapted to specific t i d a l  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 f e l t  i n  peneaid shrimp 

production. Other important species such as crabs and sports and commer- 

cial fishes will be subsequently lost. 

u 

Induced subsidence i n  fresh-water marshes would probably harm fresh- 

water aquatic species i n  a manner similar t o  that described for saline 

marshes. The fresh-water marshes are the prime nursery ground for fresh- 

water vertebrates. Either permanent inundation o r  increased f looding due 

t o  subsidence would change p l a n t  species composition and reduce duck 

and geese populations i n  these areas. 
Subsidence could indirectly affect open water habitats i n  fresh-water 

ecosystems through changes i n  hydrologic patterns i n  lakes and streams. 

If subsidence occurred i n  o r  near coastal freshwater lakes, for example, 

s a l t  water could intrude from the G u l f  and change the entire character 

of the water body. All aquatic organisms are t o  a greater or  lesser 

degree permeable t o  the surrounding water medium. Most fresh-water organisms 

are not adapted t o  osmoregulate a t  salinities much above 500 ppm. Any 

saltwater intrusion will likely extirpate many species and d i s r u p t  existing 

comnunity structure. Increasing the salinity i n  estuaries will have less 

drastic effects, but  will also change the cmuni t ies  i n  the ecosystem. 

The bottomland forest ecosystems are adapted t o  yearly or infrequent 

watering and dewatering. If the surrounding water level were higher and 

the area subjected to more persistent flooding, gradual changes i n  plant 

comnunity composition would occur, and the yearly cycle of detritus export 

would be altered. These changes would result i n  decreased aquatic L, 
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td 
productivity. Comercial hnd recreational fish hich spawn i n  these 

areas will be affected, as well as crawfishes which use flooded swamps 

for foraging. 

Similarly, habi ta t  loss  i n  ridge ecosystems (such as  cheniers, s a l t  

domes and beaches) due to  land subsidence could occur. T h i s  e f f ec t  would 

impact the migrating birds which use the ridge ecosystems as  landfal ls .  

Thus s ignif icant  habi ta t  loss i n  ridge ecosystems would have impacts over 

a much broader area than tha t  d i rec t ly  affected by flooding or more 

permanent inundation. 

The e f fec ts  of subsidence on the biological assemblages of the upland 

t e r r e s t i a l  ecosystems would be confined t o  areas tha t  are  already poorly 

drained. Marine ecosystems are  permanently flooded so t ha t  subsidence 

would have l i t t l e  impact i f  the development of the geopressured field is 

f a r  enough from land. 

b. Site Preparation and Construction 

Changes i n  water c i rculat ion and mixing patterns w i t h i n  wetland eco- 

systems result from the construction of access canals, roads, spoil banks, 

levees, and d r i l l i n g  pads. These changes i n  c i rculat ion could have 

s igni f icant  adverse impacts on .the biota of vegetated wetlands and ad- 

jacent  open water systems 

Typical l y  , canals a re  dredged i n  wetland areas t o  provide access t o  

well sites for d r i l l i n g  rigs and other equipment and vehicles. These 

canals average 1.8 - 2.4 meters (6 - 8 feet) i n  depth, and 15 - 18 meters 

(SO - 60 feet)  i n  width.  Canais provide routes fo r  s a l t  water or fresh- 

water intrusion and can a l t e r  mixing patterns w i t h i n  a system. Erosion 

due t o  wave action from boats sing canals causes i ncreased turb id ;  ty 
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and land loss. The construction of roads, spoil banks, and the like, as 

well as draining areas for construction of d r i l l i n g  pads and structures 

would have similar effects. 

Changes i n  salinity patterns due t o  construction of canals, d r i l l i n g  

pads and t h e  like will have effects on marsh and estuarine species similar 

t o  those described i n connection w i t h  subsidence. A1 so, migratory routes 

for some species could be blocked. 

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. 

Increased turbidity,  although a more 

There is evidence that dredging and construction activities i n  the 

coastal reglon has already had a deleterius ef fect  on the productive 

wetland ecosystems (Adams, et .  al., 1976; Byrne, et. al.,  1976; Stone, 
et. al.,  1977; S t .  Amant, personal cumnunication, 1977). The coastal 

- 

area is criss-crossed by canals for various purposes. In the Barataria 

Basin i n  the eastern portion of the study area, canals cover 155 km2 

(60 m i 2 )  or 2 per cent of the total Basin area. Thirty-five per cent 

of these canals are rig access, pipeline and oil  field navigation canals 

(Byrne, et. a1 . 1976). O i  1 field pipelines and canals i n  Barataria 

Basin are shown i n  Figure VII-A-6. Typical canal networks for other 

activities are shown i n  Figure VII-A-7. 

Dr. Lyle St .  Amant, Assistant Secretary of the Louisiana Department 

o f  Wildlife and Fisheries has suggested alternative practices i n  hydro- 

carbon production to minimize surface activity, and thereby surface dis- 

ruption, i n  wetland ecosystems. Specifically, he recomnends the use of 

directional d r i l l i n g  to reduce surface effects of '  d r i l l i n g  activities, and 

the use of helicopters t o  construct power lines and the t i  ke. I t  has 
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been Dr. S t .  Amant's experience t h a t  the cumulative effect of dredging 

and construction for o i l  and gas production i n  the wetlands areas has 

presented serious problems w i t h  respect t o  the productive fisheries i n  

those areas, and will also be problematic i n  the course of full-scale 

geopressured resource development (St .  Amant, personal communication, 1977). 

c. F l u i d  Disposal 

The description of the proposed activities presented i n  Section I11 

specifies two methods of spent f l u i d  disposal : 

and, a1 ternatively, surface disposal i n t o  the G u l f .  

subsurface injection; 

Spent fluids could 

be transported for disposal in to  the Gulf either i n  an open, lined ditch 

or by p i  pel i ne. 

Problem areas w i t h  respect t o  subsurface disposal of fluids are 
potential contamination of fresh ground water, and the possibility t h a t  

spent geopressured brines could bleed t o  the surface along fault lines 

or breach abandoned o i l  and gas wells (Bates, personal camunication, 

1977). Ground-water contamination is discussed i n  Section VI. If brines 

bled t o  the surface, the impacts on the b io ta  i n  the study area would 

be similar t o  those resulting from accidental brine spil ls .  These are 

discussed i n  the following section. 

t a  

wi 

Surface disposal of spent fluids i n t o  the G u l f  may be environmen- 

l ly  feasible if  water q u a l i t y  criteria can be met. Aquatlc species 

17 be sensitfvd t o  the following fluid parameters: temperature, to t a l  

dissolved solids, absence of dissolved oxygen, possible trace amounts of 

H2S and NH3, and possible trace amounts of toxic metal ions. If spent 

fluids are transported f n  open d i t c h  systems, add i t iona l  areas of concern 

are add i t ion  f sa l t  t o  soils adjacent t o  the ditch and atmospheric 

release of possible trace amounts of H2S and NH3. Both  of these occurr- 



228 

ences could result i n  destruction of vegetation. If disposal ditches 

intersect open water areas, there is  additional possi bit i ty for contam- 

ina t ion  and obstruction of water circulation and migratory routes. 

These factors could well preclude the use of open ditch systems i n  the 

Louisiana coastal region, 

d. Accidental Brine S p i l l s  

Accidental spi 11 s of geopressured bri nes--et ther during production, 

collection, temporary surface storage, transportation, or disposal-will 

have adverse impacts on the b io ta  w i t h i n  the immediate vicinity of the 

spill for a relatively brief period. In certain ecosystems, however, 

the area impacted could be considerable i n  extent w i t h  longer-term 

impacts. 
rapid changes i n  environmental parameters such as temperature and sa l in i ty .  

However, the estuarine ecosystem functions as a nutrient s ink ,  trapping 

and storing nitrogen and phosphorus compounds i n  the sediments of the 

estuary. The same physical processes involved i n  this function would 

also trap and concentrate toxic ions contained i n  geopressured f l u i d s ,  

creating persistent detrimental effects. 

For example, estuarine fauna and f lora  are adapted t o  withstand 

Similarly, spills of brines i n  the watersheds of fresh-water eco- 

systems could also have long-term effects as toxic ions accrue i n  and 

recycle from the sediments of fresh-water systems. In addition, fresh- 

water organisms are osmotically adapted t o  low salinities and therefore 

sensitive to a w  waste brines. The destruction of fresh-water flora and 

fauna from an accidental brtne spill could extend downstream u n t i l  d i lu -  

tion would br ing salinities into sublethal range. 

Brine spillage i n  saline marshes would k i l l  vegetation i n  the area 

of the spill, bu t ,  because saline marshes are frequently flushed by 
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ti dewaters, this ecosystem 

dynamic ecosystems. Brine release i n  fresh-water marshes would destroy 

the indigenous b io t a  and thereby make the area unattractive t o  waterfowl. 

Brines would tend t o  remain longer i n  the fresh-water marsh system t h a n  

saline marshes because of less flushing from local f looding.  The period 

I d  recover more kly than other less 
W 

* 

of recovery of the fresh-water marshes would depend on the height and de- 

gree o f  local f looding ,  as well as the amount of spillage. 
- 

Brines, i f  spilled i n  bottomland forests, would destroy vegetation 

i n  a limited area b u t  could be transported i n t o  surrounding waterways 

d u r i n g  h igh  water periods or by runoff. Recovery Of mature forests 

would be very slow. 
would be more easily contained t h a n  i n  wetland ecosystems. Adverse impacts 

would be confined t o  the area i n  the immediate vicinity of the spi 11. 

In the upland,  terrestrial ecosystems, brine spills 

e. Air Qual i ty  Impacts 

The discussion below is limited t o  the effects of air quality degre- 

da t ion  on the b io ta  of the study area. General impacts from the atmospheric 

re1 ease of tox ic  substances dur ing  geopressured resource development are 

addressed i n  Section V.  Air quality impacts on biota  are not  considered 

as significant as the impacts giscussed above. Gaseous emissions are 

expected t o  disperse more rapidly t h a n  liquid effluents. Also, the amounts 

of atmospheric emissions t h a t  ould be released, either dur ing  noma1 

operation or accidentally, will be very small tn  comparison t o  liquid 

eff 1 uents . 
The gaseous emissions of concern i n  terms of their effects on biota 

are: (1)  cooling tower exhaust-air, nearly saturated w i t h  water and 

containing corrosion inhibitors such as silicates; and (2) the main 
condenser purge stream--the noncondensi bles from the main condenser W 



(methane, C02 and possible trace amounts of H2S and NH3) and water vapor 

(Wilson, et. at . ,  1977). Drift deposition of the cooling tower exhaust 

could harm vegetation i n  the vicinity because of the sodium and chloride 

ions. The main condenger purge stream is routinely flared. 

geopressured fluids contain significant amounts of H2S or NH3, small 

amounts of sulfur oxides or nitrogen oxides will be released t o  the 

atmosphere, w i t h  deletorious effects on vegetation. 

If the 

The vegetation o f  upland, terrestrial ecosystems i s  more sensitive 

and less resilient t o  airborne pollutants than the vegetation i n  wet- 

land ecosystems. This i s  due generally t o  the more constant edaphic 

conditions t h a t  exist i n  upland ecosystems. For example, sulfide air 
po l lu t ion ,  which i n  the marsh ecosystem would be quickly assimilated 

and/or precipitated, would either directly damage upland vegetation; or, 

if washed by rain i n t o  the soil, would tend t o  effect long-term changes f n  

normal p l an t  succession. 

f .  Other Impacts 

Wetland ecosystem biota could be adversely affected because of 

temperature changes i n  their h a b i t a t  (S t .  Amant, personal comnunication, 

1977). These changes would arise sporadi cal ly  because o f  b r i  ne spi 11 s , 
and the like, b u t  would occur routinely as .a result of the transportation 

of brines during a l l  phases of the resource development. In the o i l  and 

gas industry, collection pipelines, if buried a t  a l l ,  are usually buried 

a t  very shallow depths i n  wetland areas. Frequently, these pipelines 

are l a id  directly on the surface and are covered by normal processes 

o f  siltation. With brine temperatures expected t o  average 98' C (209OF) 

a t  the wellhead, the temperature of the water and soil surrounding these 
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pipelines could be raised i n  the immediate viclnity. The cumulative 

impact of these changes due t o  full-scale development of geopressured 

resources could be warming o f  water and soils over large areas. Temper- 

bi 

atures i n  south Louisiana waters and soils during summer months are very 

h i g h  and already near the lethal limit for many species. If significant 

heat reaches the surrounding water and soils from pipelines, the endemic 

communities could be disrupted. Also, migratory aquat ic  animals m i g h t  

avoid the waterway simply because o f  the  heat or subsequent loss of 

oxygen from the water column. 



, 
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8. 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-I. The list is essen- 

tially limited to data requirements with respect to the biota in the 

study area, and to ecosystem functions. Data on air and water quality are, 

o f  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 degredation is occurring due to geopressured 

resource developmens and which aspect of the development is causing the 

degredation. Three classes of studies are out1 ined in Table VII-B-1: 

biological surveys, biological assays, and special studies. All of the 

biological studies should be responsive to the findings of the other sub- 

programs, and particularly to fnputs from the air and water quality pro- 

grams. The surveys provide basic data on the populations o f  plants and 

animals in the study area. Acquisition o f  this data is extremely impor- 

o the overall assessment. Communities of plants and animals are 

indicators of thei vi ronmental conditions and therefore must 

be precisely identified. Fu 

area are economically import 

is conducted through time and coordinated with development activities, 

any harmful biological impa ts can be measured. 

rmore, a number of species in the study 

or are rare and endangered. If sampling 

All ten ecosystem types described in Section VII-A-2 fit together 

within a complex system of interacting parts. Marsh and adjacent estuary 

hd are interacting, while bottomland hardwoods are in close association with 

4 
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Table VI I - f i -1 .  Data requirements f o r  the assessment of impacts on ecosystems. 

OFFSHORE COASTAL UPLAND 

Phytoplankton Fish Fish 
Zooplankton Macroben thos Macrobenthos 
Macrobenthos Meiobenthos Phytoplankton 

BIOLOGICAL Fish Phytoplankton Zoopl ankton 

SURVEY Water qual i ty Emergent vegetation Terres tri a1 vertebrates 
Sediment physi cochemistry Terrest r ia l  vertebrates 

Zooplankton Terres tri a1 vegetation 

Water Qual i ty 
Sediment phys i cochemi s t r y  
Soi l  physicochemistry Soi l  physicochemistry 

Water Qual i ty 
Sediment physi cochemi s try 

N 
0 
P 

Effects of: t f f e c t s  of: t f fects of: 

streams 

1)speci f ic  ions and 1)speci f ic  ions and 1)speci f ic  ions and 

2 heat 
3 dredging 

compounds i n  br ine compounds i n  br ine compounds i n  br ine 

2 heat 2) heat 
3 dredging 3)atmospheri c 
4)atmospheric emissions 

and t e r r e s t r i a l  vegetation 
on selected f ish,  invertebrates, 

reams 
on selected f ish,  
emergent plants and 
macroinvertebrates 

reams BIOLOGICAL 

ASSAYS on selected f i s h  and 
macroi nvertebrates 

Analysis o f  t issues Analysis o f  tissues Analysis o f  t issues 

Primary Product iv i ty inver ts  . and plants) inverts. and plants) 
( f ish,  birds, inverts.) ( f ish,  birds, mammals, (fish, birds, mammals, 

SPEC I AL (phytoplankton) Pr imary  Product iv i ty Primary Product iv i ty 

STUD1 ES plants and phytoplankton) and phytoplankton) 
(emergent vascular ( t e r r e s t r i a l  vegetation 

T c- 
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fres h-wa ter  ecosys terns. And, of course. the marine envi ronment receives 
runoff from i n l a n d  systems. Any single geopressured well field will probably 

encompass two o r  more ecosystem types. The cornunities o f  plants and animals 

i n  each ecosystem, the development activities appropriate i n  t h a t  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 a l l  systems which pipelines and transmission lines 

cross. Coastal development will impact saline marsh, estuaries and ridge 

ecosystems. Inland development will impact bottomland and up land  forests 

and f res h-wa ter  sys terns. 

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 t h a t  are harvested. Macrobenthic 

invertebrates are generally non-migratory. 

ent i re ly  open water, p lanktonic  comunities s h o u l d  a l so  be studied. 

coastal region, studies should include fish, macroinvertebrates, meiobenthos, 

zooplankton, emergent vegetati n ,  and terrestrial vertebrates. In upland 

areas, communities of interest include fish, macrobenthos , phytoplankton,  

I n  offshore areas w h i c h  are 

I n  the 

terrestrial vegetation, and terrestrial vertebrates. 

ments of water chemistry and 11 and/or sediment physicochemistry should 

be made. 

In a1 1 areas , measure- 

Biological assays are studies t o  determine the acute or chronic toxicity 

of pollutants t o  plants and  animals. Possible pollutants of interest include 
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HpS, NH3, SO,, NO,, radon, boron, and other metals. Results from the 

chemical analysis of geopressured f l u i d s  specific t o  each well field may 

enlarge this l ist  or eliminate some components from it. The effects of 

heat on organisms s h o u l d  also be studied. 
Special studies are a l l  studies o f  geopressured development not i n  

the above two classes. These studies should be related t o  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 i n  

this area,but we have budgeted for only two types of studies. Tissue 

analysis of plants and animals will determine i f  specific ions and compounds 

from geopressured development are being accumulated i n  the biota and/or con- 

taminating food sources. Primary productivity measurements of phytoplankton and 

emergent and terrestrial p l an t s  and crops will show if photosynthetic rates 

are being affected by development. 

2. Data Ava i l ab i l i t y  

Previous biological studies i n  south Louisiana are, of course, valuable 

i n  assessing potential geopressured impacts, a1 though they were not designed 

for this purpese. The large number o f  published and unpublished studies 

range from narrow t o  broad i n  scope. The most valuable studies are those 

which concern entire cmunit ies  o f  the biota.  However, there are very few 

studies of this type and these are usually geographically, temporally or  

taxonomically limited. Further 1 imitations of these studies are methodo- 

logical inadequacies and lack of functional components. 

Depending on the si te,  there may be l i t t l e  or extensive biological 

dvl data avallable. The annotated bibilography which follows lists those 
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studies which either a re  ho l i s t i c  i n  approach o r  have extensive bibi l io-  

graphies which can be used to  obtain additional data. Other sources o f  

data include governmental agencies such as U.S. Fish and Wildlife Service, 

U.S. Environmental Protection Agency, U.S. Army Corps of Engineers, U.  S .  

Geological Survey, U.S. Soil Conservation Service, Louisiana Department 

of Wild1 i f e  and Fisheries, Louisiana Department of Conservation, Louisiana 

State  Planning Office; and thesis and reports of Louisiana college and 

university students and faculty. 

Maps. Maps are  useful i n  conceptualizing geographic variation i n  

vegetative zones, so i l  types and other features as  preparation for f i e ld  

work. 

Burk and Associates, Inc., 1976, Louisiana coastal vegetation: 
Louisiana S ta te  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: 
Commission, New Orleans, La. 

Lytle, S. A., and Sturgis ,  M. B . ,  1962, General so i l  areas and 
associated so i l  se r ies  groups of Louisiana: Agricultural Experi- 
ment Station, Louisiana S ta te  University, Baton Rouge, La. 

La Wildlife and Fisheries 

. This group of ferences i s  potentially 

valuable primarily because they contain 1 ists  of additional references 

and/or summarize exis t ing data. Baker and Beckert's (1972) bibliography 

contains 983 references on the Louisiana coastal zone. A valuable anno- 

Gustavson and FicGraw (1977) and a f a i r l y  

An overview of 

, 

bl iography is  found 

complete review of coastal biology i n  Gosselink (1977). 

these references shows several major gaps i n  data fo r  south Louisiana. 

First, previous studies a re  very limited i n  scope. Either a single small 
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taxon was s tudied  or  only one aspect of a taxon was studied. Second, most s 
studies are  geographically limited. Large areas of the' Louisiana coast 

have never been sc ien t i f ica l ly  studied. Thi rd ,  many studies are methodo- 

logically inadequate. Either the studies were not quantitative or  the 

gear used was deficient. 

Bahr, L. M.; and Hebrard, J. J., 1976, Chenier Plain: biological 
characterization: Louisiana State  University Center f o r  Wetland 
Resources, Baton Rouge, La. , Sea Grant Pub1 . No. LSU-SG-TDA-76(t). 

Baker, L. ;  and Beckert, H., 1972, A part ia l  bibliography of the 
ecology and biology of the coast of the G u l f  of Mexico w i t h  emphasis 
on the Louisiana coast: Univ. of Southwestern Louisiana, Lafayette, 
La., Research Series No. 15, Biology. 

U.S. Department of the Inter ior ,  Bureau of Land Management, 1974, 
Environmental and socio-economic baseline data on the G u l f  of Mexico 
coastal zone and outer continental shelf - current and recent research 
on environmental processes and conditions i n  the G u l f  o f  Mexico 
region, vol. 1 ,  2, and 3: U.S. Government P r i n t i n g  Office, Washing- 
ton, D. C. 

Coastal Environments, Inc., Baton Rouge, La., 1976, An environmental 
assessment o f  proposed geothermal well testing i n  the Tigre Lagoon 
o i l  f ield,  Vermilion Parish, Louisiana: fo r  Division of Geothermal 
Energy, Department of Energy, Washington, D. C. 

Gosselink, J. G.  , 1978, Ecological characterization of the Chenier 
Plain: Vol. I ,  Wildlife populations and habitats: Center for  Wet- 
land Resources, Louisiana State  University, Baton Rouge, La. , i n  
preparation. 

Gustavson, T. C.; and McGraw, M. M., 1977, Ecological implications 
o f  geopressured-geothermal energy development , Texas-Loui siana Gut f 
Coast region: the energy resource, Interim Project Report: Bureau 
of Economic Geology, Aust in ,  Texas. 

Gutherz, E. 3. ; Russell, G. M.; Serra, A. F. ; and Rohr, B. A. , 1975, 
Synopsis of the north G u l f  of Mexico industrial  and foodfish industries: 
Mar. F ish .  Rev., 38(7):1-11. 

Shampine, W. 3. , 1971, Chemical , biological, and physical data f o r  
the major lakes and reservoirs i n  Louisiana, Basic Records Report 
No. 5: U.S. Department of the Inter ior ,  Geological Survey, Water 
Resources Division; Louisiana District; and Louisiana Department of 
Public Works, Baton Rouge, La. 
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U.S. Army Corps of Engineers, 1.975, Inventory of basic environmental 
data, New Or1 eans-Baton Rouge metropol i tan area : U. S . Army Engineer 
Topographic Laboratories, Washington, D.C. 

U.S. A m y  Corps of Engineers, 1973, Inventory of basic environmental 
data, South Louisiana: U.S. Army Engineer Topographic Laboratories, 
Washington, D.C. 

U.S. Corps of Engineers, 1973, Inventory o f  basic environmental data, 
South Louisiana, Mermentau River Basin to Chandeleur Sound, with 
special emphasis on the Atchafalaya Basin: 
graphic Laboratories , Washington, D.C, 

U.S. Army Engineer Topo- 

Aquatic and Wetland Studies. Because Louisiana wetland and aquatic 

habitats are unique in the United States in terms o f  extent and biological 

productivity, most biological studies in Louisiana are concerned with these 

ecosystems. Studies included in the list below range from comprehensive 

studies covering large areas (Ferret, 1971 ; Bryan et al. 1974,1975,1976; 

Chabreck, 1972; Palmisano, 1970; and Gosselink et al. 1976) to more limited 

studies covering small areas (Hood, 1970; Reese and Thieret, 1966). 

types of studies are those which compfle fisheries statistics (U.S. Dept. 

Other 

of Commerce, 1974, 1976); those which list taxa and/or discuss their ecol- 

ogy (Douglas, 1974; Lowery, 1974; Thieret, 1972); those which are pro- 

ceedings of symposia (Chabreck, 1973; Newsom, 1968). 

Adkins, G.; and Bowman, P., 1976, A study of the fauna in dredged 
canals of coastal Louisiana: Louisiana Mild1 ife and Fisheries 
Commission, Technical Bulletin, No. 18, New Orleans, Louisiana. 

Bryan, C. F.; Truesdale, F. M.: Sabins, D. S.; and Demas, C. R., 
1974, 1975, A limnological survey of the Atchafalaya Basin: Annual 
Reports, Louisiana Cooperative Fishery Research Unit, School o f  
Forestry and Wildlife Management, Louisiana State University, Baton 

ryan, C. F.; DeMont, D. J.; Sabins, 0. S.; and Newman, J. P., Jr., 
1976, A limnological survey of the Atchafalaya Basin: Annual Report, 
Louisiana Cooperative Fishery Research Unit, School of Forestry and 
Wildlife Management, Louisiana State University, Baton Rouge, La. 
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Chabreck, R. H., ed., 1973, Proceedings of the Second Coastal Marsh 
and Estuary Panagement Symposium: Division o f  Continuing Education, 
Louisiana State University, Baton Rouge, La. 

Chabreck, R. H., 1972, Vegetation, water and soil characteristics of the 
Louisiana coastal region: Agricultural Experimental Station, Bulletin 
No. 664, Louisiana S ta te  University, Baton Rouge, La. 

Conner, W. H.: and Day, 3. W., Jr., 1976, Productivity and composition 
of a baldcypress-water tupelo s i te  and a bottomland hardwood si te i n  
a Louisiana swamp: h e r .  Jour. Bot. 63(10):1354-1364. 

Conner, W. H.; and Day, 3. W., Jr., 1976, Productivity and composition 
of a freshwater swamp i n  Louisiana: Center for Wetland Resources, 
Louisiana State University, Baton Rouge, La. 

Douglas, N. H., 1974, Freshwater fishes of Louisiana: 
l i s h i n g  Division, Baton Rouge, Louisiana. 

Dunhan, F., A study of commercially important estuarine-dependent i n -  
dustrial fishes: Louisiana Wild1 i fe  and Fisheries Comission, Techni- 
cal Bulletin No. 4, Baton Rouge, La. 

Claitor Pub- 

Gosselink, J. G.; Miller, R. R.; Hood, M.; and Bahr, L. M., Jr., eds., 
1976, Louisiana Offshore O i l  Port  environmental baseline study: LOOP, 
Inc., New Orleans, La. 

Herke, W. H., 1971, Use of natural and semiimpounded Louisiana t i d a l  
marshes as nurseries for  fish and crustaceans: 
diss. , Louisiana State University, Baton Rouge, La. 

Unpublished Ph.D. 

Hood, M. A., 1970, A bacterial study of an estuarine environment: 
Barataria Bay: Unpublished thesis, Louisiana State University, Baton 
Rouge, La. 

Juneau, C., 1975, An inventory and study o f  the Vermilion Bay-Atchafa- 
laya Bay estuarine complex: Louisiana Wildlife and Fisheries Comnission 
Technical Bulletin No. 13, Baton Rouge, La. 

Louisiana Cooperative Wildlife U n i t ,  Final Report, 1977, Colonial sea 
and wading b i r d  survey: U.S. Fish and Wildlife Service, Contract No. 
14-1 6-0008-1 187. 

Lowery, G. H., Jr., 1974, Louisiana birds, Third Edition! Louisiana 
S ta te  University Press, Baton Rouge, La. 

Newsom, J. D., ed:$ 1968, Proceedings of the First Marsh and Estuary 
Management Symposi um, Division of Conti n u i  ng Education, Louisiana 
State University, Baton Rouge, La. 

Palmisano, A. W., 1970, Plant comnunity-soil relationships i n  Louisiana 
coastal marshes: Unpubl. Ph.D. diss. ,  Louisiana State  University, 
Baton Rouge, La. 
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Perret, tl. S. , 1971 , Cooperative Gul f  of Mexico estuarine inventory 
and study, Louisiana, Phase IV, Biology: Louisiana Wildlife and 
Fisheries Commission, Baton Rouge, La. 

6d 

Reese, W. D.,  and Thieret, J. W . ,  1966, Botanical study of the Five 
Islands of Louisiana: Castanea, Vol. 31 : 251-277. 

Thieret, 3, W . ,  1972, Aquatic and marsh plants o f  Louisiana: a check- 
l i s t :  Louisiana SOC. Hort; Res., Vol. 13: 1-46. 

U.S. Army Corps of Engineers, 1975, Environmental inventory and impact 
evaluation of maintenance dredging of the Sabine-Neches Waterway: 
U.S. Army Corps of Engineers, Dist., Galveston, Texas. 

U, S. Department o f  Agriculture, So i l  Conservation Service , 1976, Gulf 
Coast wetlands handbook: U.S. Dept. Agriculture, Alexandria, La. 

U.S.  Department o f  Comnerce, National Marine Fisheries Service, Gul f  
Coast shrimp data,  Annual Sumnaries 1965-1975, 1976. 

U.S. Department of Comnerce, National Marine Fisheries Service, Fishery 
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C. PLAN FOR THE ACQUISITION OF DATA FOR THE ASSESSMENT 
OF POTENTIAL ENVIRONMENTAL IMPACTS ON ECOSYSTEM QUALITY 

- -  

1. Introduction 

Since most ecosystem types i n  Louisiana are poorly understood and 

since there i s  so much heterogeneity w i t h i n  any ecosystem, i t  is pro- 

posed that pre- and post-impact studies be broad i n  scope and synoptic 

i n  coverage. Important cornunities w i t h i n  ecosystem types i n  a geo- 

pressured well field must be inventoried through time t o  understand 

the dynamic changes occurring w i t h i n  a yearly cycle. Obviously, this 
is necessary t o  understand whether changes, which may be noted post- 

development, are natural or attributable t o  the development activities. 

Furthermore, the study should include non-impacted, similar si tes t o  

provide a "control". 

Three plans are described below for the assessment of'impacts on 

ecosystem quality: a plan each for offshore geopressured resource 

development; development i n  the coastal region; and development i n  

upland and forest regions, This division accomodates the large 

differences among these regions as t o  bo th  impacts and environmental 

setting. The studies proposed are for  optimum conditions of funding  and 

. p l a n n i n g .  These plans were designed for the first fu l ly  developed geo- 

pressured fields i 

will be required for development activities. 

ch of the three regions. A smaller level of effort 

The general time or performi ng ecosys tem qual i ty studies i s  

he plans for a l l  three regions The schedule given i n  Table 

VII-C-1 i s  keyed t o  the expected t i m i n g  o f  activities as described i n  



Table VII-C-1. Schedule for performing ecosystem quality studies. 

0 1 2 3 
Year 

4 5 6 7 to 24 

Well drilling 

Energy plant 
construction 

Energy production 

Bi 01 ogi cal survey 

Bioassays 

Special studies 

Years 0,  1 = pre-development. 
Years 2 - 24 = post-development. 

N 

c c 
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Section 111. The rationale behind this schedule is as follows: t o  

reduce the cost of ecosystem qual i ty studies i t  i s  proposed t h a t  i n -  

tensive sampling (monthly) be done for only the l i f e  of the project. 

First, an 18 month study will be performed before any development 

occurs t o  establish a baseline for t h a t  particular s i te .  Second, an 

18 month study will be performed d u r i n g  the most intensive portion of 

well field development and power p lan t  construction. T h i r d ,  an 18 

month study will be performed while gas and electricity are being 

generated b u t  after a l l  construction has ceased. Between these 3 

intensive periods of studies there will be a reduced sampling effort 

(seasonally or once a year) for the l i f e  of the project. 

o f  an accidental brine spill or other accidents of s ign i f icant  pro- 

portions, intensive sampling, bioassays, and special studies will be 

resumed a l t h o u g h  they may be more limited i n  scope. 

In the event 

2 ,  Offshore Development 

Offshore development--i .e. i n  marine ecosystems--will have the least 

adverse impacts o f  the three regions except where onshore facil i t ies 

and/or corridors are needed. 

Important comunities i n  the marine ecosystem are phytoplankton, 
zooplankton, macrobenthos and fishes. 

tatively as possible. Water quality and substrate composition should 

be measured i n  conjunction w i t h  biotic sampling. Since i t  i s  possible 

t h a t  geopressured brines will be disposed of  i n  the open G u l f ,  a series 

. of bioassays w i t h  sensitive species should be accomplished under varying 

All should be sampled as q u a n t i -  

conditions of salinity, temperature, 

Sampling Design. For the f i e l d  study, two transects will be 

established perpendicular t o  the shore. One will cut across the center 
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of the proposed d r i l l i n g  field, the second will be parallel bu t  a t  a 

distance away from any possible influence of development. Twenty stations 

will be established and sampled monthly. Three days will be used i n  
sampling offshore each month. The first day phytoplankton, zooplankton 

and benthos will be sampled a t  each station. Replicate grabs will be 

taken from each community. -- In situ chemistry and samples for nutrients, 

ions, and chlorophyll 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 s h o u l d  be used t o  

sample several stations i n  the marsh ecosystems affected. If offshore 

d r i l l i n g  rigs are being used i n  the study area, fishes can be counted 

visually by divers. 

Acute and chronic bioassays will be conducted w t t h  indigenous 

vertebrates and invertebrates. Organisms, including both adult and 

early l i f e  history stages, will be subjected t o  ranges o f  salinity, 

temperature and selected ions characteristic of the local geothermal 

brines. Table VII-C-2 gives the costs for performing ecosystem quality 

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 $2,00O/acre/year on the basis of i t s  productivity; the 

recreational and commercial value of the biota, and other factors. O f  

the three regions, the coastal region is the most vulnerable t o  impacts 

from geopressured resource development, and should be studied extensively.. 

Important comnunities i n  the estuarine and marsh ecosystems include 

fishes, meiobenthos, macrobenthos, zooplankton, Vegetation, and ter- 
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Table VII-C-2. Estimated costs: Ecosystem qual i ty  studies a t  an offshore 
geopressured ' 51  te .  

Year - 

0 1 2 3 4 5 6 7 
ITEM [thousands o f  dol l a r s )  

Salar ies  & Wages 

Pri nci pal 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 .O 26 .O 26.0 
Assistants 34.0 36.0 22.0 42 .O 36 .O 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 

Supplies & 
Expenses 16.0 17.0 12.0 17.0 16.0 12.0 17.0 15.0 

0 - m  --- --- -e- --- Equipmenta 118.0 5.0 3.0 

TOTAL 275.7 169.3 131.7 220.6 165.5 126.6 174.5 164.6 ~ 

I 

aIncludes a l l  f ield and laboratory equipment costs needed t o  perform the i proposed s t u d i  es . I 
I 
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restrial vertebrates. Surveys of these fauna for two years i n  both a 

developed area and a control area are needed t o  d i s t i n g u i s h  normal 

variation from that related t o  geopressured resource development. 

Bioassays w i t h  selected species should also be performed w i t h  both 

brine and a i r  pollutants. 

Sampling Design. S i t i n g  stations will be complicated by the 

heterogeneity o f  habitats w i t h i n  the systems. However, stratified random 

sampling should be a valid approach. Logistical problems are reduced 

compared t o  marine studies, consequently equipment outlay should be less. 

Again, a l l  stations should be sampled a t  least monthly for an 18 month 

pre-impact period study; an 18 month period d u r i n g  the construction 

phase; and an 18 month period d u r i n g  operation. 

take place between these periods and for the l i fe  of the development 

project--20 years from the completion of the energy plant. Sampling 

will require a field team of five t o  seven people for a period of 4 days 

each month. 

seining, beam trawling and w i t h  plankton nets. Macrobenthos i n  open 

water should be sampled w i t h  ponar grabs and i n  marshes by a box corer. 

Meiobenthos should be taken monthly i n  a t  least three sites. A marsh, 

and an open, intertidal water body transect will be located w i t h i n  and 

outside the impacted area. 

composition will be monitored along w i t h  biota collections. Vegetation 

Reduced sampling w i l l  

Fishes should be sampled i n  canals and isolated ponds by 

Changes i n  water quality and substrate 

w i t h i n  the area of intensive activity w i l l  be mapped us ing  transect 

methods. Birds, mamals, and reptiles will be directly censused a t  

least four t imes a year. 

Bioassays us ing  selected organisms will be conducted i n  a manner 

as described under marine studies. Table YII-C-3 gives the costs for 
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--- 0.- 0.- --o o-- Equipment a 83.2 5.0 2.0 

I Table VII-C-3. Estimated costs: Ecosystem qual i ty  studies a t  a coastal i geopressured s i te .  
I 

Year 
0 1 2 3 4 5 6 7 

ITEM (thousands o f  dol la rs )  

Salar ies  & Wages 

Pri nci pal 
Associ a tes 
Assistants 

18.0 18.9 19.8 20.7 21.6 22.5 23.4 24.3 
26.0 26 .o , 26.9 54.0 26.0 26.0 26.0 26.0 

41.0 36.0 18.0 37.0 34.0 34.0 35.0 22.0 
I 
I 

49.5 48.3 
Benefits & 

Overhead 44.7 45.8 38.9 66.3 47.9 38.1 
I 
i 

Travel 16.0 16.0 10.0 20.0 16.0 8.0 16.0 16.0 

16.0 16.0 
Supplies & Expenses 16.0 16.0 10.0 20.0 16.0 8.0 
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acquiring these data for a single geopressured well field i n  the coastal 

region. 

4. Upland and Forest Development 

Productivity i n  upland and forest regions is lower than i n  the 

coastal ecosystems. Therefore, potential impacts will not be as severe, 
i n  general. 

- 

Upland areas and bottomland hardwood forests can be s tudied  using 

the same general methods. Communities of interest include vegetation, 

terrestrial vertebrates, rnacrobenthos, phytoplankton and fish. Variation 

i n  water chemistry and soil chemistry should be monitored i n  this study. 

Biological assays w i t h  selected species of terrestrial and aquatic biota 

should also be performed. 

Sampling Design. Stratified random sampling of aquatic ecosystems 

and transect mapping of terrestrial ecosystems will give baseline and 

post-impact information. 

be a t  least monthly, while terrestrial communities should be studied 

seasonally. 

us ing  seines and electrofishing. Macrobenthos should be sampled w i t h  

Ekman grabs, but  i n  coarse sediments a Ponar dredge should be used. 

Frequency of sampling aquatic resources should 

Fishes of ponds, lakes, and streams should be sampled 

Phytoplankton i n  lakes and ponds will be sampled and diel estimates 

(on a seasonal basis) of primary production 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 w i t h  freshwater organisms w i t h  potentially 

toxic ions from the brine should be undertaken. Since cooling tower 

blowdown may be a problem, ions i n  that effluent should be tested. 

Table VII-C-4 gives the costs o f  acquiring this data for a single 

geopressured we1 1 field i n  upland and/or forest regions. 

U 
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Table VII-C-4. Estimated costs: Ecosystem qual i ty  studies a t  a n  
up land  si te.  

Year 
0 1 2 3 4 5 6 7 

ITEM (thousands of dol la rs )  

Sal a r i  es & Wages 

Principal 18.0 18.9 19.8 
Associates 26.0 26.0 26 .O 
Assistants 34.0 35.0 22.0 

Benefits & 
Overhead 44.7 45.8 38.8 

Travel 12.0 13.0 8.0 

Suppl ies  & 
Expenses 15.0 16.0 10.0 

Equipment a 80.0 10.0 4.0 

TOTAL 229.7 164.7 128.6 

20.7 
54.0 
41 .O 

66.3 

15.0 

18.0 

-0. 

215.0 

21.6 
26.0 
36.0 

47.9 

14.0 

16.0 

.-- 

161.5 

22.5 23.4 
26.0 26 .O 
18.0 37.0 

38.1 49.5 

12.0 15.0 

15.0 18.0 

131.6 168.9 

24.3 
26.0 
34.0 

48.3 

14.0 

16.0 

0.- 

162.6 

aIncludes a1 1 and laboratory equipment needed t o  perform the proposed studies. 
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INTRODUCTION 
R. A. Muller, A. L. Bachman, and R. Hitding 

_ _ - ~ - _  

The economic and cultural resou of the area o f  interest for 

geopressured 

The study area includes 

tracts of wetlands where 

isiana are rich and varied. 

centers as well as large 

en t res i dences . eople maintain pe 

The purpose of  this Sectio is t o  describe the study area w i t h  respect 

t o  these resources and popula t i  atterns , and t o  identify problem 

areas of concern i n  the full-scale development o geopressured resources. 

The subject o f  impa development activi tles: i .e. , 
residential , commercial and industrial  activities as a result of 

s has not been 

is subject was 

'determined t o  be iven time and 

n and interest, 



impacts i n  this area has not been formulated. Such a plan should await 

i n p u t  from research on impacts from ancillary development activit ies.  

In general, impacts on socioeconomic and cultural resources from 

the primary activit ies of geopressured resource development: s i t e  

preparation and construction, 53uid production and disposal , methane 

and electricity production and transportation, are similar t o  impacts 

from o i l  and conventional gas production, Oil and gas production i n  

the study area i s  intensive and has been for several decades. The 

impacts i n  terms of income, demand for community services, growth, 

and the like have been of major significance dur ing  this period. 

Similar impacts from geopressured development will result and add t o  

those a1 ready on-going. 

There are,however, two types o f  impacts from geopressured develop- 

Subsi- ment t h a t  differ markedly from those of o i l  and gas production. 

dence, should i t  occur as a result o f  geopressured f l u l d  production, 

could have important impacts on 1 and use, structures , flooding potential , 
and the like, and i s  of major concern. The area subject t o  flooding from 

storm surges and stream discharge could be significantly increased 

should subsidence occur i n  the low lying, low relief portions of the 

study area. Differential subsidence could result i n  damage t o  structures 

and roads. 

Possible impacts resulting from subsurface f l u i d  disposal: i .e. 

breeching of abandoned wells , leakage in to  fresh-water aquifers, are 

unique t o  geopressured operations i n  t h a t  the volume of spent f l u i d  

is so much greater t h a n  o i l  and gas field brines. Brine spi l ls  and 

ground-water contamination could impact on land and water uses i n  the 

study area. Of particular concern are the ground-water resources 

c 

bi 
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used for irrigating rice crops i n  the south-central and southwest 

portlons of the study area. 

Natural hazards SUC 

h i g h  winds and tornadoes, 

nd accompanying storm surges , 
ter flooding are also dis- 

as industry. i n  south Louisiana 

s for these occurrences. as devel oped procedures 

rtheless, weather events s t i l l  pose hazards t o  l i fe  

and equipment. More important to  this research is the degree o f  

flooding from storm surg 

study area. Floo iably increased i n  

extent should sub essured operations. 

e r  runoff that occurs i n  the 

law- Other 

particularly zne seczions on orogicai eTTec1;s [aeccion IVI, a i r  ana 

I t i t y  (Section VII). 
1 

I 

I 

I 



! 
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B. LAND USE 

Historically, land use i n  south Louisiana has been mostly determined 

por tuni  t ies  and natural environment. Settle- 

development occ ocene terraces , natural 

idges , and chen ands were utilized 

c t iv i t ies  as f . Within this century human 
I 

I 

I 

I 

activity has greatly altered the natural s i tua t ion .  The Mississippi and 

Atchafalya Rivers have been control led for purpos I 

flood protection by channel i t a t ion  and the 

ork 

por tuni  t ies  and natural environment. Settle- 

development occ ocene terraces , natural 

idges , and chen ands were utilized 

c t iv i t ies  as f . Within this century human 
I 

I 

I 

I 

activity has greatly altered the natural s i tua t ion .  The Mississippi and 

Atchafalya Rivers have been control led for purpos I 

flood protection by channel i t a t ion  and the 

ork 
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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-8-1). 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. 

shows this to be true especially in the coastal parishes--the area of prime 

interest for geopressured development. Since the type of jobs associated 

Figure VIII-6-4 

with geopressured operations are expected to be similar to those associated 

with oil 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.VM1-6-2 Louisiana parishes by rate  o f  growth, 1970-1976. 
(From U.S. Department o f  Commerce, 1977?). 
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Fig. VIII-B-4. Mining as a percent o f  t o t a l  parish employment. (From U.S. Army Corps of Engineers, 1976). 

a 1-1 Less than 1 percent 

C c 
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areas: a strip along the Mississippi Riv  

of Baton Rouge and New Orleans, and i n  the Lake Charles area i n  Calcasfeu 

parish . Oi 1 refineries and petrochemi c 

activities i n  both these a 

Figure Y I I I-B-5 shows thes 

construction, and mining are also of major importance i n  the study area. 

(Mining i s  discussed i n  Sectio VIII-B, below). 

Several geopressured prospect areas are located w i t h i n  o r  near these 

een the major urban centers 

pment is being encouraged. 

ured operations 

lready high i n  

these areas, is o f  some concern. 

o u t h  Louisiana. I t  is a 

study area, as 

cadia , Ascension, 
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Fig . V I  I I-B-5. Payroll s i n petrol eum and chemi cal s . (From Newton, 1972). 

Chemical and 

Li 
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5.  Recreation 

Considerable land and water acreage i s  set aside in south Louisiana 

e i n  the area. The 

s and state and federal 

wi Id1 i f 

primary gement areas. 

and fishing are the 

refuges and wild- 

i fe  manaqement are rimarv source of income from these 

pment activities 

S OT erse enecrs on recreaci ona an ni  ny Troiii yeo- 



9. VIII-B-8. Louisiana state recreation land ,  south Louisiana. (From U.S. Army Corps o f  Engineers, 1976). 

+ Tourist Information Sta 

e State  Fair Grounds 0 Wayside Park 
I Roadside Rest Area 4 State  Forest 
A Public Boat Launching R a m p m W i l d l i f e  Management Area 

0 Health Resort Wi ld l i f e  Refuge 
a Histor ic  Site  
(9 Honuments 

Fish Hatchery 

N 
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i t  occur, and of accidental brine spills .  The large extent o f  pipeline 

required to transport geopressured fluid to the energy plant and back 

to disposal wells i s  also of some concern in that surface disruption 

i s  likely t o  be quite high i n  wetland areas. 
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1 C. RESOURCES , 

6d 1 e Renewable Resources 

Chief among t h  outh Louisiana are fish and 

ercial species are shown i n  

omercial landings listed i n  

Table. VIII-C-1. Th was described 

i n  Section B, above 

Game is also an important resource, both commercially and recreation- 

ercial fur take i n  Louisiana i n  1976 was 

ra t  accounting f o r  $10.5 million o f  

The. coastal marshes 

ally. The total Val 

$13.8 mil l ion w i t h  n 

this amount’(La. O f  

I 

P1 anni ng , 1 977) 

rat. Water fowl are also 

oortant-commercfal and mor t  anima s ta l  marshes . 
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TIC CROAKER 
ATLANTIC CROAKER 

SILVERSIDE MENHADEN 

su CAT 

FISH ERI. ES 

Fig. VIII-C-1 
Main Commercial 

Species 
(From Newton, 1972) 

L L 

TABLE VIII-C-1. Value of Louisiana commercial landings, fish and 
1 shellfish, 1975. (From La. State Planning Offlce, 1977). 
I 

Species Dol 1 a r  Vat ue 

Menhaden 
Catfish & Bullheads 
Sea Trout, Spotted 
Buffalofish 
Drum 
Shad 
Other 
TOTAL FISH 

Shrimp 
Oysters 
Crawfish 
Crabs 
Other 
TOTAL SHELLFISH 

29,379,319 
2,615,550 

695,978 
395,868 
329,624 
72,991 

1,300,030 
34 , 789 , 360 

40,967,755 
7,174,309 
3,330,942 
2,510,033 

21 3,304 
54,196,343 

GRAND TOTAL 88 , 985,703 

u 
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if  i t  should occur dur ing  geopressured operations, could result i n  

considerable land loss i n  the f l a t ,  low-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 t o  inundation from subsidence. 

Harrell, i n  his research on legal aspects of geopressured resource develop- 

ment (1978), believes t h a t  this situation could result i n  legal 

action by individuals o r  the State seeking injunctive relief from the 

effects of  the geopressured operation. Subsidence effects would be 

likely t o  be construed as resulting from the normal operations of the 

ent, so injunctive relief would mean closing down the operation. 
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Fig,  VIII-C-2 
MINERAL PRODUCTION 

(From Newton, 1972) 

Northern 1 i m i  t, geopressured prospects 
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The o i l  and gas resources of Louisiana are not only vi ta l  i n  terms 

of national interests: /4 of the o i l  and 1/3 of the 

natural gas produced source of income 

t o  the State. Severa measure of this economic 

impact. O i l  and gas accounted for over $500 million i n  severance taxes 

pa id  i n  1976-903 of a l l  sever 

State Planning Office, 1977). Tab1 

study area and their ranks i n  terms of severance tax collections. 

Asterisks denote those parishes i n  which prime geopressured prospect 

areas are located ( top ranked 20 o f  63 prospects). 

es paid for mineral extraction (La. 

11-C-2 lists the parishes i n  the 
. .  

I t i s  clear from t h  prime- geopressured prospects coin- 

cide w i t h  Major hydrocar parishes. Protection of o i l  
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TABLE VIII-C-2. Parishes i n  the geopressure prospect area by rank u o f  1976 severance tax col 1 scti ons . 
La. S ta te  Planning Office, 1977). 

(Adapted from 

Parish Ranka 

P1 aquemi nes 1 
"Terrebonne 2 
*St. Mary 3 
tafourche 4 

*Iberia 5 

*Cameron T 
St. Charles 8 
3 ef f erson 9 
Acadia 10 
Jefferson Davis 11 

* S t .  Martin 12 

*Vermi 1 ion 6 ! 

*As sump ti on 13 
*Cal casi eu 14 

I b e r v i l l e  15 
. St .  Landry 16 

21 
26 

Evanqel i ne 
St .  Bernard 
Poi nte Coupee 27 

30 
33 

Ascension 
St .  James 

St .  John the Bapt is t  40 
A1 len 41 

Beauregard 34 

. West Baton Rouge 47 
East Baton Rouge 49 
St. Tammany 52 
L i  v i  ngston 55 
Tangi pahoa 59 
Or1 eans 60 

"Total number of parishes ranked: 
*Location o f  t o p  20 ranked geopressured prospects 

64 
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e VIII-C-3 shows. the distribution of archeological sites in 

rn portion o f  e study area. cheologists have recorded 446 

archeological sites in the marsh areas (Neuma 

sites are shell middens dating from Paleo-Indian, imes through historic 

times; but mounds, camp ar and village sites 

the archeological sites in coastal marshes have not been investigated. 

Because o f  rapid disappearance of t 

human activity, the value of those that remain has become more apparent. 

Geopressured development will have to be undertaken so that archeological 

1977): Most of these 

ites due to natural causes and 

Areas o f  ecological 

ent areas and 

_ ~ _  . .__ 

Val Geoaraahii New Or1 eans . . - - . - - -. - . . - -. . - a -  -r-- - -  _ _ _  -- 
Asiociates, In ntory by parish- 
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(questionnaires were used) including recreational faci l i t ies ,  
historical , cultural and tourist features, archaeological 
sites , and devel opme particular concern. 

Burk & Associates, I na Coastal Resources Inventory, 
Volume 2, Impac ew: . New Orleans, Burk & 
Associates, Inc inventory o f  federal, state,  
regional and me es and their plans and projects 
which affect the coastal zone 

Burk  & Associates , Inc. , Louisiana Coastal Resources Inventory, 
Volume 3, Significant Coastal Plans d Projects: New Orleans, 
Burk & Associates, Inc., June, 1975. An analysis o f  completed, 
under construction and proposed proj ts which may have-a 
significant impact on the coastal area. 

Burk  & Associates, Inc. , Louisiana Coastal Resources Inventory, 

1 977. 

I 

I Volume 4, Parish Maps: Orleans, Burk & Associates, Inc., 
I 



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. .. 

U 

Coastal Environments, Iw., 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 devel opment. 

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, cut tural 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 a1 . , 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., et al., Coastal Zone Management in the 
Metropol itan 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 metropol itan New Orleans region--Jefferson , 
Orleans, S t .  Bernard and St. Tammany--in an attempt to lead to 
judicious uti1 ization of the resources in the Louisiana coastal 
zone. 
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I MumPhrev. Anthonv J.. et al.. OCS Develoment in Coastal Louisiana: 

b, 
A Soci&Economi< Impact Assessment: New Orleans , Urban Studies 
Institute, University of New Orlean 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 f urban development in wetlands, 
local planning capabilities In he coastal zone and citizen 
involvement in coastal plannin 

Mumphrey, Anthony J., et al., Urban Development in the Louisiana 
Coastal Zone: Problems and Guidelines: Ne rl eans, Urban 
Studies Institute, University of New Orlean December, 1 976. 
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- 

Renner, James R.,  The Coastal Zone: An Overview o f  Economic, 
Recreatjonal and Demographic erns : Baton Rouge, Louisiana 
State Planning Office, Novem 

I 
I 

I 
jected demands for selected 1 and needs through 1985. 
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as identifying industrial s i te  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. 

U 
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u D. NATURAL HAZAR 

Many of the natural hazards i n  south Louisianan that could 

affect the construction and opera on o f  geopressured fac i l l t i es  are 

gical events. These 

ing  storm surges, freshwater 

and l i g h t n i n g ,  freezing weather, 

and fog. Although some of these event 

destructiveness and/or relative frequency, constitute. greater 

due t o  their potenti a1 

than others, they a l l  r resent conditions that might  cause 

del ays and shu t - i  ns Hurricane 

accompanying s tom su 

geopressured faci 1 i ti 

l e  force winds and 

anger the lives of personnel a t  

and gas industry i n  

Louisiana has g In protecting 
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u An impact such as flood damage t o  communities due t o  subsidence 

dur ing  geopressured operations represents a worst case situation. As 

discussed fully i n  Section. I V ,  subsidence cannot be predicted a t  

this time-ei ther i ts  occurrence or the amount of subsidence--i n 

geopressured development. However, i t  is  important t o  review the 

environmental setting of the study area w i t h  respect t o  this possible 

impact. Meteorological events of concern i n  terms of both flooding 

hazards and damage t o  geopressured faci 1 i ti es are discussed below. 

1 Hurricanes and Accompanyi nq Storm Surges 

The 'possibility of a hurricane or tropical storm entering the 

south Louisiana region is the greatest natural threat t o  human activity 

and the environment. The destructiveness of a hurricane arises not 

only from i ts  strong winds, w i t h  speeds of up t o  320 km/hr (200 mph), 

b u t  also from the surge of seawater pushed ahead of t h e  storm by the 

intense counterclockwise circulation about  i t s  center. Storm surges 

on the Mississippi G u l f  Coast dur ing  Hurricane Camille (1969) reached 

as h igh  as 7 meters (23 feet)  (U.S. A m y  Corps o f  Engineers, 1970). 

Figure VIII-D-1 shows the extent of f lood ing  i n  coastal Louisiana from 

Hurrjcane Audrey i n  June 1957. 

winds (over 120 km/hrs) extend i n  a 160 km (100 mi) diameter around the 

In an average hurricane, hurricane force 

central eye; and gale force winds (60-120 km/hr) extend about 560 km 

(350 m i )  from the storm center (Dunn and Miller, 1960). Thus,  while 

areas directly i n  the track of the storm often suffer heavy losses i n  

human lives and property, a hurricane ca effect destruction over a 

relatively wide area. The damage caused by Hurricane Camille totaled 

h7i over one bi 11 ion dollars $500 m i  11 ion o f  i t  i n  the Gulf  Coast area; 

along w i t h  the loss of 262 lives, including 137 i n  Mississippi and 9 

i n  Louisiana (U.S. Army Corps of Engineers, 1970). 



, . .. ..... . I ~ ~ ,... ~ .... . ... ...,... . . . . 

m s  ri cane Audrey. 

‘HURRICANE S T U V  
COASTAL LOUISIANA 

sCA@ AS SHOWN 
cows or IENoINEERS, U.S. ARMY 

OVFICL OF T M  DISTRICT ENGINEER NO. 
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From 1900-1 976, 36 hurricanes crossed the Louisiana coast or LJ 
passed close enough t o  nflict dampge: a return period of about once 

every 2 years. The National Weather Service has kept records of the 

meteorological details of these storms as well '0's general information 

as t o  losses (NWS, Hurricane Center, Miami , Florida) More thorough 

reports on major hurricanes are compiled by the U.S. Amy Corps of 

Engineers (Camille, 1970; Betsy, 1966; Audrey, 1958). The Corps have 

also organized a history of hurricanes and tropical storms i n  coastal 

Louisiana w i t h  breakdowns according to area and extent of damages 

(US. AT Corps of Engineers, 1972). 

Local and regional authorities working i n  cooperation w i t h  

federal pgencies such as the Corps of Engineers and the National 

Weather Service Hurricane Center i n  Miami, have constructed levees 

and other structures for hurricane proteetion and devised a forecast 

warning network as well as a plan of eme,rgency procedures to  follow 

. i n  the event of a hurricane. General precautions often include an 

evacuation of offshore faci l i t ies  and low-lying coastal areas, and 

a shutdown of vulnerable d r i l l i n g  operations. 

. Hurricanes occur only i n  summer and fa l l :  the official 

.hurricane season lasts from June -1 - November 30. Th-e peak month 

i s  September. 

2. Fresh Water Flooding 

The potential flooding of the Lower Mississippi River Basin 

represents a grave hazard i n  south Louisiana. One of the world's 

largest river systems, the Mississippi and i ts  tributaries drain over 
GiIJ 
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2.59 million km2 (1 million m i 2 ) ,  w i t h  an annual discharge through 

Louisiana t h a t  averages a1 

Flood conditions a re  brought about by excessive winter and sp r ing  

precipi ta t ion and resu l tan t  runoff throughout the various sub-basins 

of the Mississippi River, such as- the Ohio, Tennessee, and Arkansas 

River basins. Peak lood stages i n  ouisiana usually occur i n  l a t e  

winter and ear ly  sp r ing  and sometim 

u t 450,000 millioh gals/day (700,000 cfs ) .  

persist i n to  l a t e  spr ing .  
.In 1927 the most devastating flood of this century happened i n  
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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 a t  the same location, 

b u t  tend to be spring weather events. The flood on the m i t e  River 

i n  1977, i n  which the river stage a t  Denham Springs,  Louisiana 

reached almost 0.6 meters (2 feet) above record flood leyels, 

resulted from an intense four day rain dur ing  which over 30 cm (12 i n )  

of water .fell a t  several sites w i t h i n  the watershed cU,S,fi,S., T9771, 

Data on Louisiana floods can be found i n  Neely (1976)- 

Storm rainfall capable of causing local flooding is sometimes 

associated w i t h  tropical disturbances such as hurricanes. T h i s  type 

of flooding should be distinguished from the flooding caused by 

storm surges. 

3. : Tornadoes 

Tornadoes, the most violent of a1 1 meteorological phenomena, 

have been sighted i n  a l l  sections of Louisiana, b u t  appear to have 

their greatest frequency i n  the northwest part of the state. They 

have been reported dur ing  a l l  months o f  the year w i t h  about 50 per 

ceat of the total number (444 from 1916-1968) occurring from 

February through May. Peak tornado activity has been i n  A p r i l ,  and a 

secondary peak comes i n  November. Louisiana storms show a tendency 

to occur i n  the afternoon and early evening (Cry, 1969). # 
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LJ Most tornadoes evolve out o f  i ntense thunders toms and squall 

lines, t h a t  form i n  the warm sector adjacent t o  winter and spring 

cold fronts. Somewhat less severe, b u t  nonetheless dangerous 

tornadoes are often spawned by hurricanes (Novlan and Graw, 1974) . 
T h e  most. damaging Louisiana tornadoes, a t  M i  nden i n May 1933, .and 

a t  Larose i n  October 1964 claimed 23 and 22 lives, respectively. 

The  Larose storm was associated w i t h  Hurricane Hilda. 

The return period for  tornadoes a t  a given p o i n t  i n  Louisiana is 

about  once. i n 1100 years 1964). L t .  should be noted t h a t  the 

nadoes reported i s  almost certain1 omewhat less  than  

touch down i n  

tornado warnings 

Weather Service 
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5. Freezinq Weather and Fog c, 
The occurrence of freezing temperatures (below O O C )  has an 

adverse effect on agricultural activit ies and many industrial opera- 
- .  

ti ons . South Louisiana experiences some days w i  t h  freezing temperatures 

every year. There is  often a considerable difference i n  the number 

o f  freeze days a t  coastal versus inland sites due to the moderating 

8: 

effects of the G u l f  o f  Mexico. For example, i n  the winter of 1969-70 

most coastal s i t e s  i n  Louisiana recorded no more. than 10 freezes, 

while a n  inland site, such as Baton Rouge, had approximately 30 

(Muller and Wax, 1977). A publication on freeze probabilities t h a t  

may be useful i n  Tong-range planning has been prepared by Cry (1968). 

Winter and s p r i n g  are the foggy seasons i n  south Louisiana; , 

fog is virtually absent i n  summer and f a l l .  The more typical fog 

situation occurs when warm, moist a i r  from the G u l f  of Mexico flows 

over the cooler land surface and the water vapor condenses. This  is , 

called advection fog. Radiation fog, which results from overnight 

cooli,ng of the land surface and the a i r  above i t  to i ts  dewpoint 

temperature, also occurs. 

i n  Louisiana. 

Smog is not  considered a serious problem 







295 

hd I X  . REFERENCES 

Adams, R. D., Barrett ,  B. B., Gane, B. W. ,  McIntire, W. G, ,  1476, 
Barataria Basin: Geologic processes and framework: Louisiana 
Coastal Resources Program, S ta te  Planning Office, Baton Rouge, 
Louisiana. 

Bates, Robert, Chief Geologist, Louisiana Department of Natural 
Resources , Office o f  Conservation, personal communication, December 
1977. 

Bebout, 0. G., Agagu, 0. K., and Dorfman, M. H. ,  1975, Geothermal 
resources, Frio Formation, middle Texas G u l f  Coast: Geol. Circ, 
75-8, Bureau of Economic Geol ogy , University o f  Texas, Aus ti n , 
Texas , 43p. 

Beck, C.. B,, Cabot Corporation, personal communication, December 1977. 

Bernard, William J.,  Professor, Petroleum Engineering Dept. , Louisiana 
S ta te  Uni versi ty  , personal communi cation December 1977 , February 1 978. 

Bernard, W .  3. , 1977, Preliminary results of earch: Site specific 
investigations of the geopressure energy resource of southern Louisiana: 
Petroleum Engineering Dept. , Louisiana State  University, Baton Rouge, 
Louisiana. 

Bogomol ov , Y . C., 1967, Geotemp 
Hydrology Bul l .  , Dec. 1967, p. 86-9 

Brown and Root, Inc. , 1976, Gul 

Assoc. Scientific 
i 



296 

W Chauviere, Arnold, Assistant' Commissioner o f  Conservation, Louisiana 
Department o f  Natural Resources, Of f ice o f  Conservation, personal 
communi cation, December 1977. 

Chin, E. H., et.al., 1975, The 1973 Mississippi  River Basin flood: 
Compilation and analyses o f  meteorological , streamflow, and sedi- 
ment data: U. S. Geological Survey, Professional Paper No. 937, 
Government P r in t i ng  Off ice, Washington, D. C. 

Christopher, Robert, D i  rector  o f  Research, Uni ted Gas P i  pel i ne 
Company , personal communi cation, November 1977. 

Coerver, James F., Director, Louisiana Department o f  Health and 
Human Resources, personal communication, December 1977 

Court, A., 1973, The climate o f  the conterminous United States: i n  
Bryson, R. A., and Hare, F. K., eds., Climates o f  North America, 
Elsevier Publishing Co. , Amsterdam, The Netherlands. 

Craig, N. J., Turner, R. E., Day, J. W., Jr., 1977, Cumulative 
impact studies i n  the Louisiana coastal zone, Par t  11: Land loss: 
Louisiana Coastal Resources Program, State Planning Office, Baton 
Rouge, Louisiana. 

Cry, G. , 1968, Freeze probabi 1 i ti es : 
sion Service, Baton Rouge, Louisiana. 

Louisiana , Cooperative Exten- 

Cry, G . , 1969, Louisiana tornado record 191 6-1 968: mineographed 
copy, Department o f  Geography and Anthropology, Louisiana State 
Universi ty , Baton Rouge, Louisiana. 

Dunn, G. E., and M i l l e r ,  B. I . ,  1960, A t l a n t i c  hurricanes: 
State Universi ty Press, Baton Rouge, Louisiana. 

Durham, Clay O., President, Magma Gulf Company, personal communication, 
December 1977. 

Louisiana 

Evans, D. M., 1970, The Denver area earthquakes and the Rocky Mountain 
Arsenal disposal we1 1 : Engi neeri ng Sei smol ogy : The works o f  man : 
Engineering Geology Case Histories, No. 8, p. 25-32. 

Everette, Chuck, DOE Operations Manager, Bayou Choctaw Strategic 
Petroleum Reserve Program, personal communication, March 1978. 

Fielder, E. R., and Harrison, D, P., 1977, The impact o f  fue l  switching 
on Louisiana a i r  qua l i t y :  
Of f ice o f  Conservation, Baton Rouge, Louisiana. 

Frankenfield, H. C., et.al., 1927, The f loods o f  1927 i n  the Mississippi  
Basin: Monthly Weather Review, Supplement No. 29, Government P r in t i ng  
Off ice, Washington, D. C. 

Louisiana Department o f  Natural Resources, 



297 

Gabrysch, R. K., and Bonnet, C. W., 1974, Land-surface subsidence i n  
the area of Burnett, Scott ,  and Crystal Bays near Baytown, Texas: 
U, S. ‘Geological Survey, Water-Resources Inventdry, 21-74, 48p. 

Gabrysch, R. K., and Bonnet 
the Houston-Gal veston regio exas: Report No. 188, Texas Water 
Development Board, 19p. 

Gagliano, S,  M., and van Beek, J .  L., 197 
aspects of de l t a i c  processes , Mississippi 
and Geologic Studies of Coastal Louisiana 
Wetland Resources , Louisiana S ta te  University, Baton Rouge, Louisiana. 

Gambolati, G, 1977, Stress-strain hree-dimensi onal 
pumped aquifers by the finite element method: Finite Elements i n  
Water Resources , Proceedings , First International Conference on 

W 
. W., 1975, Land-surface subsidence i n  

gic and geomorphic 

e t i da l  marsh: Sea 
and Resources , Loui si ana 

w a n w i n c  n c Ham Y P I nawnnnn Y P ann K a r w a i i T c .  II I. - I Y J ~ -  



298 

Harrell , Thomas A., Professor, Law Center, Louisiand State University, 
personal communication, January 1978. 

Harrell , T. A., 1978, Legal problems i n  the development of geopressured 
resources i n  Louisiana: Report submitted t o  Division of Geothermal 
Energy, U. S. Department of Energy, Washington, D. C. 

Hawkins, M. F., Jr., 1977, Investigations on the geopressure energy 
resource of southern Louisiana: Final Report, ERDA Contract EY-764- 
05-4889, Petroleum Engineering Department, Louisiana State University, 
Baton Rouge, Loui si ana. 

Herring, Joe, Chief, Game Division, Louisiana Department of Wildlife 
and F i  sheri es , personal communi cation, December 1 977. 

Holdahl, S. R.,  and Morrison, N. L., 1974, Regional investigations of 
vertical crustal movements i n  the U. S. using precise relevelings 
and mareograph data: Tectonophysics, Vol . 23, p. 373-399. 

Holzworth, G. C., 1972, Mixing heights, wind speeds, and potential for 
urban air pollution throughout the contiguous United States:  Government 
Printing Office, Washington, D. C. 

Hornburg, C. D., 1975, Geothermal resource u t i  1 i zation--Paper and cane 
sugar industries:  Proceedings, First Geopressured/Geothemal Energy 
Conference, Center for Energy Studies , University of Texas, Aus t in  , 
Texas, p. 233-262. 

Hsu, S. A. , 1976, Atmospheric dispersion characteristics i n  the 
Louisiana coastal zone: Sea Grant Publication No. LSU-T-76-011 ( t )  , 
Center for Wetland Resources, Louisiana S ta te  University, Baton Rouge, 
Louisiana. 

Huggett, G. R. ,  and Slater, L. E.,  Precision electromagnetic distance- 
measuring instrument for determining secular strain and f a u l t  
movement: Tectonophysics, Vol. 29, 1975. 

Hunt ,  T. M., 1970, Gravity changes a t  Wairakei geothermal f i e l d ,  

Jones, P. H., 1969a, Hydrodynamics o f  geopressure i n  the northern G u l f  
o f  Mexico Basin: J. Petroleum Technology, Vol. 21, No. 7, p. 803-810. 

Jones, P. H., 1969b, Hydrology of Neogene deposits i n  the northern 
G u l f  of Mexico Basin: 

New Zealand: Geol. SOC. America Bull . ,  Vol. 81, p. 529-536. 

Louisiana Water Resources Ins t i t u t e ,  Bulletin 
GT-2, 1 0 5 ~ .  

Jones. P. H., 1975, Geothermal and hydrocarbon regimes, Northern Gulf  
of Mexico Basin: Proceedi ngs , First Geopressured-Geothermal Energy 
Conference, Center for Energy Studies, University of Texas, A u s t i n ,  
Texas, p. 15-89. 



I 299 1 

i 
i 

I 

Karkalits, 0. C., Professor, C 
University , personal communication, November 1977. 

Karkalits, 0. C., and Hankens E. ,  1978, Chemical analysis  of gas 
dissolved 5 n geothermal water a south Louisiana we1 1 ; Proceedings , 
Third Geopressure-Geothermal Energy Conference, University of South- 
western Louisiana, Lafayette, Louisiana, Nov. 16-18, 1977, i n  press. 

Kazmann, R. G. , and Heath, M M . ,  1968, Land 
ground water offtake i n  the w Orleans area 
Coast Association of Geological S 

Kruger, P., and Otte, C., 1973, G : Stanford University 

LaFleur, Robert, Secretaty, Stream Control Commission, Louisiana 
Department of #i 1 d l  i fe and Fisheries , personal co u n i  cation , November 
1977. 

Lewis, Anthony J., Associate Professor, partment of Geography and 
Anthropology, Louisiana S ta te  University personal communi cation, 
December 1977 . 

i s t r y  Department, McNeese S ta te  w 
i 

ransactions , G u l f  
8, p. 108-113. 

I Press, Palo Alto, California. 



300 

Louisiana Stream Control Commission, 1978, Location of LSCC water 
qual i ty  stations: available from Louisiana Stream Control Commission, 
Baton Rouge, Louisiana. 

McIntire, W. 6.  , et.al. , 1975, A rationale f o r  determining Louisiana's 
coastal zone, Report No. 1 ,  Coastal Zone Management Series: Sea Grant 
Publication. No. LSU-T-75-006, Center for Wetland Resources , Louisiana 
State  University, Baton Rouge, Louisiana. 

Minott, J .  D. ,  Ashland Chemical Company, personal communication, 
January 1 978. 

Muller, R. A . ,  1975, Freshwater potential i n  the Louisiana coastal 
marshes and estuaries: Geoscience and Man, Vol . 12, June 20, 1975, 

Muller, R. A. , 1977, A synoptic climatology for environmental baseline 
analysis : 

Muller, R. A , ,  and Wax, C. L., 1977, A comparative synoptic climatic 
baseline for coastal Louisiana: Dept. of Geography and Anthropology, 
Louisiana S ta te  University, Baton Rouge, Louisiana, unpublished. 

Muller, R. A., and Wax, C. L.,  1978, A comparative synoptic climate 
baseline for coastal Louisiana: 

p. 1-7. 

New Or1 eans : Journal of Appl ied Meteorology , Vol . 16, 
NO. 1 ,  p. 20-33. 

Geoscience and Man, Vol. 18, p. 121-129. 

Murphy, K. E., et.al., 1977, Soil survey of Lafayette Parish, Louisiana: 
Soi 1 Conservation Service, U. S. Department of Agriculture, i n  coopera- 
t ion  w i t h  Louisiana Agricultural Experiment Station, Louisiana State 
Universi ty ,  Baton Rouge, Louisiana. 

Murray, G. E., 1961, Geology o f  the G u l f  and Atlantic coastal province 
of North America: Harper & Bros., New York, 629 p. 

Neely, B. L. ,  1976, Floods i n  Louisiana: magnitude and frequency, 
3rd edition: Louisiana Department of Highways, Baton Rouge, Louisiana. 

Neduman, R. W . ,  1977, An archaeological assessment of coastal Louisiana: 
Melanges, No. 11, March 21, 1977, Museum of Geoscience, Louisiana 
State University, Baton Rouge, Louisiana. 

Newton, M. B., Jr. ,  1972, Atlas o f  Louisiana: Miscellaneous Publica- 
t i o n  No. 72-1, School of Geoscience, Louisiana State University, Baton 
Rouge, Louisiana. 

Noble, R. E . ,  Professor, Forestry and Wildlife Management, Louisiana 
State  University College of Agriculture, personal communication, 
November 1977. 

Novlan, D. J . ,  and Graw, W. M . ,  1974, Hurricane spawned tornadoes: 
Monthly Weather Review, Vol . 102, p. 476-488. 



301 

O'Neil, T. , and Linscombe, G., 1976, The fur animals, the a l l i ga to r ,  
and the fur industry i n  Louisiana: Wildlife ducation Bulletin No. 106, 

na Wildlife and Fisheries Commission, aton Rouge, Louisiana. 

ulos , S. S. , et.al . , 1975, Assessment- of onshore geopressured- 

6.' 

geothermal resources i n  the northern G u l f  of Mexico basin: Assessment 
of Geothermal Resources of the United States-1975, Geological Survey 
Circular 726, U. S. Geological Survey, Arlington, Virginia. 

Pielou, E. D. , 1975, Ecological diversity: 
York, 165p. 

Pile, R. S.,  et .a l . ,  1978, Agricultural uses of waste heat; Proceedings,, 
T h i r d  Geopressure-Geothermal Energy Conference, University of South- 
western Louisiana, Lafayette, Louisiana, Nov. 16-18, 1977, in .  press. 

Radian Corporation, 1976, Interim report  on a i r  monitoring a t  nine 
locations i n  southern Louisiana: Radian Corporation, Aust in ,  Texas.- 

ey-Interscience, New 



302 

L/ 
Sorre l l s ,  Michael , Teledyne Geotech Co. , Inc,  personal communIcatton, 
November 1977. 

Stone, J .  H. ,  e t . a l . ,  1977, Effects of canals on freshwater marshes i n  
coastal Louisiana and implications f o r  management: Paper presented a t  
Symposium on Freshwater Marshes: Present Status , Future Needs, 
Feb. 13-16, 1977, Rutgers, S t a t e  University of New Jersey, New Brunswick, 
New Jersey; Center f o r  Wetland Resources , Louisiana S ta te  University, 
Baton Rouge, Louisiana. 

Templet, Paul , Director, Coastal Resources Program, S ta te  Planning 
Office; personal communication, November, 1977. 

Texas Water Qual i ty  Board Standard, Regulation 11, Rule 203. 

Thorns, R. L.,  e t . a l . ,  1977, Site specific study f o r  possible ongoing 
s a l t  dome movement: Proceedings, 18th U. S. Symposium on Rock Mechanics, 
Keystone Colorado, p. 486-1 - 4B6-10. 

Thorns , Robert, Professor, I n s t i t u t e  f o r  Environmental Studies , Louisiana 
S ta te  University , personal communication, February 1978. 

Toth, William J.  , Applied Physics Laboratory, Johns Hopkins University, 
personal communication, January 1978. 

Turner, D. , and Busse, A. D. , 1973, Users guides t o  the in te rac t ive  
versions o f  three point source dispersion programs: PTMAX, PTDIS, and 
PTMTP: U. S. Environmental Protection Agency, National Environmental 
Research Center , Research Triangle Park , North Carol i na. 

U. S., Army Corps of Engineers, 1966, Report on Hurricane Betsy: Corps 
of Engineers, New Orleans District, New Orleans, Louisiana. 

U.  S. , A r m y  Corps of Engineers, 1970, Report on Hurricane Camille: 
Corps of Engineers , New Orleans District, New Orleans, Louisiana. 

U. S.  , A r m y  Corps of Engineers, 1972, Hurricane study: History of 
hurricane occurrences along coastal Louisiana: Corps of Engineers , 
New Orleans District, New Orleans, Louisiana. 

U. S. , A r m y  Corps of Engineers , 1975, Environmental statement, G u l f  
Intracoastal Waterway, Petit Anse, Tigre and Carlin Bayous; and Bayou 
Gross Tete, Louisiana: U. S. A r m y  Corps of Eng., New Orleans, Louisiana. 

U. S. , Department of Commerce , Bureau of the Census , 1977a, Current 
population reports: Estimates of the population o f  Louisiana parishes 
and metropolitan areas: July 1 , 1975 (revised) and 1976 (provisional): 
Series P-26, No. 76-18, Government P r i n t i n g  Office, Washington, D. C. 

U. S. , Department of Commerce, National Oceanic and Atmospheric Admin- 
i s t r a t ion ,  National Marine Fisheries Service, 1977b, Louisiana landings, 
annual summary 1976: Current Fisheries S t a t i s t i c s  No. 7222, USDC, 
Washington, 0. C. b! 



1 
I 
' u  

303 

I 

I 
U .  S. , Department of he In te r ior ,  The Geothe Environmental 
Advisory Panel , 1977, 
data on federal geoth 
Menlo Park, California. 

U. S. ,  Department of the Inter ior ,  U. S. Fish  and Wildlife Service, 1975, 
Threatened o r  endangered fauna or f lora:  Federal Register, 40-5 (127), 

S. Fish and Wtldlife Service, 1977, 
p l  ants : Federal Register , 

v i  ronmental base1 i ne 
artment o f  the Interior, 

. 27823-27924. 

Endangered and threatened w i  1 

U. 5. , Departaient of the Interior, '  U S. Fish  and Wildlife Service, 1978, 
Endangered species technical bulleti Vol. 111, No. 1 ,  U. S. Department 
o f  the In te r ior ,  Washington, D. C. 

VOT. 42, NO. 135, July 14, 1977, p. 36421-36431. 

1 

Environmental otection Agency, 1973, User's gui  
logical disper on model : NTIS No. PB-227 346, EP 

Envi ronmental Research Center, Research Triangle Park ,. N 

Federal Energy Administration, Strategic  Petrole 
, 1977a, Environmental impact statement f o r  Bayou Choctaw sa l t  
FEA/S-76/346, Federal Energy Administration (DOE) Washington, 



304 

0 White, W. A , ,  McGraw, M., and Gustavson, T. C. , 1977, Preliminary 
environmental analysis of a geopressured-geothermal test we1 1 i n  
Brazoria County, Texas: 
Texas Aus ti n , Texas. 

Wilhelm, O., and Ewing, M. 1972, Geology and history o f  t h e  Gulf of 
Mexico: Geol. SOC. Amer. B u l l . ,  Vol. 83, p. 575-600. 

Bureau of Economic Geology, University of 

Wilson, J .  S., et.al:, 1977, Environmental assessment of geopressured 

Indus tri a1 Envi ronmental Research Laboratory, U . S. Environmental 
Protection Agency , Cincinnati , Ohio. 

W i  1 son, Lewis A. , Manager, Advanced Energy Programs Section, Middle 
South Service, In. , personal communication December 1977. 

. waters and their projected uses: EPA Report No. 600/7-77-039, 

Wintr, W. A., J r . ,  Kamann, R. G., and Smith, C. G . ,  Jr., 1970, 
Subsidence and Ground water offtake i n  the Baton Rouge area: Bulletin 
No. 6,  Louisiana Water Resources Research Ins t i t u t e ,  Louisiana State  
University, Baton Rouge, Louisiana. 

Zegal, F. H., 1967, Lightning deaths i n  the United States: a seven- 
year survey from 1959 t o  1965, Weatherwise, Vol . 20, p.  169-173. 

Z i n n ,  D. C.,  Wilkins, B., Waguespack, M., 1978, Preliminary develop- 
ment scenarios fo r  geopressured-geothermal energy resources i n  
Louisiana and Texas : Proceedings, Th i rd  Geopressure-Geothermal 
Energy Conference, No. 16-1 8 ,  1977, Uni versi ty  of Southwestern 
Louisiana, Lafayette, Louisiana, i n  press. 







307 

APPENDIX A 

Description o f  Ecosystem Types i n  the 

Geopressured Prospect Area, Louisiana 



308 

AQUATIC AND WETLAND ECOSYSTEMS 
. - .  . . .  - .  . .  . _ -  

Marine Ecosystem. The marine ecosystem i s  defined as a coastal open 

water system with unobstructed access t o  the open ocean. The water regimes 

and water chemistry o f  t h i s  ecosystem are determined p r imar i l y  by the ebb 

and f low of oceanic tides. S a l i n i t y  leve ls  vary from 10,000 t o  35,000 m i l l i -  

grams per 1 i t e r  (mg/l ) , depending on r i v e r i n e  discharge and distance o f f -  

shore. The r e l a t i v e l y  constant marine environment fosters a d i v e r s i t y  o f  

p lan t  and animal species. The phytoplankton are predominantly dinof la-  

gel lates and diatoms, whi le benthic algae include p r imar i l y  Chlorophyta, 

Rhodgphyta, and Phaeophyta. Only four species o f  marine vascular plants 

are found i n  Louisiana waters. Copepoda are abundant i n  the zooplankton, 

whi 1 e benthic macroi nvertebrate col lect ions are predomi na t t y  polychaetes 

and molluses, as wel l  as the commercially important penaeid shrimp which 

spend h a l f  t h e i r  l i f e  cycles i n  the Gu l f  and h a l f  i n  the estuaries. Other 

commercially important species are the blue crab and squids. The most 

important f ishes i n  offshore waters are the Gulf menhaden, croaker, herrings, 

redf ish , seatrouts , spot, anchovies, mu1 l e t ,  sea basses , snappers , drums , 
and flounders. Again, such abundant species as menhaden, croaker, spot, 

redfish, and spotted seatrout are estuarine dependant. 

Reptiles i n  the marine environment include f i v e  species o f  sea t u r t l e s  

of which three are on the endangered species l i s t .  Marine mammals are also 

protected and include the dolphin, manatee and several whales. Birds 

associated w i  t h  t h i s  ecosys tem i ncl  ude grebes , 1 oons , cormorants , osprey, 

Peregrin falcon, g u l l s  and terns. Threatened o r  endangered species are the 

s ta te  bird-the brown pelican, and possibly several marine mammals and 

r e p t i  1 es . 

U 
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Estuarine Ecosystem. T cosystem is defined as  a coastal 

system, semi-enclosed by lan obstructed, o r  sporadic 

access t o  the Gulf and w i t h  ocean-derived. s a l t  i n  

the water. Sal i n i  ties g/1. Open water areas 

of es tuar i  ne ecosys tems 

cussed separately) i ncl anal& ponds and lakes. Phyto-- 

plankton include diatom 

as  we1 1 as  numerous ul trap1 ankton. Aquatic macroal gae include Chara 

vulgaris,  filamentous greens, and Ectocarpus . Vascular aquatic 

h4 

h i n  this ecosystem a r e  dis- 

gae and coccoid green algae, 

Myriophyllum, Ceratophyllum 

and E l  eocharis . Zoopl cl opoi d copepods and 

in +hn a t f  .i s h . 
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L, 
shoreline features are absent, and where open water i s  less than 4 hectares 

(10 acres) i n  extent. This class excludes permanently vegetated regions 

( i .e. marshes and swamps ) and i ncl udes -ponds and floodplains . The 1 acustri ne 

system includes a l l  aquatic habitats situated i n  topographic depressions where 

wave-formed shoreline features form a l l  o r  par t  of the boundary; or  if 
1 
I such features are not present, where the deepest par t  of the catchment is a t  

least 4 hectares (10 acres) i n  size and permanently devoid o f  trees, shrubs I 

o r  persistent emergents. The riverine system includes al l  flowjng water 

habi ta ts  terminated i n  the estuary (downstream) by sal t  water (greater 

t h a n  500 ppm total dissolved solids) or where the water becomes part of a 

lacustrine system. Again, definitions and descriptions of these systems 

mus t  take i n t o  account seasonal variations i n  physiocochemical character- 

is t ics  and concomitant changes i n  the biota. 

Phytoplankton of palustrine and lacustrine systems are very diverse 

and productive, and are predominantly blue-green algae o r  diatoms, depend- 

ing on the trophic state and/or time of year. The algae exert considerable 

influence on the rest of the system due t o  their photosynthesis, respiration 

and eventual decay. Phytoplankton i n  riverine habitats are predominantly 

diatoms and green algae, w i t h  seasonal pulses o f  blue-greens. Diversity 

i s  generally h i g h ,  b u t  biomass is lower than i n  other aquatic ecosystem, 
especially i n  t u r b i d  waters. Vascular plants i n  lacustrine and palustrine 

habitats are much more diverse than  i n  estuarine waters. 

charis, Utricularia, duckweeds, Najas, water hyacinth, Cabomba, and others 

are abundant. In lakes, Myriophyllum, Ceratophyllum, Cabomba, water hyacinth, 

and alligator weed dominate. Vascular vegetation i n  large rivers i s  rare 

b u t  the shore can support willows and grasses. 

In ponds , Eleo- 

LJ Zooplankton of fresh-water ecosystems are comprised largely of 
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lakes are dominated tub i f i c id  worms, phanton midges,. chironomid midges, 

and clams. Benthic r iver ine  sys terns a r e  predomi- 

nantly mayflies, Tortopus a ms of the gener 

and Sphaerfum, a s  well as tubificids, chironomids and amphipods. 

1 dant i n  large r i v e r  Lou1 si ana Important 

i 
I 
1 
i 

' I d  

1 The economical 1 important river sh p and crawfishes are a l so  abun- 
I 

1 

fresh-water fishes a r e  the largemouth bass, black crappie, redear sunfish, 

b l u e g i l l  , smallmouth buffalo, carp, fresh-water drum, blue and channel 
! 

i 
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greater the species diversity of emergent plants i n  saline marshes. Epi- u 
. .  

phytic and benthic a,lgae may also he an important component of this system. 

Most of the consumer foodweb is based on detrital breakdown. Insects, 

snai Is, fiddler crabs , polychaetes , copepods mites nematodes mussles , 
and spiders are important invertebrates . Fishes associated w i t h  the saline 

marshes i ncl ude 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, b u t  a t  least 

16 species of reptiles, including the threatened American a l l iga tor ,  are 

found i n  saline marshes. Mammals include racoon, opossum, armadillo, swamp 

r a b b i t ,  marsh rice rats, muskrats and river otters, and the endangered red 

wolf . 
and Peregrine fa1 con. The sal i ne marshes provide wintering or nesting 

grounds for  millions of egrets, herons, and ibis. 

B i  rds i ncl ude 79 species i ncludi ng the endangered brown pel i can, 

The detritus export function of saline marshes not only supports on- 

s i t e  productivity of economically and biologically important animals , b u t  

also supports much of the estuarine and marine productivity of Louisiana. 

Tidal  and riverine flushing actions export detritus i n t o  estuaries where 

productive foodwebs exi s t . 
Fresh Marsh Ecosystem. The fresh marsh ecosystem, encompassing about 

316,000 hectares (779,000 acres) i n  Louisiana, includes vegetated habi- 

tats consisting mainly of herbaceous plants which are subject t o  being 

flooded w i t h  fresh water a l l  or pa r t  of the year (Figure VII-A-2, i n  Section VIII). 

Floating or emergent hydrophytes found i n  this ecosystem are more diverse 

and are found i n  more complex associations than those of the saline marshes. 

Chabreck(l970) l i s t s  93 species of vascular plants i n  the fresh marsh c4 
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Invertebrates such as insects, spiders amphipods, isopods, tubificids, 

and fingernail clams can be found. Amphibians and reptiles are very 

diverse in these areas, whereas birds are less diverse than in saline marsh 

m to  prefer fresh 
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are found only i n  the western fresh and saline marshes while beaches are 

found along the coast near marine, estuarine and saline marsh areas. 

However, a l l  these regions serve as refugia o r  landfalls for terrestial 

organisms. For example, during storm tides mammals and reptiles use the 

h i g h  ground u n t i l  the water receeds. These ecosystems also provide land- 

fa l l s  for birds migrating across t h e  Gulf  and nesting s i tes  for many 

species of birds.  

Beaches are found along barrier islands of the Louisiana coast aua -  

cent t o  the marine ecosystem and the saline marsh and estuarine ecosystems. 

Beaches serve t o  protect more productive inland areas from the erosive 

force of the marine environment. The plants which stabilize the beaches 

and dunes include some sa l t  marsh species as well as some species unique 

t o  beaches. Amphibians , reptiles, and mammals are not diverse, bu t  large 

numbers and species of birds either feed or nest along beaches. Inverte- 

brates along beaches i n  the flooded sand are mainly meiofauna and some 

macrofauna such as clams, crabs, and other crustacea. Terrestrial 

animals are few. 

Cheniers are abandoned beaches 1 ocated inland (Figure VI I-A-3, i n  

Section VII). They are more stable and mature habitats than  beaches, however, 

and consequently have different communi t ies.  Cheniers are used intensively 

for houses, agriculture and transportation so l i t t l e  of the natural vege- 

ta t ion  remains. Where undisturbed, natural vegetation includes live oak, 

hackberry, elm, swamp maple, cypress, water locust, water oak, and numerous 

understory species. The chenier's main ecological value i s  as a landfal l ,  

especially i n  rough weather, for migrat ing b i  tds. Without  these isolated 

strands many would perish before reaching the uplands. 

c 

6J 

L) 
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Salt domes are unique geological features o f  which the "Five Islands" 

! 
I 

islands are important wading bird rookeries and habitats for white tailed 
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cs 
the ridge habitats include sea turtles , the brown pelican, Bachman's 

warbler and the Peregrine falcon. 

Bottomland Forest. The bottom1 and forest ecosystem includes a1 1 areas 

w i t h  woody vegetative cover flooded by fresh water a l l  o r  part of the  year 

(shown as cypress forests and two types of bottomland hardwoods i n  Figure 

VII-A-4, i n  Section VII) Two subsystems are recognized: cypress swamp 

forests 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. 

spawning and crawfish production. Bottomland hardwood forests also serve 

these purposes, b u t  i n  addition support significant production of game 

animals : deer, squirrel , rabbi t, racoon , opossum, fox, bear, woodcock, 

ducks, wading b i r d s  and others. 

Cypress swamps serve as important overflow habitats for fish 

Typically, i t  i s  these overflow habitats which support the productivity 

of the fresh-water ecosystems i n  Louisiana. When a waterway i s  isolated from 

i ts  floodplain by levees, the production of fishes goes down and game fishes 

are replaced by undesirable fishes. The yearly flooding o f  these areas i n  

the spring inundates detritus, annuals, and understory shrubs from the 

previous growi ng season. 
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Prairie Ecosystem. T h i s  system i s  defined as a terrestrial upland 

system which is naturally domin 

ecosys tem was dominated by ta l  1 

Panicum. After the in i t i a l  cl 

the system d id  n o t  revert t o  i t s  natural state, b u t  is now dominated by 

other grass species as well as numerous weedy herbs. Eleven species of 
amphibians and many reptiles including turtles and snakes are comn t o  

t h i s .  ecosystem. The wate ake - Natrix is notable by i t s  absence. Geese 

are the dominant game ani 

by grasses. When first settled, this 

habitat. Other birds found i n  prairies 

ies of mammals naturally occurring, i n -  

def i ned as terres tri a1 
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squirrel, rabbi ts ,  opossum, shrews, moles, bats,  armadillo, mice, rats, LJ 
and skunks. Important game mammals include deer, fox, hear, squi r re l s ,  

and rabbi ts .  Reptiles commonly found i n  upland forest are l izards ,  snakes, 

and turtles ; amphibians include frogs , toads , and salamanders . Terres- 

tr ial  arthropods a r e  important invertebrate consumers i n  upland areas 

and a r e  of ten i n  very g r e a t  divers i ty .  
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I I I 

SUMMARY OF CONSULTATIONS WITH INTERESTED GROUPS 

of- t h i s  research i n  order t o  obtain input 

resource development on the 

p a r t  o f .  the company. Regulatory agencies which w i l l  have an active 
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3 below, two are primarily involved i n  exploration and resource extraction 

(Magma Gulf Co. and Systems Fuels); one is a pipeline company (United 

Gas Pipeline Co.); and one i s  a privately owned electric ut i l i ty  (Gulf 

States U t i l i t y  Co.). Middle South Services, Inc. is a planning group 

for Middle South Utilities, an electric u t i l i t y  w i t h  a service territory 

tha t  includes large portions of southeastern Louisiana. The other 

companies listed also operate w i t h i n  the study area i n  Louisiana, and have 

shown an active interest i n  geopressured resource development. 

Gulf States Utilities Company 
P.O. Box 2951 
Beaumont, Texas 77704 
Representative: A. J . Champagne , Director, Nuclear Services 

Magma Gulf Company 
Box 65011 
Baton Rouge , Loui s i ana 70896 
Representatives: C. 0. Durham, J r . ,  President; 1. A Romans, Vice President 

Middle South Services, Inc. (a subsidiary of Middle South Util i t ies,  Inc.) 
Box 51000 
New Orleans, Louisiana 70161 
Representative: L. A. V i  1 son, Manager; Advanced Energy Programs 

Systems Fuels, Inc. (a subsidiary of Middle South Util i t ies,  Inc.) 
Box 61532 
New Orleans, Loui si ana 701 61 
Representative: R. A. Rust, Vice President for  Exploration 

Uni ted Gas P i  pel i ne Company 
P.O. Box 1478 
Houston , Texas 77001 
Representative: R. Christopher , Director of Research 

GOVERNMENT AGENCIES 

Representatives of state agenci es w i  t h  regula tory responsi b i  1 i t ies 

either over geopressured operations specifically , or  special regulatory 

functions and concerns i n  the study area, were contacted. The objective 

was t o  determine the regulatory particulars o f  potential environmental 

GiJ 
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problems and t o  obtain i n p u t  on the relativ significance of envi ron- 

mental issues. %i 

Specific regulatio d agency functions are discussed where appro- 

priate i n  the main- body o f  the report. The following paragraphs 

i s  information. 

artment o f  Natural Resources, Office of Conservation has 

regulatory authority over geopressured development activities 

In the environmental area, the Office of Conservation will regulate. the 

subsurface disposal of geopressured fluids and other wastes. The- intent 

of the- proposed regulations. on subsurface disposal is- t a  protect fresh or- 

brackish water aquifers , t o  protect hydrocarbon production from the sands 

i n t o  which geopress d fluids are injected, and t o  insure t h a t  

etion procedures are adeq o tha t  leakage. will be minimized. 
I 

I ommissioner' eopressured resource development 

lcn inrli1dra a nravisia eoui r ina  baseline data collection and subsi- 

has general authority for 
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s 3. The Office of Wildlife administers state wildlife refuges 
and State wildlife management areas. There are a number of 
these i n  the area of geopressured resource interest i n  
Louisiana. O i l  and gas production does take place on S ta te  

practices regulated by the Office of Wildlife t o  insure 
the protection of wildlife. 

i 

refuges and w i  Id1 i fe  management areas , w i t h  production 
/ 

The Louisiana Air Control Commission has authority t o  promulgate 

a i r  qual i ty  standards and t o  ensure t h a t  these are enforced. The 

Commission moni tors compl i ance w i t h  federal air qual i ty  standards 

T h e  U.S. A r m y  Corp of Engineers regulates the disposal of dredged 

or  f i l l  materials i n  wetlands and waterways generated fo r  any purpose 

unless .expressly excluded by Congress. Disposal of materi a1 dredged i 
dur ing  o i l  and gas field operation-both i n  wetlands and offshore-is 

regulated by the Corps. 

The U.S. Department of Energy administers the Strategic Petroleum 

Reserve Program i n  which several sa l t  domes i n  the area will be used for  i 
I 
I 

o i l  storage. Representatives of the Program were contacted t o  learn of 

their experience w i t h  the subsurface disposal of brines stored i n  s a l t  

dome cavities. Subsurface disposal of brines from solution mining acti- 

vities i s  anticipated i n  the Program. 

[ 

I 
I 

1 
i 

I 

i 

! Louisiana Department of Health and Human Resources , 
Louisiana Air Control Commission 
P.O. Box 60630 
New Or1 eans , Louisiana 701 60 

I 
I 

1 Representatives: J. F. Coerver, Director Environmental Services; 
~ 

i 

6. VonBodunden , Air Qual t i y  Section 

Louisiana Department of Natural Resources 
Off i ce o f  Conservation 

Captiol S ta t ion  
Baton Rouge, Louisiana 70804 
Representatives: A. C. Chauviere, Jr.,  Assistant Commissioner of Conservation; 

i P.O. Box 44275 

R. Bates, Chief Geologist; C. King, Assistant Chief Geologist; J. Adams, 
Geol ogi s t ; C . Decker, Permi t Section 

1 tri 
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Louisiana Department o f  W i l d l i f e  and Fisheries 
O f f i c e  o f  Coastal and Marine Resources 
400 Royal Street, 

I New Orleans, Louisiana 70130 
Representa ti ve : L . S t .Amant ,. Assistant 

~ 

I 
I 

Louisiana Department o f  W i l d l i f e  and Fisheries 
O f f i ce  o f  W i l d l i f e  
P.O. Box 44095 
Capi to1 Stat ion 
Baton Rouge, Louisiana 70804 
Representatives : J . Herring 

Div is ion o f  Fisheries. 

Loui s i  ana Department o f  W i  1 d l  i f e  and Fisheries 
Stream Control Commission 
P.O. Drawer FC 
Universi ty Stat ion 
Baton Rouge, Louisiana 
Representative: R. A. ur, Exec- Secretary 

U. S. Army Corps o f  Engi 
New Or1 eans D i  s t r i  c t  
P.O. Box 60267 
New Orleans, Loui s i  ana 701 60 

hief, Game Division; K. Smith, Chief, 

ogi s t , Environmental Section 
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geopressured resources i n  Louisiana. Professor Bernard of the LSU Petro- 

leum Engineering Department is Principal Investigator o f  a project for 

DGE t o  perform the resource assessment of geopressured prospects i n  

Louisiana. The LSU Center of Wetland Resources has completed a number 

u 

of research projects on environmental characteristics and impacts i n  the 

Louisiana coastal region. The Coastal Resources Program i n  the State 

Planning Office provides technical assistance t o  the state for the for- 

mulation of legislation i n  suppor t  o f  the National Coastal Zone Manage- 

ment Act- of 1972. The act calls for states t o  develop a comprehensive 

plan  regulating the use t o  which coastal lands may be p u t .  Mr. Waguespack, 

LSU Off ice of Advanced Studies and Research, coordi nated an opera ti ons 

research project on geopressured resource devel opemnt i n  Louisiana 

Center for Wetland Resources 
124 Wetland Resources Bldg. 
Louisiana State UniversSty 
Baton Rouge, Louisiana 70803 
Representative: 3 . G. Gossel i n k ,  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.O. Box 44425 
Cap1 to1 Station 
Baton Rouge , Louisiana 70804 
Representative: P. H. Templet, Program Coordinator 

Louisiana State University 
Office of Advanced Studies and Research 
324 Chemical Engi neeri ng 
Louisiana State University 
Baton Rouge, Louisiana 70803 
Representative: M. 0. Waguespack, Senior Research Associate 

Louisiana State University 
Petrol eum Engi neeri ng Department 
121 Geology Bui ld ing  
Louisiana State University 
Baton Rouge, Louisiana 70803 
Representative: W. 3. Bernard, Professor 
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Several experts t LSU were consulted on number of technical 

I points. Dr .  Lewis p vided information on r e  sensing data and 
~ 

techniques. Mr .  Hawkins and Dr.  Thorns consulted on engineering questions. ~ 

I D r .  Noble reviewed the sections o f  the Report dealing wi th  natural 
~ 

I vegetation, and M r .  Sm h consulted on ground-water considerations- 

~ Louisiana State Universi ty 

Anthony 3 .  Lewis, Associate. Professor 
I Department o f  Geography and Anthropology 
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Geologist 
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Institute for Environmental 

42 Atkinson Ball 
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Studies 

D. A. Danielson 
Senior Project Geologist 
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