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Environment 

FINAL DOE REI'ORT 

SUrviMARY 

AUGUST 9, 1984 

1 Assessment of Geopr sured - 
Geothermal Site Operations in Southwkstern Louisiana 

The major objective of this research is the establishment of 

an environmental assessment of the cogeneration facilities installed 

in the Gladys McCall and Hulan sites located on or near the South- 

western Coast of Louisiana. Our initial intentions included the 

assessment of air quality changes as a result of gaseous emission 

and coaling towers' drifts, determination of the effects of dis- 

posal of cooling water and brine injection on the vlity of both 

ground and surface waters, changes in the regional lakes' produc- 

tivities as a result of the waste disposal from the cogeneration 

facility, assessment of the possible implications of an accidental 

failure or continuous spill-out, and monitoring the change in the 

brine composition with time. The operation of a pilot plant for 

direction filtration of brine is also a long-range goal of this study. 

In a preliminary report prepared by the Institute for Environ- 

mental Studies of Louisiana State University, assessment of selected 

geopressured-geothermal prospect areas of the Louisiana Gulf Coast 

region was made on the basis of the nature and extent of the pro- 

posed testing activities and environmental characteristics of each 

prospect area. Data from existing sources provided information 

concerning levels of dissolved solids, water salinity, geology and 

geohydrology. This investigation extends the environmental assess- 

ment to such factors as the identification and quantification of 



the chemical products of the geopressured-geothermal operation and 

their impacts on the area environment. 

Since initiation of this study during the fall of 1983, the 

initial baseline data have been studied and summarized, and experi- 

ments designed or studied to attain the goals stated in this summary. 

Besides the previously stated objectives, our planned studies have 

been extended to include an investigation of the effect of the co- 

generation operation on the biota of the area. 

The most recent report of results of a ten-month study by the 

U.S. Anny Corps of Engineers indicates the existence of pollution 

of ground water supplies in the coastal areas of Louisiana due to 

saltwater intrusion from the Gulf of Mexico. 

environmental effects of the cogeneration operation must also take 

this factor into consideration. 

Our future studies of 

Brief summaries of assessments of the areas stated in the initial 

objectives of this investigation are listed in the following sections. 
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BASE LINE DATA RELEVANT TO: 

DOE GLADYS McCALL NO. I 

CAMERON PARISH, LOUISIANA 

AIR QUALITY 

3 M. M. Fontenot 
January, 1984 



Base Line Data Releuant 
To Air Quality 

Sunnnary 

0 

0 

0 

0 

0 

- -  

Gladys McCall 

The Rockefeller Refuge geothermal prospect area is in the-Chenier plain of 

Southwest Louisiana, a physiographic region characterized by relict beach ridges 

and low-lying coastal marsh. 

Western border of Rockefeller Refuge in an area of impounded brackish marsh. 

The DOE Gladys McCall well was drilled near the 

The 

well is located in the East Crab Lake field approximately 2.3 miles south of Grand 

Chenier Ridge. Figure 1-1. The DOE Gladys McCall well site lie within the south-\ 

ern Louisiana-Southeast Texas Air Quality Control Region, AQCR 106. The region is 

presently a non-attainment area with respect to ozone. Ambient air quality stand- 

ards for the other criteria pollutants are achieved (Louisiana Air Control Commis- 

sion). 

The region contains three distinct areas of heavy industrial concentration: 

Beaumont-Port Arthur in Southeastern Texas, Lake Charles in Southwestern Louisiana 

and the Mississippi River area between Baton Rouge and New Orleans. 

the immediate vicinity of the well site is extractive; surface hydrology of the 

area has been modified by levees and canals excavated for oil and gas development. 

Land use in 

Two reports containing air quality data relevant to the Gladys McCall Geother- 

m a l  test site were found during this phase I base line data search. 

were: 1) "A Preliminary Environmental Assessment of Selected Geopressured-Geother- 

mal Prospect Areas" (1978), and 2) "Environmental Assessment-Geothermal Energy 

Geopressure Subprogram (1981). 

ments have been collected on the well test site. However, the well test site is 

located on the same flat coastal plain as the nearby Lake Charles. Therefore, the 

air quality were approximated from observations made in the Lake Charles area. 

Except for ozone and nonmethane hydrocarbons, other pollutants as listed and re- 

The reports 

The reports indicated that no air quality measure- 

4 
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gulated by Federal and state agencies were within the primary standards, 

Climatological Dispersion Model-CDM (EPA, 1973) predicted a SO, concentration of 

zero everywhere within the Rockefeller Refuge Area. 

the air quality due to-drilling, maintenance, flow testing, operation, blowouts, 

The 

Additional predictions on 

etc. are also included in the reports. lo 
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A Preliminary Environmental Assessment 
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Louisiana Gulf Coast Region 
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A I R  QUALITY 
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I, 

D 

Measured Ambient A i r  Qual i ty  

The Louisiana A i r  Control Commission (LACC) sampling s t a t i o n  n e a r e s t  t o  t h e  

Rockefe l le r  Refuge prospec t  area is l o c a t e d  a t  Lake Char les ,  approximately 77 km 

(48mi) northwest of t h e  prospec t  area. 1976 annual average p o l l u t a n t  concentra- 

t i o n s  measured a t  t h e  Lake Charles s t a t i o n  are shown i n  T a b l e 1  - - 

Table 1 1976 hnbient a i r  q u a l i t y  da t a :  Lake Charles h e a l t h  u n i t  s t a t i o n .  
(From LACC, 1976). 

Su l fu r  Nitrogen 
Dioxide Ozone Dioxide p a r t i c u l a t  
(vg/m3) (1!g/m3) (1! R / m 3  1 (pg/m3) 

Annual average* 1.5 - 43 55 

24 hr. maximum* 13 - 77 154 

-- -- 3 h r .  maximum** 181 282 

-- 1 hr.  maximum** 223 282 -- 

* Non-continuous monitor: 24 hour sample taken  once p e r  week. 

** Continuous monitor: operated only  approximately 10% of t h e  t i m e  during 1976. 

In a d d i t i o n  t o  t h e  Lake Charles-LACC s t a t i o n ,  l i m i t e d  a i r  q u a l i t y  d a t a  r e s u l t -  

i n g  from s p e c i a l  s t u d i e s  by Radian Corporation (1977) and Ashland Chemical Company 

are a v a i l a b l e  (Minott, personal  communication, 1978). The Radian s tudy  covered a 

t h r e e  month sampling per iod  i n  1976. The Ashland s tudy  w a s  c a r r i e d  o u t  dur ing  1975 

and 1976. Two sampling s t a t i o n s  w e r e  l o c a t e d  i n  t h e  gene ra l  v i c i n i t y  of t h e  Rocke- 

f e l l e r  Refuge p rospec t  area. Their d i s t a n c e  and d i r e c t i o n  from t h e  c e n t e r  of t h e  

prospec t  area are as follows: 

L a f a y e t t e  (Radian) 96 km-NNE (60 mi) 
New I b e r i a  (Ashland) 98 km-NE (61 mi) 

Average measured concent ra t ions  f o r  s ix  p o l l u t a n t s  from t h e  L a f a y e t t e  monitoring 

s t a t i o n ,  a long  wi th  t h e i r  dates of c o l l e c t i o n  are presented  i n  Table 3-5. 
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Table 2. Average concen t r a t ions  of s e l e c t e d  p o l l u t a n t s :  La faye t t e  s t a t i o n .  
(From Radian Corporation, 1977). 

Po l l u  t an t 
Period of 

Data Co l l ec t ion  

Average 
Concentration 

(vg/m3) 

Nitrogen Oxides J u l y  1 7  - Sept. 30, 1976 

N i t r i c  Oxide J u l y  17 - Sept. 30, 1976 

Nitrogen Dioxide Ju ly  17 - Sept. 30, 1976 

Su l fu r  Dioxide J u l y  1 7  - Sept.' 30, 1976 

- 

Ozone J u l y  17 - act.' 17, 1976 

10.1 

3.9 

'6.1 

1.0 

78.0 

P a r t i c u l a t e  J u l y  17 - Oct. 17, 1976 52.3 

The Ashland Chemical Company s tudy  r epor t ed  only 24-hour average  SO va lues .  
2 

The s i n g l e  h i g h e s t  v a l u e  of 115 Gg/m3 w a s  approximately 32 p e r  c e n t  of t h e  primary 

s tandard  and 45 percen t  of t h e  secondary. 

wh i l e  most d a i l y  readings  w e r e  below 20 pg/m . 
3 The second h i g h e s t  v a l u e  w a s  61 vg/m 

3 

Measured concen t r a t ions  of a l l  p o l l u t a n t s  except ozone are w e l l  below ambient 

a i r  q u a l i t y  s t anda rds  ( l i s t e d  i n  Table 3-6, below). 

r eg ion  has  been des igna ted  a non-attainment area w i t h  r e s p e c t  t o  ozone. 

The e n t i r e  sou th  Louis iana  

8 



a 
Table 3. Ambient a i r  q u a l i t y  s tandards :  S t a t e  of Louis iana.  (From LACC, 1 9 7 6 ) .  

Standards 
Primary Secondary Po 1 l u t  a n t  

e 
Sul fu r  Dioxide 

Annual Arithmetic 

24-Hour Maximum 
3-Hour Maximum 

Mean 

Carbon Monoxide 
8-Hour Maximum 
l-Hour Maximum 

Ozone (Oxidant) 

Mean 
Annual Ar i thmet ic  

l-Hour Maximum 

Nitrogen Dioxide 

Mean 
Annual Ari thmetic* 

T o t a l  Suspended P a r t i c u l a t e *  
Annual Geometric 

24-Hour Maximum 
Mean 

3*** 
10 mg/m 
40 mg/m3 

58.8 pg/m3 

160 pg/m3 

100 pg/m3 

60 vg/m3 

260 pg/mi 
1300 pg/m 

- 
10 mg/m 3 
40 mg/m3 

58.8 vg/m3 

160 pg/m3 

100 pg/m3 

60 vg/m3 

150 pg/m3 

*Non-continuous monitor. 
**vg/m3 + micrograms p e r  cubic  meter. 

***mg/m3 + milligrams p e r  cub ic  meter. 

P red ic t ed  Ambient Air 2u-d. ity . , ... 

Due t o  t h e  absence of sampling s t a t i o n s  x i t h i n  t h e  prospec t  a r e a ,  t h e  anuual  

average 2.ir q u a l i t y  w a s  p r e d i c t e d  us ing  t h e  Cl imato logica l  Dispers ion  Model--CDK 

(U. S. Environmental P r o t e c t i o n  Agency, 15173) . S u l f u r  ox ides  we:-.e se3 ec t  ed as t h e  

- . po l l i i t av t s  f o r  t h e  i m d c l l i n g  e f f e c t  because emiss5ons from a gczopressure test  we13 

are more likely to. contrihute t o  SQ leyels than other pallutants ~ Q Y ?  wEL& standards 

exist, 

center of tlie prospec t  area tKat qeet t E e  c c i k e r i o n  f o r  s Q n i Y i c a n t  SQ 

(1 1 t o n  pe r  yr]. 

3 .  
However, t k r e  arc no SO, a i m o n  pcrfat sources w5TEiSn 35 hy Q2 of tEie 

emeters 
x 

A s  a r e s u l t ,  tlk madel p r e d f c t s  an SOx c o n c e n t y a t k n  OE zerq 

everywfiere wl’tmn t h e  prospec t  area, 

0 
9 



2.6.3 A i r  Qua l i ty  - GENERAL 
Since t h e  proposed w e l l  s i t e  has no air  q u a l i t y  measurements and is l oca t ed  on 

t h e  same f l a t  c o a s t a l  p l a i n  as t h e  nearby Lake Charles,  t h e  a i r  q u a l i t y  f o r  t h e  

s tudy  area may b e  approximated from obse rva t ions  made a t  t h e  Lake Charles area. 

Table 2-11 summarizes t h e  e x i s t i n g  air  q u a l i t y  i n  t h e  g e n e r a l  area compared t o  

t h e  Nat iona l  Ambient Standards. For comparison purposes,  measurements of carbon 

monoxide a t  Nederland and West Orange, Texas w e r e  a l s o  inc luded  i n  t h e  t a b l e  

s i n c e  t h e s e  two areas are loca ted  i n  t h e  s a m e  A i r  Qua l i ty  Control Region, i.e., 

106, as Lake Charles and t h e  proposed w e l l  s i t e  (EPA, 1978a). From Table 2-11 i t  

can be  seen t h a t ,  except f o r  ozone and nonmethane hydrocarbons, o t h e r  p o l l u t a n t s  

as l i s t e d  and r e g u l a t e d  by Federa l  and s ta te  agencies  w e r e  w i t h i n  t h e  primary 

s tandards .  

is  much less than  t h a t  a t  Lake Charles. 

S ince  t h e  s i t e  is  a r u r a l  area it is expected t h a t  t h e  p o l l u t i o n  level 

Due t o  t h e  absence of sampling s t a t i o n s  w i t h i n  t h e  s tudy  area, t h e  annual average  

a i r  q u a l i t y  w a s  p red ic t ed  us ing  t h e  C l ima to log ica l  Dispers ion  Model - CDM (EPA, 

1973). Su l fu r  ox ides  were s e l e c t e d  as t h e  p o l l u t a n t s  f o r  t h e  modelling e f f o r t  be- 

cause emissions from a geopressured test w e l l  are more l i k e l y  t o  c o n t r i b u t e  t o  SO 

levels than  o t h e r  p o l l u t a n t s  f o r  which standards exist (DOE, 1978). However, t h e r e  

are no SO emitters (41 ton  p e r  year ) .  As a r e s u l t ,  t h e  model p r e d i c t s  an  SO con- 

c e n t r a t i o n  of ze ro  everywhere w i t h i n  t h e  Rocke fe l l e r  Refuge area (DOE, 1978). 

X 

X - X 

10 



Table 4. Summary of Air Quality Data Observed in the Lake Charles Area 
as Compared to National Ambient Standards. 

a 
Primary Standards Lake Charles Ar 20 llu t an t Average Time 

Particulate matter Annual 
(Geomet c mean) 
24-hour 3) 

Sulfur oxides Annual 
(Arithmetic mean) 
24-hour 

b Carbon Monoxide l-hour 

Nitrogen dioxide Annual 
(Arithe tic Mean) E 

Photochemical 
Oxidants, O3 

1 hour- 

Hydrocarbons 3 hour 
(Nonmethane) (6 to 9 a.m.> 

75 

260 

80 

365 

40 

100 

160 

160 

d e 
5.7 , 8.4 9 

55= 

154c 

26' 

108c 

7.5f 

42' 

282' 

1858 

- ~~~ ~~ ~ 

a. Units are in pg/m3 except for CO which is in mg/m 3 . 
b. Not to be exceeded more than once per year. 

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

d. Measured by Louisiana Dept. of Highways at Westlake opposite industries 
about 20Om form 1-10 on Feb. 10, 1976 during Jan. - Feb. 1976. 

e. Nederland, Texas, same as c, for comparison only 

f. West Orange, Texas, same as e. 

g. Measured by Louisiana Dept. of Highways at Cameron Evacuation Route in Cameron 
Parish at 11 a.m. on January 20, 1976. 
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Air Quality - During Drilling And Maintenance 

- .  

0 

e 

During the exploration phase, air pollutants will be emitted by vehicles, 

drill rigs, and construction equipment (e.g., tractors, generators, compressors) 

(DOI, 1978) . 
clude SO2, SOx, CO, hydrocarbons, and particulates. 

ing rigs typically consume 2,000 l/da (550 gal/da) of fuel, resulting in emissions 

of approximately 23 Kg/da (51 lbs/da) of CO, 9 Kg/da (20 lbs/da) of exhaust hydro- 

carbons, 107 Kg/da (236 lbs/da) of NO , 7 Kg/da (15 lbs/da) of SOx, and 7.5 Kg/da 

(17 lbs/da) of particulates (ERDA, 1976). 

Exhaust emmissions form drilling and construction machinery will in- 

Diesel drives for the drill- 

X 

The emissions associated with the opera- 

tions of diesel-powered equipment for five days to prepare a well pad would be 

equivalent to those associated with a single day of drilling. 

polluting emissions will also result from the operation of delivery trucks and 

private vechicles. These releases are expected to be minor and short-term, and 

should be readily dispersed because about 62% of the time the atmosphere stability 

classes are in D and E (see Section 2.6.2). 

to exhaust emission from drilling and construction machinery will be negligible. 

Because the concentration of total suspended particulates in the air at Lake 

Charles is within national ambient standards (see Section 2.6.3), the added effect’ 

on air quality due to construction will be minimal. 

A small amount of 

The accumulated level of impacts due 

. 

12 



0 .  

0 

0 

0 

0 

0 

0 

0 

0 

Q 

Well- 

Air Quality - During Testing and Operation 

.sting will result in the direct release of steam and a variety of 

gases and particulates. 

No data are presently available on the hydrogen sulfide concentration in the Frio 

Formation in this project area. 

the Gulf coast in Texas range from .32 mg/l to 1.6  mg/l (Kharaka et al., 1977). 

Concentrations from geopressured zones in the Frio in Vermillion Parish near the 

Gladys McCall well site range from .4 mg/l to .5 mg/l (Kharaka et al., 1979). 

H2S concentrations at the project will probably be between those values shown in 

Table 5 .  Hydrogen sulfide levels will be monitored in order to determine if a 

significant impact will occur. 

sulfide presently exist. 

The contaminant of greatest concern is hydrogen sulfide. 

Hydrogen sulfide concentrations for the Frio along - 

The 

No Louisiana or Federal air standards for hydrogen 

The H2S odor threshold is .002 mg/l. 

Table 5 .  Hydrogen Sulfide concentrations in the Frio Formation. 

Well Field Country or Parish mg/l 

Cozby t 2  Chocolate Bayou Brazoria, Tex. . 8Sa 
Gardiner I1 Chocolate Bayou Brazoria, Tex. . 32a 

H2S Concentration 

Kitchen #1 Chocolate Bayou Brazoria, Tex. i.6 a 

Rachel #66 East White Pt. San Patrizio, Tex. 1.0 a 
St. Un. A %9 Weeks Island Vermilion, La. .4 b 

No. 1 Tigre Lagoon Vermilion, La. .5 b Edna Delcambre 

Source: aKharaka et al., 1977 
bKharaka et al., 1979 

noncondensable gas content for pressure fluids. Particulates released with the 

geopressured fluids or raised by equipment should not add significantly to the back- 

ground level of particulates in the proposed well site area. The short duration of 

these emissions makes it unlikely that the air quality will be significantly affect- 

ed outside of the immediate area of the well. 
13 



The impact of f l a r i n g  t h e  gases from a s i n g l e  plume i s  expected t o  be smal l ,  

based on t h e  exper iences  from s imi la r  geopressured w e l l  tes ts  (ERDA, 1977). This 

p a r t i c u l a r  p r o j e c t  i s  miniscule  when compared t o  t h e  many f l a r e s  which ex i s t  i n  

major r e f i n e r i e s  i n  t h e  Lake Charles area where t h e  a i r  q u a l i t y  i s  s t i l l  w i t h i n  

n a t i o n a l  ambient s t anda rds  ( see  Sec i ton  2.6.3) (DOE, 1980). 

The impact of t h e  coo l ing  dev ice  i s  expected t o  be n e g l i g i b l e  because of t h e  s m a l l  

s i z e  requi red  f o r  t h e  s i n g l e  w e l l  opera t ion .  

creased occurrence of fog  (or  t h e  formation of "steam fog" dur ing  f r e e z i n g  t e m -  

pe ra tu re s  i n  win te r ;  bu t  t he ' f r equency  of t h i s  i s  small, s i n c e  t h e  mean number 

of days wi th  temperature equa l  o r  less than  O°C (32OF) as observed a t  Lake 

Charles i s  approximately 13 days pe r  yea r ) .  

Q A p o s s i b l e  impact would be t h e  in- 

e 

Noncondensable geopressured gases  w i l l  be  r e l e a s e d  dur ing  d r i l l i n g  (ERDA, 1976). 

Although t h e  weight of t h e  d r i l l i n g  mud should prevent  a l a r g e  r e l e a s e  of gases 

t o  t h e  s u r f a c e  du r ing  d r i l l i n g ,  t h e  mud w i l l  c a r r y  some gases  t o  t h e  sur face .  

e 

e 

e 

These gases w i l l  b e  r e l e a s e d  t o  t h e  atmosphere from t h e  water/steam s e p a r a t o r  a t  

t h e  w e l l ,  from t h e  drilling-mud coo l ing  tower, and from t h e  l i q u i d  sump. Maintenance 

of s u f f i c i e n t  p r e s s u r e  w i t h i n  t h e  w e l l  t o  p r o t e c t  a g a i n s t  blowouts should r e s u l t  

i n  acceptab ly  low levels of gaseous emissions dur ing  d r i l l i n g .  

q u a l i t y  due t o  blowout w i l l  be  d i scussed  later. 

Impact on a i r  

.. -. 
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Air Quality - During Accidents 

During site preparation and access construction, the impacts on air quality will 

result from dust, exhaust emissions from construction machinery and non-condens- 

able gases released from geopressured fluids during pre-construction flow-test- 

ing. 

readily dispersed because about 62% of the time the atmospheric stability classes 

are in D and E (see Section 2.6.2). However, accidents such as a blowout may 

occur due to pre-construction flow-testing. 

respect to air qualtiy, see Section 5.2.8. 

These releases are expected to be minor and short-term, and should be 

For a discussion of blow-out with 
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A i r  Quality - During Blowout 

By s tandards  of normal o i l  f i e l d  ope ra t ion ,  ex t r ao rd ina ry  p recau t ions  w i l l  be  

taken i n  t h e  proposed a c t i o n  t o  prevent blowout of t h e  t e s t  w e l l .  

p o s s i b i l i t y  of a blowout should be considered i n  view of t h e  h igh  p res su re  an- 

t i c i p a t e d  i n  t h e  geopressured zone. 

rences  a t  va r ious  geothermal f i e l d s  (ERDA, 1976). 

Y e t  t h e  

Some documentation e x i s t s  on blowout occur- 

Very l i t t l e  a i r  q u a l i t y  impact d a t a  as a r e s u l t  o f  blowout are a v a i l a b l e  i n  t h e  

l i t e r a t u r e .  

Delcambre #4 gas  w e l l  i n  t h e  T ig re  Lagoon area i n  Louisiana (ERDA, 1976). 

ou t  took p l ace  on J u l y  13, 1971, and r e s u l t e d  from negl igence  dur ing  workover as 

rams w e r e  changed on t h e  blowout preventers .  Depth of t h e  producing i n t e r v a l  a t  t h e  

t i m e  of t h e  blowout ( Ju ly  13, 1971) w a s  between 4081 t o  4233 '(13,380 t o  13,880 f t ) ,  

Some pre l iminary  informat ion  may b e  i n f e r r e d  from t h e  blowout of Edna 

The blow- 

w i t h  t h r e e  t o  f o u r  thousand pounds flowing pressure .  

The w e l l  caught f i r e  10 hours a f t e r  blowout and t h e  f i r e  l a s t e d  f o r  10  days. D i s -  

charge of t h e  h i g h l y  s a l i n e  (5150 p p t )  formation f l u i d  continued f o r  approximately 

t h r e e  months u n t i l  t h e  w e l l  w a s  made inactive. 

abondoned on November 4, 1971, by pumping cement through t h e  r e l i e f  w e l l .  

The w e l l  w a s  f i n a l l y  plugged and 

Since  the emission rate of H S due t o  p o s s i b l e  blowout from t h e  proposed a c t i o n  i s  

n o t  known, one may c a l c u l a t e  t h e  impact on air q u a l i t y  as t h e  r e s u l t  of t h e  oxi- 

2 

d a t i o n  from H2S t o  SO2 from t h e  exp-ence gained by Edna Delcambre 84 w e l l  

(ERDA, 1976). 

16 
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* The Computation of SO2 is based on the following assumptions: 

A. 

B. 

C. 

D. 

E. 

Emission height is assumed to be about 31 m (100 ft). This is based on 

data that during both the first and second blowout of Edna Delcambre #4 

well, saline formation - fluid was blown about 31 m (100 ft) vertically into 

the air. 

Emission rate of H2S is assumed to be about 6.8  Kg/hr. 

a Union Oil Co. well testing, which produced a total flow of 22,500 Kg/hr., 

This is based on 

of which 3% was noncondensable gases. Ninety-nine percent of this was 

C02. 

emissions of H2S would equal 6 . 8  Kg/hr. 

Atmospheric stability is assumed to be F, the moderately stable condition 

If the remaining percent is assumed to be entirely H S, the total 
2 

commonly used as the air pollution computation for safety analysis. 

Wind speed during stability F, which occurs about 14% per year in the 

study area, is 1.7 m/s. This is given in Section 2.6.2.  

Blowout will result in the burning of the gas, which in turn will result 

in oxidation of the H2S to SO2. 

H2S would produce 1136 grams of SO2. 

Available data showed that 620 grams of 

On the basis of the preceding information, the maximum concentration of SO2 may 

be computed from standard EPA techniques t o  be about 192 pg/m3, which is below 

national ambient air quality standards of maximum 24 hour concentration of 365 

pg/m3. 

(1 mi) downwind from the blowout well. Although the concentration of SO2 is be- 

low air quality standards, because of the unusual odor of H2S, the area within a 

.. 

The distance of this maximum concentration is expected to be about 1.6 km 

3.2 km (2 mi) radius of the blowout well (such as campsites, if any) should be 

advised to evacuate. 

17 



In summary, the impacts 05  the proposed action on air quality are insignificant 

during construction and operation. However, should blowout occur, important 

pollutants will be SO2 and H2S. 

be below national ambient air quality standards. 

ambient standard for H2S. 

detected at levels of 30 ppb, estimated H2S concentrations of 80 ppb as a result 

of a blowout will be a nuisance. The distance of this maximum concentration is 

expected to be about 1.6 km (1 mi) downwind form the blowout well. No adverse 

effect on air quality is anticipated even under conservative estimates during 

stable atmospheric conditions. The effect of inversion layer is also small, be- 

cause the minimum height of that layer is about 390 m (1280 ft) above ground 

(Section 2 .6 .2 ) .  

The maximum concentration of SO2 is estimated to 

At present there is no national 

However, because the "rotten egg" odor of H2S can be 
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GEOLOGY AND RESOURCE ASSESS3ENT 

The Sweet Lake and Rockefel ler  Refuge geopressured-geothermal 

prospects  i n  southwestern Louisiana a re  p re sen t ly  being t e s t e d  as 

sources of energy f o r  cogeneration. High Fressures  i n  these  r e se rvo i r s  

a c t  as a d r iv ing  force  t o  produce high temperature b r ines .  These b r ines  

contain methane i n  var ious concentrat ions depending on t h e  r e l a t i v e  

s a l i n i t i e s  and p o r o s i t i e s  of  t h e  geopressured aqui fe rs .  

A l l  of  t h e  parameters which inf luence  the  development o f  t hese  

r e s e r v o i r s  are cont ro l led  t o  some exten t  by t h e  depos i t iona l  h i s t o r y  and 

s t r u c t u r a l  s e t t i n g  of  t h e  Louisiana Gulf Coast. 

Geopressured co r r ido r s  are def ined by time s t r a t i g r a p h i c  units which 

were deposi ted during a t e r t i a r y  and e a r l y  holocene regress ion  of  t h e  sea.  

During t h i s  time the  focus of  deposi t ion s h i f t e d  along the  sho re l ine  and 

out  toward the  ax i s  of  t he  Gulf Coast Basin (4) .  The time s t r a t i g r a p h i c  

u n i t s  t he re fo re  decrease i n  age toward the  south i n  Louisiana. The exac t  

cause of  t h i s  regress ion  i s  not  completely understood. 

may be a r e s u l t  of cont inenta l  u p l i f t ,  sea l eve l  f a l l ,  o r  both.  Regard- 

l e s s  o f  t h e  cause, t he  geologic  h i s t o r y  has produced a sequence of  

l i t h o l o g i c  units which, i n  general, fine downward and outward toward t h e  

a x i s  of  t h e  Gulf Coast bas in  (4 ) .  O f  p a r t i c u l a r  i n t e r e s t  a r e  t h e  Wilcox 

and Fr io  formations and t h e  !Iiocene s e r i e s  o f  Southwestein Louisiana 

because of  t h e i r  r e l a t i v e l y  shallow depth,  frequency of anomalously 

t h i c k  geopressured sandstones and growth f a u l t i n g  which e f f e c t i v e l y  

seals t h e  sandstones from f l u i d  migration. In general ,  sandstone units 

decrease i n  thickness  and e f f ec t ive  po ros i ty  with depth i n  these  u n i t s .  

Geopressuring increases  with depth and toward t h e  ax i s  of  t h e  Gulf Coast 

basin.  The upper Wilcox, Fr io  and lower Miocene a r e  optimum t a r g e t s  f o r  

geopressured-geothermal resources from land-based opera t ions  i n  the  

Southwestern Louisiana Gulf Coast. 

The regress ion  
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DESIGN WELL PROSPECTS IN SOUTHWESTEW L0I;ISIANA 

Sweet Lake 

The Sweet Lake Amoco Fee No. 1 well  i s  loca ted  14 miles ( 2 3  km) 

southwest of  Lake Charles,  Louisiana (Fig. 1 ) .  The well i s  t a rge ted  

f o r  a depth of  between - 15,387 t o  -15,414 f t  (-4,690 t o  -4,698m) MSL. 

This producing horizon i s  i n  t h e  Fr io  formation i n  a s t r u c t u r a l  bas in  

on t h e  north f lank  of  t h e  Hackberry/Big Lake/Sweet Lake s a l t  r idge  

separa ted  from the  top  of  geopressure by a sha le  which is  approximately 

5,000 f t  (1,524 m) t h i ck  (Fig 2).  Above geopressure a r e  the  a l t e r n a t i n g  

sands and sha le s  of t h e  Miocene. The disposal  well is  designed t o  r e i n -  

j e c t  t h e  spent  production f l u i d s  i n t o  t h e  lower ;‘.liocene a t  a depth of 

-7,015 t o  -7,320 f t  (-2,138 t o  -2,231 m) MSL. Another s t r a t i g r a p h i c  

s e c t i o n  ind ica t e s  t h a t  t h e  sequence o f  a l t e r n a t i n g  sands and sha le s  

continues t o  t h e  ground su r face  through Miocene, Pliocene and 

Ple i s tocene  u n i t s  (Fig.3).  Groundwater q u a l i t y  observat ion wells 

produce from Ple is tocene  sands and grave ls  a t  a depth of  -280 t o  

-435 f t  )-95 t o  -133 m) ElSL. An overlying c lay  u n i t  s epa ra t e s  t he  

sand and gravel  u n i t  from t h i n  unevely d i s t r i b u t e d  Holocene sands 

which l i e  i n  proximity t o  t h e  ground surface.  

S u r f i c i a l l y ,  t h e  Sweet Lake t es t  s i t e  i s  s i t u a t e d  on the  

southern edge o f  t h e  P le i s tocene  P r a i r i e  Terrace which borders t he  

coas t a l  marshlands (Fig. 1 ) .  Elevat ion and r e l i e f  a r e  low and the  

hydrologic  grad ien t  i s  t o  t h e  south through man-made canals  and 

levees b u i l t  f o r  a g r i c u l t u r a l  i r r i g a t i o n  and drainage. 

Rockefel ler  Refuge 

The Rockefel ler  Refuge Gladys FlcCal1 No. 2 well  is  loca ted  

e 20 
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ayproximately 7 miles (11 km) southeas t  of Grand Chenier, Louisiana 

F i g .  4 ) .  

(-4,754 t o  -4,763 m) 3ISL o r  i n  t h e  lower Miocene (Fig. 2).  Thick 

sandstone u n i t s  are loca ted  wi th in  and above t h e  producing horizon t o  

a depth of  about -14,000 f t  (-4,268 m) %L a t  t h e  top  of geopressure. 

Predominately s h a l e  grading t o  a l t e r n a t i n g  sand and s h a l e  units occupy 

t h e  s t r a t i g r a p h i c  column upward through t h e  remainder o f  t h e  sec t ion .  

Sands of t h e  lower Pliocene a t  t h e  toy of t h i s  s e c t i o n  a r e  t h e  s i t e  of 

spent b r i n e  i n j e c t i o n  a t  a depth of -3,050 t o  -3,500 f t  (-930 t o  -1,067 

m) MSL (Pig. 2 ) .  As a t  t h e  Sweet Lake s i t e ,  t h e  sequence of a i t e r n a t i n g  

sands and sha le s  continues up through t h e  younger Pliocene and 

Ple i s tocene  u n i t  (Fig. 5 ) .  The groundwater q u a l i t y  observa t ion  wel l s  

a t  Rockefeller Refuge t a p  two Ple i s tocene  sands and g rave l s  which are 

l o c a l l y  hydrau l i ca l ly  sepa ra t e .  

-660 f t  (-95 and -201 m) FBL r e spec t ive ly .  Locally around t h e  t es t  s i t e ,  

t hese  P le i s tocene  sands are separa ted  from t h e  ground su r face  by about 

95 f t  (29 m) o f  clay.  

This well i s  producing from a deFth of  -15,597 t o  -15,626 f t  

These units a re  a t  dept!is of -310 and 

The su r face  geology at t h e  Rockefeller Refuge tes t  s i t e  is  charac te r -  

ized by r e l i c t  beach ridzes and Holocene c o a s t a l  marsh ( F i g . 4 ) .  The 

s i t e  is wi th in  a region known as t h e  chenier  P la in .  The r e l i c t  beach 

r idges  (cheniers )  parallel  t h e  c o a s t l i n e  and a r e  younger toward t h e  

south i n  southwestern Louisiana. 

dominated and is  con t ro l l ed  by t h e  p o s t i t i o n  o f  t hese  r e l i c t  r idges  and 

t h e  p re sen t  beach which i s  juxtaposed on t h e  present  sho re l ine .  

add i t ion ,  drainage is  f u r t h e r  a l t e r e d  by man-made cana ls  and levees used 

f o r  o i l - f i e l d  access.  

Drainage around t h e  s i t e  i s  t i d a l l y  

In  

e 

e 
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WATE!3 QlJALITY 

YON I TORI N G 

Sweet Lake 

Water q u a l i t y  

monitoring a t  Sweet Lake began i n  October, 1980. 

Monthly sam?ling and ana lys i s  of  waters from t h r e e  wel l s  and t h r e e  

sur face  water s t a t i o n s  continued un t i l  May, 1982. The opera t ion  was 

sca l ed  down i n  June, 1982 t o  continue sampling n a t u r a l  waters on a 

qua r t e r ly  b a s i s .  

Three observat ion wells are producing water from t h e  upFermost 

P le i s tocene  sand. Two wells a r e  completed a t  a depth of  -250 f t  (-85 m) 

(Fig. 1).  Well No, 1 is loca ted  100 f t  (30 m) nor th  of t h e  d isgosa l  

well and well  No. 2 is  loca ted  150 f t  (46 m) nor th  of  t h e  production 

well. Well No. 3 produces from a depth o f  -435 f t  (-133 m) I4SL and i s  

loca ted  200 f t  (61 m) nor th  of  t h e  Troduction well. These wells were 

pos i t ioned  t o  be down t h e  groundwater flow gradien t  from t h e  production 

and dis?osal well si tes.  

Three su r face  water samyling s t a t i o n s  a r e  loca ted  down gradien t  

from t h e  t e s t  s i t e  (Fig. 1 ) .  S t a t i o n  L 1  is  loca ted  a t  a br idge  

c ross ing  i n  a canal which c o l l e c t s  a l l  runoff from t h e  t es t  s i t e .  

Another s t a t i o n ,  L 2 ,  was located t o  t h e  south where t h e  canal e n t e r s  an 

i r r i g a t i o n  r e t u r n  r e se rvo i r .  S t a t i o n  L 3  is loca ted  s t i l l  f u r t h e r  south 

i n  Sweet Lake. a natural  marshland lake  which i s  hydrau l i ca l ly  connected 

t o  the  i r r i g a t i o n  network. 

A l l  water s a v l i n g  and analyses were conducted using EPA standard 

methods. The cons t i t uen t s  which were charac te r ized  a r e  l i s t e d  i n  Table 1. 
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Rockefeller Refuge 

Water c y a l i t y  monitoring began a t  Rockefel ler  Refuge i n  May, 1981. 

Monthly samyling and ana lys i s  o f  sur face  waters was i n i t i a t e d  i n  May 

a t  two s t a t i o n s  and i n  August a t  a t h i r d  su r face  water s t a t i o n .  

Sampling and ana lys i s  conmenced a t  two wells i n  June, 1951. 

con t r ac t  f o r  monthly sampling and ana lys i s  was a l t e r e d  i n  June, 1383 

t o  be conducted on a q u a r t e r l y  b a s i s .  

Two Ple i s tocene  sand u n i t s  are being monitored by observat ion 

Tie  

wells at Rockefel ler  Refuge (Fig. 4). The first sand is  a t  a depth of  

-130 t o  -310 f t  (-30 t o  -95 m) !!SL. Well No. 1 located 2,000 f t  

(610 m) north-northwest of  t h e  t es t  s i t e  i s  screened i n  t h e  bottom of 

t h i s  sand. A second well, No. 2 ,  i s  located 200 f t .  (61 m) north-north- 

west of t!ie t e s t  s i t e .  

which i s  separated from t h e  upper sand by a l aye r  of c l ay  approximately 

330 f t  (101 m) t h i ck .  

This well  t a p  a lower sand a t  -660 f t  (201 m) 

Three su r face  water sampling s t a t i o n s  s e r e  a l s o  i n s t a l l e d  i n  t h e  

v i c i n i t y  o f  t h e  Gladys McCall tes t  s i t e  (Fig.  4). The f i r s t  S1, i s  

loca ted  i n  a lake in s ide  t h e  Gladys McCall levee system. This lake 

probably formed as a r e s u l t  o f  marsh degradation assoc ia ted  with canal 

dredging and levee bui lding.  A second s t a t i o n  i s  loca ted  near  a s l u i c e  

i n  t h e  southeastern corner of  t h e  levee system through which t i d a l  flow 

i s  allowed t o  e n t e r  and e x i s t .  Adjacent t o  t h e  s l u i c e  i s  a n a t u r a l  

marshland lake which i s  hydrau l i ca l ly  connected t o  the  Gulf o f  Mexico 

v i a  a leveed channel known as Hog Bayou. Sample s t a t i o n  83 is  loca ted  

about 1 mile (1.6 km) down t h i s  channel. 
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CHEF41 CAL ANALYSIS 

Water q u a l i t y  i n  southwestern Louisiana is con t ro l l ed  mainly by 

t h e  ra te  and ex ten t  of salt-water in t rus ion .  Tidal  exchange i s  

responsible  f o r  a high v a r i a b i l i t y  i n  the  chemical charac te r  of 

sur face  waters where land su r face  i s  a t  o r  below sea l e v e l  and where 

channels have been cu t  t o  below sea  l e v e l  i n  the  Gulf Coastal  P la in .  

?lovement of  t h e  i n t e r f a c e  i n  sur face  waters is dependent on p r e c i p i t a -  

t i o n  and runoff r a t e s  and m t i d a l  ranges which are con t ro l l ed  by sea- 

sonal  forces  and long-term sea- leve l  r ise.  

The pos i t i on  of the  subsurface sa l t -wa te r  i n t e r f a c e  i s  a l s o  

con t ro l l ed  by seasonal  and long-term forces .  

i n  subsurface geology o r  aqu i f e r  p rope r t i e s  may cause l o c a l  v a r i a t i o n s  

i n  the  p o s i t i o n  of t h e  i n t e r f a c e .  

aqu i f e r s  f o r  domestic and i n d u s t r i a l  app l i ca t ions  may a l s o  a f f e c t  t h e  

p o s i t i o n  of  t h e  salt-water i n t e r f a c e .  

deep cones of  depression which a l t e r  groundwater flow p a t t e r n s .  

r e s u l t ,  t h e  i n t e r f a c e  may move more r ap id ly  toward pumping cen te r s .  

In add i t ion ,  v a r i a t i o n s  

Discharge of  shallow groundwater 

Heavy pum?ing o f  aqu i f e r s  produces 

As a 

In general ,  water s a l i n i t i e s  i n  southwestern Louisiana inc rease  

downward through t h e  s t r a t i g r a p h i c  column and outward toward t h e  axis  

o f  t h e  Gulf Coast Basin (1).  The depth t o  s a l i n e  water (250 ppm t o t a l  

dissolved s o l i d s  TDS), although l o c a l l y  complex, i n  general  decreases 

t o  t h e  south from -2,000 f t  (-610 m) MSL i n  northern Calcasieu Par i sh  

t o  mean sea l eve l  along the  shore l ine .  

water t o  s a l i n e  water is by no means abrupt.  

base of f r e s h  water t o  t h e  top  of t h e  s l i g h t l y  s a l i n e  zone (1,000 ppm 

TDS) va r i e s  g r e a t l y  but  grad ien ts  from 4 .9  t o  12 .2  m9/liter/m arz 

common. 

The t r a n s i t i o n  from f r e s h  

The gradien t  from the  

Horizontal  g rad ien ts  along t h e  tops o f  major sand u n i t s  have 
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been determined by ( 2 ) .  In t h e  "upper sand un i t "  of t h e  P le i s tocene  

Chicot r e s e r v o i r ,  t h e  grad ien t  between t h e  250 and 1,000 ppm i soch lo r s  

is  commonly between 0.04 and 0.16 m g / l / m .  

g rad ien t  is  from 0.04 t o  0.08 m9/l/m and i n  t h e  "700-ft" sand, t h e  

grad ien t  i s  from 0.05 t o  0.16 m9/l/m/ 

a t t a i n e d  with depth than with ho r i zon ta l  d i s t ance  p e r  u n i t  l ength .  

In t h e  "500-ft" sand, t he  

Therefore,  h igher  s a l i n i t i e s  a r e  

Sweet Lake 

Surface waters a t  t h e  Sweet Lake tes t  s i t e  which were observed 

through t h e  environmental monitoring program have an average d isso lved  

content of  880 m9/1 based on a summation o f  t h e  major ca t ions  and 

anions,  Na, K ,  M9, Ca, C 1 ,  NH4, Cd, and B (Table 6 ) .  The s a l i n i t y - o f  

su r face  waters is h igher  than i n  t h e  monitored P le i s tocene  sand and 

grave l  un i t  which has an average d isso lved  s o l i d s  content of 346 m3/1 

based on a sum of  t h e  concent ra t ions  o f  major ca t ions  and anions i n  wells 

sampled by t h e  LSU monitoring program and t h e  USGS. 

s a l i n i t y  of  groundwaters increases with depth. The d isso lved  s o l i d s  

content o f  a -950 ft (-290 n) FlSL USGS observation i s  2,130 m9/1 and 

t h e  average d isso lved  s o l i d s  content of t h e  Sweet Lake geopressured- 

geothermal b r i n e  i s  148,300 m9/1 (Table 6 ) .  

As e q e c t e d ,  t h e  

Concentrations of s e l e c t e d  elements i n  t h e  su r face  waters have 

seasonal v a r i a t i o n s  which are a r e s u l t  o f  changes i n  c l imate  (Table6 ) .  

The climate se rves  t o  inc rease  fresh-water runoff during t h e  "wet"  

seasons and inc rease  t i d a l  inflow during t h e  seasons.  Small- 

s c a l e  v a r i a t i o n s  may a l s o  r e s u l t  from a g r i c u l t u r a l  p r a c t i c e s  which should 

a l s o  be seasonal i n  na ture .  In genera l ,  concent ra t ions  of major ca t ions  
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and anions inc rease  t o  t h e  south from s t a t i o n  L 1  loca ted  on t h e  

p r a i r i e  su r face  t o  s t a t i o n  L3, loca ted  i n  t h e  n a t u r a l  marshland l ake ,  

Sweet Lake (F ig .1) .  

The q u a l i t y  of groundwater a t  Sweet Lake is  a l s o  seasonal ly  

v a r i a b l e  due t o  movement of  t h e  salt-water i n t e r f a c e  i n  response t o  

i n f l u x  of  f resh-water  a t  t h e  recharge source during " w e t  seasons and 

t i d a l  i n f l u x  during !'dryfv seasons (Fig. I l- l8).The e f f e c t  of t h e  

frdrylf seasons may 'be more pronounced i n  t h e  groundwaters due t o  

increased  pumping when farmers have t o  supplement s u r f a c e  i r r i g a t i o n  

sources  with groundwater. In  genera l ,  concent ra t ions  of  major ca t ions  

and anions increase  with depth i n  t h e  groundwaters. The groundwater 

observat ion program was not  designed t o  cha rac t e r i ze  t h e  n a t u r a l  ho r i -  

zontal  v a r i a t i o n  i n  t hese  waters.  

such an ana lys i s .  

The wells a r e  too  c l o s e l y  spaced f o r  

Rockefel ler  Refuge 

The su r face  waters a t  Rockefel ler  Refuge are brackish .  Thei r  

d i sso lved  s o l i d s  content  when summing t h e  concent ra t ions  of major 

ca t ions  and anions from p r o j e c t  observat ions average 17,800 m9/1 

(Table 4) .  

shal lowest  average groundwater observat ion.  In  genera l ,  t h e  s a l i n i t y  

of  groundwaters increases  with depth i n  water q u a l i t y  observat ions 

conducted by t h e  USGS (Table 4 ) .  

waters sampled through t h e  environmental mcnitoring yrogram a r e  

oppos i te  t h i s  t rend .  

h igher  average d isso lved  s o l i d s  content  (2,840 m9/1) than t h e  deeper 

This concent ra t ion  is  more than 6 times t h a t  of t h e  

The d isso lved  s o l i d s  content  o f  

The shallow Ple is tocene  sand and gravel  has a 
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sand (2,131 m9/1), a l s o  P le i s tocene  and probably connected t o  t h e  shallow 

sand some d i s t ance  up the  s t r a t i g r a p h i c  d ip  ( 2 ) .  The v a r i a t i o n  i n  

chemistry between t h e  two sands may be due t o  hydraul ic  connection 

of t h e  shallow sand with gu l f  waters o r  recharge o f  t h e  lower sand 

u n i t .  

from t h e  bottom o f  t h e  shallow sand and well  No. 2 produces from t h e  

upyer t o  middle s e c t i o n  of  t h e  lower sand. 

each sand would cliy in land  increas ing  t o  t h e  nor th .  This may a l s o  

exp la in  t h e  lower s a l i n i t i e s  o f  USGS observations a t  an equiva len t  

s t r a t i g r a p h i c  i n t e r v a l  t o  t h e  nor th .  

A more p l a u s i b l e  e q l a n a t i o n  is  t h a t  well No. 1 produces water 

A salt-water i n t e r f a c e  i n  

The geothermal b r i n e  w a s  produced from a depth of  15,500 f t  (4724 

The d isso lved  s o l i d s  content of  t h e  b r i n e  is about 93,900 m9/1 when 

summing u~ t h e  concentrations of  major r ep resen ta t ive  c o n s t i t u e n t s .  

These major e l enen t s  comprise 96 percent  of  t h e  TDS content measured 

by labora tory  methods (Table 4 ) .  

Major cons t i t uen t s  i n  su r face  waters a t  Rockefeller Refuge vary 

seasona l ly  (Fig.11-18).A s t rong  inf luence  on t h i s  v a r i a b i l i t y  is  

undoubtedly t i d a l  i n  na tu re  as a t t e s t e d  t o  by very high concent ra t ions  

of major seawater c o n s t i t u t e n t s  (Fig.  8). The area i s  f l a t  and very 

nea r  sea level.  

importance. 

d i sp l ay  seasonal v a r i a t i o n s  due t o  t h e  movement o f  t h e  salt-water 

i n t e r f a c e  which i s  a response t o  a complex i n t e r a c t i o n  between t i d a l  

change i n  t h e  aqu i f e r  from t h e  south and recharge from t h e  nor th  (Fig. 11- 

18). 

r i v e r  system i n  and j u s t  no r th  o f  t h e  Chenier r idge  complex, where t h e  

Runoff from p r e c i p i t a t i o n  i s  t h e r e f o r e  of  minor 

Concentrations of these  elements i n  groundwaters a lso 

Some recharge t o  t h e  P le i s tocene  aqu i f e r  may e n t e r  t h e  Mermentau 

r i v e r  system has scoured i n t o  t h e  P le i s tocene .  

about 100 miles nor th  of  t h e  Rockefeller Refuge 

P a r i s h  ( 3 ) .  
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SUBSIDENCE 

Subsidence i s  a very c r i t i c a l  concern i n  south Louisiana where 

much o f  t h e  land sur face  is  very near  sea l eve l .  Any increase  i n  

subsidence r a t e s  w i l l  r e s u l t  i n  increased urban f looding,  l o s s  of  

ecosystem h a b i t a t ,  and bui ld ing  foundation problems ( 5 ) .  Land l o s s  

i s  a l so  a c r i t i c a l  concern. In  an a rea  t h a t  is  lo s ing ,  by one estimate, 

up t o  129 square kilometers per  yea r ,  t h e  subsidence component is  

probably most s i g n i f i c a n t .  

Subsidence i n  south Louisiana may r e s u l t  from any one of  a number 

of  phenomena ranging from t h e  regional  movement assoc ia ted  with deep 

c r u s t a l  a c t i v i t y  t o  s o i l  compaction caused by loading o r  dewatering. 

The e f f e c t ,  i f  any, of  geopressured-geothermal deveioyment w i l l  be t o  

depressur ize  t h e  geopressured aqui fe r .  

r e s u l t  i n  a negat ive head gradien t  from t h e  surrounding sha le s  i n t o  the  

aqui fe r .  

can be t ransmi t ted  t o  t h e  su r face  as subsidence (6) .  In  add i t ion ,  

subsidence may r e s u l t  from d i f f e r e n t i a l  compaction across  t h e  growth 

f a u l t s  which def ine  t h e  geothermal r e se rvo i r .  

This depressur iza t ion  would 

The dewatering and compaction of  t he  sha le s ,  which follows 

Fast estimates of subsidence rates i n  south Louisiana vary 

g rea t ly .  

d i f f e r e n t  assumptions based on sea l e v e l  r i s e .  

(7)  ca lcu la t ed  rates between -0.5 and - 4 . 3  cm/year by t i e i n g  i n  t o  a 

"stab€e" re ference  on t h e  F lo r ida  coas t .  Holdahl and Morrison (8) 

ca l cu la t ed  rates from -0.03 t o  -0.05 cm/year based on t h e  s t a b i l i t y  of  

t h e  Appalchian Mountains and an assumed 1 mm/year rate of  sea l e v e l  

r ise.  In  both cases ,  f i e l d  l eve l ing  da ta  from d i f f e r e n t  surveying 

epochs were adjusted t o  account f o r  t h e i r  assumptions. 

The v a r i a t i o n  is  due t o  d i f f e rences  i n  re ference  area and 

Swanson and Thurlow 
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In e a r l i e r  work f o r  t he  DOE geopressured-geothermal p r o j e c t ,  

subsidence networks were e s t ab l i shed  around each of t h e  t e s t  s i t e s  

(9 ) .  

a r ea  bounded by t h e  subsurface growth f a u l t s  which de f ine  each 

prospect .  Leveling of f i r s t - o r d e r  accuracy was used t o  t i e  i n  

these  networks t o  the  e x i s t i n g  National Geodetic Survey (NGS) 

reg iona l  network. 

These networks were designed t o  cover and extend beyond t h e  

Before the  e f f e c t s  o f  geopressured-geothermal development on 

subsidence r a t e s  can be determined, i d e a l l y  a base l ine  of  absolu te  

e x i s t i n g  subsidence r a t e s  should be es tab l i shed .  Local adjustments 

were made on t h e  s i t e  networks a t  t h e  beginning of  t he  DOE p r o j e c t  

t o  determine r e l a t i v e  movements (9 ) .  A nearby re ference  benchmark a t  

each s i t e  was assumed s t a b l e  (zero movement), t he re fo re  subsidence 

rates measured along t h e  l i n e s  were only meausurable r e l a t i v e  t o  t h e  

l ls table ' l  benchmarks (Fig. 6 ) .  This ana lys i s  may be misleading s i n c e  

t h e  re ference  benchmarks are probably not  s t a b l e .  

subsidence s t u d i e s  a r e  d isputab le  due t o  t h e i r  d i f f e rences ,  t hese  

s t u d i e s  a r e  important f o r  t h e i r  common po in t ;  t h a t  t he  south Louisiana 

coas t  i s  subsiding.  Therefore,  subsidence r a t e s  a t  t h e  geopressured- 

geothermal t es t  si tes are probably g r e a t e r  than those depicted i n  

e a r l i e r  s t u d i e s  (9) .  

Although e a r l i e r  

In  a more recent  s tudy,  movements a t  t h e  geopressured-geothermal 

t e s t  s i tes were ad jus ted  t o  a d i f f e r e n t  reference.  The Elonroe LTplift 

i n  nor theas te rn  Louisiana was shown by Schumm, Watson and Burnett (10) 

t o  be u p l i f t i n g  a t  a r a t e  between +0.4 and +1.4 mm/year. 

e s t ab l i shed  t h i s  t r end  using geomorphic evidence which ind ica ted  t h a t  

g rad ien t s  and o the r  c h a r a c t e r i s t i c s  of  streams crossing t h e  Monroe 

They 
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Upl i f t  and t o  ad jus t  t he  movements a t  t t e  geopressured-geothermal t e s t  

s i t e s  t o  t h e  known r a t e  of  movement of t h e  Monroe Up l i f t .  

more absolu te  subsidence r a t e s  i n  southwestern Louisiana have been 

determined ( 5 ) .  

In  so  doing, 

Sweet Lake 

The movement p r o f i l e  extends from Iowa, Louisiana nor th  of  t he  

Sweet Lake tes t  s i t e  t o  Creole, Louisiana t o  t h e  south (Fig. 7 ) .  The 

Sweet Lake tes t  s i t e  may be pos i t ioned  a t  approximately the  25 km 

d i s t ance  mark on t h e  subsidence p r o f i l e  (Fig. 8 ) .  Movement along t h e  

l i n e  ranges from - 0 . 3  t o  -0.03 m f o r  t he  per iod 1965 t o  1982. The 

shaded region i n  t h e  p r o f i l e  i s  an e r r o r  band corresponding t o  the  

+0.0004 t o  +0.0014 m/year range i n  movement o f  t he  P4onroe Up l i f t .  

Two co r re l a t ions  are evident  i n  t h i s  p r o f i l e .  The topographic 

su r face  and the  movement p r o f i l e  a r e  inver ted  and t h e  poin t  o f  

minimum subsidence i s  pos i t ioned  co inc iden ta l ly  with the  Prairie 

Marshland boundary and t h e  Sweet Lake sa l t  dome. 

subsidence may be assoc ia ted  with compaction o f  a bur ied  P le i s tocene  

Red River f l u v i a l  system o r  g r e a t e r  dewatering due t o  increased 

pumping f o r  i r r i g a t i o n .  'Pie area south of  t h e  Prairie-Narshland 

boundary may be compacted less due t o  s a t u r a t i o n  as t h i s  a r e a  i s  

under water most of  t h e  time o r  perhaps movement o f  t h e  Sweet Lake 

sa l t  dome has kept Face with subsidence rates. 

The area of  maximum 

Rockefel ler  Refuge 

Movement a t  Rockefel ler  Refuge i s  represented by a p r o f i l e  which 
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extends from IIolly Breach, Louisiana t o  the  west of t h e  w i l d l i f e  

management a rea  which is located j u s t  e a s t  of t h e  tes t  s i t e  (Fig. 9 ) .  

In general ,  subsidence decreases from west t o  e a s t  from -0.15 t o  

-0.05 m for t h e  per iod 1965 t o  1952. 

p r o f i l e  a t  t he  pos i t i ons  of t h e  e x i s t i n g  Calcasieu and Mernentau 

Rivers. 

Anomalies occur i n  the  

Tnis subsidence i s  probably due t o  g r e a t e r  compaction o f  t he  

younger sediements which comprise the  r i v e r  basins .  

subsidence a t  t h e  Rockefeller Refuge tes t  s i t e  between 1965 and 1982 

was approximately -0.05 t o  -0.07 m. 

approximately t h e  64 km dis tance  mark on the  p r o f i l e .  

Baseline 

The t e s t  s i t e  is located a t  

MICROSEISMICITY 

Microseismicity may r e s u l t  from geopressured-geothermal develop- 

ment a c t i v i t i e s  through enhanced o r  induced f a u l t i n g  (6) .  This 

f a u l t i n g  would occur as  a r e s u l t  o f  s l ippage along the  growth f a u l t s  

which def ine  the  prospect .  

d i f f e r e n t i a l  yore pressure  dec l ines  along f a u l t  p l anes , r e su l t i ng  

either from depressurization of the geothermal aquifer or pressuriza- 

t i o n  and lub r i ca t ion  i n  t h e  shallower disposal  sands. 

Tensional s t r e s s e s  a r e  c rea ted  due t o  

The growth f a u l t s  which def ine  the  geopressured r e s e r v o i r s , a r e  

conducive t o  t h e  loca l i zed  n a t u r a l  compression of sandstone wedges 

i n  the  Gulf Coast; a r e s u l t  of progradat ion of T e r t i a r y  and younger 

f l u v i a l  sands and s i l t s  onto o lde r  marine c lays  and evapor i tes  (1).  

The growth f a u l t s  a r e  located where these  th i ck  sedimentary wedges 

have been deposited within the  clays and salts .  The f l u v i a l  wedges 

load and compress t h e  marine sediments with p o g r a d a t i o n  toward t h e  

center  of t h e  Gulf Coast Basin. Growth f a u l t i n g  i s  contemporaneous 
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with deposition (1). 

deposited on the downthrown side so that sediments on the downthrown 

side are thicker. 

Sediments are carried over the fault and are 

Movement along growth faults may continue for some time after 

deposition. Natural seismicity may be a result of this continued 

movement or could be due to other background sources within or away 

from the geopressured-geothermal test sites. 

background "noise" range from thunderstorms to distant crustal 

movements. Yan-induced events may arise from oil field activities or 

highway travel. 

Sources of natural 

Microseismic monitoring programs were initiated around each of the 

geopressured-geothermal test sites prior to development activities (1). 

A first phase of each program involved the operation of temporary 

seismometers to locate sources of background "noise" which could 

interfere with site-specific interpretations. 

involved the installation of permanent seismometers around each test 

site at locations strategic to the detection of growth fault movement. 

These seismometers are encased within boreholes to a depth of 11 m or 

more. Seismic signals are transmitted via radio signals and telephone 

lines to receiving stations where they are filtered and processed. 

The second phase 

St-reet Lake 

Seismic signals from the Sweet Lake geopressured-geothermal 

prospect are transmitted via telephone lines from telemetry packages 

at depths o f  20 to 27 m below ground surface. 

seismic stations are located radially around the test site (Fig. 1). 

Eight of these 
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Continuous r e c 0 r d i . q  o f  seisinic s i g n a l s  began i n  August o f  1980. 

Through t h e  per iod  ending Ju ly ,  1982, a t o t a l  of  approximately 459 

seismic s i g n a l s  were recorded by t h e  Sweet Lake microseismic moritoring 

a r r a y  (4 ) .  O f  t hese  s i g n a l s ,  about h a l f  may be a t t r i b u t a b l e  t o  n a t u r a l  

events occuring ou t s ide  t h e  network and 20 percent  of t h e  s i g n a l s  may 

be  due t o  n a t u r a l  events occuring wi th in  t h e  network. 

signals e i t h e r  could not  be loca ted ,  were of unknown o r i g i n  o r  were 

d i r e c t l y  a t t r i b u t a b l e  t o  geophysical b l a s t i n g .  

t h a t  most o f  t h e  n a t u r a l  events were assoc ia ted  with t h e  growth f a u l t s  

which are strewn across t h e  Gulf Coast. T h e e  events  are c o r r e l a b l e  

with earthquake a c t i v i t y  i n  Alaska,  Mexico, and I t a l y .  The J e f f e r s o n  

I s l and ,  Louisiana s a l t  dome co l l apse  of  November 20, 1989 Froduced a 

sequence o f  seismic a c t i v i t y  t h a t  l a s t e d  f o r  about 9 minutes. 

events  recorded within t h e  network do not form any 

r e l a t i o n  t o  t h e  growth f a u l t  network which def ines  t h e  prospec t .  

Therefore,  no microseismicity can be a t t r i b u t e d  t o  tes t  well  opera t ion  

during t h e  pero id  of  monitoring repor ted  here .  

The remaining 

I t  is h ighly  probable 

The 

?attern i n  

Rockefeller Refuge 

Eight permanent borehold seisnometers were i n s t a l l e d  i n  June, 1981 

0 

D 

a t  depths ranging from 11 t o  15 meters ( 4 ) .  

l i n e  v i a  r a d i o  s i g n a l s  and telephone l i nes  i n  J u l y  of  1981. 

The seismometers were on- 

Between t h e  per iod ,  Ju ly ,  1981 through October, 1982, a t o t a l  o f  

38 events have been recorded by t h e  Rockefeller Refuge microseismic 

monitoring a r ray .  Of t hese  events ,  about 45 percent  were loca ted  

ou t s ide  t h e  network and 10 percent  were wi th in  t h e  network. The 

remainder were e i t h e r  assoc ia ted  with o i l  f i e l d  a c t i v i t i e s  o r  were too  

33 



small t o  loca te .  The na tu ra l  events  recorded a t  Rockefel ler  Refuge 

were a l s o  recorded by the  Sweet Lake monitoring a r ray .  As mentioned 

previously,  i t  is  highly probable t h a t  t hese  na tu ra l  events  were caused 

by na tu ra l  growth f a u l t  s l ippage  within the  Gulf Coast subsurface.  

events  a r e  d i r e c t l y  a t t r i b u t a b l e  t o  tes t  well operat ions.  

No 

REFEPSNCES 

1. Bebout, D . G . ,  Z.  Bassiouni, D.R .  Carver, C.G. Groat, R.H. P i l g e r ,  

Jr. and F. M. Yrighton, 1982. Technical support  fo r  

geopressured-geothermal well a c t i v i t i e s  i n  Louisiana, annual 

r epor t  f o r  t h e  per iod  November 1, 1980 t o  October 31, 1981; 

DOE/NY/10174-1, 378 p. 

2 .  Harder, A.H.,  C. Kilburn, H.M. Whitman and S.M. Rodgers, 1967. 

E f fec t s  of ground-water withdrawals on water l e v e l s  and 

sa l t -wa te r  encroachment i n  southwestern Louisiana; S t a t e  o f  

Louisiana, Department o f  Conservation, Geological Survey, 

Water Resources Bull. No. 10, 56 p.  

3 .  Jones,  P.H., A.N. Turcan, Jr. and H.E. Sk ib i tzke ,  1954. Geology 

and ground-water resources  of  southwestern Louisiana; S t a t e  

of Louisiana Department of Conservation, Geological Survey, 

Geological Bu l l e t in  No. 30, 285 p.  

4.  Wrighton, F.M., D. Bebout, D.R. Carver, C.G. Groat and A.E. 

Johnson, Jr . ,  1981. Technical su2port  f o r  geopressured- 

geothermal well a c t i v i t i e s  i n  Louisiana,  f i n a l  repor t  f o r  

t h e  per iod  September 27, 1978 t o  December 31, 1980; DOE/ET/ 

27160, 2 1 1  p. 

34 



5. 

6. 

7. 

8. 

9. 

Trahan, B.B., 1983. A base l ine  f o r  determining l o c a l ,  small  

s c a l e  v e r t i c a l  movements i n  Louisiana: Arizona Consulting 

Engineers Association, Symposium on Land Subsidence and 

Earth F issures ,  i n  Press. 

Gustavson, T.C. ,  and C.W. Kreitler, 1976. Geothermal resources  

o f  t h e  Texas Gulf Coast: Environmental concerns a r i s i n g  from 

t he  production and d isposa l  o f  geothermal waters : Universi ty  

o f  Texas, Austin,  Bus. Econ. Geology. Geol. Circ. 7 6 - 7 ,  35 p .  

Swanson, R.L. and C.  I. Thurlow, 1973. Recent Subsidence rates 

along the  Texas and Louisiana Coasts as determined from t i d e  

measurements. Jour .  Geophysical Research, Vo!.. 78, No. 15, 

p.  2665-2671. 

Holdahl, S.R., and N. C. Morrison, 1974. Regional i nves t iga t ions  

of  v e r t i c a l  crustal movements i n  t h e  U . S . ,  Using Prec ise  

Releveling and Mareograph da ta ,  i n  R. Green, ed.. Recent 

Crustal  Movements and Associated Seismic and Volcanic 

Act iv i ty :  Tectonophysics, vol .  23, p. 373-379. 

Trahan, D.B . ,  1982. Monitoring l o c a l  subsidence i n  a reas  of  

potential geopressured fluid withdrawal, Southwestern 

Louisiana Trans. ,  Gulf Coast Assoc. Geol. SOC.  Vol. 32, 

p. 231-236. 

10. Schumm, S. A.,  C.C.  Watson, and A. W. Burnet t ,  1982. Invest iga-  

t i o n  of  neotec tonic  a c t i v i t y  wi th in  t h e  lower Miss i ss ippi  

Valley Division: 'J.S. C o q s  of  Engineers, Contract No. 

DACtJ38-80-C-0096. 158 p.  

35 



m
 

R
E

P
R

O
D

U
C

E
D

 FR
O

M
 

B
E

S
T A

V
A

ILA
B

LE
 C

O
P

Y
 

0
 

Q
 

0
 

0
 

Y
 

<
 

I
 
I
 

0
 

z w
 

a
 

m
 

0
 

e 



I 

e 

I 

9
 

0
 

e 

'1
: 

f 

. ;!. 
::: 

.. 
:

I
 

I: 
. ... ..I i 

:
 

I 
Ii 

. i
-
 

I. 

.:. 
. .!: i'. 
. 

.a 

;
'

 
A

.
.

 

.. .. .*. 
, 

:: 

.:: 
j'. 
I
.
 

1 

37 
R

E
P

R
O

D
U

C
E

D
 F

R
O

M
 

B
E

S
T A

V
A

ILA
B

LE
 C

O
P

Y
 



0
 

I-
 z Y I I 

I I I I I 

I 
I 

I
I

 
z
 

I 
I 

1
1

 
W

 

*
A

 
c 

4
q

l
 

1 
.

A
 

I I I I I I I I 

I f I I 

I
-

 

* 0
 e Q
 



w
 

cn 
I- v
) 

w
 
c
 

t
 

c3 
3
 

LL 
W

 
U
 

w
 

.J 

W
 

LL 
w

 
Y

 
0

 
0
 

'
u
 

a
 

' 
*

' . 

M
 

C
 

.
d
 
3
 
0
 
c
 v

) 



e * e 
i' 

. 

100 fc 

q- 

0
 

u- p. 
0
 

C
 

V
I 

. 



6) 
oz- t m- 

.. 
a a a e 

N 

- 05 

-0I. 

h -05- n" 
5 

i -02. : 

-01. 



0 

0 

0 

e 

e 

e 

Q 

0 

0 

F i g .  7 - The Louisiana first-order leveling network showing positions of 
major junctions and the boundary of the Monroe Uplift. 
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Comparison of chemistry between the geopressured-geothermal 
brine and surface waters, Sweet Lake. 

PARAMETER 
BRINE 

AVERAGE 

156,900 
42,000 
1,690 
630 

92,340 
162,000 

5.6 @ 50'C 
31 7 
112 

69 

11,200 

0 . 3 3  

THIS STUDY--1982 
Surface 280-435 ft 

275 107 
17.400 2.100 
90 19 
25 31 

465 47 
1,604 564 

.7.300 7.900 

0.070 0.070 
0.002 0.001 
1.400 0.490 

U.S. GEOLOGICAL SURVEY--1948-1979 
280-450 ft 950 ft 

722 
222 

13 
29 
214 

1,180 

314 

5.40 

8.10 

. 

2,400 
865 

7 
35 
3.40 

1,270 
4,270 

30 1 
7.600 

0.18 0.08 



PAF3iEIETER 
BRINE 

AVERAGE 

97,800 
29,750 

4 30 
354 

4,040 
59,290 

NA 
NA 
NA 
NA 

1.000 
0.015 
36 

Table 7 

Comparison of s u r f a c e  and ground-water 
chemistries, Rockefeller Refuge. 

U . S. GEOLOGICAL SURVEY 
THIS STUDY--1982 1975 1955 1974-75 

>500 ft 460 ft Surf ace 310 ft 660 ft <400 ft 

5 , 5 4 7  932 
165 12.160 
702 85 
199 106 

9,985 1,620 
24,974 4,857 

8.118 7.730 

0.198 1.435 
1,241 83.200 

0.003 0.002 
1.049 0.321 

760 

31 
45 

1,280 
4,070 

4.287 

7.812 

1.010 
9.860 
0.001 
0.195 

628 
' 225 

3.5 
9.1 
18 
165 

1,070 

394 
7 . 5  

1,115 
36 2 

18 
46 
482 

2,055 

388 

4.05 

7.4 

0.080 

3,950 
1,400 

45 
90 

1,510 
4,785 

288 

8.0 

7.6 
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GEOPRESSURE-GEOTHEFdAL SUBSIDENCE ?!ODELING 

Ver t ica l  movement of t he  l i thosphere  i s  a common problem assoc ia ted  

with f l u i d  withdrawal from subsurface formations.  m e  vec tor  of 

movement, i n  most cases ,  i s  downwards by compaction (Gi l lu ly  and Grant, 

1949; Fatt ,  1958; Allen,  1968; and Geertsma, 1937) however, o t h e r  work 

(Holzer, 1979) has shown t h a t  ex t r ac t ion  o f  very l a rge  amounts of  water 

may cause e l a s t i c  expansion of t he  l i thosphere  underlying the  producing 

r e s e r v o i r  thereby c rea t ing  u p l i f t .  

Methods have been def ined which attempt t o  measure and p r e d i c t  t h e  

amount and rate of movement above water, o i l  and gas r e s e r v o i r s  which are 

o r  were producing l a rge  amounts of  f l u i d s .  In a l l  a t tempts ,  t he  focus 

of  research has been t o  model t h e  r e s e r v o i r  of  production with parameters 

t h a t  de f ine  t h e  microscopic and macroscoTic p rope r t i e s  o f  t h e  r e se rvo i r .  

I t  has been shown ( F a t t ,  1955; Geertsma, 1973) t h a t  t he  main f a c t o r  i n  

r e s e r v o i r  compaction i s  a reduct ion i n  pressure .  Therefore,  it is  

bel ieved t h a t  most v e r t i c a l  movement w i l l  occur i n  s t ra ta  assoc ia ted  

with a r e s e r v o i r  where boundary condi t ions prevent t h e  maintenance of  

pressure  wi th in  t h e  r e se rvo i r .  

Cases f o r  such a r e s e r v o i r  of f l u i d  production ex is t  i n  the  Gulf 

Coast of Louisiana and Texas. 

a r e  being t e s t e d  by t h e  U. S .  Department of Energy f o r  development of  

energy u t i l i z i n g  t h e  high temperature,  high pressure  and dissolved 

methane c h a r a c t e r i s t i c s  of t h e  geopressured resource.  

are trapped within f au l t ed  blocks of massive sha les .  

r e se rvo i r s  have been increased and maintained due t o  hydros t a t i c  loading 

without r e l e a s e  of pressure ;  t h e  ra te  of f l u i d  expulsion i s  slow due 

t o  very low pe rmeab i l i t i e s  i n  the  adjacent  sha le s .  

Geopressure-geothermal r e s e r v o i r  b r ines  

These r e s e r v o i r s  

Dressures i n  t h e  
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Models o f  geothermal subsidence have been ex tens ive ly  reviewed 

by Pinder (1979) and " f i l l e r  e t  a l .  (1980a Fr b) .  These models a r e  

based mainly on geothermal production i n  C a l i f o r n i a  where t h e  source 

of geothermal energy i s  hot rock. 

geopressure-geothermal r e s e r v o i r  modeling based on system thermal and 

mass t r a n s f e r  r e l a t i o n s h i p s .  

t o  Gulf Coast systems are those  which have been developed f o r  o i l  

and gas systems. Where appropr ia te ,  hot-rock geothermal models w i l l  

be taken i n t o  cons idera t ion .  The emphasis here  however, is  on subs i -  

dence modeling above r e s e r v o i r s  which are producing f l u i d s  from sed i -  

mentary "rocks" l i k e  those  i n  t h e  Gulf Coast, t hese  "rocks" can be 

described as s o f t ,  p l a s t i c ,  and b r i t t l e  and i n  some cases may not even 

be c l a s s i f i e d  as true rocks s i n c e  they are unconsolidzted.  

Their models a r e  r e l evan t  t o  

Other models which are mode app l i cab le  

MODELS OF COMPACTION AND SUBSIDENCE 

As mentioned previous ly  t h e  most s i g n i f i c a n t  parameter e f f e c t i n g .  

t h e  compaction and r e s u l t i n g  subsidence of t h e  subsurface r e s e r v o i r  

i s  reduct ion  i n  pressure .  

h i s t o r y  f o r  t h e  Long Beach harbor area i n  C a l i f o r n i a  (Gi l lu ly  and Grant, 

1949). Reductions i n  pressure  i n  t h e  Wilmington o i l  f i e l d  were s t rong ly  

c o r r e l a t e d  with subsidence o f  t h e  land su r face .  Secondary f a c t o r s  

considered were volume of  f l u i d  withdrawn, t h e  th ickness  of  f l u i d -  

s a t u r a t e d  sands, and t h e  spacing o f  producing wells. 

pressures  was a r e s u l t  o f  t h e  lack  o f  water i n f l u x  through t h e  r e s e r v o i r  

boundaries. Assuming t h a t  t h e  r e s e r v o i r ,  i n  i t s  n a t u r a l  s t a t e ,  was 

a t  h y d r o s t a t i c  equilibrium, a reduction i n  pore pressure  wi th in  t h e  

r e s e r v o i r  increased  t h e  h y d r o s t a t i c  load on t h e  r e s e r v o i r .  

This phenomenon was discussed i n  a case 

The reduct ion  i n  

The s t ra ta  
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above were then allowed t o  s ink  i n t o  t h e  r e s e r v o i r  rep lac ing  t h e  l o s t  

$ 

pressure  and thereby maintaining a new h y d r o s t a t i c  equilibrium. This 

: a  This equation pravides a b a s i s  f o r  determining t h e  shor ten ing ,  

wi th in  t h e  e l a s t i c  l i m i t ,  o f  any material under load. The c o e f f i c i e n t  

derived from t h i s  r e l a t i o n s h i p  i s  t h e  compression modulus: .. 58 

r e l a t i o n s h i ?  w s s  presented by t h e  formula: 

P =  D F 61.5 x ( \ -  00) 

(4-4 

where P = pressure  on ho r i zon ta l  su r f ace  i n  l b s / i n .  

((--I = volume r a t i o  of  g ra ins  t o  t o t a l  volume of  

sediment , 

e = dens i ty  o f  g ra ins  comprising t h e  r e s e r v o i r  

co r rec t ed  f o r  t h e  bouying e f f e c t  o f  water, and 

144 = one square i n  inches.  

For an o i l  sand canped with a sha1.e bed o f  low permeabi l i ty ,  

a d d i t i o n a l  terms were incorporated i n t o  eq. 1: 
( 1 - P ” )  ~ 2 . 7  ~ 6 1 . 5  x D  + OCr ~ 6 4 x 3  P =  

i44 
where 2 . 7  = s p e c i f i c  g rav i ty  of  sand g ra ins ,  and 

64 = t h e  weight o f  one cubic foo t  o f  sea water. l o  

a 

These equations give t h e  maximuni load., p e r  square inch. t h a t  can 

be placed upon an impermeable membrane a t  given depths. 

To ob ta in  t h e  d a t a  necessary f o r  ca l cu la t ions  t h e  authors r e l i e d  

on production d a t a  f o r  d i s t r i b u t i o n  and amount of p re s su re  

reduct ions .  

i nd ica t ed  th i ckness  of  r e s e r v o i r  sands. 

determined i n  t h e  l abora to ry  using t h e  r e l a t i o n s h i p :  

S t r u c t u r e  contour maps of t h e  producing r e s e r v o i r  

Mechanical p r o p e r t i e s  were 

where  LO,^, = o r i g i n a l  length and s t r e s s ,  1. 
L,, PS = length and stress under load ,  and 

E = Young’s modulus. 



This c o e f f i c i e n t  i s  r e l a t e d  t o  g ra in  shape, s o r t i n g ,  e l a s t i c i t y  

and depth of b u r i a l  f o r  a given r e s e r v o i r  ma te r i a l .  

Another model o f  r e s e r v o i r  compaction was provided by Fat t  (1958). 

Using t h e  models, Fat t  equated rock bulk compress ib i l i t i e s  and rock 

composition : 

where M = i n t e r g r a n u l a r  material conten t ,  

CM = i n t e r g r a n u l a r  ma te r i a l  compress ib i l i ty ,  

G = gra in  conten t ,  and 

‘3 = gra in  compress ib i l i ty .  

This rock bulk compress ib i l i ty  i s  t h e  volume change a r e s e r v o i r  

undergoes as f u l i d  pressure  is  depleted.  

Since g ra in  content i s  equal t o  t h e  t o t a l  volume of  rock minus 

t h e  i n t e r g r a n u l a r  ma te r i a l ,  t h e  formula reduces t o :  

CB = M ( e,- cl) +- =I 
Fat t  (1958) a l s o  found t h a t  a r e l a t i o n s h i p  between and e x i s t e d  

only when well s o r t e d  and poorly s o r t e d  sands were t r e a t e d  sepa ra t e ly .  

Thus Fatt’s measured compress ib i l i t i e s  were a l i n e a r  func t ion  cf 

composition f o r  a given g ra in  shape and s o r t i n g .  

The compress ib i l i ty  of Torous rock i s  a l s o  a func t ion  of  t h e  

appl ied  ex te rna l  p re s su re  and t h e  pore f l u i d  pressure  r e l a t e d  by t h e  

equation : 

where pe = ex te rna l  h y d r o s t a t i c  p re s su re ,  

p; = pore f l u i d  pressure ,  and 

vB = bulk volume. 
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Fa t t  (1958) a l so  introduced many o thc r  r e l a t ionsh ips  necessary 

i n  the  analyses o f  comnress ib i l i ty  data .  These a re :  

Pore volume compressibi l i ty:  

where Vp = Dore volume o r  poros i ty ,  

Pseudo bulk volume compressibi l i ty:  

Pore vol.ume compaction: 

Compressibil i ty o f  t o t a l  s o l i d  mater ia l :  

Net overburden pressure :  

where n = a constant between .SO and 1.00 which takes  i n t o  

considerat ion t h a t  a qiven increase (o r  decrease) 

i n  internal pressure does not chanqe the  bulk 

volume o r  length o f  a r e se rvo i r  t h e  same as an 

equal decrease (o r  increase)  i n  ex%ernal  Fressure.  

Because t h e  i n t e r n a l  pressure  i n  a formation is  

only about 85% effective i n  contersc t ing  oveTburden 

pessiire, formula 1 2  reduces to :  

Ke = 
acce lera t ion  due t o  g rav i ty ,  and 

g h  ( Y e  - 0 . 8 5  P;) 
where 8 = 

h = deFth of  formation. 

Geertsma (1973) s;:ated t h a t  t h i s  same constant ,  h is a fimction 

of t h e  bulk. volume and t h e  coinpressibi l i tv  o f  t.he s o l i d  ma.tri.x. He 

derived t h e  funct ion:  

3 9 ;  c a - c  
=a 

Geertsma a l so  provided conditions f o r  subsidence o f  t he  land 

sur face  above compacting o i l  and gas r e s e m o i r s :  
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1) A s i g n i f i c a n t  reduction i n  pressure must take  p lace  during 

p ro  duc t i on. 

Production is  e f f ec t ed  from a th i ck  v e r t i c a l  i n t e r v a l  2 )  

3) Producing f l u i d s  a r e  contained i n  loose o r  weakly cemented 

rocks, and 

The r e se rvo i r s  have a r a t h e r  small depth o f  b u r i a l .  4) 

Considering t h a t  r e se rvo i r s  deform predominatly i n  t h e  v e r t i c a l  

plane,  Geertsma (1973) character ized formation compaction by t h e  v e r t i c a l  

s t r a i n  i n  the  r e se rvo i r :  

E, = =/z 

where E = formation comyaction. 

dZ = change i n  he igh t ,  and 

2 

Z = i n i t i a l  he ight .  

This is due t o  an increase  i n  e f f e c t i v e  stress caused by a 

reduct ion i n  r e se rvo i r  pore Fressure under a constant overburden. 

un iax ia l  compaction coe f f i c i en t  i s  the re fo re  defined as the  formation 

The 

compaction p e r  u n i t  change i n  pore pressure :  

Note t h e  s i m i l a r i t y  between equation 16 and equations 7 through 

10 which Fa t t  (1958) used t o  descr ibe  t h e  compress ib i l i t i es  o f  t h e  

var ious cons t i t uen t s  of t h e  r e s e r v o i r  matrix. 

Geertsma's (1973) f i n a l  equation f o r  r e se rvo i r  compaction was 

derived assuming t h e  uniax ia l  compaction coe f f i c i en t  constant  f o r  a 

given volume of r e se rvo i r .  H 

c-CZ) a? C Z )  s A H  = 
0 

where A H  = t o t a l  reduct ion i n  r e se rvo i r  he ight ,  and 

A? c ? f -  f'; ( fu ture  minus i n i t i a l  r e se rvo i r  pressure) .  
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The reduction !n r e se rvo i r  pressure as  a funct ion o f  temyoral e 
and s p a t i a l  v a r i a b i l i t y  depends on: 

e 

e 

1) mobil i ty ,  

2 )  s o l u b i l i t y  

3) dens i ty ,  and 

4) compress ib i l i ty  o f  f l u i d s ,  and 

5 )  r e se rvo i r  boundary condi t ions ( f a u l t s ,  edge of bottom 

water, e tc . ) .  

The r a t e  and degree of pore pressure reduct ion depends on: 

1) Permeabili ty d i s t r i b u t i o n ,  

2)  Location of wells, and 

3) Production r a t e  i n  r e l a t i o n  t o  t h e  r a t e  of 

encroaching edge o r  bottom water. 

The compaction coe f f i c i en t  depends on: 

1) rock type,  

2) degree of cementation, 

3) Porosi ty ,  and 

4) Depth of  b u r i a l ,  

The number, s ize  and shape of gra in  contacts  cont ro ls  deformation 

i n  sandstones.  

ske le ton  cont ro ls  deformation. Furthermore, compress ib i l i ty  i n  

sandstones i s  r e l a t e d  t o  t h e  degree of cementation. 

t r a n s i t i o n  from e l a s t i c  t o  cataclastic occurs as t h e  degree of 

cementation decreases.  

whereas loosely cemented rocks are permanently deformed 

due t o  crushing and rearrangement of gra ins .  

o f  cementation is poros i ty  s ince  poros i ty  a l so  increases  with 

decreasing cementation. 

be d i r e c t l y  proport ional .  

In l imestones,  t he  shape and s t r eng th  of  t h e  rock 

In general ,  a 

Well cemented rocks may rebound during unloading 

A good measure of  degree 

Compressibil i ty and poros i ty  the re fo re ,  should 
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The problem o f  compaction and subsidence above producing r e s e r v o i r s  

can be t r e a t e d  as one of  an i s o l a t e d  volume of  reduced pore pressure  i n  

a var iab ly  yorous , e l a s t i c a l l y  deforming half-space with a t r a c t i o n - f r e e  

sur face  (Geertsma, 1973). Homogeneity o f  t he  r e s e r v o i r  i s  implied. The 

nucleus of s t r a i n  concept can then be appl ied  where subsidence i s  due t o  

a nucleus of s t r a i n  of  small but  f i n i t e  volume, V, under t h e  inf luence  of 

a pore pressure  reduct ion,  A P  so  t h a t :  - 

where pz(v,o) = v e r t i c a l  displacement perpendicular  t o  a 

free su r face ,  

C, = un iax ia l  compaction c o e f f i c i e n t ,  

3 = ?oisson 's  r a t i o n ,  

3 = depth of b u r i a l  of  nucleus,  and 

y = r a d i a l  d i s t ance  from v e r t i c a l  axis through nucleus.  

The subsidence above a disc-shaped r e s e r v o i r  can now be determined 

by i n t e g r a t i n g  the  nucleus s o l u t i o n  over t h e  e n t i r e  r e s e r v o i r  volume. 

Since t h e  r e s e r v o i r  i s  assumed t o  be homogeneous, e, and 3 are constant :  

0 

Bessel funct ions of  0 and 1st order  are represented by the  values 

o f  To and J, respec t ive ly .  With dimensionless r a t i o s ,  e = Y/R ,y\= % 
so t h a t  t he  i n t e r g r a l  reduces t o :  

P Z C Y d  - - - 2 c, C l - v J ) ? H A ( e , r L )  

Values f o r  A can be obtained from t a b l e s  such as t h a t  reproduced i n  

Table 8 .  Further  reduct ion o f  equat ion 20 can be accomplished by re- 

c a l l i n g  equation 16, t he re fo re :  
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Simi lar  r e l a t i o n s h i p s  were recognized by Teeuw (1971) i n  h i s  

ana lys i s  of labora tory  compress ib i l i ty  da ta .  

decrease i n  r e s e r v o i r  f l u i d  p re s su re ,  t h e  e f f e c t i v e  v e r t i c a l  s t r e s s  o r  

t h e  d i f f e rence  between overburden pressure  and f l u i d  p re s su re  inc reases  

and t h e  r e s e r v o i r  i s  ab le  t o  compact. Teeuw (1971) provided t h e  same 

formula fo r  ac tua l  compaction as Geertsma (1.978) which is represented  

by equation 16. However, h i s  un iax ia l  compaction c o e f f i c i e n t  is  

r e l a t e d  t o  Po i s sonf s  r a t i o ,  '3 and t h e  rock bulk compress ib i l i t y ,  cb 

H e  noted t h a t  with a 

where p = t h e  r a t i o  of  rock matrix t o  rock bulk 

compress ib i l i ty ,  o r  =-/Cb 

As mentioned i n  t h e  beginning paragraphs, s t a t e - o f - t h e - a r t  

r e s e r v o i r  modeling s t u d i e s  o f  geothermal energy production have been 

reviewed ex tens ive ly  by Pinder (1979) and ?filler e t  a l .  (198Ua E b) .  

These models however, focused on compaction and subsidence which may 

r e s u l t  from production o f  hot-rock geothermal energy i n  Ca l i fo rn ia .  

The models do have app l i ca t ion  t o  geopressure-geothermal subsidence 

s i n c e  they too  involve t h e  parameters l i s t e d  below: 

1) f l u i d  pressure  and composition, 

21 f l u i d  flow, 

3) temperature, 

4)  stress, 

5) deformation, and 

6) time. 

Perhaps these  models can be i n t e g r a t e d  with models of  o i l ,  gas 

and groundwater production f o r  a more concise d e f i n i t i o n  of geo- 

yessure-geothermal  compaction and subsidence. These models a r e ,  
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however, too involved t o  be included here .  One o f  t h e i r  diagrams is  

reproduced (Fig.19) t o  take advantage of  t h e i r  conception of problems 

assoc ia ted  with geothermal r e se rvo i r  modeling. 

is  given t o  t h e  i d e a l i z a t i o n  necessary i n  e x i s t i n g  models which are 

based on assumptions of hemogeneity, constant thickness ,  and o the r  

s impl i f i ca t ions .  Certainly,  a most e f f i c i e n t  model would consider 

v e r t i c a l  and l a t e r a l  v a r i a t i o n s  i n  poros i ty ,  permeabi l i ty ,  g ra in  shape, 

s i z e  and so r t ing ,  temperature, pressure and a host  o f  o the r  ?ammeters 

which inf luence r e se rvo i r  compaction and subsidence. 

be kept i n  mind t h a t  many of these  parameters a r e  i n t e r r e l a t e d .  

Strongest  considerat ion 

I t  should a l so  

SAMPLING HANDLING AND PREPARATION 

Soma sample handling problems and techniques were discussed by 

Newmann (1973) .  One of h i s  primary concerns was f o r  t h e  preserva t ion  

of  i n - s i t u  rock p rope r t i e s  f o r  laboratory compress ib i l i ty  analyses.  

Problems a re  not as g rea t  f o r  consolidated samples as  f o r  unconsoli- 

dated samples. The use of  a rubber-sleeved coring tube can minimize 

t h e  dis turbance o f  unconsolidated samples and can help t o  maintain 

i n - s i t u  pressures  and temperatures i n  consol idated and unconsolidated 

samples. 

is  a common p r a c t i c e  i n  t h e  o i l  indcs t ry .  Studies  t h a t  r e l y  on 

e x i s t i n g  da ta  should be aware of  these  r e s t r a i n t s .  

Wrapping cores i n  f o i l  and p a r a f f i n  a t  t h e  ground su r face  

The parameters t o  be measured include: 

1) Porosi ty ,  

2 )  Overburden Pressure,  

3) Pore Pressure,  

4) Effec t ive  Pressure 
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5) Volume change, and 

6 )  Pore volume compressibi l i ty .  

Yany o f  these  parameters can be measured or est imated i n  the  f i e l d  

o r  from well  logs,  ie .  poros i ty ,  overburden pressure ,  pore pressure ,  

e f f e c t i v e  pressure ,  and volume changes. Pore volume compress ib i l i ty  

i s  almost always measured i n  t h e  laboratory based on t h e  uniax ia l  

compaction coe f f i c i en t .  Instruments used t o  measure these  parameters 

include oedometer c e l l s  and t r i a x i a l  c e l l s  (Teevw, 1971) and po ten t i -  

ometers ( F a t t ,  1958). With these  instruments,  l a t e r a l  deformation of 

t h e  sample is  prevented by t h e  appropriate  adjustment of l a t e r a l  

stress. 

pressures ,  temperatures and/or stresses s i m i l a r  t o  i n - s i t u  r e se rvo i r  

condi t ions.  Volume changes can be measured i n  the  f i e l d  with casing 

c o l l a r  logging (Allen, 1968) where casing j o i n t  1en;:tns a r e  de tennimd 

magnetically through t i m e ,  o r  with extensometers (Whiteman, 1980). 

An extensometer cons i s t s  o f  a pipe anchored down a t  deptb below t h e  

s t r a t i g r a p h i c  i n t e r v a l  of i n t e r e s t .  

f r e e l y  within a casing which is a l s o  completed near  t h e  bottom of t h e  

i n t e r v a l .  As compaction of t h e  strata r e s u l t s ,  t he  land sur face  

surrounding t h e  top o f  t h e  p ipe  subsides i n  r e l a t i o n  t o  the  pipe,  

thereby allowing d i r e c t  measurement of t h e  compacting i n t e r v a l .  

These extensometers can a l s o  be used as  wells t o  monitor groundwater. 

Properly completcd o i l  a-id gas wells my serve  as  e x i s t i n g  extensometers 

f o r  observat ions i n  deeper i n t e r v a l s .  

The c e l l s  are designed as bombs which a r e  capable of producing 

The Tipe i s  allowed t o  f l o a t  

Geopressure-geothermal r e s e r v c i r s  a r e  much l i k e  o i l  and gas 
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r e se rvo i r s  except f o r  abnormally high temperatures and pressures  

and a mainly b r ine  composition. 

producing r e se rvo i r s  is due mainly t o  reduct ion i n  yressure  which 

increases  t h e  e f f e c t i v e  v e r t i c a l  s t r e s s  within the  r e se rvo i r  r e s u l t i n g  

i n  compaction. Other va r i ab le s  include t h e  depth and thickness  of t h e  

r e s e r v o i r ,  well spacings,  t he  s ize ,  shape, s o r t i n g  and composition of 

mineral g ra ins ,  flow c h a r a c t e r i s t i c s ,  and t h e  na ture  of boundary 

condi t ions.  

Compaction and subs ideme i n  

Models of  geopressure-geothermal subsidence should therefore  

r e l y  mainly on, cont r ibu t ions  from t h e  o i l  and bas indus t ry .  

models should be in t eg ra t ed  t o  t ake  i n t o  account a l l  va r i ab le s  which 

def ine  t h e  r e se rvo i r  under considerat ion.  In addi t ion ,  cont r ibu t ions  

from hot-rock geothermal areas  may a l s o  be incorporated f o r  considerat ion 

of  temperature and mass-transfer r e l a t ionsh ips .  

Various 
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CH?3IISTRY OF BRINE 

8 

CONTRACT SUMMARY 
UNIVERSITY RESEARCH PROGRAM 

Coritractdt: Southern University - Baton Rouge Campus 
Investigator: Arnold W. Smalley 

Scope of work: Establishment of an evnironmental assessment of the 

congeneration facilities installed in the Gladys McCall and Sweet 

Lake drilling sites located on the Southeastern Coast of Louisiana. 

Studies of changes in air and water quality, effects of waste dis- 

posal, and long-term structural changes due to reinjection of brine 

will be effected. 

Specific Objective: Assessment of data related to chemistry of brine. 

SUMMARY OF WORK 

A preliminary environmental assessment of selected geopressure- 

geothermal prospect areas of the Louisiana Gulf Coast region (Figure 1) 

was prepared by the Institute for Environmental Studies of Louisiana 

State University (1). In the report, assessment was made on the basis 

of the nature and extent of the proposed testing activities in view of 

the environmental characteristics of each prospect area: land use, 

geology and geohydrology, air quality, water resources and quality, 

ecological systems, and nature1 hazards. 

The Department of Energy proposed to drill, complete and test at 

least one in a possible series of geopressured wells, and evaluate the 

feasbility of expanded operation 

years. The initial test program 

over a period of approximately three 

could eventually lead to the commercial 
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production of natural gas, electricity and process heat. 

The Louisiana Department of Natural Resources has formulated 

regulations concerning geopressured wells in this state (21, and such 

actfui-ties must be conducted with regard to the regulations, extra 

precautions being therefore followed which recognize the existence 

conditions of temperature, pressure, and volumetric flow rates to be 

encountered. Surface facilities were designed to allow for the col- 

lection of data on flow rates, fluid composition, gas content and com- 

position, and temperature and pressure. The construction of two to 

four disposal wells for fluid reinjection was also considered. Re- 

storation of the entire site is to be accomplished by back-filling and 

replanting with species native to the area, where possible. 

Surface disruption the marsh portions of the prospect areas, an 

event most likely to occur, was considered to have highly destructive 

impacts. The apparent consequencies are: changes in existing hydro- 

logic patterns, clarity and salinity parameters, with resulting impacts 

on fish and shellfish; possible blockage of migration of some species; 

and loss  of marsh. 

already occurring extensively in the coastal marshes as a result of 

These effects are essentially irreversible, and are 

natural forces and human activity in particular, oil and gas activity. 

This impact was thus considered a high priority issue for Louisiana. 

The propagation of fish, shellfish and fur-bearers - the primary land 
use in the. wetland protions of the prospect areas is considered the 

most vulnerable to imparts from the test program with the exception of 

community development and cultural resource sites. 

Baseline data for the prospect areas under consideration were 
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obtained from existing sources and compiled for the report ( 3 ) .  

Three different qualities of ground water were reported for Rockefeller 

Refuge (Figure 2). 

chlorides; slightly saline water, defined as the containing from 1000 

to 3000 mg/L dissolved solids; and moderately saline water, which con- 

tained 3000 to 10,000 mg/L of dissolved solids. 

less than 1900 mg/L of dissolved solids was categorized as fresh. Due 

to the mode of measurement employed - resistivity record on electrical 
logs - ground water quality showed considerable variance from one site 
to another. 

Fresh ground water, which contained less than 250ppm 

Water which contained 

A number of inorganic contaminants were found in the brine from the 

Sweet Lake Operations; however, the preliminary report listed no data on 

possible organic contaminants. A reasonable if not valid explanation 

for this is the nonexistence of such information prior to the initia- 

tion of the drilling activity. Considering the location of the drill- 

ing site - in the midst of marshland - and its proximity to the Rocke- 
feller Wildlife Refuge, subsequent studies should include such list- 

ing in order to accurately assess the impact of the geopressure - 
geothermal operation on the immediate environment. 

No stations for water quality management are maintained within 

the prospect area by any of the agencies which regularly operate such 

facilities in Louisiana - i.e., the U.S. Corps of Engineers, the U.S .  

Geological Survey, and the Louisiana Stream Control Commission. How- 

ever, a preliminary assessment of water quality conditions was made of 

the Rockefeller area Environmental Monitoring. 

A l l  phases of the environmental program were monitored by Groat, 
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eta ( 4 ) ,  except air quality, between November 1981 and October 1982. 

The major emphasis of their studies was to acquire a thorough under- 

standing of the background data, which primarily consisted of those 

environmental impacts which have their origins in natural occurences 

or in cultural activities other than geopressure - geothermal energy 
development. 

Water quality and to some extent, air quality can be affected by 

saltwater intrusion, drilling activities, and waste disposal; each of 

these activities may well contribute significantly to increases in the 

number and kinds of organic components in the environment surrounding 

the cogeneration facility. 

The inclusion of data in the data base concerning these chemicals 

The end product will be will result in more complete interpretations. 

a comprehensive assessment of environmental impacts which result from 

the geopressure - geothermal process in Southwestern Louisiana. 

a 
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Alkalinity 

Alpha (gross) 

Ammonia 

Arsenic 

Barium 

Beta (gross) 

Boron 

Cadmium 

Calcium 

Chloride 

Chromium 

Copper 

Dissolved Solids 

Fluoride 

TABLE 9 

Chemical Analysis 
Production Brine 

T-F&S/DOE Gladys McCall # 1 Well 
Sand Zone f 8 

Sample--Raw Acidified Supplied by 
T-F GS--November 19 83 

Gamma (gross) 

Iron 

Lead 

NA 

40 pCi/L 

NA 

.013 mgAs/L 

420 mgBa/L 

340 pCi/L 

36 mgB/L 

.015 mgCd/L 

4040 mgCa/L 

59,290 mgCl/L 

.04 mgCr/L 

.015 mgCu/L 

97,800 mg/L 

.14 mgF/L 

------ 
14.0 mgFe/L 

c.05 mgPb/L 

Magnesium 354 mgMg/L 

Manganese 

IjCercury 

PH 

2.1 mgMn/L 

.'001 mgHg/L 

NA 
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Potassium 

Radium 

Radon (gas) 

Silica 

Sodium 

Specific Conductance 

Specific Gravity 

S t rout ium 

Sulfate 

Sulfide 

Suspended Solids 

Zinc 

430 mgK/L 

17 pCi/L 

NA 

100 mgSi02/L 

29,750 mgNa/L 

NA 

1.0639 

540 mgSr/L 

<I mgSOi/I: 

NA 

NA 

.29 mgZn/L 
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Alkalinity 

Alpha (gross) 

Ammonia 

Arsenic 

Barium 

Beta (gross) 

Boron 

Cadmium 

Calcium 

Chloride 

Chromium 

Copper 

Dissolved Solids 

Fluoride 

Gamma (gross) 

Iron 

Lead 

Magnesium 

Maganese 

Mercury 

Revised Chemical analysis 
Production Brine 

MG-T/DOE Amoco Fee'# 1 well 
Sweetlake Project 

Sand Zone 11 3-15248-15285 ft. 
Sample Collected 11-23-83 

281 mgKCOi/L 

71 pCi/L ** 

105 mgNH3/L 

<.001 m@/L 

110 mgBa/L ** 
1050 pCi/L 

50.6 mgB/L 

.004 mgCd/L 

12,500 mgCa/L ** 
99,650 mgCl/L 

.05 mgCr/L ** 

.OS0 mgCu/L 

168,900 mg/L 

.45 mgF/L 

63.5 mgFe/L 

.008 mgPb/L 

700 mgMg/L ** 

9.9 mgMn/L 

<. 001 mgHg/L 
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PH 

Potasssium 

Radium 

Rad& (gas) 

Silica 

Sodium 

Specific Conductance 

Specific Gravity 

Strontium 

Sulfate 

Sulfide 

Suspended Solids 

Zinc 

5.20 

990 mgK/L 

210 pCi/L 

. 3  pCi/L 

92 mgSi02/L 

41,800 mgNa/L 

160,000 mhos/cm 

1.1103 

1220 mgSr/L ** 
<1 mgSOZ/L 

3 mgS=/L 

.25 mg/L 

2.25 mgZn/L 

8 0. 



Alkalinity 

Alpha (gross) 

Ammonia 

Arsenic 

Barium 

Beta (gross) 

Boron 

Cadmium 

Calcium 

Chloride 

Chromium 

Copper 

Dissolved Solids 

Fluoride 

Gamma (gross) 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

PH 

Chemical Analysis 
Production Brine 

MC+T/DOE Amodo Fee I/ 1 well 
Sweetlake Project 

Sand Zone I/ 3 (15248-15285 ft.) 
Sample Collected 11-30-83 

256 mgHCO:/L 

80 pCi/L 

170 mgNH3/L 

.014 mgAS/L 

130 mgBa/L 

1130 pCi/L 

52.6 mgB/L 

.007 mgCd/L 

13,400 mgCa/L 

99,900 mgCl/L 

.05 mgCr/L 

.085 mgCu/L 

168,400 mg/L 

.78 mgF/L 

55 .8  mgFe/L 

c.05 mgPb/L 

720 mgMg/L 

10.8 mgMn/L 

<. 001 mgHg/L 

6.10 
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Pot ass ium 

Radium 

Radon (gas)  

S i l i c a  

Sodium 

S p e c i f i c  Conductance 

S p e c i f i c  Gravity 

Strontium 

S u l f a t e  

S u l f i d e  

Suspended S o l i d s  

Zinc 

a2 

860 mgK/L 

224 pCi/L 

------- 
93 mgSiO /L 

46,750 mgNa/L 

155,000 mhos/cm 

1.1079 

1180 mgSr/L 

<1 mgSO=/L 

.27 mgS=/L 

.56 mg/L 

1.47 mgZn/L 

2 

4 
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WETLAND RESOURCES 

Approximately 90.8% of the surface area of Cameron Parish is 

comprised either of wetlands or open water bodies such as lakes and 

canals (LaSP0,1972). Fresh to saltwater marshes cover 62.3% of the 

surface area while open water covers 28.5%. Elongated sandy ridges 

called "cheniers" parallel the coastline and are separated by large 

expenses of coastal marsh (Gosselink, et al., 1979). The coastal 

marshes range from freshwater in nontidal inland areas to 

intermediate, brackish and finally saline marshes in tidal areas near 

the coastline. Ponds, small lakes, and streams are interspersed 

throughout the marshy areas. 

The saline vegetation type wetland which borders the Gulf of 

Mexico in Louisiana and Cameron Parish is subject to daily tidal 

fluctuations with water Salinities averaging 18.0 ppt (range, 8.1 to 

29.4 ppt); the soils have a lower organic content (mean, 17.5%) than 

fresher types (Chabreck, 1982). Dominant plant species are smooth 

cordgrass Spartina alterniflora, saltgrass Distichilis spicata and 

black rush Juncus roemerianus. 

The brackish vegetation type is further removed from gulf waters, 

Water depths are normally but is still subject to daily tidal action. 

slightly deeper than in saline marshes and soils contain higher 

organic matter (mean: 31.2%). Water salinities average 8.2 ppt 

(range: 1.0 to 18.4 ppt). The brackish type marsh contains a greater 
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plant species diversity than the saline type but is dominated by two 

perennial grasses, wiregrass (Spartina patens) and saltgrass. These 

grasses are among the most productive marsh species in the coastal 

zone (Gosselink et al., 1977). 

A n  intermediate vegetation type lies inland from the brackish 

type and receives some influence from tides. 

3.3 ppt (range: 0.5 to 8.3 ppt). Water levels are slightly higher 

than in the brackish type, and soil organic content averages 33.9%. 

Plant species diversity is high, containing both brackish and 

freshwater species that are used as food by a wide variety of 

waterfowl and other herbivores. 

intermediate marshes but is often accompanied by bulltongue 

(Sagittaria falcata), waterhyssop (Bacopa monnieri) and Roseau cane . 

(Phragmites communis). 

Water salinities average 

Spartina patens dominates 

. 
Fresh vegetation marsh is found inland from the intermediate type 

and lies south of the Prairie formation in Cameron Parish. This marsh 

type is free from tidal influence except during major storm surges 

associated with hurricanes. Water salinity averages 1.0 ppt (range, 

0.1 to 3.9 ppt). 

organic content (mean: 52.0%) in this marsh are the greatest of all 

marsh types. 

plant species which are preferred foods of wildlife. Dominant plants 

include maidencane (Panicum hemitomon), spike rush (Eleocharis spp.), 

bulltongue, and alligator weed (Alternanthera philoxeroides). 

Because of slow drainage, water depth and soil 

The fresh type is the most diverse and contains many 
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The Gladys McCall well site is surrounded by brackish marsh 

wetlands (Fig.22). Within the impounded area encompassing the well 

site, wiregrass, saltgrass and saltmarsh bulrush are the dominant 

emergents (US DOE, 1981). 

validus) is present near the northern boundary of the impounded area. 

Widgeon grass (Ruppia maritima) is a common submergent species in 

ponds interspersed throughout the area. 

ootside the impounded area is also comprised mostly of wiregrass, 

saltgrass and saltmarsh bulrush. 

A solid stand of soft stem bulrush (Scirpus 

The natural brackish marsh 

Freshwater marshes are found approximately three km (1.8 miles) 

SSW of the Sweet Lake well site (Fig.2.3). Interspersed in these 

marshes are numerous freshwater ponds. Sweet Lake, with a surface 

area of approximately 810 hectares (2,000 acres), lies six km (3.6 

miles) south of the well site. Dominant plant species in the 

freshwater marshes include maidencane, bulltongue, Eleocharis spp. and 

alligator weed. 

The coastal wetlands of Cameron Parish support a large and 

diverse faunal assemblage including numerous fish and shellfish 

species, furbearers and other mammals, reptiles, amphibians, 

songbirds, wading birds, shorebirds and a vast population of wintering 

waterfowl. Fish and shellfish are the most important from a 

recreational and economic standpoint and are dependent on the coastal 

marshes as a fish nursery grounds. 

dependent on the marsh cover or productivity and detrital export 

The most abundant fish species 
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Figure 22. Marsh Vegetation i n  the v ic in i ty  of the  Gladys McCall Well S i t e .  

88 

REPRODUCED FROM 
BEST AVAILABLE COPY 



03'05' 0 

30'00 

-.. / -DOE SWEET LAKE #I  -+- - 1 .-- a@- 

Figure 23. Marsh Vegetation in the vicinity of the Sweet Lake Well Site. 
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e 
, include Gulf menhaden (Brevoortia patronus), Atlantic croaker 

' 0  utilize the estuarine marshes as nursery grounds (Wagner, 1981). The 

. (Micropogon undulatus), bay anchovy (Anchoa mitchilli) speckled trout 

(Cynoscion nebulosus), spot (Leiostomus xanthurus), southern flounder 

marshes of the area. 

I 

(Paralicthys lethostigma), sand seatrout (Cynoscion arenarius), red 

drum (Sciaenops ocellata) and black drum (Pogonias cromis). Important 

shellfish include white and brown shrimp (Penaeus setiferus and P. 

aztecus) and blue crab (Callinectes sapindus). A l l  of these species 

spawn in bays in the nearshore gulf waters and migrate into and 1 

9 

and provide food and protection for many post-larval and juvenile 

stages of fish and shellfish. 

Mammals utilizing the coastal wetlands include a large and 

economically important contingent of furbearers, principally nutria, 

muskrat, mink and raccoon'. Louisiana is the leading fur-producing 

state in the United States, with nutria the most important furbearer 

(O'Neil and Linscomb, 1977). Important game mammals of these marshes 

include white-tailed deer and swamp rabbits. S m a l l  mammals include a 

variety of mice, rat and shrew species. 

Numerous species of snakes, lizards, turtles, salamanders, toads 

and frogs inhabit the coastal wetlands. Research conducted at the 

Rockefeller Wildlife Refuge has led to a managed commercial harvest of 

azligator hides in the Cameron and surrounding parishes. Bullfrogs I 
also provide a commercial and recreational resource in freshwater 
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The wetlands of Cameron Parish are noted for their abundant and 

diverse bird life, particularly during the winter months. Annual 

Audubon Christmas bird counts for Cameron Parish are among the highest 

in the nation (US DOE, 1980). 

National Wildlife Refuge Christmas bird count recorded 171 species and 

56,787 individuals. These wetlands lie in the Mississippi migratory 

flyway and provide an overwintering area for most of these species. 

large number of trans-gulf migrants pass through the area each spring 

and fall, sometimes stopping for a short rest period before crossing 

the Gulf of Mexico. 

On December 18, 1977, the Sabine 

A 

Of particular recreational and economic importance are the vast 

numbers of ducks and geese that winter in the Cameron Parish. Most of 

these waterfowl species rest and preen in the coastal marshes and feed 

in rice and soybean fields to the north. This resource allowed 

Cameron Parish hunter to 'annually harvest an average of 172,702 ducks 

and 36,978 geese (US DOE, 1981). Common waterfowl species utilizing 

the area include snow and white-fronted geese, gadwell, blackducks, 

ring-necked ducks, pintails, mallards, blue-winged teal, green-winged 

teal, shovelers, widgeon and mottled duck. 

Many other bird species also frequent the area wetlands. Game 

birds include rail, gallinules, coots, snipe and mourning doves. The 

marshes and coastal waters are utilized by egrets; ibis, herons, gulls 

terns, sandpipers, skimmers, willets, boat-tailed grackles, red-winged 

black birds, marsh hawks and white pelicans. 



The present or historical range of a number of endangered species 

~ 

includes study area wetlands. Among these are the American alligator 

(Alligator mississipiensis), southern bald eagle (Haliaetus 

leucocephalus) and the peregrine falcon (Falco peregrinus) . 
former species is a resident of the area marshes while the latter two 

species may pass through the area or spend a limited amount of time in 

search of food. The whooping crane (Grus americana), brown pelican 

(Pelicans, occidentalis), and red wolf (Canis -- rufus) historically 

inhabited the area wetlands but do not exist there now nor are they 

likely to reinhabit the area. 

The 

Three large wildlife refuges in Cameron Parish provide a haven 

for the abundant wildlife of the area. Sabine National Wildlife 

Refuge, is located about 16 km (10 mi) south and west of the Sweet 

Lake well site. It offers 57,853 ha (142,846 ac) of wetlands of which 

13,487 ha (33,000 ac) are40pen water. The Lacassine National Wildlife 

Refuge is located about 16 km (10 mi) east of the Sweet Lake well site 

and 32 km (20 mi) north of the Gladys McCall well site. 

12,869 ha (31,776 ac) of mostly marsh habitat for outdoor 

recreational, fishing and hunting on a seasonal basis. The 

Rockefeller State Wildlife Refuge is located 3.2 km (2 mi) east of the 

Gladys McCall well site. 

of wetland habitat, including large areas of coastal marsh and shallow 

water impoundments. 

It offers 

This refuge contains 33,300 ha (85,000 ac) 
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Cameron Parish is a very rural, sparsely populated parish with 

abundant undeveloped wetlands. It also has the distinction of being 

the largest of 64 parishes in Louisiana with 1,350,102 acres and the 

least populated with 9,336 residents (U.S .  Dept. of Commerce, 1981). 

Agricultural lands comprise 106,704 acres most of which is devoted to 

rice and soybean cultivation while wetlands comprfse 843,011 acres, 

nearly all of which is in coastal marshes. 

other water surfaces comprise 384,826 acres. In contrast to the above 

large acreage categories, urban and built up lands comprise only 

11,100 acres or less than 1% of the parish. 

Lakes, bays, streams and 

The economy of Cameron Parish is based primarily on extraction, 

transmission and processing of oil and natural gas. 

trapping and commercial fishing also contribute substantially to the 

economy. 

commercial fishing port the past several years, with numerous landings 

of shrimp, crabs, oysters, finfish and menhadnen. 

Agriculture, 

The village of Cameron has been the nations's leading 

There are no large towns in Cameron Parish. The nearest large 

town and employment center is Lake Charles which lies about 10 miles 

north of the Parish. In 1980, there were 4,487 housing units in 

Cameron Parish, 3,020 households and 2,201 married couples (U.S.  

Dept. of Commerce, 1981). The parish is predominantly white (8,782) 

with blacks comprising the largest non-white segment of the 

93 



population (524). The 1980 population increased 13.9% compared to 

1970 and is projected to continue to grow at a moderately rate. 

In March, 1981, there were 175 business concerns in Cameron 

Parish employing 2,858 people (U .S .  Dept. of Commerce, 1983). The 

median annual employee payroll was 17,080 dollars. The major 

employers were the petroleum industry (690), business services (562) 

and transportation and public utilities (548). Regional median family 

income is about 11,750 dollars and is projected to increase to 15,500 

dollars by 1990 (John Cody, IMCAL, pers. com., 1983). 

The immediate surroundings of Gladys McCall and Sweet Lake well 

sites are very sparsely populated. 

largely a natural marsh while the Sweet Lake site area is rural 

agricultural with rice and soybean fields predominating (Figs. 22 and 

23) .  At the Gladys McCall'site, the nearest residential and commercial 

developments are located about 3.7 Km (2.3 mi) north of the well along 

State Highway 82. At the Sweet Lake site, there are a few residences 

along State Highway 384 within 2 km (1.2 m i )  of the well. A 

recreational center is also located along this highway, approximately 

1.6 km (1 m i )  west of the well. The nearest population concentration 

is in the town of Sweet Lake, located 3 km (2 mi) SSE of the well. 

The Gladys McCall site area is 



IMPACTS ON WETLANDS 
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Installation and operation of cogeneration facilities can be 

accommodated on the existing well pads and within existing well site 

levees. A small amount of wetland (less than one acre) would be lost 

in providing a power transmission line to the existing area electric 

utilities at the Gladys Mccall. 

would also be disturbed 'temporarily in providing a gas pipeline hook 

up from the Gladys McCall site to the ncdh.  No other disturbance of 

wetlands will result from the proposed construction of cogeneration 

facilities provided there are no major brine spills or additional 

injection wells required during the life of the project. 

Approximately 5 acres of tidal marsh 

The presence of work crews and movement of men and equipment and 

increased noise levels during construction and operation of the 

facility could temporarily displace animals sensitive to flushing such 

as waterfowl, shorebirds, deer, and other native wildlife residing 

near the site. This should have no significant impact on the 

reproduction or size of any wildlife population as there are large 

amounts of similar wetland habitat in the adjacent areas for support 

of these sensitive wildlife. 

A number of activities related to operation of the energy 

cogeneration facilities could result in impacts on wetlands. 

Potentially the most significant of these would be a major brine spill 

or blowout and land subsidence, which could result in a long term loss 

of wetland if substantial subsidence is induced by the projects. 
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c These and other potential impacts on wetlands resulting from operation 

, of the cogeneration facilities are the focus of the following 

paragraphs. 

Accidental spills caused by blowouts, cracks in the well head or 

cogeneration facility or injection well piping, human error, and 

natural hazards (ie. hurricanes, floods, fault activation) could 

result in the release of toxic substances present in the geopressured 

fluids to wetlands in the vicinity of the well site. Most spills 

would be contained and cleaned up within the existing levee system 

encircling the wells and cogeneration facilities and deposited in a 

suitable landfill with no adverse effects on surrounding wetlands. 

Moreover, the potential for accidents and spills will be minimized by 

use of blowout preventers, safety valves, high pressure pipes and 

valves, and a spill prevention control and counter measure plan that 

would be installed and ma‘intained at the cogeneration facility site. 

Nevetherless, blowouts, piping or injection well leaking or failure 

could occur, but will probably be short term until brought under 

control by countermeasures that would be taken in accordance with 

state and federal regulations for geopressured drilling. 

In the event of a major spill which could not be contained within 

the levee system, substantial impacts could occur on the surrounding 

wetlands. In this regard, the Gladys McCall site has a much greater 

potential for impact on wetlands than the Sweet Lake site, since it is 

surrounded by wetlands and is subject t o  hurricane storm surges and 

flooding (U.S. DOE, 1981). ‘Conversely, the Sweet Lake site is in an 
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upland area not subject to storm surges or flooding, and the nearest 

wetlands are over three kilometers (1.8 miles) from the site (U.S. 

DOE, 1980). The extent of impact from an accidental spill would 

depend on the location, type of toxicants, size and duration of the 

spill, meteorological conditions and proximity and type of wetlands 

exposed to the spill. 

accident, with the capability of sending geopressured effluents 

several hundred meters (ERDA, 1976). Geopressured effluents are 

A blowout would be the most serious type of 

extremely hot, hypersaline solutions that may contain significant 

concentrations of toxic substances in the solid, liquid or gaseous 

form, any of which could cause lethal or sublethal effects on wetland 

biota. 

concentration will determine their toxicity. The principal 

constituents in geopressured brines of the Sweet Lake and Gladys 

McCall Wells and other Gulf coast wells are listed in Table12., along 

with recommended EPA criteria and average seawater concentrations. 

The constituents of the geopressured effluents and their 

Salinity 

8 

High salinity levels of brines from the Gladys McCall and Sweet 

Lake wells could pose a major potential toxicity problem for wetlands 

in case of an unconfined spill. 

saline than average seawater as measured by total dissolved solids 

(Table 13. Salinity levels (TDS) of 97,800 and 155,000 mg/l have been 

recorded for brines of the Gladys McCall and Sweet Lake wells, 

respectively, while values of 39,000 mg/l are sufficient to kill 

Spartina 

These brines are 2.7-4 .3  times more 

patens, the most abundant marsh plant of the area 

9.J 



Average Sweet Lake Gladys Mccall Other Gulf Epast 
Component EPA Criteria f o r  Water i n  Seawater #l Well Brine 111 Well Brine Well Brines  
(mg/l) except Fresh Water Marine (sand zone #3) (sand zone 88) 
as noted Acute Chronic Acute Chronic 

1 

Ammonia 0.02 NA NA NA - 170 NA 4-100 

Arsenic 0.440 NA 0.508 NA 0.003 0.014 0.013 0.0001-0.56 

Barium NA NA NA NA 0.03 130 420 1.0-310 

Bicarbonate NA NA NA NA 160 256 527 8 1-2,000 

Boron (0.750 f o r  crop i r r i g a t i o n )  5 52.6 36 15-120 

Cadmium 0.013* 0.0001* 0.059 0.0045 0.001 0,007 0.015 0.0001-0.770 

Chloride 19,000 99,900 59,290 4,000-170,000 
CD 
03 

Chromium 
(Hexavalent) 0.021 0.0003 1.260 0.0180 - 0.05 0.04 

Copper 0.0337* 0.0056 0.02 0.0040 0.003 0.085 0.015 0.0001-0.0052 

5 Gross Alpha 
(PCi/ l )  5 f o r  dr inking  water 

Gross Beta 
(PCi/ l )  15 f o r  dr inking  Water 5 

4 

- 80 40 

- 1130 340 

I ron  NA 1.0 NA NA 0.01 55.8 14.0 0.1-160 

Lead 0.2927* 0.0106* 0.6780 0.0250 0.00003 <0.05 (0.05 0.0001-83 

1.2-15 Lithium NA NA NA NA 0.2 - - 
Magnesium NA NA NA NA 

Manganese NA NA 0.1 NA 

1 , 300 7 20 354 

0.002 10.8 2.1 

' 3.3-1,500 

0.04-2.80 
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stituents of Geopressured Brines of Environmental Concern to Wetlands 
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Other Gulf oast E- Average Sweet Lake Gladys Mccall 
Component EPA Criteria for Water in Seawater #1 Well Brine #l Well Brine Well Brines 
(mg/l) except Fresh Water Marine (sand zone 83) (sand zone #8) 
as noted Acute Chronic Acute Chronic 

1 

~~~~~ 

Mercury 0.004 0.0002 0.004 0.0000025 0.00003 < 0.001 0.001 0.00001-0.0002 

pH (Units) 6.5-9.0 fresh 6.5-8.5 marine - 6.10 NA 

Pot ass ium NA NA NA NA 

Radium 5 in drinking water 5 
350 860 

- 224 

4 30 

17 

Sodium NA NA NA NA 11,000 46,750 29 , 750 

Strontium NA . NA NA NA 

Sulfate NA NA NA NA 

Sulfide 0.002 fresh 0.002 marine 

Total Dis- 
solved Solids NA NA NA NA 

co 
(D 

7 1,180 

2 , 700 1 .o 

540 

1.0 

5.9-7.4 

4.5-1,100 

2,700-99,000 

4- 1 , 400 

0.6-700 

0.27 NA 0-3.9 - 

97 , 800 7,500-270,000 36 , 000 155,000 

Zinc 0.4610* 0.0470 0.1700 0.0580 0.01 1.47 
4 

0.29 0.0008-45 

'Quality Criteria for water, US EPA, 1976 with Revisions, Federal Register; 28 November 1980, Part V. 

'Scientific Consulting and Analysis, Inc. , sample collected 11-30-83. 

3Scientific Consulting and Analysis, Inc., sample collected, Nov. 1983 

4Gas Research Institute, Assessment of Potential Environmental Impacts of Geopressured Methane Development. March, 1980. 

5CFR 40 Part 141 National Interim Primary Drinking Water Regulations. 

*Criterion is based on water hardness of 92.6 mg/l in relation t o  EPA guidleines (FR 1623-3, Nov. 28, 1980. 



(Palmissano, 1970). Marine organisms are adapted to salinity 

concentrations of 36,000 mg/l and estuarine organisms are usually able 

to tolerate a wide range of salt concentrations below this level at 

least temporarily. However, sudden, extreme changes in salinity as 

would be experienced with a brine spill would kill flora and fauna in 

and around the immediate area of contact. The greatest- damage would 

occur in fresh waters and fresh marshes where native species usually 

have a low salt tolerance. 

Larvae and juveniles of estuarine species are also less tolerant 

of salinity changes than adults. There is evidence that brine 

discharge has been a contributing factor to rapid marsh degradation 

north and west of the Hackberry salt dome in Calcasieu Parish 

(Gosselink et al., 1979) and would similarly degrade marshes exposed 

to potential brine spills that might result from the energy 

congeneration facility. Dilution and leaching are the main methods 

for mitigating elevated salinity levels caused by brine spills. Areas 

which receive daily tidal flooding will quickly return to natural 

l e v e l s  while sa l in i ty  impacts may persist indefinitely i n  the 

undiluted or confined areas (impounded wetlands). 

. 

Chloride is the principal anion contributing to brine salinity 

and sodium the principal cation. 

magnesium, strontium , and potassium. Excessive salinity levels can 

cause harm t o  organisms by lowering the diffusion pressure of water in 

a solution and increasing the osmotic potential, thereby making it 

difficult for water and nutrients to diffuse into plants and aquatic 

Other important cations are calcium, 
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organisms. Lowered turgor pressure, increased respiratory demands and 

osmoregulatory failure or impairment result in lethal effects or 

slowed growth in the stressed organisms. 

The dissolved constituents in the geopressured brine could 

increase in concentration as the fluids move through the energy 

extraction processes thereby further increasing salinity and toxicant 

concentrations. The cogeneration processes may involve hydraulic 

turbines, high and low pressure methane extraction, single or two 

stage flash steam turbines, binary cycle turbines, condensers and 

cooling towers. Wilson et al. (1977) evaluated the alteration of a 

geopressured brine of probable constitution that would result from a 

conceptual cogeneration facility and estimated that dissolved 

constituents could increase in concentration by 16-18X during 

processing and energy extraction. 

associated with the cogen’eration facility would also increase the 

possibility for accidental spills. 

The additional processes and piping 

In case of a brine spill in the wetlands, the hypersaline brine 

would sink to the bottom of any ponded water area due to greater 

density than fresh or brackish water. There it would infiltrate soils 

of the root zone and affect the aqueous environment of benthic 

organisms, gradually becoming more dilute as mixing with native water 

occurs. Clay fraction of the wetland soils with high ion exchange 

capacity would extend the persistence of the salts accumulated. 

Gravity flow, rainfall, runoff, and wind and total action would 

increase mixing and thus dilution of the brine, while impounded 
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wetlands would be slow to return to background salinity 

concentrations. 

Toxic Metals 

Heavy metals and various trace elements are commonly found in 

geopressured waters in significant concentrations (Wilson, et al., 

1977; Karkalits and Hankins, 1981; Mayer and Ho, 1977). Those 

particularly noted in the literature were barium, boron, cadmium, 

lead, lithium, strontium and zinc. Most of these elements appear t o  

be high in either or both of the Gladys McCall or Sweet Lake brines as 

well, except lead (Table12). 

concentrations for aquatic organisms in these wells include chromium, 

copper, manganese and radium. 

Other heavy metals which have high 

4 

Although barium is quite toxic to aquatic organisms, it readily 

forms highly insoluble carbonates and sulfates. Consequently, it is 

expected that barium ions released to natural waters will be quickly 

precipitated and removed by adsorption or sedimentation (McKee and 

Wolf, 1963). The U.S.  EPA has recognized that the chemical properties 

of barium will usually preclude the existence of the toxic soluble 

form, making it unnecessary to impose restrictive criteria for 

disposal in freshwater or marine environments. 

The cadmium concentration in brine from the Gladys McCall well (0.015 

mg/l) exceeds slightly the EPA acute criterion for freshwater (0.013 
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I mg/l) and is 375 times higher than the chronic criterion (0.00004 

mg/l, Table 12). 

and lcarine organisms, this metal is quite mobile in the aquatic 

environment and is bioconcentrated by all organisms by factors 

ranging from lo2 to 10 

oxidizing conditions favor release of cadmium while increased salinity 

decreases its availability (Khalid, 1980). 

In addition to being highly toxic to both freshwater 

4 or more (Callahan, et al., 1979). Acid 

Chromium exceeds the acute EPA criterion for freshwater organisms 

in brines from both wells by about 2 times but is below the criterion 

for marine organisms. Fish appear to be relatively tolerant of 

chromium, but some aquatic invertebrates are quite sensitive (U.S. 

EPA, 1976). 

chromium oxidation state and pH. 

release of bioavailable chromium, which can be accumulated by marsh 

plants and aquatic organrsms (Gambrell, et al., 1978). 

The toxicity of the metal is known to vary with species, 

Acid oxidizing conditions favor the 

Copper exceeds the acute EPA criterion for freshwater and marine 

waters in the Sweet Lake brine, but is slightly below the marine 

waters criterion in brine from the Gladys McCall well (Table 1 2 ) .  

Copper is one of the most mobile heavy metals in water and is readily 

bioaccumulated by marsh plants and animals (Callahan, et al., 1979). 

Copper is more available at low pH and oxidizing conditions (Gambrell, 

et al., 1978) and because of its tendency to be bioaccumulated, could 

be a persistent toxicant in brine spill areas. 
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Lithium causes chlorosis, burning and impaired growth at 

concentrations commonly found in geopressured brine (Table 12). Fish 

and other aquatic wildlife are much less sensitive to lithium than 

plants; thus no EPA criteria have been set for freshwater and marine 

organisms. 

The EPA recommend limit for manganese is 0.100 mg/l for marine 

waters. This metal is present at levels of 10.8 mg/l in the Sweet 

Lake brine and 2.8 mg/l in the Gladys McCall brine. 

bioaccumulate manganese up to 12,000 times; hence, there is concern 

for accidental spills of brine with many times the recommended levels 

getting into the human food chain via shellfish. 

considered a problem in fresh waters due to low toxicity of the metal 

and low concentrations in fresh waters (U. S. EPA, 1976) .  

Mollusks may 

Manganese is not 

High levels of radiub are present in the Sweet Lake brine (224 

pCi/l), while the Gladys McCall brine is moderately high (17 pCi/l) 

when compared to the EPA gross alpha limit for human drinking water of 

5 pCi/l ( U . S .  EPA, 1981). There are, however, no criterias for the 

protection of fresh and marine water organisms. 

Strontium has mainly been of concern as a radionuclide in 

drinking water supplies, the strontium 90 standard being 8 pCi/l and 

the gross beta radioactivity standard being 15 pCi/l (U.S. EPA, 

1981). 

toxicity, however Daphnia and other small protozoans are affected by 

For larger aquatic organisms, it has a relatively low order of 
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100-300 mg/l of strontium ions in water (McKee and Wolf, 1963). The 

high level of strontium in brines from the geopressured wells ( 5 4 4  and 

1180 mg/l, Table 12 and the high gross beta radioactivity levels (340 

and 1130 pCi/l) for these well brines indicates it may be harmful to 

aquatic organisms and is a radionuclide of concern. 

The zinc concentration in the Gladys McCall well (0.290 mg/l) 

exceeds the EPA chronic criterion for freshwater organisms (0.047 

mg/l) by 6 times, and for marine organisms by 5 times. Thus, a 

substantial spill with little dilution in wetlands could be harmful to 

marsh organisms effected by these concentrations. 

be toxic to Pacific oyster larvae at 0.2 mg/l even for a short period 

of exposure (Brereton et al., 1973) and to be harmful to freshwater 

fish fry, especially cladoceran fish in soft water at levels of 0.0004 

mg/l (U.S. EPA, 1976). The levels of soluble zinc and its 

availability to marsh pla'nts would increase at a reduced pH and 

increased oxidation - reduction conditions (Gambrel1 et al., 1978). 

Zinc was found to 

A number of other metals may be harmful at concentrations 

experienced in geopressured brine, even though they are generally 

beneficial for plants and animals and have no criteria established f o r  

freshwater or marine organisms. These include iron, sodium, potassium 

and probably calcium. As mentioned earlier, these cations also 

contribute to the total dissolved solids of geothermal brine and thus 

may be harmful through increased salinity. 



In summary, heavy metals and other trace elements availability in 

case of an accidental brine spill, would depend on 

oxidation-reduction conditions, pH and constituents of native waters 

and soils. The pH of these brines is slightly acidic (5.61 f o r  the 

Sweet Lake well) which is slightly below the EPA recommended pH levels 

of 6.5-9.0 for freshwater organisms. The low pH in the brine could 

increase metal solubility and thus enhance initial availability to 

many organisms while adsorption and complexing with clays will cause 

these metals to persist in the marsh sediments. 

reduced and oxidized conditions such as may be present at the marsh 

surface, makes marsh locations ideal for complexing and then 

solubilization of heavy metals and increases toxicity potential to 

resident organisims. 

The alteration of 

Non-metal Toxicants 

4 

Non-metal constituents of brine that are likely to adversely 

affect wetlands in an accidental spill include ammonia, bicarbonates, 

boron, bromine, hydrogen sulfide, methane and other associated 

hydrocarbons. 

Ammonia, hydrogen sulfide, methane, other contained hydrocarbons and 

metals in reduced states will cause a high chemical oxygen demand and 

result in extremely low dissolved oxygen levels in the brine. Most of 

the methane and hydrocarbons will be removed during the gas extraction 

processes and some reoxygenation of the brine may occur during heat 

extraction processes and transport to discharge points. 

Geopressured brines have virtually no dissolved oxygen. 

Depending at 

what point in the cogeneration processing a spill occurs, and the 
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amount of reoxygenation, methane, ammonia, hydrogen sulfide and oxygen 

demanding compounds could have a short-term impact on affected 

wetlands. 

(unionized) while the criterion for hydrogen sulfide is 0.002 mg/l. 

These limits are exceeded by many times in the geopressured brines 

(Table 12). The ecological significance of brine spills with these low 

dissolved oxygen and high chemical oxygen demand characteristics will 

depend on the size of the area affected, the amount and duration of 

oxygen reduction, and the tolerance level and mobility of wetland 

organisms. 

The EPA freshwater toxicity for ammonia is 0.02 mg/l 

High levels of bicarbonates (total alkalinity) are present in 

brines in both the Gladys McCall (527 mg/l) and the Sweet Lake wells 

(256 mg/l). 

the brine and thus would have their greatest effect on freshwater 

wetlands in case of a spill. 

Bicarbonates contribute mainly to the overall salinity of 

Ninety-five percent of waters that 

produce good fish populations have less than 180 mg/l of bicarbonates 

(McKee and Wolf, 1963). 

Boron is principally of concern to plants which may be sensitive 

to soluble boron in concentrations as low as 0.5 mg/l (USDA, 1954), 

whereas concentrations of 2,000 mg/l are apparently not harmful to 

fish (McKee and Wolf, 1963). The U.S. EPA has not set any criteria 

for freshwater or marine waters in recognition of the low toxicity to 

animal life of this element. 

the aquatic ecosystem is based, may experience severe growth decline 

or die off from accidental brine spills with 36 mg/l boron such as 

that tested for the Gladys McCall well brine (Table 1 2 ) .  

Nevertheless, marsh plants upon which 
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Bromine, like other halogens, is an antiseptic and disinfectant. 

In toxicity studies concentrations of 10 mg/l killed Daphnia magna, 

while goldfish were killed at 20 mg/l (McKee and Wolf, 1963).  The 0 

concentration of bromine at the two wells is not known at present, but 

other geopressured wells of the Gulf coast commonly have 40 mg/l or 

more of bromine (Table 12)-. 

Temperature 

The high temperature of geopressured fluids is another 

characteristic of brine that would be harmful to wetlands affected by 

an accidental spill. 

149' (300'F) while brine that has been processed through cogeneration 

facilities is likely to be 60-90°C (140-194'F) (Marsden and Kozokawa, 

1978). 

would therefore be expect'ed to cause death of most marsh vegetation 

and wetland organisms in the immediate vicinity of any spill. 

with native wetland waters would ameliorate the harmful effects of 

temperature, but synergistic effects of temperature with salinity and 

toxicity of brine constituents would probably be offsetting, widening 

the area of wetlands effected. 

strictly short-term, and would terminate shortly after the source of 

any spill is brought under control. 

Geopressured fluids at the well head range up to 

These temperatures are sufficient to denature protein and 

Mixing 

The temperature effects would be 



In conclusion, there are many constituents of the geopressured 

brines of the Gladys McCall and Sweet Lake wells of concern to the 

area wetlands. Toxicities of individual constituents are compounded 

by high salt concentrations, high temperatures, low dissolved oxygen 

and high chemical oxygen demand. Some of the constituents have an 

acute short-term toxicity while others, particularly heavy metals, may 

be both toxic and persistent and subject to bioconcentration. 

Dilution and dispersion will reduce effluent concentrations where 

tidal mixing occurs but impounded wetlands may retain lethal and 

sublethal concentrations in their sediments for extended periods. 

Subsidence 

Subsidence or apparent sea level rise is on the order of 1.2 

cm/yr in South Central Cameron Parish (Baumann and DeLaune, 1981). 

Marshes of the area are a'ccreting at an average rate of about 0.7 

cm/yr for a net vertical loss to subsidence of about 0.5 cm/yr. 

Between 1955 and 1978, shoreline erosion amounted to about 40 feet per 

year in South Central Cameron Parish with a net land loss of 

approximately 1% per year (van Beek and Meyer-Arendt, 1982). 

The Sweet Lake well site is located on an upland sandy ridge at 

about 12 feet elevation MSL. Any subsidence resulting from 

geothermal-geopressure development would not be expected to 

significally effect any marshes or wetlands in the vicinity of the 

site. 

and any subsidence induced by fluid withdrawal could significantly 

However, the Gladys McCall well site is surrounded by marshes 
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impact these wetlands as well as open water areas and subsequent 

shoreline erosion rates of marshes in the area. Janssen and Carver 

(1981) have estimated that full-scale development of the Parcperdue 

well in nearby Vermilion Parish could produce a total subsidence in 

the neighborhood of 0.004 feet at the well head with lesser subsidnece 

at concentric distances from the well site. Such small subsidence 

would have little impact on marsh loss. However, little quantitative 

data is presently ava'ilable that is specific to geothermal-geopressure 

induced subsidence at the Gladys McCall well. 

becomes available, it will not be possible to estimate marsh and 

wetland impacts from induced subsidence at this site. 

Until such information 

SOCIOECONOMIC IMPACTS 

The expected work force for installation and operation of the 

proposed cogeneration fac'ilities and associated wells will consist of 

6-7 persons at any given time (Jonne Berning, pers.com., Dec., 1983). 

Most of these workers are expected to come from the Lake Charles area 

which has large pool of well-trained workers in the construction and 

petroleum extraction industries, the well sites being approximately 20 

and 50 miles, respectively from Lake Charles by state highway. 

Because travel distance is not a limitation and few workers would 

be involved, no significant relocation of families is expected from 

the project and impacts on public services would be minor and 

insignificant. A small positive economic benefit could result from 

http://pers.com


, energy generation from the facility, providing there are no major 

accidents and no additional wells are needed for brine injection or 

energy extraction. 

A major brine spill or well blowout resulting in an uncontrolled 

release of brine and gases could cause evacuation of houses and 

businesses in the area of impact. In the Tigre Lagoon accident, 

brines were carried a distance of 610 m (2000 ft) (ERDA, 1976). At 

the McCormak oil and gas well, maximum drift of fluid was 1840 m (6000 

ft). Because of the rural character'near the two wells under 

consideration here, relatively few people would be adversely affected 

by a major accidental spill. 

would pollute agricultural fields in the vicinity for 10 or more years 

with unexceptably high levels of salinity (US DOE, 1980). 

A major spill at the Sweet Lake well 

4 
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