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CHAPTER ONE - DESCRIPTION OF THE PROPOSED ACTION 

This  Environmental Assessment (EA) has  been prepared t o  assess t h e  environmental  

imp l i ca t ions  of t h e  Department of Energy's proposal  t o  d r i l l ,  complete, 

and test one geopressure w e l l  l oca t ed  i n  Brazoria  County on a 2 hec ta re s  ( f i v e  

acre) tes t  s i te  64 km (40  m i )  south  of Houston, Abs t rac t  107, Per ry  &-,Austin 

Survey, Brazoria  County, Tx (Fig.  1-1). The test w e l l  i s  h e r e i n  r e f e r r e d  t o  as 

GCO-DOE P leasant  Bayou No. 1. A maximum of fou r  d i s p o s a l  w e l l s  w i l l  be loca ted  

wi th in  .8 km (1/2 mi) of t h e  proposed w e l l .  The Department of Energy (DOE) 

and The Un ive r s i ty  of Texas Center f o r  Energy S tud ie s  propose 

t h e  test f a c i l i t y  f o r  t h r e e  yea r s  t o  eva lua te  t h e  g e o p r e s s u r e ' p o t e n t i a l  of 

t h e  subsurface.  Tests t o  be conducted inc lude  flow rates,  f l u i d  composition, 

temperature ,  gas  con ten t ,  geologic  characteristics, and t h e  land subsidence 

p o t e n t i a l  f o r  subsequent production. 

t o  ope ra t a  

. This  EA a c t i v i t y  f a l l s  under t h e  broad subprogrammatic Environmental Impact 

Assessment, Geopressure Subprogram, EIA/GE/77-3, J u l y  1977, Div is ion  of Geothermal 

Energy, Energy Research and Development Adminis t ra t ion;  t h e  a c t i v i t y  a s soc ia t ed  

wi th  t h e  F r i o  Formation of Texas and Louis iana.  

1.1 S i t e  Locat ion and Surface Fea tu res  

The proposed a c t i o n  is  loca ted  i n  t h e  northernmost geothermal geopressure 

fai rway i n  Texas i n  Brazoria  and Galveston Counties  ( F i g u r e s l - l a n d  1-2). W€thin 

t h i s  high p o t e n t i a l  geothermal geopressure fa i rway is  t h e  Brazoria  County 

Prime Prospect  Area (White et a l . ,  19771, t h e  most promising zone f o r  

eva lua t ing  t h e  phys ica l  and chemical characteristics of t h e  resource .  One 

w e l l  s i t e  (GCO-DOE P leasan t  Bayou No. 1) i n  t h e  Brazor ia  County Prime Prospect 

Area w a s  s e l e c t e d  f o r  resource  a n a l y s i s  on t h e  b a s i s  of t h r e e  parameters 

1-1 
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Fig.  1-2. Proposed well s i t e ,  GCO-DOE Pleasant Bayou- No.  1, Brazoria 
County, Texas. 
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(Belmont, 1 9 7 7 ) :  sand th ickness ,  temperature,  and permeabi l i ty .  GCO-DOE 

P leasant  Bayou No. 1 w e l l  on t h e  General Crude O i l  Company lease (Martin 

Ranch Sl) bordering Chocolate Bayou r ep resen t s  a compromise among t h e  i d e a l  

l o c a t i o n s  f o r  any one of t h e  t h r e e  parameters. Sand th ickness  and temperature 

are g r e a t e r  t o  t h e  southwest near  t h e  Danbury Dome and permeabi l i ty  is  h ighes t  

toward t h e  no r theas t  i n  t h e  Chocolate Bayou f i e l d .  

be a problem as long as t h e  w e l l  i s  loca ted  southwest of t h e  minus 4118 m 

(13,500 f t )  depth contour which runs approximately along t h e  a i r s t r i p  on t h e  

no r theas t  end of t h e  prospect .  Likewise, sand th ickness  is  not  a c r i t i ca l  

cons idera t ion  i n  t h e  prospect  area, because of considerable  v a r i a t i o n  expected 

l o c a l l y .  I n  s p i t e  of t h i s  v a r i a t i o n ,  sand th ickness  should be available a t  

any l o c a t i o n  i n  t h e  prospect  area. I n  c o n t r a s t ,  however, permeabi l i ty  adequate 

t o  provide sus ta ined  high f low rates is  t h e  major concern. 

Temperature w i l l  not  

Avai lable  d a t a  

i n d i c a t e  s t r o n g l y  t h a t  permeabi l i ty  inc reases  t o  t h e  no r theas t .  Consequently, 

t h e  pr ime area geo log ica l ly  i s ' o n  t h e  extreme nor theas t e rn  end of t h e  prospect  

area where permeabi l i ty  i s  expected t o  be h ighes t .  

All development of s u r f a c e  f a c i l i t i e s  and i n j e c t i o n  w e l l s  w i l l  t a k e  p l ace  wi th in  

.8 km (1/2 m i )  of t h e  po in t  of d r i l l i n g ,  bu t  not  t o  t h e  w e s t  of Chocolate 

Bayou. 

is  leased  t o  General Crude O i l  Company. 

of t h e  w e l l  s i t e  i s  29°15'15"N and 95O14'W. 

6.7 km (4 .4 mi) t o  t h e  northwest .  The nea res t  l a r g e  town i s  Alvin 19 km 

(12 mi) t o  t h e  n o r t h  while  t h e  n e a r e s t  c i t y  is  Houston, approximately 64 km 

, (40 mi) t o  t h e  nor th .  Agr i cu l tu ra l  f i e l d s  of r ice  and sorghum and pas tu res  

A l l  of t h e  land t o  be used by t h i s  test is i n  p r i v a t e  ownership, but  

The approximate l a t i f u d e  and longi tude  

The nea res t  town is Liverpool,  

surround t h e  test si te.  On t h e  w e s t  bank of Chocolate Bayou ac ross  from t h e  

w e l l  s i t e  is a r e c r e a t i o n a l  community of weekend homes, boat s to rage  sheds,  

boat  launches,  and a s soc ia t ed  r e c r e a t i o n a l  s e rv i ces .  To t h e  south of t he  w e l l  



1-5 

s i te  i s  t h e  Chocolate Bayou P l a n t  of Monsanto Corporation, which produces 

organic  and inorganic  i n d u s t r i a l  chemicals. 

1 .2  P r o j e c t  Descr ip t ion  

The proposed p r o j e c t  w i S 3  c o n s i s t  of t h e  d r i l l i n g  of one geothermal f l u i d  

w e l l  f o r  product ion t e s t i n g  and a maximum of fou r  i n j e c t i o n  w e l l s .  

w e l l  w i l l  be  d r i l l e d  wi th  a 21.6 c m  (8.5 i n )  borehole t o  an approximate 

depth of 5,033 m (16,500 f t ) .  Two d i s p o s a l  w e l l s  w i l l  i n i t i a l l y  be  d r i l l e d  

t o  provide d i s p o s a l  of lower volume f l u i d s  produced during i n i t i a l  t e s t i n g .  

Two a d d i t i o n a l  d i s p o s a l  w e l l s  w i l l  be d r i l l e d ,  logged, completed, t e s t e d ,  

and operated p r i o r  t o  commencement of high volume f l u i d  production. 

s u r f a c e  f a c i l i t i e s  w i l l  be constructed and i n s t a l l e d  i n  order  t o  conduct 

t h e  ex tens ive  tes t  program which is  t h e  o b j e c t i v e  of t h e  program. The tests 

w i l l  assess t h e  economic v i a b i l i t y  of t h e  geopressure geothermal resource.  

A t es t  

Required 

T h i s  EA e v a l u a t e s  t h e  p o t e n t i a l  environmental i m p l i c a t i o n s  of t h e  d r i l l i n g ,  f low 

t e s t i n g ,  abandonment, and r e s t o r a t i o n  of t h e  GCO-DOE P leasant  Bayou No. 1 w e l l  

s i t e  dur ing  i t s  t h r e e  year per iod.  

1.2.2 Construct ion and D r i l l i n g  

The i n i t i a l  explora t ion  ac t iv i t ies  and resource  eva lua t ion  w e r e  conducted by 

The Univers i ty  of Texas Center f o r  Energy Studies .  

t i o n  is  evaluated of t h e  ac t iv i t i e s  from w e l l  s i te  prepara t ion  through s i te  

r e s t o r a t i o n  a f t e r  t e s t i n g  i s  completed. 

The environmental implica- 

1.2.1.1 S i t e  and Road Prepara t ion  

D r i l l i n g  ac t iv i t i e s  r e q u i r e  t h e  c o n s t r u c t i o n  of access roads and l e v e l  d r i l l i n g  

pads f o r  t h e  production w e l l  and t h e  i n j e c t i o n  w e l l s .  Where p o s s i b l e ,  t h e  

. .  
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access road w i l l  be  cons t ruc ted  t o  d i s t u r b  a minimum area by using e x i s t i n g  

roads when a v a i l a b l e ,  by fol lowing t h e  n a t u r a l  topography, and by avoiding c u t  

and f i l l  operat ions.  

of 0.4 h a / h  (1.7 acre/mi) of roadway. 

Roads w i l l  be 4.2 rn (14 f t )  w i d e  wi th  a dis turbed  area 

The proposed p o i n t s  of d r i l l i n g  w i l l  each be c l e a r e d ,  leve led ,  and compacted 

f o r  a n  area of up t o  1000 m2 (1/4 a c r e )  t o  provide d r i l l  pads (Figure 1-3 and 

1-4). 

o t h e r  equipment, sumps, and laydown areas a t  each si te.  A d r i l l i n g  mud sump 

w i l l  be  provided t o  hold t h e  d r i l l i n g  f l u i d s  a t  each w e l l  s i t e  and each s i t e  

w i l l  be sloped toward t h e  sump t o  provide a dra inage  catchment. 

As many as 1.6 ha (4 a c r e s )  w i l l . b e  used wi th  minor d is turbances  f o r  

F igure  1-5 

shows t h e  s u r f a c e  f a c i l i t i e s  a t  t h e  w e l l  s i t e .  

1.2.1.2 Well D r i l l i n g  and Tes t ing  

F igure  1-6 shows t h e  proposed w e l l  schematic.  

and logged by General Crude O i l  Company under c o n t r a c t  t o  DOE. 

The w e l l  w i l l  b e  d r i l l e d ,  cored,  

The w e l l  head assembly f o r  the geopressure goethermal w e l l  is  shown i n  F igure  

1-7. This  is  t h e  normal combination of cas ing  head and in te rmedia te  cas ing  

head equipment designed t o  accommodate 15,000 p s i  w e l l  p ressures .  The f low 

w i l l  pass  through t h e  tubing head and master valves b e f o r e  e n t e r i n g  a l a r g e  

r a d i u s  p i p e  bend t o  d i r e c t  t h e  f low t o  t h e  high p r e s s u r e  s e p a r a t o r  without  

passing through a 90 degree  tee. 

p r e s s u r e  gauge t o  d e t e c t  tubing l e a k s  o r  a breakdown i n  t h e  completion i n t e g r i t y .  

Each c a s i n g  annulus  w i l l  be equipped wi th  a 

Surface equipment w i l l  reduce t h e  w e l l  p r e s s u r e  t o  atmospheric pressure .  

gas  w i l l  t h e n  b e  e i t h e r  f l a r e d  o r  s o l d ,  whichever method proves t o  b e  f e a s i b l e .  

A flow-through l i q u i d  sampler w i l l  be  loca ted  near  t h e  w e l l  head t o  c o l l e c t  h igh  

The 

" 

. . -  
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Big. 1-3. Typical d r i l l i n g  s i te  arrangement (General Crude O i l  Company, 1977) 
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Fig. 1-4. Typical  d r i l l i n g  site arrangement (General Crude O i l  Company, 1977) .  
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Fig.1-5. General layout of well site (General Crude Oil Company, 1977). 
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Fig. 1-6. Depth of v a r i o u s  p ipe  s i z e s  (General Crude O i l  Company, 1 9 7 7 ) ;  
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Flowline L Y  

7-1/16" 15,000 l b .  
Tubing Head 

Ad a p t or 

9" 15,000 l b .  
Tubing Head 

11" 10,000 l b .  
Intermediate 
Casing Head 

(-)m Flow1 i n  e Pres sur e 

w Master 

Master 

Valve 

Valve 

16-3/4" 5,000 l b .  
Intermediate \wg 
Casing Head 

Casing Valve 

Casing Valve 

Casing Valve 

20" 3,000 Ib. 
Casing Head 

28" Base Flate 

Casing Valve 

Fig.  1-7. Typical w e l l  head configuration for  flow te s t ing  (General Crude O i l  
Company, f 9 7 7 ) .  



1-12 

p r e s s u r e  samples by iso15:ion of t h e  s p l i t  stream. 

temperature  w i l l  b e  recorded near  t h e  w e l l  head. 

reduce t h e  f low p r e s s u r e  t o  1000 p s i  j u s t  before  e n t e r i n g  two high p r e s s u r e  

s e p a r a t o r s .  Gas r e l e a s e d  from s o l u t i o n  w i l l  be  so ld  o r  f l a r e d  through an 

o r i f i c e  meter. Down stream t o  t h e  h igh  p r e s s u r e  s e p a r a t o r s ,  a second f low 

through l i q u i d  sampler w i l l  be  used t o  compare chemical a n a l y s i s  between t h e  

high p r e s s u r e  and low p r e s s u r e  l i n e s .  A second choke w i l l  reduce t h e  stream 

p r e s s u r e  t o  approximately 50 p s i  j u s t  b e f o r e  e n t e r i n g  a low p r e s s u r e  s e p a r a t o r .  

Any g a s  product ion a t  t h i s  p o i n t  w i l l  b e  e i t h e r  vented o r  dehydrated t o  remove 

t h e  water and s o l d .  Gas c o n t r a c t  n e g o t i a t i o n s  w i l l  have t o  be completed b e f o r e  

c o n c r e t e  estimates on gas  sales may b e  obtained.  P r e s e n t l y ,  es t imated gas  

sales w i l l  amount t o  1.6 MXSCF per  day from b o t h  s e p a r a t o r s .  Gas from t h e  

h igh  p r e s s u r e  s e p a r a t o r  w i l l  b e  cooled t o  between 38' and 58' C (100' and 200' F). 

Gas from t h e  low p r e s s u r e  s e p a r a t o r  w i l l  b e  dehydrated and compressed t o  800 

p s i  t o  meet sales l i n e  p r e s s u r e  and cooled t o  between 38' and 50' C (100' and 

Continuous p r e s s u r e  and 

A choke w i l l  be used t o  

120' F) .  

lease. 

as w e l l  as t h e  tank  area used t o  cool  f h e  product ion b e f o r e  i t  e n t e r s  t h e  in-  

j e c t i o n  pumps f o r  d i s p o s a l .  The f o u r  10,000 b a r r e l  holding t a n k s  w i l l  be  

adequate  dur ing  t h e  i n i t i a l  phase of t h e  p r o j e c t  f o r  cool ing  t h e  produced 

f l u i d s .  However, as t h e  f low rates are i n c r e a s e d ,  a cool ing  tower may b e  

requi red  t o  reduce t h e  f low temperature  b e f o r e  t h e  d i s p o s a l  stream e n t e r s  t h e  

pump s t a t i o n .  Only two d i s p o s a l  w e l l s  w i l l  be  d r i l l e d  i n i t i a l l y ,  bu t  a t o t a l  

of f o u r  d i s p o s a l  w e l l s  w i l l  be  needed when t h e  f low rate  reaches  t h e  designed 

40,000 BPD rate.  

d i s p o s a l  s t a t i o n  w i l l  b e  housed t o  p r o t e c t  i t  from weather s i n c e  t h e  pumps 

are e l e c t r i c a l l y  d r i v e n  and have a h igh  horse-power r a t i n g .  

It i s  a n t i c i p a t e d  t h a t  compression equipment be r e n t e d  on a year  

F igure  1-5 i s  a p l a n  view of t h e  f a c i l i t y  l a y o u t  showing t h e  s e p a r a t o r s  

Three pumps w i l l  b e  used t o  d i s p o s e  of t h e  water. The 

Electrical  supply 
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t o  these  pumps w i l l  be 2300 v o l t s  and each pump motor w i l l  draw approximately 

100 amps. A w e l l  test schedule has been formu.lated a s  shown i n  Table 1-1. 

I n i t i a l  tes t  w i l l  be s ta t ic  pressure tes t  a f t e r  t h e  w e l l  is  perforated.  The 

w e l l  w i l l  be c i r cu la t ed  c lean  with s a l t  water and pressured up t o  10,000 

p s i  t o  t es t  sur face  equipment. The pressure  w i l l  then be bled t o  5,000 p s i  

and the  hole  w i l l  be logged f o r  per fora t ing  depth cont ro l .  

gun w i l l  then be lowered t o  shoot t he  f i r s t  permeable i n t e r v a l  between about 

16,000 and 16,500 f e e t .  Per fora t ion  w i l l  continue u n t i l  125 f t  of zone i s  

The per fora t ing  

open o r  a Kh product of 5,000 mi l l idarcy  per foo t  (md/ft) i s  obtained based on 

core  ana lys i s .  The t o t a l  perforated i n t e r v a l  may be increased t o  220 f t  i f  t h e  

permeabi l i ty  i s  on t h e  order  of 10 md and t h e  logs  show t h e  sand development 

t o  be t h i s  extensive.  

s t e p s  of 250 BWPD each day over a f i v e  day period t o  c lean  t h e  well bore. 

After  pe r fo ra t ion  t h e  w e l l  w i l l  be brought on stream i n  

During 

. t h i s  per iod,  quart  samples w i l l  be taken d a i l y  and checked $or sand and t r a c e r  ion 

concentrat ion.  I f  sand production i s  not  a problem and the  t r a c e r  ion  concen- 

t r a t i o n  has changed s i g n i f i c a n t l y ,  then t h e  w e l l  w i l l  be  shut  i n .  The w e l l  w i l l  

be sampled with a bottom hole  sampler, t he  s t a t i c  pressure  w i l l  be measured and 

a high resolution thermometer log will be taken along with other logs given in 

Table 1-2 f o r  a cased hole  completion. A continuous bottom hole  pressure  

measuring instrument w i l l  be ca l ib ra t ed  t o  agree  wi th  t h e  s t a t i c  pressure  

test obtained with t h e  Amerada gauge. 

a t  1,000 BPD and increased by 1,000 BPD each day a f t e r  sampling t h e  flow stream 

f o r  sand production. 

suspended while t he  sand production is observed. I f  t he  w e l l  c leans  up then 

t h e r a t e i n c r e a s e  may resume; however, i f  t h e  sand production s t a y s  constant  o r  

The w e l l  then will  be brought on production 

I f  sand production is de tec ted ,  rate increases  w i l l  be 

incfeases ,  t h e  ra te  w i l l  be adjusted downward i n  500 BPD increments u n t i l  t h e  

sand production s tops .  Once a rate is es tab l i shed  with less than 1/2% volume 
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Table 1-1. T e s t  Schedule. 

Test Per iod  

Initial Sta t i c  

I n i t i a l  Dynamic 

Phase l a  

Phase I b  
Phase 2a 

Phase 2b 

Second S t a t i c  

Second Dynamic. 

Phase l a  

Phase lb  

Phase 2a 
Phase 2b 

F i n a l  S t a t i c  

Cumulative 
T e s t  Time Cumulative 

T e s t  At End Of  F l u i d  Prod. 
Dura t ion  Per iod  T e s t  Rate BPD lIBbl 

3 Days 3 Days 0 0 

63 d a y s  69 days  0 - 10,000 315 

40 days llG d a y s  10,000 7 15 

28 days 134 days 10,000 - 20,000 1,135 

40 days 174 d a y s  20,000 1,935 

3 days  177 days  0 1,935 

22 days 199 days  0 - 30,000 2,346 

30 d a y s  229 d a y s  30,000 3,246 

12 days  241 days  30,000 - 40,000 3,626 

30 d a y s  271 days  40,000 4,826 

3 days 274 d a y s  0 4,826 
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Table 1-2. Major Services and Equipment. 

Depth Diameter llud Wefght 
Feet Inch Pounds per Callon 

1,100 24 10 

8,000 17% 10 

15,000 12k 
16,500 84 

16.5 

18.5 

WELL LOGGING: 

Depth Interval Log 

8,000 to 1,100 Dual Induction Laecrolog 
Bore Hole Compensated--Sonic Integrated 
Compensated Ncutron Log 
Formation Density Compensated 
Caliper 
High Resolution Thermometer 
Velocity Survey 

15,000 t o  8,000 Dual Induction Laterolog 
Bore Hole Compensated--Sonic Integrated 
Compensated h’eutron Log 
Formation Density Cornpcnsated 
High Resolution Xpmeter 
Ca 1 i pe r 
High Resolution Thermometer 
Velocity Survey 

16,500 t o  15,000 Dual Induction Laterolog 
Bore Hole Compensated--Sonic Integrated 
Compensated Neu t ron  Log 
Formation Density Compensated 
High Resolution Dipmcter 
Caliper 
High Resolution Thermometer 
Velocity Survey 
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Table 1-2. Continued. 

WELL CORTNG: 

Depth I n t e r v d l  Cor e 

8,000 t o  Surface 1 00-Sid ewall Samples 

15,000 t o  8,000 100-Sidewall Samples 
16,500 t o  15,000 100-Sidewall Samples 
16,503 t o  Surface 1000 f e e t  Conventional Core 

CASING, LINER, TUBING, AND CEMENT: 

S ize  

CASING 20 
20 

Tota l  

13-3/8 

13-3 /8 

13-3/8 
13-3/8 

Tota l  

9-5/8 
9-5/8 

9-5/8 
9-5/8 
9-5 /8 

Tota l  

LINER 7 " 

TUBING 5-112 

5-1 /2 

5-1/2 
T o t a l  

Weight Grade 

94 H4 0 
106.5 K55 

72 N80 

72 N80 
72 s95 
81.4 S95 

53.5 s95 

47 s95 
53.5 s95 
59.2 S105 
62.8 S105 

38 P110 

23 PllO 
23 PllO 
23 PllO 

Length 

900 
200 

1,100 

3 00 

3,950 
1,500 
2,250 
8,000 

1,950 

3,950 
2,200 

2,000 
4,900 

15,000 

1,700 

1,000 

7,400 
8,100 

16,500 

Collar/Thread Cement 

ST&C 

STCC 

1805 Sx 

But tress 

ST&C 

ST&C 

ST&C 

4800 Sx 

Butt  r es s 

Buttress 

LTbC 

LTbC 

LT6C 

2500 Sx 

LTbC 325 Sx 

B u t t r e s s  

LTbC 

SFJ 
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sand product ion a t  o r  below 10,000 BPD, t h e  w e l l ' s  producing p r e s s u r e  w i l l  be 

recorded f o r  a n  i n d e f i n i t e  per iod not  t o  exceed 40 days.  The bottom h o l e  

p r e s s u r e  and s u r f a c e  p r e s s u r e  should s t a b i l i z e  and be recorded.  The w e l l ' s  

p r o d u c t i v i t y  index can then be c a l c u l a t e d .  A second dynamic test  pe r iod  w i l l  

be r u n ,  resuming s t e p  s i z e  i n c r e a s e s  i n  t h e  w e l l  p roduc t ion  ra te  a t  2,000 BPD 

increments  each day up t o  a t o t a l  r a t e  of 20,000 BPD, and checking t h e  f low 

stream f o r  sand. T h i s  tes t  pe r iod  w i l l  a l s o  l a s t  f o r  40 days and t h e  p roduc t i -  

v i t y  index f o r  t h e  zone w i l l  be c a l c u l a t e d  a t  each ra te .  A t  t h e  end of t h e  

second tes t  p e r i o d ,  t h e  w e l l  w i l l  be  s h u t  i n  and t h e  p r e s s u r e  allowed t o  

s t a b i l i z e  wh i l e  measuring t h e  bottom h o l e  p r e s s u r e .  A second set of cased h o l e  

l o g s  w i l l  be run a t  t h i s  t i m e .  A t  t h i s  p o i n t  i t  may be d e s i r a b l e  t o  open tw ice  

as  much permeable sand and test  t h e  p o t e n t i a l  of t h e  combined zones i n  t h e  

same manner. U l t i m a t e l y ,  i f  sand p roduc t ion  i s  n o t  a problem, t h e  w e l l ' s  

f i n a l  f low r a t e  should be  40,000 BPD s u s t a i n e d  f o r  a 30 day pe r iod  t o  a l low 

s t a b i l i z a t i o n  as determined from p r e s s u r e  measurements and c a l c u l a t i o n  of t h e  

P r o d u c t i v i t y  Index. A t  t h e  end of t h i s  f l ow tes t ,  t h e  w e l l  should be  s h u t '  

i n  f o r  a second build-up t o  a tes t  s t a t i c  p r e s s u r e .  

During t h e  dynamic test  on r e s e r v o i r  p roduc t ion ,  s u r f a c e  samples of the produced 

f l u i d  w i l l  be c o l l e c t e d  d a i l y  and checked f o r  pH, ha rdness ,  c h l o r i d e  and 

sand c u t  a t  t h e  test  s i te .  Once a week a sample s h a l l  be  checked by a 

l a b o r a t o r y  f o r  t h e  s t anda rd  API i o n  a n a l y s i s .  The s t a t i c  bottom h o l e  samples 

w i l l  be checked by a l a b o r a t o r y  f o r  t h e  API i o n  a n a l y s i s  i n  a d d i t i o n  t o  

s e l e c t e d  heavy metal d e t e r m i n a t i o n  w i t h  t h e  spec t rog raph .  Gas a n a l y s i s  f o r  

C 0 2  and l i g h t  hydrocarbon g a s  c o n t e n t  and composi t ion may be run r o u t i n e l y  

a t  t h e  tes t  s i t e  on a weekly b a s i s .  Each month a g a s  sample w i l l  be submitted 

t o  a l a b o r a t o r y  f o r  l i g h t  hydrocarbon g a s  con ten t  and composition and C 0 2  

and t o t a l  s u l f u r .  These a n a l y s e s  may be reduced i n  frequency i f  t hey  a re  
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determined t o  be c o n s i s t e n t  and r e p e t i t i v e .  Ions and heavy meta ls  t h a t  a r e  not  

p r e s e n t  i n  t h e  produced f l u i d s  w i l l  n o t  be included i n  subsequent tests. 

Correspondingly,  gas  components t h a t  are not  p r e s e n t  i n  t h e  i n i t i a l  test w i l l  

be dropped from remaining tests. Sca l ing  i s  a t y p i c a l  problem w i t h  minera l  

l aden  waters from t h e  F r i o  Formation. A t y p i c a l  w e l l  water a n a l y s i s  f o r  s c a l i n g  

tendency i s  given i n  Table  1-3. 

i n  t h e  Chocolate Bayou area. Barium s u l f a t e  creates t h e  s c a l i n g  problem 

by p r e c i p i t a t i n g  i n  t h e  w e l l ' s  tub ing ,  f l o w l i n e ,  and s u r f a c e  equipment. Regular 

chemical tests w i l l  be  made t o  determine t h e  s e v e r i t y  o f ,  and t o  d e v i s e  c o n t r o l  

of t h e  expected s c a l i n g  problem. 

This  is  a f l o w l i n e  sample taken from a w e l l  

1 . 2 . 2  S i t e  R e s t o r a t i o n  

I n d i c a t i o n s  of an inadequate  r e s o u r c e  a t  any s t a g e  i n  t h e  t e s t i n g  a c t i v i t i e s  

may r e s u l t  i n  abandoning t h e  p r o j e c t .  Abandoned wells w i l l  b e  plugged w i t h  

cement o r  welded  s h u t  below ground l e v e l  and w i l l  be  i n  compliance w i t h  appro- 

p r i a t e  s ta te  r u l e s  and r e g u l a t i o n s .  Once t h e  t h r e e  year  tes t  program is  com- 

p l e t e d ,  t h e  d i s t u r b e d  a r e a  w i l l  be  back-f i l l ed  and r e p l a n t e d  w i t h  s p e c i e s  

n a t i v e  t o  t h e  area. Mud p i t s  and r e s e r v e  p i t s  w i l l  b e  dra ined  of f r e e  water 

and t h i s  water  w i l l  be  pumped i n t o  t h e  d i s p o s a l  w e l l  p r i o r  t o  i t s  abandon- 

ment. Residue w i l l  b e  buried i n  t h e  impervious p i t s .  

1 . 3  Known Environmental I s s u e s  

Geothermal e x p l o r a t i o n  and development are being c a r r i e d  on e x t e n s i v e l y  through- 

o u t  t h e  United S t a t e s .  Therefore ,  s e v e r a l  environmental  i s s u e s  a r e  w e l l  

e s t a b l i s h e d .  These i n c l u d e  water yse, s u r f a c e  and groundwater contaminat ion,  

subsidence,  a i r  p o l l u t i o n ,  n o i s e ,  land u s e  changes,  and w i l d l i f e  d i s t u r b a n c e .  

These and o t h e r  p o t e n t i a l  environmental  i m p a c t s  w i l l  be t r e a t e d  i n  Sec t ion  3 .  
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T a b l e  1-3. B r a z o r i a  County Prime P r o s p e c t  Area,  T y p i c a l  
W e l l  Water A n a l y s i s .  

Composition 
Component Mole Percent 

Ba SO4 6 4 . 6  

Ca COB 13.3 

Na2 C O B  

Nan SO4 

Fe S 

Sr SOI, 

Siliceous Material 

7.0 

6: 3 

2.8 

1 . 4  

3 . 2  

Moisture and Volatile 0 . 4  

LOSS at 900' C. 1.0 
100.0 

Chloride Concentration 80,000 pfim 



CHAPTER TWO - DESCRIPTION OF THE EXISTING ENVIRONMENT 

The GCO-DOE P l e a s a n t  Bayou No. 1 i s  l o c a t e d  on t h e  Texas Coas ta l  P l a i n ,  

i n  t h e  Chocolate Bayou dra inage  b a s i n  i n  Brazoria  County, Texas. 

s i t e  i s  above t h e  F r i o  Formation. This  i s  an  area w i t h  v e r y  l i t t l e  n a t u r a l  

subsidence.  S o i l s  are p r i m a r i l y  loams and c l a y s ,  Annual p r e c i p i t a t i o n  ranges 

from 1120 t o  1220 mm (44-48  i n ) .  Boating, f i s h i n g ,  and weekend homesites 

are r e c r e a t i o n a l  ac t iv i t ies  near  t h e  w e l l  s i t e .  B i o l o g i c a l l y ,  t h e  area 

f a l l s  w i t h i n  Coas ta l  Short-Grass P r a i r i e .  The climate i s  humid s u b t r o p i c a l .  

There are t h r e e  a r c h e o l o g i c a l  s i tes i n  o r  near  t h e  s tudy  area. 

The 

This  GCO-DOE P l e a s a n t  Bayou No. 1 Environmental Assessment is  one a s p e e t  

of t h e  Geopressure Subprogram. An Environmental Assessment of t h e  

Geopressure Subprogram, EIA/GE/77-3, J u l y  1977, was prepared by t h e  Div is ioh  

of Geothermal Energy, Energy Research and Development Adminis t ra t ion.  The 

GCO-DOE P l e a s a n t  Bayou No. 1 w e l l  tes t  is  c o n s i s t e n t  w i t h  t h e  g o a l s  and 

o b j e c t i v e s  of t h e  subprogram as d i r e c t e d  by t h e  A s s i s t a n t  S e c r e t a r y  f o r  

Energy and Technology. 

2 . 1  Geology 

The geology of t h e  proposed p r o j e c t  s i t e  is  t y p i c a l  of t h e  Texas Coas ta l  

P l a i n  and i s  t h e  o v e r r i d i n g  f a c t o r  i n  t h e  o r i g i n  of geopressured a q u i f e r s .  

Cenozoic d e p o s i t s  beneath t h e  Texas Gulf C o a s t a l  P l a i n  are p r i m a r i l y  

noncarbonate c las t ic  rocks.  They i n c l u d e  medium- t o  f ine-grained sand- 

s t o n e s  and mudstones ( c l a y  o r  s h a l e )  of f l u v i a l ,  d e l t a i c ,  d e l t a  f r i n g e ,  

o r  near-shore marine o r i g i n ,  complexly interbedded w i t h  t r a n s g r e s s i v e  marine 

s h a l e s  and s i l t s t o n e s  ( t u r b i d i t e s )  of o u t e r  s h e l f ,  o r  upper s l o p e  o r i g i n  

2-1 
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(Murray, 1961) .  Contemporaneously wi th  rap id  prograda t iona l  sedimentat ion 

along t h e  Gulf margin, r e g i o n a l  s h e a r  zones developed i n  t h e  d i r e c t i o n  of 

t h e  c o a s t  and p a r a l l e l  t o  i t .  D i f f e r e n t i a l  compaction of d e l t a i c  sandy 

d e p o s i t s  landward, and less competent p r o d e l t a  and marine c l a y  d e p o s i t s  

gulfward, r e s u l t e d  i n  r e g i o n a l  "growth f a u l t s "  a long which displacements  

of hundreds and even thousands of f e e t  occurred (OCamb, 1961). Great 

d e p o s i t i o n a l  masses of t h e  gulfward downthrown block were r o t a t e d  i n t o  t h e  

f a u l t  p lane  a s  d e l t a i c  loading  of t h e i r  landward margin cont inued;  f a u l t  

p l a n e s  are concave gulfward and f l a t t e n  w i t h  depth ,  i n  response t o  downward 

increase i n  pore p r e s s u r e  (Bruce, 1973). 

t h e  landward ends of sand-bed a q u i f e r s  where they abut  a g a i n s t  p r o d e l t a  

c l a y  of o l d e r  d e p o s i t i o n a l  c y c l e s .  

Reversal of s t r a t i g r a p h i c  d i p  seals 

Sedimentary t e c t o n i c s  r e s t r i c t e d  upward d r a i n a g e  and r e s u l t e d  i n  increased  

geothermal g r a d i e n t s  and thermal  d i a g e n e s i s  of sediment m i n e r a l s  and 

i n t e r s t i t i a l  waters as  t h e  d e p o s i t s  were geopressured.  S a l t  movement 

a l t e r e d  d e p o s i t i o n a l  p a t t e r n s ;  sa l t  d i a p i r s  upwarped and f a u l t e d  p e r i p h e r a l  

d e p o s i t s ,  and r e s u l t e d  i n  r a p i d  downbuilding as enormous masses of sediment 

f i l l e d  i n  nearby b e l t s  c a l l e d  "salt withdrawal areas." 

e v e n t s  on t h e  geology of t h e  tes t  w e l l  area are shown on t h e  s t r u c t u r e  map 

The e f f e c t s  of t h e s e  

of t h e  top  of t h e  F r fo  Formation i n  t h e  area of t h e  Brazoria  Fairway (F igure  

2-1); by t h e  map of t h e  t o p  of t h e  Andrau sand where i t  occurs  deep i n  t h e  

geopressure  zone (Figure 2-2); and on t h e  map showing major growth f a u l t s  

and o i l - f i e l d  s t r u c t u r e s  near t h e  Brazor ia  County Prime Prospec t  Area 

(Figure  2-3) i n  which t h e  GCO-DOE P l e a s a n t  Bayou No. 1 w e l l  is  t o  be 

d r i l l e d .  

. .  . 
. .  . . .  . . _  . .  
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BRAZQRIA COUNY'Y 
PRIME PROSPECT AREA 

7 7 , 0 0 0  

0 1 2  3 a m i .  - I 
Fig. 2-1. Geologic structure of Brazoria Fariway; depth to the 

top of the Frio Formation, and location of the well 
s i t e  area, Brazoria County, Texas (After Humble O i l  
and Refining Co. , 1962) .  
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Fig .  2-3. Locat ion of proposed w e l l  s i t e  area i n  r e l a t i o n  t o  nearby o i l  f i e l d s  
and major f a u l t s  bounding geopressured zone r e s e r v o i r  segments, Chocolate 
Bayou area, Brazoria  and Galveston c o u n t i e s ,  Texas (After  unpublished 
manuscript ,  W. A. Fowler, 1967) .  
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Deposit ional pa t t e rns  and the  areal ex ten t  of the  "stacked" d e l t a i c  and d e l t a  

f r o n t  sand-bed aqui fe r  systems proposed f o r  t e s t i n g  and poss ib le  development 

a t  t he  w e l l  s i t e  are shown i n  Figure 2-4. 

grade upward i n t o  distributary-mouth bar and d e l t a  p l a in  sandstones,  over la in  

by prodel ta  clay-shale of t h e  next  younger d e l t a i c  system. 

The depos i t s  of these systems 

The l i t ho logy  and mineral  composition of sandstones i n  t h i s  sequence are 

described by Bebout, Loucks, and Gregory (1977) as midway between the  

f e ldspa th i c  l i t h a r e n i t e s  of t he  Lower Texas Gulf Coast and the  quartzose 

f e ldspa th i c  volcanic  l i t h a r e n i t e s  of t h e  Upper Texas Gulf Coast. Sandstone 

aqu i f e r s  t o  be tapped by t h e  GCO-DOE Pleasant  Bayou No. 1 test  w e l l  

occur about 1200 m (4,000 f t )  below the  top of the  geopressure zone and 

have undergone extensive leaching of cements, fe ldspar  a l t e r a t i o n  t o  

k a o l i n i t e ,  and p r e c i p i t a t i c n  of i ron-r ich c a l c i t e  and dolomite cement. The 

n e t  increase  i n  poros i ty  of sandstones leached by inf lux  of a l k a l i n e ,  low- 

s a l i n i t y  waters from interbedded sha le s  during t h e i r  thermal dehydration 

may r e s u l t  i n  poros i ty  increase  of 10% t o  20% (Lindquist ,  1976). Poros i ty  

of 5 %  t o  25% and permeabi l i ty  of 2 t o  20  md are expected i n  the  750 m (2,500 f t )  

depth i n t e r v a l  t o  be tapped by the  w e l l .  

144OC (300°F) and f l u i d  p r e s s u r e  w i l l  be between 7031 and 8789 kgs/m2 

(lO,OO@ and 12,500 p s i )  

Formation temperature w i l l  exceed 

The l i t ho logy  and mineral  composition of sha le s  (mudstones) interbedded with 

sandstone a q u i f e r s  iri  t h i s  sequence have received r e l a t i v e l y  l i t t l e  study. 

:.*wers (1967) and Burst  (1969) examined dehydration as  a funct ion of t h e r m 1  

d iagenes is  of montmoril lonite i n  t h e  clayey sediments of t he  Gulf Coastal  P la in  

and developed a cons is ten t  p a t t e r n  of montmoril lonite conversion t o  i l l i t e  and 

. .. . 
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Fig. 2-4. L i m i t s  of progradational deltaic and delta front deposits i n  the v ic in i ty  of 
the Brazoria County Prime Prospect Area (After Bebout, Loucks, and Gregory). 
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mixed-layer c l ay  minerals  with depth and geothermal gradient  (Figure 275) .  

conversion of c l ay  minerals  and the  accompanying release of bound and i n t r a -  

c r y s t a l l i n e  water is  accompanied by an i n c r e a s e  i n  porosi ty .  S tua r t  (1970) 

shows t h a t  poros i ty  increases  below t h e  top of t h e  geopressure zone i n  both 

sandstone and sha le  (Figure 2~6). 

This 

2.1.1 Natural  Land Subsidence 

Local mass movement that involves  p r i n c i p a l l y  the  gradual downward s inking of 

the  s o l i d  e a r t h ' s  sur face  is  c a l l e d  land subsidence. The immediate cause of 

land subsidence, independent of c r u s t a l  t ec ton ic s ,  is the  removal of support  

caused by a reduct ion of pore pressure of i n t e r s t i t i a l  f l u i d s  i n  a porous layer  

beneath the  sur face  (Poland and Davis, 1969). Pressure reduct ion w i l l  occur 

with the  withdrawal of f l u i d s  i n  the  course of geothermal. resources  development. 

A d i r e c t  conseouence could be 

ment compaction, a l ready  i n  progress  i n  young, deep sedimentary bas ins  such 

as t h e  Gulf Basin. 

acce le ra t ion  of t h e  n a t u r a l  processes  of sedi-  

Most f i e l d  s t u d i e s  of sediment compaction due t o  n a t u r a l  processes  are based 

upon i n d i r e c t  information, mainly po ros i ty  da t a  from w e l l  l o g s  o r  bulk dens i ty  

measurements on d r i l l  c u t t i n g s  o r  cores .  

a n a l y s i s  of shale compaction w a s  made by Smith (1973), who concluded t h a t  t ens  

o r  even hundreds of mi l l i ons  of years  are required f o r  sha le s  t o  d r a i n  under 

n a t u r a l  loading stress wi th  deepening b u r i a l ,  and t h a t  reduced po ros i ty  and 

permeabi l i ty  occur only near  sand-shale boundaries, where the  pore-water pres- 

su re  grad ien t  is  very  la rge .  

A very comprehensive mathematical 

Smith's c a l c u l a t i o n s  are supported by the  work 
I 

of Bourgoyne, Hawkins, Lavaquial, and Wickenhauser (1972) who s ta te  t h a t  l i t t l e  

o r  no sha le  water i n f l u x  t o  sand-bed r e s e r v o i r s  i n  the  geopressure zone w i l l  

occur with r e se rvo i r  pressure  dec l ine  f o r  s h a l e  with i n i t i a l  permeabi l i ty  of 
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lOw7md; and that, although shale-water influx would have a significant effect 

upon reservoir pressure depletion at initial shale permeabilities of 10 -5 to 

md, only the first few feet of shale adjacent to the reservoir would 

contribute materially to the water influx during reservoir pressure depletion. 

Detailed studies of pore-space reduction in sandstones, primarily using mathe- 

matical models, have been made in recent years. Rittenhouse (1973) notes that 

"the average porosity of Gulf Coast Tertiary sandstones cormnonly decreases 

more than 1% for each 1,000 ft of burial." 

(1) grain rearrangement, (2) pore filling with crystalline material, and 

The causes he identified are: 

( 3 )  physical and/or chemical modification of the original sand grains. 

modification is a factor related to (1) sand composition, (2) fluid composition 

and movement, (3)  effective stress, ( 4 )  temperature, ( 5 )  time, and (6) the 

extent to which early pore filling has strengthened the rock. Grain rearrange- 

ment and grain modification change both the porosity and thickness of the sand- 

stone. 

in a deeply buried sandstone reservoir could result in a bed thickness reduction of 

8.2%, unless pore filling prior to application of this stress enables it to 

withstand the increased effective stress. He further states that actual thick- 

ness reduction under such a fluid pressure reduction--accomplished in 30 years, 

Grain 

Rittenhouse states that a fluid pressure reduction of 1758 kgs/m2 (2,500 psi) 
. 

for example (an instant in geologic time)-- would have far less effect. 

If the bed has experienced an effective stress greater than it now bears, as 

a consequence of deeper burial in the past than now, or by having been hydro- 

pressured at its present depth before now being geopressured, its thickness 

reduction as a consequence of reservoir pressure reduction might be negligible. 

If,. however, leaching of mineral grains occurred after geopressuring, without 

appreciable depth change, thickness reduction as a result of fluid pressure 
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reduct ion could be appreciable--or i t  might be neg l ig ib l e ,  depending upon t h e  

mineral  composition of g ra ins  and the  leached component of t h e  matrix.  

The region has undergone considerable  subsidence as a r e s u l t  of groundwater and 

o i l  and gas withdrawal by mun ic ipa l i t i e s  and petroleum companies. Subsidence 

as a r e s u l t  of groundwater withdrawal measured between 1943 and 1964 is shown 

by Jorgensen (1975). 

problems i n  t h e  areas around Galveston Bay a n d . i n  t h e  Houston area where subsi-  

dences over 1.5 m ( 5  f t )  have occurred. 

w e l l  s i t e ,  i f  subsidence has occurred i t  has been less than 15 c m  (6 i n ) .  

Subsidence i n  t h e  Chocolate Bayou Fie ld  has  been assoc ia ted  with o i l  and gas 

production from t h e  geopressured zone (Gustavson and Dreitler, 1976). Subsidence 

Lowering of sur face  e l eva t ions  has lead t o  f looding 

In  t h e  v i c i n i t y  of t h e  geothermal 

of more than .3 m has occurred i n  t h e  f i e l d  and coincides  with per iods of 

maximum gas production from t h e  geopressured horizon. 

from o i l  production shows a l a g  time before  i t  is  f e l t  a t  t h e  sur face .  

Subsidence r e s u l t i n g  

2.1.2 Physiography 

The GCO-DOE P leasant  Bayou No. 1 w e l l  test s i te  is i n  southeast  Brazoria County, 

Texas, on t h e  east s i d e  of Chocolate Bayou. 

area, a f l a t  t o  r o l l i n g  P le i s tocene  su r face  above 3 m (10 f t )  i n  e l eva t ion ,  and t h e  

Holocene-Modern alluvium a t  lower e l eva t ions  along Chocolate Bayou. The 

Ple i s tocene  s u r f a c e  is probably p a r t  of t he  Beaumont Formation, a f l u v i a l -  

d e l t a i c  system of d i s t r i b u t a r y  sands i n  t h e  s tudy area. 

and are moderately suscep t ib l e  t o  erosion.  

Two geologic  sur faces  form t h e  s tudy 

The s o i l s  are t h i n  

The Holocene-Modern Alluvium, 

f l a t  and composed of mud, is  a permanent and ephemeral f r e s h  water marsh. 

These f l u v i a l  systems are s t i l l  undergoing deposi t ion.  

is  no mineral  production i n  the  v i c i n i t y  of t h e  study area. 

1975). 

Except f o r  o i l ,  t he re  

(St. Clair et  a l . ,  
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2 . 1 . 3  S o i l s  

Figure 2-7 shows t h e  d i s t r i b u t i o n  of t he  s o i l s  of t he  study area, which are 

pr imar i ly  loams and c lays ,  with slow t o  very slow runoff and slow t o  very slow 

permeabi l i ty .  Table 2-1 summarizes these  and o the r  c h a r a c t e r i s t i c s .  Permeabi l i ty  

of t h e  s o i l s  i s  very slow. However, t h e  P le i s tocene  s o i l s  are moderately 

pcmcable  and recharge the  shallow aqui fe rs .  

2 . 2  Hydrology and Water U s e  

In  the  area, t h e  important f r e s h  groundwater 

geline aqu i fe r s .  

Southwestern Louisiana. 

t h e  Chocolate Bayou drainage basin.  

sources  are t h e  Chicot and Evan- 

These sands extend along the  e n t i r e  c o a s t a l  area of Texas i n t o  

The su r face  water of t h e  p ro jec t  area is  loca ted  wi th in  

Surface drainage is  s luggish ,  but  genera l ly  

northwest t o  southeas t .  
w 

2 . 2 . 1  Groundwater 

Fresh groundwater (less than 100 p a r t s  p e r  mi l l i on  dissolved s o l i d s )  occurs  

from near  t he  sur face  t o  a depth of approximately 290 m (950 f t )  a t  t h e  pro- 

posed w e l l  s i t e  (Figure 2-8). 

westward t o  a l o c a l  maximum depth of more than 365 m (1200 f t ) , 8  km (5 m i )  from 

t h e  si te.  

( 4  t o  8 m i )  w e s t  of t h e  s i te  where l o c a l  contamination by s a l t  from Danbury 

salt dome causes an abrupt  rise i n  t h e  f r e s h  water-salt water contact  t o  within 

The base of f r e s h  w a t e r  s lopes  genera l ly  north- 

Locally,  t he  minimum depth of f r e s h  water occurs 6 . 4  t o  12 .9  km 

60 m (200 f t )  of t h e  sur face  (Sandeen and Wesselman, 1g73) .  

water (1000 t o  3000 p a r t s  per  mi l l i on  dissolved s o l i d s )  extends t o  about 30 m 

(100 f t >  deeper than t h e  f r e s h  water base i n  the  area. 

S l i g h t l y  s a l i n e  
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'ELL S 

-- A' J 
12 - VESTON 

16  - EDNA FINE SANDY LOAF1 
2 1  - FROST VARIANT SILT LOAM 
22 - ARIS FINE SANDY LOAM 
.43 - BERNARD CLAY LOAM 
45 - LAKE CHAkLES CLAY 

15BC - BERNARD-EDNA 

~ ITE 

Fig .  2-7. S o i l s  of the s t u d y  area I A f t e r  Texas Bureau 
of Economic Geology). 



Table 2-1. Charac t e r i s t i c s  of S o i l s  i n  the  Study Area (SCS 1973-1977) 

S u i t a b i l i t y  S u i t a b i l i t y  
Perma- f o r  pond o r  fo r  build- 
b i l i t y  pH r e se rvo i r  area ings and roads Uses 

slow moderately severe , f loods ,  poor na t ive  
a l k a l i n e  wetness range 

Run0 f f 

very 
slow; 
poorly 
drained 

very 
slow 

very . 
slow 

slow 

very 
slow 

very 
slow 

very 
slow 

Descript ion Name 

V e s t  on 
(12) 

dark gray f i n e  sandy 
loam horizons and 
gray loam and s i l t y  
c l ay  loam: near ly  
l e v e l  c o a s t a l  f l a t s  
inundated by storm 
surge 

Bernard-Edna 
(15 BC) 

see Bernard and Edna 

r i c e  and 

range 

very s l i g h t l y  severe ,  w e t  severe, w e t  
slow ac id  s l i g h t  n a t i v e  

dark gray loam horizons 
and very f i rm clayey 
horizons; broad nea r ly  
level coas t a l  prairies 

Edna 
(16) 

slow 
h, 

severe,  w e t  severe ,  w e t ,  hardwood L 
f loods f o r e s t  o r  ' * 

pas ture  

s i l t y  loam; s i l t y  al- 
luvium o r  loes s  depos i t s  
i n  broad depressions 
l a te  Ple i s tocene  t e r r a c e s  

Frost  
(21) 

very 
slow 

s l i g h t  severe,  w e t  crops A r i s  
(22) 

dark grayish brown f i n e  
sandy loam and gray sandy 
c l a y  loam and c l ay ;  l e v e l  
on P le i s tocene  terraces 

very s l i g h t l y  s l i g h t  
slow ac id  t o  

a1 ka l i n e  

severe , w e t  r i c e  and 
na t ive  
pas ture  

dark gray c l ay  loam t o  
c l ay :  f i n e  tex tured ,  un- 
consol idated sediments 
of P le i s tocene  age 

Bernard 
( 4 3 )  

severe,  w e t  range land very s l i g h t l y  s l i g h t  
slow ac id  t o  

a l ka  1 ine  

Lake C3arles 
( 4 5 )  

clayey s o i l s ;  broad 
l e v e l  uplands on Beau- 
mont formation 

very a lka l ine  s l i g h t  
slow 

severe,  w e t  I j a m  
(88) 

dark gray t o  gray c lays ;  
dredged ma te r i a l  
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The important 

aqu i f e r s .  

southwestern Louisiana (Table 2-2). The major recharge occurs a t  t he  aqu i f e r  

outcrops 50 t o  60 km (35 mi) nor th  of t he  tes t  site. The r e l a t i v e l y  impermeable 

overburden of Beaumont Clay prevents  s i g n i f i c a n t  recharge from the  sur face  

a t  t he  s i te .  

f r e s h  ground-water sources are t h e  Chicot and Evangeline 

These sands extend along t h e  e n t i r e  c o a s t a l  area of Texas i n t o  

The proposed loca t ion  of t h e  GCO-DOE Pleasant  Bayou No. 1 w e l l  is  a t  the  boundary 

between f r e s h  water and salt  water i n  the  Evangeline aqu i f e r .  Because of t he  proxi- 

mity of s a l t  water the  Evangeline aqu i f e r  has not been developed as a water supply 

here. The overlying Chicot aqu i f e r  y i e l d s  f resh w a t e r  a t  t h e  site. Table 2-3 

lists chemical c o n s t i t u e n t s  from two w e l l s  completed i n  t h e  Chicot aqui fe r .  

W e l l  703 is  1.6 km (1 m i )  no r th  and w e l l  702 is  1.6 km east of the  si te.  The 

c l o s e s t  ground-water use i s  on t h e  w e s t  bank 02 Chocolate Bayou. a t  Peterson 's  

Landing. Four w e l l s  were repor ted  by Sandeen and Wesselman (1973) completed 

wi th in  107 m (350 f t )  of t he  sur face  and supplying small q u a n t i t i e s  of water 

f o r  l imi t ed  publ ic  and domestic use. A w e l l  d r i l l e d  t o  282 m (924 f t )  is  

loca ted  a t  t h e  Monsanto p lan t  more than 2 km (1 m i )  east of t h e  s i te  and pumped 

2 cubic  meters per  minute (524 gal/min) i n  1961. 

The c l o s e s t  l a r g e r  c e n t e r s  of pumping i n  t h e  Chicot aqu i f e r  are a t  Angelton, 

2 1  km (13 mi) w e s t  southwest, Alvin, 19  km (12 mi) no r th ,  and Danbury, 9.6 km 

(6 m i )  west southwest. None of t hese  sites appear t o  a f f e c t  water l e v e l s  a t  

t h e  w e l l  site. Maps of water levels i n  w e l l s  screened i n  t h e  Chicot aqui fe r  i n  

1967 i n d i c a t e  t h e  l o c a l  ground-water flow d i r e c t i o n  is  east t o  southeast  a t  

t h e  w e l l  site. 

Between the  base of f r e s h  ground-water and t h e  top of the geopressure zone 

occur ex tens ive  depos i t s  of Miocene and Pliocene sands and c l a y s  containing 
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T a b l e  9-2. Geologic and Hydrologic Units of the Texas and 
Louisiana Coastal  P la in  

Series 

aecenc 

Ylaiacocunm 

Pliocene 

Xiocrne 

Oligocene ( 1 )  

‘Uood, cjbrysch and .%twin. 1963. 
2Ueosolman, 1971. 
3 G r d w l l  and Rollo. 1960; Long. 1965. 

~ l u v i u m  

B e s w n c  Clay 

Lissio Comeion 

Y i l l i s  sand 
(Pliocene?) 

lagarrp Clay 
(fliocerm?) 

Oakville Sand- 
scone 

Catahoula Sand- 
scone (MOCMO?) 

Frio Clay 

Hydrologic Untr 

lorcheasc Texas 

I I j !4irnissippi 

i 

Evangeline 
Aquif or 

Deposits 
Yiocene 

Burkville Pliocene 
Aquiclude 

  as per ~quitmrs 
I 

Not Uapped I 
‘Becolarr Chicoc-Atchafalaya Aquifer in huchcencral 

sUesselma, 1972. 
Louisiana (Harder anQ ochers. 1967). 



I 

MAG- SODIUM 
SILICA IRON CAL NE- AND BICAR- 
(Si02) (Fe) CIUM SIUM POTASSIUM BONATE 

(Ca) (Mg) NA K (HC03) 

-- -- -- -- -- -- 406 

-- -- -- -- 394 -- 508 

Table  2-3. Chemical Analyses of Water from t h e  Chicot Aquifer Near t h e  GCO-DOE P leasant  Bayou No. 1 
Well Site (Sandeen and Wesselman, 1973) .  

CARBO- 
NATE 
(Cog) 

0 

-- 

I WATER TEMP- I BEAR- I DEPTH 1 DATE OF I ERA- 

703 May 17, 1939 -- 

RESI- SPEC I F  I C  
HARD- DUAL SODIUM CONDUC- 

SUL- CHLO- FLUO- N I -  D I t .  NESS SODIUM ABSORP- TANCE 
FATE RIDE RIDE TRATE BORON SOLVa> AS CARBO- TION (MICROM- 
(SO4) (C1) (F) (NO3) (E) SOLIDS CaCo NATE RATIO HOS AT 

(RSC) (SARI 25OC) 

1.6 890 -- -- -- -- 150 3.65 3,330 

-- 122 945 -- -- -- 2,106 1,020 -- 

pH 

7.9 

-- 
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s a l i n e  water. The genera l  r e l a t i o n s h i p  between depth and s a l i n i t y  is  shown 

_. in Table 2-4. 

Table 2-4. Rezation Between Depth h S a l i n i t y  i n  t h e  Study Area. 

Average Dissolved 

Sol ids  Content N e t  Sand Depth I n t e r v a l  -- 
0 t o  610 m (0-2,000 f t )  5,000 t o  10,000 ppm 122 m (400 f t )  

610 t o  1220 m (2,000-4,000 f t )  20,000 t o  40,000 ppm 213 m (700 f t )  
1220 t o  1830 m (4,OO0-6,000 f t )  20,000 t o  40,000 ppm 244 m (800 f t )  
1830 t o  2440 m (6,000-8,000 f t)  60,000 t o  80,000 ppm 122 m (400 f t)  
2440 t o  3050 m (8,000-10,000 f t )  30 m (100 f t )  80,000 t o  100,000 ppm 

( In t e rp re t ed  from Maps: Core Laborator ies ,  Inc. ,  1972). 

The sequence of s a l i n e  sands a v a i l a b l e  f o r  b r i n e  i n j e c t i o n  is shown i n  Figure 

2-9. Bebouc, LOucks, and Gregory (1977) evaluated nearby electric logs  and 

found t h a t  t h e  p o t e n t i a l  d i sposa l  i n t e r v a l  contains  an average of 34% sand wi th  

an  average n e t  sand thickness  of 525 m (1725 f t )  (Figure 2-10). Limited d r i l l i n g  

data and se i smic  da t a  i n d i c a t e  major f a u l t i n g  is  not  expected i n  t h e  area of the  

production test w e l l  and the  d i sposa l  w e l l s  (Bebout, b u c k s ,  and Gregory, 1977). 

The nea res t  o i l  and gas production is a t  Chocolate Bayou Fie ld ,  more than 4.8 km 

(3 m i )  nor th  of t h e  test site. 

(8,000 f t ) ,  s t r a t i g r a p h i c a l l y  deeper than the  deepest proposed b r i n e  i n j e c t i o n  

zone of -2130 m (7,000 f t ) .  

The shallowest production t h e r e  i s  -2438 m 

The s a l i n e  aqu i f e r s  above t h e  Frio are used f o r  d i sposa l  of oil f i e l d  b r i n e s  

and f o r  i n d u s t r i a l  waste in j ec t ion .  Brine d i sposa l  w e l l s  l i s t e d  i n  Table 2-5 

are loca ted  in f i e l d s  surrounding t h e  s t r u c t u r a l  syncline where the  test w e l l  

is t o  b e  loca ted  (Figure 2-11). 

(5 m i )  t o  t h e  site. 

waste stream containing var ious  hydrocarbons including e t h e r ,  phenols, and n i t r i t e )  

are loca ted  a t  t h e  Monsanto P lan t  wi th in  about 1.6 km ( l m i )  of t h e  proposed s i te  

No b r i n e  i n j e c t i o n  w e l l s  are c l o s e r  than 8 km 

However, t h r e e  waste i n j c c t i o n  w e l l s  ( fo r  d i s?osa l  of a 
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Fig .  2-51. Cross s e c t i o n  of p o t e n t i a l  geothermal waste 
Well l o c a t i o n s  f o r  A water d i s p o s a l  sandsi 

and A’ are shown on Figure  2-10 ( A f t e r  Bebout, 
Loucks, and Gregory, 1977).  
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Deepest f r e s h r a t e r  zone-1350 ' 
Shallowest o i l  and gas zone-8747' 

\ 

Abbreviations : 
I n t  t h i c k  = Thickness of p o t e n t i a l  d i sposa l  

\ 
Exxon 2B 2-13 Korenek 

(Sal twater  d i sposa l  wel l )  
\ 

Sd % 0 

N e t  sd = 

\ interval 
Sand percentage i n  i n t e r v a l  
To ta l  sand i n  i n t e r v a l  

0 I n t  thick.4840' 
Sd % 31% 
N e t  sd.1510' 

f n t  t h i c k  4760' d5 
Sd % 36% 
N e t  s d  1700' 

20 OIn t  th ick ,  5110' 
Sd X 37% 
N e t  sd  1875' 

N e t  sd  1750' 

26a l n t  t h i c k  5430' 
Sd X 31% 

/ 

1685 ' 

Tcxaco #3B 
(Saltwater 

Wilson 
d i sposa l  

13 A' /" i n t  thick.4800' 
/ Sd % 36% 

N e t  s d  

PROPOSED WELL SITE 

w e l l  

2 / 01 
Ent thick 5060' 
Sd X 36% 
N e t  sd  1810' 

A 
I n t  t h i c k  5440' 
Sd X 31% 
N e t  sd 1680' 

k 
i 

0 1 2 3 miles 
I I I 1 

Fig.  2-10. Thickness of sandstone s u i t a b l e  f o r  d i sposa l  of geothermal waste 
water near proposed w e l l  site. Details oE Sect ion A-A' are shown 
on Figures  2-9 and 3-1 (After Bebout, Loucks, and Gregory, 1977). 



Table 2-5. O i l  Field Brine Injection Wells Nearest tlie Proposed Well S i t e .  

Well No. Field Approved In  j ec t ion Anticipated Base of 
Zone In j ection Fresh 

(meter s ) Volume Water 
(Maximum-min imum) (meters) 

(Barrels/day ) 

D-62 Chocolate Bayou 610 - 2030 0 - 8000 411 

D-11 Chocolate Bayou 807 - 1829 0 - 3000 396 

D-98 Danbury 701 - 1600 1000 - 5000 396 

D-60 Danbury 580 - 915 200 - 1000 335 

D-106 Danbury 1103 - 1295 400 320 

da ta  compiled by the  Texas Bureau of Economic Geology, 1977. 

N 
I 
N 
N 
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Fig. 2-11. Existing brine injection w e l l s  near the proposed w e l l  
site [data compiled by the Texas Bureau of Economic 
'Geology, 1977). 

'18' 
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(Texas Department of Water Resources, personal  communication, 1977). 

zones are basa l  Miocene sands, between 1781 and 2103 m (5842 t o  6900 f t )  deep. 

The i n j e c t i o n  

Details f i l e d  with t h e  Texas Department of Water Resources concerning these  

w e l l s  are presented i n  Table 2-6 and are a v a i l a b l e  from t h e  Texas Water 

Qual i ty  Board, Austin, Texas. 

2.2.2 Surface Water 

The most obvious part of the  hydrologic cyc le  is  sur face  water. 

f a l l s  on t h e  su r face  and eventua l ly  d r a i n s  i n t o  streams represents  a r e s i d u a l  

element whose quan t i ty  and q u a l i t y  i s  governed by t h e  many phys ica l  and c u l t u r a l  

f e a t u r e s  of t h e  su r face  environments. 

Water t h a t  

I n  t h i s  s ec t ion  the  r e s u l t i n g  runoff ,  

stream regime, w a t e r  q u a l i t y ,  and development of t h e  water resource are de- 

scr ibed  as they p e r t a i n  t o  t h e  proposed ac t ion  i n  the  study area. 

2.2.2.1 General Hydrology 

The p ro jec t  area is loca ted  wi th in  t h e  Chocolate Bayou drainage bas in  (Figure 

2-12). 

Surface drainage i n  t h e  bas in  i s  genera l ly  northwest t o  southeas t  i n  response 

t o  su r face  grad ien t .  Elevat ion grades from about 20 m (65 f t )  a t  the  upper 

end of t he  bas in  t o  sea level i n  a d i s t ance  of about 45 km (28 mi), a s lope  

of about 0.4 m/km (2.3 f t /mi ) .  

i n  lwer p a r t s  of t he  bas in  t o  d i s t o r t i o n  from t h e  e f f e c t s  of t i d e s  and weather 

condi t ions.  

2 Chocolate Bayou d r a i n s  an area of approximately 414 km (160 mi2). 

Therefore the  flow is s luggish  and i s  sub jec t  

The proposed w e l l  s i t e  is loca ted  i n  the  lower p a r t  of the  bas in ,  i n  t he  

t i d a l l y  inf luenced reach of t h e  stream. 

es t ab l i shed  a h ighly  v a r i a b l e  t i d a l  regime a t  t h e  s i t e .  

Conversations with l o c a l  r e s iden t s  

A range of 0.1 t o  0.9 m 



Table 2-6. Monsanto Waste Disposal Wells Near the Proposed Well Site. 

Well No. Operator In j ec t ion Zone Maximum In j ec t ion 
(meters ) Rate 

(CU m/sec) 

WDW - 1 Monsanto 1839 - 1924 3.7 x 
1930 - 1978 
1781 - 1919 2.76 x lom2 WDW - 1 A  Monsan t o 

h, 
I 
N ul 

WDW - 13 Monsan t o 1905 - 2103 6.43 x 

data compiled by the Texas Department of Water' Resources, 1977. 



2-26 

0 P !I GAGE & WATER QUALITY STATION 

m PROPOSED WELL SITE 

STANDARD PROJECT HURRICANE 
FLOOD LIMITS 

.-.e. . .'.'.*. .-. . 
w#B.i SURFACE WATER IRRIGATION AREAS 

I 

ct 

Fig. 2-12. Chocolate Bayou Drainage Basin; relationship to San Jacinto-Brazos 
Coastal Drainage Basin (After Texas Parks & Wildlife Dept . ,  1975; 
Blakely h Kunze, 1971).  
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(0.5 t o  3 f t )  da i ly  f luc tua t ions  in water level a t  t h e  s i te  indica tes  s t rong  

influence of weather events on water level and t i d a l  action. 

winds evidently produce la rge  rises i n  water leve ls ,  whereas northerly winds 

e f f ec t ive ly  damp out the t i d a l  f luctuations.  The w e l l  s i t e  itself is located 

out of the  floodplain a t  an elevation t h a t  w i l l  keep i t  from being influenced 

by these normal fluctuations.  However, as Figure 2-12 c l ea r ly  shows, the 

Strong southerly 

w e l l  

hurricane (flooding expected t o  occur from t h e  most severe combination of 

meteorological and’hydrological conditions t h a t  are considered reasonably 

c h a r a c t e r i s t i c  of the drainage basin). 

s i t e  is within t h e  area of flooding expected from the  standard project 

2.2.2.2 Physical Characteristics of Basin Hydrology 

A hydrograph using 1 7  years of average monthly discharge (Q) shows a regime 

which does not f i t  t he  geographical pa t t e rn  an t ic ipa ted  f o r  streams i n  t h i s  

region (Figure 2-13). 

be r e l a t ed  t o  i r r i g a t i o n  re turn  flow in t he  basin - low in March when i r r i g a t i o n  

use is l o w  and high in June when use is high. (Figure 2-12 shows that Chocolate 

Bayou dra ins  the  l a r g e s t  i r r i g a t i o n  area in t h e  coastal basin). 

be noted that these da t a  are measured in t he  upper p a r t  of the basin (location 

in Figure 2-12) a t  a point on t he  stream that dra ins  about 50% of the  basin. 

Therefore t h e  regime depicted may be mote erratic than and less representa t ive  

of conditions lower io the  basin at the  w e l l  s i te.  

The low flow i n  March and the  high flow in June may 

It should 

Average annual p rec ip i t a t ion  in t he  basin ranges from 1170-1220 (44-48 in). 

Minimum annual prec ip i t a t ion  recorded is 533 mm (21 i n )  and maxirmrm is 2108 mm 

(83 in )  (Texas Park and Wildlife Department, 1975). Runoff averages about 

93.8 Pm3/yr (76,070 A-F/yr) (USGS, 1976). Runoff c h a r a c t e r i s t i c s  are governed 
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Fig. 2-13. Mean monthly discharge, 1960-1976, Chocolate Bayou near Alvin 
(After USGS, 1960-1976). 
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by s o i l  type,  vege ta t ion ,  and land use i n  t h e  basin.  

percent of p r e c i p i t a t i o n  expected as runoff from d i f f e r e n t  surfaces .  

t o  t h e  s o i l  type,  vegetat ion,  and land use sections of t h i s  assessment po in t s  

ou t  t h e  per t inence of these  d i f fe rences  around t h e  w e l l  s i t e .  

Table 2-7 l ists  the  

Reference 

Table.2-7. Runoff as  a Percent of P rec ip i t a t ion  on Various Surfaces. 

Surf ace 

Urban Res ident ia l  
s i n g l e  houses 
garden apartments 

Commercial and i n d u s t r i a l  
Forested areas (depending on s o i l )  
Parks,  farmland, pas tu re  
Asphalt o r  concrete  pavement 

(source: Linsley and Franz in i ,  1972) 

3 

X Runoff 

30 
50 
90 
5-20 
5-30 

85-100 

3 Discharge of Chocolate Bayou a t  t h e  gage s i te  averages 2 . h  /s (105 c f s ) .  

Sixty-four percent  of t he  monthly mean flows i n  t h e  17-year period analyzed are 

below 2.8m /s (100 c f s ) ,  751 are below 4.2m3/s (150 c f s )  , and 98X are below 

Urn3/, (500 c f s ) .  

judged as cons i s t en t ly  low. 

3 

Assimilative capac i ty  of t h e  stream may the re fo re  be 

Figure 2-14 shows t h e  f lood hazard expected i n  ffie v i c i n i t y  of t h e  proposed 

ac t ion  and a t  t h e  w e l l  s i t e  i t s e l f .  

19  and 20 f t  base f lood e l eva t ion  l i n e s ,  

7 times during t h e  period of record (Table 2-8). 

The w e l l  s i t e  i s  located b e t w e n  t h e  

Flood s t ages  i n  excess of 20' have occurred 

The proposed w e l l  s i te is i n  t h e  

100 year f loodpla in .  Compliance wi th  E.O. 11988 is being undertaken by the  Depart- 

ment of Energy and w i l l  apply t o  t h i s  subprogram once t h e  DOE regula t ions  have 

been formulated. 
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F i g .  2-14. F l o o d  hazard  map (After USCE, 1970; FIA, 1977). . 
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Table 2-8. The Highest Floods in Order of Magnitude for Chocolate 
Bayou Near Alvin, Texas. 

Order 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

- 
Gage Heights 

ni-1 m (ft)msl 
Date of Crest 

July 14, 1939 6.9 (22.90)010.1 (33.21) 
October 8, 1949 6.6 (21.80) 9,-8 (32.11) 
March 18, 1957 6-3 (20.60) 9.4 (30.91) 
June 24, 1968 6.2 (20.52) 9.4 (30.83) 
October 16, 1957 6.2 (20.47) 9.4 (30.78) 
June 19, 1961 6.2 (20.37) 9.3 (30.68) 
July 12, 1961 6.1 (20.00) 9.2 (30.31) 
Sept. 13, 1961 6.1 (19.94) 9.2 (30.25) 
August 27, 1959 6.0 (19.85) 9.2 (30.16) 
Nov. 14, 1961 5.9 (19.48) 9.1 (29.79) 

Elevation 

Estimated 
Peak - 

.%%S) 
326 (11,500) (2) 
210 (7,400) 
121 (4,280) 
118 (4,160) 
116 (4,100) 
112 (3,970) 
99 (3,510) 
98 (3,460) 
95 (3,370) 
86 (3,050) 

(1) Estimated from flood mark. 

(2) Estimated by Corps of Engineers. 

source: Data compiled by T y s  Bureau of .Economic GeolGgy from USCE, 1970. 

Note: Elevations in the area of the test well site range from about 1.5 m 
(5 ft) above msl near Chocolate Bayou to a maximum of about 4.5 m 
(15 ft) above msl on the terrace surface. 
show that a comparison of land surface elevations and potential flood 
level elevations (Figure 2-14) suggests a possible minimum depth 
of flooding of about l m  (3.3 ft) in the well area. 

White, gg al. l .1977) 
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2.2.2.3 Wate. Quality Characteristics 

Table 2-9 summarizes available information on water quality parameters. 

Locations for which there are existing water quality data near the 

well site are shown on Figure 2-35. At stations 1 and 2 average 

values for chlorides, total dissolved solids. and temperature are 

within the acceptance level as set.by the Texas Water Quality Board, bxt the 

average sulfate value (54 mg/l) exceeds the accepted level at station 81 (Table 

2-10). These data were collected upstream from the well stte. 

I of the stream. No specific standards have been set for the tidal reaches of 

Table 2-10. Water Quality Standards, Selected Parameters. 

Chloride (mg/l) Sulfate (mg/l) TDS (mg/l) Temperature (X) 
average not to average not to average not maximum not to 

Segment exceed exceed to exceed exceed .. 
Chocolate Bayou - 
(Tidal) 
Chocolate Bayou 150 
(Above tidal) 

- 
50 

(source: Texas Water Quality Board, 1976a). I 

35 - 
600 32.2 

Water quality data sampled below the well site indicate tbat water quality grades 

rapidly into brackish and saline between stations 82 and # 3 ,  documenting that the 

well site is close to the boundary between the tidal and non-tidgl segments 

the stream (Table 2-10). 

The tidal segment of the stream has been designated ''effluent limited" (capable of 

meeting water quality standards using point source controls by 1977) and the non- 

tidal segment has been designated "water quality limited" (more stringent controls 

needed to meet standards) (Office of Water Planning and Standards, 1974). Two 

chemical plants located below the well site, Monsanto Chemical Cf>. and hoc0 



2-33 

Table 2-9. Water Qual i ty  Data (ranges of values  i n  mg/E). 

Parameters 

1 

TOS 
NA 
K 
"3 

Mg 
Ca 
Mn 
CI 
HCO, 
so, 
si0 2 

6 
pH tunits) 
Temp ("C) 
Conductivity (micromhod 

272-666 
38.160 
2.44.8 
0.01 0.14 
10-30 
93.84 
0-0.0 1 
49.260 
138.341 
23-S9 
3 9.32 
0.11.0.4 
6 4.8.0 
15.29 

502 1.400 

2 

* 
300~1,000 

0.01 -0.48 

30.266 

22.53 

7.0-8.1 
15.6-283 
600.2.000 

Sampling Stations** 

3 
Surface Depth 

0,9-3.6m 
(9-12f t) 

1.400- 1 5,5Od* IO,5OO~17,500* 

0.01.1 .a 

3 

725-9.300 

117.1.250 

7.?0.8.30 7.60.8.60 
18.5.30.0 19.0.29.5 
2,800.31.000 21,000~35.000 

** See Figure  15 f o r  l oca t ion  of sampling s t a t i o n s .  * Calculated as 50% of conduct ivi ty  

(Bource: White e t  al., 1977). 

4 

13;OOO-20.5Ol$ 
7.200 

0.03-0.08 

8.0.8.4 
9.5.15.5 

26.00041.000 
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N 

F i g .  2-15. Location of surface water quality sampling 
stations along Chocolate Bay, reported in  
Table 2-9 (After White -- e t  a l . ,  1977). 
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Chemicals Corp., have permits for regulated discharge into the bayou cumulatively 

totaling to a maximum of 19.5 mgd of industrial process water, storm water, and 

domestic sewage. 

of Water Resources, At present the largest water quality problem in the stream 

and estuary is that of fecal coliform, probably originating from raw sewage 

discharged from the small communities and recreational establishments along 

the stream. 

The specifications of the permits are on file at the TexasDepartment 

2.2.2.4 Water Resource Development 

Chocolate Bayou tidal segment is approved for contact recreation, and both 

tidal and non-tidal segments are approved for non-contact recreation and propa- 

gation of fish and wildlife (Texas Water Quality Board, 1976). Boating, fishing, 

and weekend homesites are well-developed recreational activities near the well 

site. No domestic supply is taken from the stream. 

Although the area is a high irrigation district, most of the surface water used 

is imported from the Brazos River by the Chocolate Bayou Water Company. 

company sells water in the area for both irrigation and industry. 

development in the region may necessitate use of Chocolate Bayou as a water 

supply source. 

Chocolate Bayou receives much of the return flow. 

The 

Future 

Table 2-10 shows irrigation figures for Brazoria County. 

t 

Table 2-11. Brazoria County Irrigation Statistics. 

All Irrigation Surface Water Only X Surf ace Water 
- Year ha (Acres) hm3 (Acre-feet ha (Acres) hm3 (Acre-feet Acre Acre-feet 
1958 20759 (51,295) 206 167,389)’ 17386(43,950) i g i  d 86 88 

lg6’ 28,151 (69,560) 269 (218,068) 23,946 (59,170) 237 (192,303) 85 88 
1974 24,026 (59,368) 195 (158,315) 20,396 (50,399) 166 (134,397) 85 85 

1964 22,799,(56,335) 165 1133,783) 21,307 (52,650) 156 (126,318) 93 94 

(source: Texas Water Development Board, 1975). 
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The Texas Parks and Wild l i fe  Department has  nominated t h e  Chocolate Bayou are.a 

as an "area of p a r t i c u l a r  concern," relative t o  r e c r e a t i o n a l  and i n d u s t r i a l  use 

of t h e  water resource  and r e l a t i v e  t o  c r i t i ca l  h a b i t a t  areas dependent upon t h e  

e x i s t i n g  hydrologic regfme (General Land Off ice  of Texas, 1975). 

. 

2.3 Terrestrial F lora  and Fauna 

The f l o r a  and fauna of the Ple i s tocene  Terrace i s  q u i t e  diverse ,with l o c a l  con- 

d i t i o n s  such as r a i n f a l l ,  s o i l  f e r t i l i t y  and s a l i n i t y ,  topography, and land use 

determining community cons t i t uen t s .  

c l a s s i f i c a t i o n  of t h e  Coastal  Short-grass Prair ie  (S t .  Clair -- e t  a l . ,  1975) .  

During a f i e l d  reconnaisance of the area of the proposed w e l l  si te  i n  September 

The w e l l  s i t e  f a l l s  wi th in  t h e  broad 

I 

1977 and from aer ia l  photographs, s ix  p l an t  communities were de l inea ted .  

communities, named by t h e i r  dominant components wi th  l o c a t i o n s  and assoc ia ted  

animals ( see  Appendix Table 2-10 f o r  p r o b a b i l i t y  of occurence) w e r e :  

These 

1. Quercus Cornunity extending down t h e  n a t u r a l  l evee  of Chocolate 

Bayou above a l l  but  t h e  h ighes t  f lood  o r  t i d a l  surges .  This community provides  

nes t ing  h a b i t a t  f o r  mourning doves (Zenaidura macroura), h a b i t a t  f o r  fox s q u i r r e l s  

(Sciurus  n i g e r ) ,  nes t ing  and r e s t i n g  h a b i t a t  f o r  numerous non-game b i r d s  and 

acorns as h igh  q u a l i t y  food f o r  a wide v a r i e t y  of  w i l d l i f e .  

2.  Eupatorium - Andropogon - Axonopus Community maintained on in-  

f requent ly  flooded areas which were l i g h t l y  d isced  and r ecen t ly  grazed. The 

bobwhite (Colinus v i r g i n i u s )  and t h e  e a s t e r n  c o t t o n t a i l  (Sylvilagus f lor idanus)  

make considerable  use of t h i s  type.  A number of s m a l l  rodents  and ground n e s t i n g  

and feeding non-game b i r d s  a l s o  occur here .  

3 .  Cul t iva ted  Communities dominated by a g r i c u l t u r a l  row crops 

(rice,  milo,  corn,  o r  co t ton  and t h e i r  r e spec t ive ,  assoc ia ted  weed spec ies )  

which are usua l ly  determined by s o i l  c a p a b i l i t i e s , ,  expected market demand, and 
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a v a i l a b i l i t y  of equipment. Crop res idues  and t h e  seeds of annual herbs  and 

grasses  provide food f o r  w i l d l i f e ,  p r inc ipa l ly  b i rds .  

some use of t h i s  type with White-fronted geese (Anser a lb i f rons )  and Canada 

geese (Branta canadensis) using t h e  crop residues.  Lesser snow geese (Chen 

caerulescens)  occasional ly  use burned s tubble  o r  sa tura ted  f i e l d s  i n  t h e i r  

feeding. 

Geese possibly make 

4. Typha Community (aquat ic)  found i n  the  water-saturated,  abandoned 

meanders of Chocolate Bayou. Nutr ia  (Myocastor coypus) and swamp rabb i t  

(Sylvilagus aquat icus)  u t i l i z e  t h i s  p lan t  community. The mink (Mustela vison)  

and t h e  r i v e r  o t t e r  (Lutra canadensis) may, on occasion be found here.  The 

king r a i l  (Rallus e legans)  uses  t h i s  type h a b i t a t  and t h e  common g a l l i n u l e  

(Gal l inula  chloropus) may nes t  i n  shrubs a t  t h e  bayou edge. 

5 .  Baccharis - Spart ina - D i s t i c h l i s  Community loca ted  along t h e  

edge of Chocolate Bayou i n  a zone f requent ly  inundated by t i d a l  o r  rain-induced 

f lood surges ,  o r  wave ac t ion  from boats ;  here  faunal  d i s t r i b u t i o n  i s  similar t o  

that of t h e  preceeding type. 

6. Juncus Community (aquat ic)  e x i s t i n g  i n  t h e  shallow, permanently 

flooded edge of Chocolate Bayou. 

h a b i t a t  types of t h e  area. 

The racoon (Procyon l o t o r )  forages i n  a l l  

Various r a p t o r s  course over t h e  area and a l a r g e  v a r i e t y  of small rodents  

occupy the  var ious  n iches  of t h e  p ro jec t  area 

Several  spec ies  of snakes are thought t o  occur i n  t h e  v i c i n i t y  of t he  w e l l  site. 

These include t h e  poisonous southern copperhead (Agkistrodon c o n t o r t r i x ) ,  western 

cottonmouth (A. p iscivorous) ,  canebrake r a t t l e snake  (Crotolus hor r idus) ,  and 

t h e  Texas c o r a l  snake (Micrurus f u l v i u s ) .  Prominent non-poisonous snakes are 

t h e  diamond-backed water snake (Natrix rhombifera) - , glossy water snake (Regina 

(See appendix Tab’le 2-10). 

r i g i d a )  , checkered g a r t e r  snake (Thamnophis marcianus) , eas te rn  coachwhip 
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(Masticophis f l a g e e ) ,  and the  Texas rat snake (Elaphe obsoleta)  (USCE,1974, 

Thomas, 1976, and Conant, 1975). 

Areas inhabi ted by humans were not  recognized as separa te  p lan t  communities 

because t h e  vege ta t ion  is  o f t e n  se l ec t ed  o r  modified by the  inhabi tan ts .  A 

l ist  of spec ies  found assoc ia ted  with most of t he  vege ta t ive  co rnun i t i e s  is 

included i n  Appendix (Table 2-10). P l an t  communities d i s t r i b u t i o n  is shown 

i n  Figure 2-16. 

Andropogon - Axonopus Community 

The proposed w e l l  s i t e  i s  t o  be located i n  the  Eupatorium - 
(Figure 2-16). 

While Brazoria county has t h e  second highest  annual duck harvest-and t h e  

seventh highest  goose harves t  of a l l  Texas count ies  (USDI,  1975),no appreciable  

waterfowl va lue  is present  a t  t h e  proposed w e l l  s i te.  

The 52 x 49 m (170 x 160 f t )  r e se rve  p i t  t o  be b u i l t  a t  t h e  w e l l .  s i t e  w i l l  

provide a d d i t i o n a l  aqua t i c  h a b i t a t .  However, t h i s  r e l a t i v e l y  .mall add i t ion  

i s  not  expected t o  provide s u f f i c i e n t  food and/or cover necessary t o  attract 

many waterfowl; and t h e  w e l l  s t r u c t u r e  as w e l l  as t h e  nearby chemical p lan t  

and res idences  w i l l  act t o  d e t e r  waterfowl usage of t h e  reserve  p i t .  

occasional i nd iv idua l s  may s t r a y  i n t o  t h e  area, most waterfowl are expected t o  

seek o r  choose t o  remain i n  t h e  more secluded and productive c o a s t a l  marshes 

nearby. Therefore,  t h e  e f f e c t s  of t ox ic  substances i n  the  reserve  pool are 

expected t o  be i n s i g n i f i c a n t .  

Although 

The Brazoria National Wi ld l i fe  Refuge, loca ted  19 km (12 mi) southwest of t he  

si te,  is managed pr imar i ly  as a refuge f o r  wetland w i l d l i f e ,  but  regulated spor t  ’ 

hunting i s  allowed on a por t ion  of the area. 
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Flg. 2-16. Dl6trlbution of plant comnunitie6 within the area of the 
propomed geothermal -11 mite in braterk Cortacy., Texa8, 
u delineated from 20-21 S e p c h ,  1917, fF.M tmc- 
cowiuoca and aerirl photographa. 

. .  . -  . . .  . , 
. .. 
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3 

1 INHABITED AREAS 

2 CULTIVATED COMMUNjTIES 

3 CHEMICAL PLANTS 

4 QUERCUS COMMUNITIES 

5 EUPATORIUM-ANDROPOSAN-AXONOPUS COMMUNITIES 

6 TYPHA COMMUNITIES 

7 BACC H AR IS-SPARTINA -D ICTICH LIS COMMUNITY 
(along bayou banks) 

Fig. 2-16. Continued: Key to distribution of plant 
communities in Brazoria County, 
Texas. 
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2.4 Aquatic Flora and Fauna 

The Typha and Juncus communities were the only aquatic plant communities observed. 

Common cat-tail (Typha latifolia) and rush (Juncus sp.) clearly dominated their 

respective communities. (Scientific nomenclature after Correll and Johnston, 

197~). 

These communities are generally recognized as being highly net productive 

(Westlake,l963), that is, they export organic detritus that is the basis €or 

the detrital food chain. Despite pollution from industrial and domestic dis- 

charges, Chocolate Bayou carries this detritus and the nutrients necessary to 

make the bayou highly productive and is an important component of the Chocolate 

Bay estuary. 

place in the area (Moffett, 1975). Principal saltwater fish incllude red drum 

Sport fishing, ,sport shrimping, and sport crab fishing all take 

(Sciaenops scellata), spotted seatrout (Cynoscion nebulosus), and southern 

flounder (Paralichthys lethostigma). Fresh water catfish (Ictaluridae) and sun- 

fish (Centrachidae) are also caught in Chocolate Bayou in the vicinity of the 

site. See Appendix Table 2-11. 

Moffett, 1975, concludes that the Chocolate Bayou estuary is a major marine 

nursery habitat, and recommends, "...stringent reviews by Texas Parks and Wild- 

life Department officials of a l l  proposals for oil exploration, channel dredging, 

waste disposal, spoiling and land development...careful monitoring of coliform 

bacteria, pesticides, trace metals and other pollutants in the watershed by the 

responsible state departments,.." According to the same author the harvest of 

oysters is prohibited because the area is classified as polluted by the Texas 

State Health Department, Division of Marine resources. 
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I 

2 . 5  Endangered Flora  and Fauna 

I 

The Texas Parks and Recreation Department ci tes "Rare and Endangered P lan t s  

Native t o  Texas," compiled by the  Rare P lan t  Study Center, The University 

of Texas a t  Austin, and the  Resource Management sec t ion ,  Texas Parks and 

Wild l i fe  Department (1975). The only p l an t  on t h i s  list thought t o  

have occurred within 0.8 km ( 0 . 5  m i )  o'f the  w e l l  s i t e  is  bulb gromwell (Lithospermum 

tuberosum), and the  last  known co l l ec t ion  of t h i s  species  was i n  1914 (Texas 

Parks and Wild l i fe  Department, 1975). Since the  vege ta t ive  por t ions  of t h i s  

p l an t  are v i s i b l e  only i n  the  spr ing ,  no specimens would have been observed 

even i f  i t  d i d  occur. However, s ince  the  las t  known co l l ec t ion  was made 63 

years  ago, and because much of t h e  area is  d is turbed  by a g r i c u l t u r e ,  and 

because i ts  n a t u r a l  h a b i t a t  is "low o f t en  dry woods" (Cor r s l l  and Johnston 1970: 

1305), bulb gromwell i s  not  expected t o  occur on t h e  site. 

One mammal and four  b i r d s  t h a t  once occurred on o r  near  t he  p ro jec t  area are 

c u r r e n t l y  c lassed  as endangered (Federal  Regis ter  October 28, 1976) t o  provide 

f e d e r a l  p ro tec t ion  f o r  them and f o r  t h e i r  e s s e n t i a l  hab i t a t s .  However,the area 

of t he  proposed w e l l  s i t e  is  a g r i c u l t u r a l  f i e l d s  and not  su i t ed  f o r  w i l d l i f e  

hab i t a t .  

because of t he  low p robab i l i t y  of f ind ing  endangered species.  

There are no long term surveys of t h e  proposed w e l l  s i t e  planned 

The red wolf (Canis rufus)  Once ranged throughout t h i s  ree ion  but  now the yro jec t  

s i i e  i s  not  considered as pa r r  of the  36,855 ha (91,000 acre)  red  w o l f  hab i t a t  

projected f o r  Brazoria County (Texas Parks & Wildl i fe  e ~ i s s i o n ,  1975) 

The A t t w a t e r ' s  p r a i r i e  chicken (Tympanuchus cupido a t t w a t e r i )  w a s  once a common 

b i r d  of t h e  c o a s t a l  p r a r i e s  (Lehmann and Mauerutann, 1963). 

and the  assoc ia ted  populations dec l ine  has caused the  present  "endangered 

Habitat  a l t e r a t i o n  
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species" status. 

(18 mi) west near Angleton. 

west-northwest and 33 km (21 mi) east-northeast of the site (Texas Parks and 

Wildlife Comission, 1975). The plant assocdations of the former coastal prairie, 

now in pastures and fields, were noted to contain the plants regarded as important 

prairie chicken foods (Texas Parks and Wildlife Commission, 1975). Present indus- 

trial development probably limits the attractiveness of this areasifor transplanting 

No prairie chickens are presently nearer the site than 28 km 

Other small populations are located 48 km (30 mi) 

or natural dispersal of this bird into the area. 

Two Southern Bald Eagle (Haliaeetus leucocephalus leucocephalus) nesting sites 

are known from Brazoria county, 

( 4 3  m i )  west of the site (Brownlee, 1977). 

with the nearest site approximately 65 km 
3 

The Peregine Falcon (Falco peregrinus) is probably a winter visitor to the 

vicinity of the pr0jec.t; however the lack of concentrations of prey species 

proximate to the site makes it unattractive as a hunting area for these endan- 

gered raptor I 

The Whooping Crane 

the saline marshes of Chocolate Bay were once a part of its winter habitat. 

(Grus americana) winters to the west of the area although 

The American alligator (Alligator mississippiensis) occurs in Chocolate Bayou 

and in the upper parts of the downstream estuary. The Alligator was formerly 

classed as endangered, but with state and federal protection has made sub- 

stantial population gains in principal habitats, such as Calcasieu, Cameron, and 

Vermilion Parishes, Louisiana. More recently (Federal Register, January 10, 

1977) the classification has been changed to threatened over much of the range 

including the study area. 
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The Houston toad (Bufo hustonensis)  occupies mixed pine-hardwood f o r e s t  and has  

been reported from t h e  v i c i n i t y  of Alvin 16 km (10 mi) nor th  of t he  p ro jec t  

s i te .  

proximate t o  t h e  p ro jec t  area. 

No o the r  animals of s p e c i a l  s t a t u s  are known t o  occur i n  o r  immediately 

A l l  of t h e  endangered animal spec ies  are e i t h e r  indigenous t o  una l te red  h a b i t a t ,  

causing t h e i r  populations t o  be adversely a f f ec t ed  by man's encroachment i n t o  t h e i r  

environment, o r  do not  c u r r e n t l y  e x i s t  i n  t h e  area of t he  w e l l  s i t e  due t o  man's 

r o l e  i n  d i s rup t ion  of t h e i r  niche.  

s i t e  f o r  endangered spec ies  w i l l  be made because of t h e  a g r i c u l t u r a l ,  r e s i d e n t i a l ,  

and i n d u s t r i a l  development a t ,  and surrounding 'the w e l l  site. 

D 
Therefore,  no f u r t h e r  searches of t h e  w e l l  

2.6 Land U s e  

The e x i s t i n g  land use  surrounding t h e  proposed w e l l  s i t e  i s  c l a s s i f i e d  i n t o  

four  main types.  These four  main land use types are Agr icu l tura l ,  I n d u s t r i a l ,  

Recreat ional  Development, and Undeveloped open space.  

c a t i o n  of land use  types is  se l fexplana tory  wi th  t h e  exception of r e c r e a t i o n a l  

development. 

which are  pr imar i ly  used i n  conjunct ion with l e i s u r e  time a c t i v i t i e s  such 

as boating and f i sh ing .  

The cri teria f o r  c l a s s i f i -  

This land use  type i s  charac te r ized  by numerous r e s i d e n t i a l  dwellings 

2.6.1 Exis t ing  and Projected Land Use 

The e x i s t i n g  land u s e  i n  t h e  v i c i n i t y  of t h e  w e l l  s i t e  i s  ind ica ted  i n  Figure 2-17. 

The predominant land use,  by acreage,  is a g r i c u l t u r a l  wi th  much of t h e  land being 

used f o r  r ice and soybean c u l t i v a t i o n .  

~ 

Those a g r i c u l t u r a l  areas which are not  

u t i l i z e d  f o r  producing croplands are c u r r e n t l y  being u t i l i z e d  as range and 

pas ture .  
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F i g .  2-17. Existing land use i n  the study area. 
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Land immediately surrounding the well site is presently being utilized as 

agricultural land. 

mately 671 m (2200 ft) south-southwest; another 854 m (2800 ft) south; another 

210 m (700 ft) south) and related facilities such as small boat marinas [one 

approximately 671 m (2200 ft) south-southwest; another 1250 m ($100 ft) south] 

exists on the west side of Chocolate Bayou. 

appear to be a major interest adjacent to the mll site (HGAC land use map 

for Year 2000). 

However, a large concentration of recreational homes [approxi- 

Water-related recreational activities 

An examination of projected land use Sn the vicinity of the well site 

indicates that industrial development will increase markedly [ presently there 

is a chemical plant approximately 793 m ( 6 0 0  ft) east of the well site], 

while.agricultura1 land will decrease. Additionally, the proposed dredging 

of Chocolate Bayou to 8 km (5 mi) north of the existing Monsanto Plant will aid in 

future industrial expansion. Thss action may also impact the existing recrea- 

tion in the area by increasing the amount of larger vessel traffic 

(Texas Parks and Recreation Department, 19751, 

land use pattern will have no subseantial effect on the proposed action, it 

does represent a change from the existing commitment of recreational related 

land use. 

While this change in the 

Two major pipelines pass near the well site. 

high power transmission line. The other is south of ehe well site. Both 

pipelines cross Chocolate Bayou in the vicinity of Peterson's Landing and the 

adjacent recreation community. 

One is immediately west o f  the 
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2.6.2 Prime and Unique Farmlands 

P r i m e  farmland is  land bes t  su i t ed  and ava i l ab le  f o r  producing food, feed, 

forage,  f i b e r ,  and o i l seed  crops. 

cropland, pastureland,  rangeland, f o r e s t  land,  o r  o ther  land. 

land and water areas l a r g e r  than 4 hectares  (10 sur face  acres )  are considered 

unavai lable  f o r  prime farmland. Prime farmland has t h e  s o i l  q u a l i t y ,  growing 

season, and moisture  supply needed t o  produce sustained high y i e l d s  of crops 

economically when t r ea t ed  and managed, including water management, according t o  

modern farming methods. The veh ic l e  used t o  eva lua te  a t r a c t  of land f o r  prime. 

farmland i s  t h e  s o i l  mapping u n i t .  

This land may present ly  be c l a s s i f i e d  as 

Urban bui l tup  

, 

Unique farmland is  land o ther  than prime farmland t h a t  is used f o r  t h e  produc- 

t i o n  of high-value food end f i b e r  spec ia l ty  crops. 

combination of s o i l  qua l i t y ,  l oca t ion ,  growing season, and moisture supply 

This land has t h e  spec ia l  

needed t o  produce sustained high q u a l i t y  andfor high y i e l d s  of a s p e c i f i c  crop 

when t r e a t e d  and managed according t o  modern farming methods. The t o t a l  acres 

of s p e c i a l t y  crops present ly  being grown but  NOT ON PRIME FARMLAND - must equal  

o r  exceed 1,012 hec tares  (2,500 acres) i n  the  county. 

t i o n s  are the  same as s o i l  mapping u n i t  boundaries; therefore ,  i f  .41 hectares  

(one acre) of a spec ia l ty  crop is present ly  being grown on a s o i l  mapping u n i t ,  

t h e  e n t i r e  county acreage of that mapping u n i t  becomes unique farmland. 

Unique farmland del inea-  

Table 2-12 g ives  t h e  s t a t u s  of s o i l s  i n  t h e  Vic in i ty  of t he  proposed-well s i t e .  

The s o i l  d i s t r i b u t i o n s  are shown i n  Figure 2-7. 
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Table 2-12. Prime and Unique S o i l s .  

SOIL 

Veston 

Bernard-Edna 

Edna 

Fros t  

A r i s  

Bernard 

Lake Charles 

I j a m  

PRIME UNIQUE 

X 

X 
3 

Source: Wheeler, 1977. 

2 .6 .3  Noise 

Noise i s  defined as any undesirable  sound; f o r  a n a l y t i c a l  purposes, i t  is  

assumed t o  decrease in d e s i r a b i l i t y  as loudness increases .  Loudness ( in t ens i ty )  

of sound is measured i n  dec ibe l s  (dB) using a logari thmic scale of comparative 

i n t e n s i t y  with respec t  t o  t h e  threshold of human hearing. 

increment of 1 dB corresponds t o  an increase  of 26% i n  i n t e n s i t y .  

g ives  some common sound levels. 

Using t h i s  scale, an 

Table 2-13 

The human ear perce ives  sounds of higher frequency a t  lower i n t e n s i t y  than 

those of intermediate  and low frequency; t he re fo re ,  no i se  measurements are 

usua l ly  weighted t o  account f o r  t h i s  by using t h e  "A" (dBA) scale. 

on humans depand t o  a high degree on ind iv idua l  v a r i a t i o n  i n  acu i ty  and personal 

experience as w e l l  as on i n t e n s i t y  and frequency of t he  noise .  

d i f f e r s  g r e a t l y  i n  t h e i r  s e n s i t i v i t y  t o  var ious  frequencies  and i n t e n s i t i e s .  

Noise impacts 

Wi ld l i fe  a l s o  
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Table 2-13. Common Sound Levels. 

Typical "A"-weighted sound levels and human responses 

Intensity 
(W/mZ) 

Sound source dOAa Response criteria 

Carrier deck jet operation 

Jet takeoff (200 f t)  
Unmuffled geothermal wll 

Discotheque 

Jet takeoff (2000 ft) 
Shout (0.5 ft) 

Heavy truck (50 ft) 

Pneumatic drill-(50 ft) 

Freight train (50 ft) 
Freeway traffic (50 ft) 

.Air conditioning unit (20 ft) 

Light auto traffic (50 f t )  

Living room 
Bedroom 

Library 
Soft whisper (1 5 ft) 

Broadcasting studio 

150 
140 

130 

120 

110 

100 

90 

80 

70 

60 

50 

40 

30 
20 

10 

0 

Painfully loud; limited 
amplified speech 

Maximum vocal effort 

Very annoying, hearing 
damaw (8 hr) 

Annoying 

Telephone use difficult; 
intrusive 

Quiet 

Very quiet 

Just audible 

Threshold of hearing 

1P 
108 

1 o7 

1Q6 

1 o6 

lo0 

Id 

lo2 

10' 

1 

lo-' 

10'2 

10-3 
10'. 

lo-6 

1 o-6 

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

Source: Environmental Quality - The First Annual Report of rhe Council on 
Environmental Qualiry, Council on Environmental Quality. transmitted to Congress 
August 1970. 
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An unmuffled vent ing geothermal w e l l  may cause noise  levels of 120 dBA 30m (100 

f t )  away. 

geothermal w e l l  vent ing is  i n  the  lower frequency range of t h e  no i se  spectrum. 

Because of t h i s ,  t h e  A scale tends t o  minimize p o t e n t i a l  no i se  impacts on 

w i l d l i f e  w5ose l e v e l  of percept ion is genera l ly  unknown but i s  o f t en  broader 

than t h a t  of humans. Also, low-frequency, high-intensi ty  no i se  may have sub- 

subl iminal  o r  psychological e f f e c t s  on humans, 

t h e l e s s  used f o r  a l l  s tandards and cri teria and i s  t h e  only index t h a t  can be 

used t o  assess noise  impact. 

A l a r g e  proport ion of t h e  sound energy f i n t e n s i t y )  emanating from 

The A Scale  weighting is none- 

Noise l e v e l s  a t  t h e  w e l l  s i t e  have not been monitored. 

ment, power boa ts ,  and t h e  nearby Monsanto Chemical p l a n t  produce a background 

no i se  l c v c l  that  is  highcr  than a p r i s t i n e  area (30 dBA). 

f a l l  i n  t h e  range of 45-60 dBA (See Table 2-12). 

monitor no ise  levels a t  t h e  s i te  both before  and during p ro jec t  a c t i v i t i e s ,  

However, a g r i c u l t u r a l  equip- 

Noise levels probably 

Provis ions have been made t o  

2.6.3.1 Noise Regulations 

This  assessment is concerned with cornuni ty  noise .  The province of worker 

h a b i t a t  and its r e l a t i o n s h i p  t o  t o o l s  and machinery is administered by the 

Federal  Department of Labor under t h e  Occupational Safety and Health A c t  (May 

29, 1971). 

t i o n s  regarding community noise .  

Environmental Pro tec t ion  Agency (EPA) has xecommended t h a t  maximum sound levels 

be maintained between. 78 and 82 dB o r  as low as p rac t i cab le .  

danger t o  hea l th ,  sound levels abcve 90 dB are prohibi ted.  

Neither t h e  S t a t e  of Texas nor Brazoria County has s p e c i f i c  regula- 

In  t h e  absence of local. gu ide l ines ,  t h e  

Because of t h e  

The following Depart- 

ment of Housing and Urban Development r a t i n g  system f o r  no i se  levels at resi- 

dences a l s o  provides guidance. 
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1. Clear ly  unacceptable: exceeds 80 dBA f o r  60 min i n  a 24-hr per iod,  

o r  exceeds 75 dBA f o r  8 hr  i n  a 24-hr time span. 

Normally unacceptable: 

o r  loud r e p e t i t i v e  sounds o r s i t e .  

Normally acceptable:  

period. 

Clear ly  acceptable:  

in  a 24-hr period. 

2. exceeds 65 dBA f o r  9 h r  i n  a 24-hr t i m e  span, 

3. exceeds 65 dBA f o r  less than 8 h r  i n  a 24-hr 

4. does no t  exceed 45 dBA f o r  more than 30 min. 

2.7 Meteorology and Air Quality 

The climate of t h e  proposed vel1 s i te  (near Alvin i n  Brazoria County), 

loca ted  i n  t h e  f l a t  c o a s t a l  p l a i n s  of southeast  Texas about 40 km (25 m i )  from 

t h e  Gulf of Mexico, is  predominantly humid subt ropica l ,  infliienced during much 

of t he  year by t h e  an t icyc lonic  c i r c u l a t i o n  of t he  Azores-Bermuda high-pressure 

system. 

cont inenta l  po lar  a i r  br inging cooler  temperatures and northwest winds. 

are long, ho t ,  and humid, with m a r i t i m e  t r o p i c a l  a i r  masses predominating over 

t h e  area. 

and e a r l y  spr ing  over t h e  western Gulf of Mexico. 

ing temperatures i n  the  spr ing  is usua l ly  i n  e a r l y  February, and t h e  f i r s t  occur- 

rence of f reez ing  temperatures i n  t h e  f a l l  usua l ly  i s  i n  mid-December. 

Winters are genera l ly  sho r t  and mild, with an occasional  incursion of 

Summers 

The s i te  is  p r i n c i p a l l y  a f f ec t ed  by storms o r ig ina t ing  in  late winter  

The last occurrence of f reez-  

Since the re  is no on-site meteorological measurements, t he  following da ta  were 

taken from observat ions made a t  Houston (U.S. Dept. of Commerce, 1972 et seq) 

as a f i r s t  approximation. Mean monthly temperatures may be expected t o  range 

from about 12OC (54'F) i n  January t o  about 28OC (83'F) i n  Ju ly  and August. 

Temperatures may be expected t o  reach 32OC (9O0F) o r  higher  about 95 days per  
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year ,  while reaching O°C (32'F) or lower about 8 days p e r  year .  

maximum temperature i n  t h e  Houston area was 4 2 O C  (108' F) i n  August 1909, and 

t h e  record minimum temperature w a s  -15OC (5OF) i n  January 1940. 

The record 

The annual average p r e c i p i t a t i o n  of almost 1168 mm (45.6 i n )  is  w e l l  d i s t r i b u t e d  

throughout t he  year .  The minimum monthly average p r e c i p i t a t i o n  of about 69 mm 

(2.7 i n )  occurs  i n  February, while t h e  maximum monthly average of about 109 mm 

(4.3 i n )  occurs  i n  May, Ju ly ,  August, and September. The recorded maximum 

monthly p r e c i p i t a t i o n  w a s  5-66 mm (.2-2.6 i n )  i n  October 1949.  The maximum 

24 h r  r a i n f a l l  w a s  398 mm (15.5 i n )  i n  August 1945. Snowfall is  n e g l i g i b l e  i n  

t h e  a r e a ,  averaging about 10  mm (.4 i n )  p e r  year .  The maximum monthly and 

maximum 24 hr  snowfal l  iii t h e  Houston area was 112 mm (4.4 i n )  i n  February 

1960. 

Re la t ive  humidity i s  genera l ly  high throughout t h e  year ,  averaging almost 75% 

i n  Houston. Heavy fog occurs  f requent ly  and may be expected on an average of 

42 days annually.  

During summer months winds are expected t o  be predominantly from t h e  southeast  

when t h e  Azores-Bermuda high pressure  system is s t rong ,  otherwise,  d iu rna l  

clockwise r o t a t i o n  of t h e  wind d i r e c t i o n  i s  expected due t o  t h e  sea breeze 

system. Wind speed of t h e  sea breeze i s  about 15 t o  25 km/hr (10 t o  15 mph) and 

occurs  i n  most af ternoons.  For more d e t a i l  about t h i s  c o a s t a l  a i r - c i r cu la t ion  

system along the  Texas Coast, See Htu, 1969. 

x i n t e r  season a f t e r  t h e  passage of cold f r o n t s .  

r t iaospheric d i spe r s ion  c h a r a c t e r i s t i c s ,  more about winds w i l l  be discussed i n  

a later sec t ion .  

t o  blow out  of the  southeas t  t o  south most of t h e  t i m e  year ly .  

Northerly winds a r e  expected during 

Since winds are r e l a t e d  t o  t h e  

I f  cold f r o n t s  and sea breezes  are absent ,  winds are expected 
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Types of severe weather expected in this area are thunderstorms, tornadoes, 

and hurricanes. As a result of circulationpatterns that bring warm, moist, 

unstable air from the Gulf of Mexico in all months of the year, thunderstorms can 

be expected in all months. 

59 days annually, being most frequent in July with an average of 10 thunderstorm- 

days. Two-thirds of the expected thunderstorm days occur from May-September. 

Thunderstorms are least frequent from October-March, with November, December, 

January, and March averaging two thunderstorm days. 

At Houston, thunderstorms can be expected on about 

Since the well site is located in a two-degree latitude-longitude square where the 

tornado information is available, tornado occurrences were examined for the two- 

degree square, During the period 1955-1967, 139 tornadoes were reported in this 

two-degree square (SET.,S Unit Staff, 19691, given a mean annual tornado frequency 

of 2.7 for a comparable one-degree square containing the site. The computed 

recurrence interval for a tornado at the site is about 540 years (Thorn, 1963). 

Hurricanes are usually weakened somev-lhat from moving inland before reaching the 

proposed well site. In the period 1871-1973, about 34 tropical storms, hurri- 

canes, and depressions have passes within 80 km (50 mi) of the site (Thorn, 1963; 

Cry, 1965; U.S. Dept. of Commerce, 1973). The fastest speed of wind reported for 

the Houston area was 135 lan (34 mph) in March 1926. 

In the period 1936-1970, there were about eight atmospheric stagnation cases 

totalling about 25 days (Korshover, 1971). The highest monthly frequency of 

these cases is in October. 

Major characteristics involving air pollutant dispersion are atmospheric 

stability classes and inversion potentials. 

ated wind speeds have been measured from August 1972 through July 1973 by the 

Houston Lighting h Power Co. (1974) and listed as follows: 

Stability classes and their associ- 
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Stability Classes Percent Frequency Averzge Wind Speed 
( W S )  

2.49 
3.15 
7.20 
34.95 
29.13 
14.14 
8.94 

4.25 
4.71 
4.25 
4.38 
3.17 
1.80 
1.64 

Note that the site for the Allens Cree.k Nuclear Generating Station is loca- 

ted in southern Austin County, Texas, immediately west of the center of Houston. 

Note also that stability class A represents extremely unstable conditions, B 

unstable, C slightly unstable, D neutral, E slightly stable, F moderately 

stable, and G extremely stable (Slade, 1968). 

Inversion frequency in the area of the well site is expected about 25% for 

annual average. It ranges about 20% in Spring and Summer and 35% in Fall and 

Winter (Hosler, 1961). 

Isopleths of total number of forecast-days of high meteorological potential for 

air polhtion In a five-year period is shown in Figure 2-18. It can be seen 

that in our study area the forecast-days of high pollution potential are about 

1-2 days. For the state of Texas and two statfons near the proposed well site 

area, i.e. Alvin and Clute, some air quality data are available. These are 

shown in Table 2-14 and Figure 2 - 1 9  which were supplied by the Bureau of Eco- 

nomic Geology of The University of Texas at Austin. It can be seen that some 

improvement of air quality has been made since 1974. Except ozone and non- 

methane hydrocarbons, other pollutants are below ambient standards. Air quality 

due to equipmat operation and release of geothermal gases will be discussed in 

Impact sections. 
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Table 2-14. Comparison Summary of Area Data with Ambient Standards. 

3 

5 

6 

7 

8 

9 

10 

11 

Maximum Allowable By 
Ambient Air Standards 
(parts per million) 

1 Austin, North 

Wac0 
Downtown 

2 

Corpus Christi 

Odessa 

Houston, East 
Harris County(A1dine) 
Texas City 
Clute 

Dallaa, North 
Fort Worth, Northwes 
Fort Worth, Downtown 5 

4 San Antonio, Northwest 

Nederland 
West Orange 

El Paso, Downtown 
El Paso, East 

0.080 

0.138 
0.062 
0.079 

0.139 

0.139 

0.267 
0.255 
0.203 
0. i86 

0.164 
0.180 
0.146 

0.177 

0.192 
0.170 

0.140 
0.157 

0.0 
w 
2.1 
0.0 
0.1 

2.8 

2.1 

4.2 
7.7 
5.1 
4.0 

5.8 
5.3 
3.1 

2.0 

5.5 
5.5 

0.7 
2.9 

- 35 - 

9.8 
8.4 
c 

8.8 

8.1 

8.6 
7.9. 
5.5 
5.. 2 

6.0 
7.0 
8.4. 

17.3 

5.1 
6.4 

17.5 
19.0 

9 - 

4.1 
4.7 
- 

5.1 

3.7 

6.7 
6.2 
2.6 
2.3 

3.2 
2.6 
5.2 

6.2 

2.0 
4.3 

12.2 
11.1 

Notes: 1 Operation began 11/08/76 
2 Operation began 10/22/76 
3 Operation began 7/'30/76 
4 Sulfur Instrument Removed after 4/26/76 

Source:. Holzworth, 1972. 

0.24 

1.3 
4.9 
- 

3.1 

3.6 

3.4 
3.9 
3.8 
4.5 

1.6 
3.8 
2.6 

2.4 

5.5 
3.8 

6.8 
7.1 

0.14 - 

0.02 - 
- 

0.00 

0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 - 
0.00 

0.00 
0.00 

0.00 
0.00 

0.03 

0.00 
- 
- 

0.00 

0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

- 

0.00 

0.00 
0.00 

0.00 
0.00 

0.50 

0.16 - 
- 

0.12 

0.01 

0.07 
0.00 
0.21 
0.03 

0.01 
0.00 

- 

0.00 

0.03 
0.01 

0.19 
0.12 

0.05 

0.01 - 
- 

0.01 

0.01 

0.02 
0.02 
0.01 
0.01 

N 
1 ul 

Q\ 

0.02 
0.01 
0.02 

0.02 

0.01 
0.01 

0.02 
0.01 
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1977) .  
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2 . 8  Recreat ional ,  Archaeological, and Hi s to r i c  S i t e s .  

Recreat ional  oppor tuni t ies  i n  the  Chocolate Bayou area are considered a resource.  

The area o f f e r s  a s i g n i f i c a n t  amount of oppor tuni t ies  f o r  outdoor and water 

or ien ted  r ec rea t iona l  act ivi t ies .  

2.8.1 Recreat ional  S i t e s  

The area of Chocolate Bayou including Chocolate Bay and more o r  less f lanking  

the  bayou’s banks on both s i d e s  t o  a point  about 3 km (2 mi) south of Liverpool 

has been nominated by Texas Parks and Wild l i fe  Department (1975) as one of t he  

areas of p a r t i c u l a r  concern of t he  upper Texas Coastal  Region. It i s  considered 

t o  be an area of s u b s t a n t i a l  r e c r e a t i o n a l  va lue  and opportuni ty ,  and as an area 

of high na tu ra l  product iv i ty  o r  essential  h a b i t a t  f o r  l i v i n g  resources  including 

f i s h  and w i l d l i f e %  

On t h e  w e s t  bank of Chocolate Bayou and approximately 1 km (3281 f t )  from the  

s i t e  the re  i s  a r e c r e a t i o n a l  communitg. In  Figure 2-20 t h e  r e c r e a t i o n a l  

f ea tu re s  such as launching f a c i l i t i e s  and boat sheds can be appreciated.  

nea res t  S t a t e  Park i s  on Galveston Is land ,  southwest of Chocolate Bay. 

The 

2 . 8 . 2  Archaeological S i t e s  

The w e l l  s i t e  w a s  surveyed f o r  archaeological  a r t i f a c t s  and any evidence of 

p r e h i s t o r i c a l  s ign i f icance .  The survey w a s  conducted on December 19 ,  1977, 

under the  d i r e c t i o n  of D r .  Edward T. Baxter of t he  Texas A&Y Research Foundation, 

College S ta t ion ,  Texas. No evidence a t  a l l  of human hab i t a t ion  w a s  found within 

t h e  area of t h e  w e l l  s i te.  
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Fig. 2-20. Recreational comunity west of Cbocolata Bayou a d  areheo#- 
ical site 41 BO 41. 
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I 

Fur ther  archaeological  s t u d i e s  of t h e  p ro jec t  area were conducted separa te ly .  

s i t e  of archaeological  s ign i f i acnce  approximately 350 m (1150 f t )  southwest 

of t h e  proposed w e l l  s i te  w a s  loca ted .  

(5  acres). A records check of t h e  area revealed th ree  archaeological  sites 

loca ted  near t h e  proposed w e l l  s i t e :  41 BO 40, 21,  and 43. 4 1  BO 40 w a s  of f  

t h e  w e l l  s i t e  as i t  w a s  on t h e  south bank of Pleasant  Bayou. 

t h a t  41 BO 41 w a s  located on t h e  east s i d e  of Chocolate Bayou ac ross  from 

Peterson ' s  Landing. 

south of Pleasant  Bayou and no r th  of 4 1  BO 41. 

One 

The archaeological  s i te  covers 2 hectares  

Records showed 

The t h i r d  s i te  w a s  on t h e  east bank of Chocolate Bayou, 

I 

The Beaumont Terrace overlooks t h e  f loodpla in .  The area around t h e  bayou w a s  

overgrown by trees and mixed herbaceous growth (see sec t ion  on vegeta t ion) .  

rest of t h e  area w a s  i n  a plowed f i e l d  but  i t  a l s o  w a s  overgrown. 

examination w a s  poss ib l e  only around p a r t  of t h e  bankline and along cow paths.  

These cow paths  were loca ted  on t h e  h ighes t  land t h a t  would lead  t o  t h e  bayou. 

The rest of t h e  area w a s  so  heavi ly  overgrown t h a t  sur face  examination w a s  

impossible. 

t e s t i n g  . 

The 

Surface 

No new sites w e r e  found i n  t h e  p r o j e c t  area but  t h e r e  w a s  no subsurface 

A s h e l l  midden w a s  loca ted  i n  t h e  Beaumont Terrace area (Figure 2-20) along a 

cow path.  

t h e  s i te  could not  be determined due t o  ground cover,  but  i t  extended a t  least 

The midden appeared t o  be 10-14 cm (4-6 i n )  i n  depth. The ex ten t  of 

30 m (98 f t )  N-S by 10 m (33 f t )  E-W. 

t h e  f loodpla in .  

neck P l a i n ) ,  one core,  one f l a k e ,  a p iece  of burnt  c l ay ,  and a piece of unident i -  

Material w a s  eroding out  of t he  bank onto 

A t  t h i s  Rangia and Crassostrea s h e l l  midden two potsherds (Goose- 

f i e d  bone were recovered. 

16," w a s  loca ted  on t h e  south end of t h e  si te.  

A Corps of Engineers survey benchmark, "Stat ion CB 
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After  t a lk ing  t o  l o c a l  inhabi tan ts ,  i t  became c l e a r  that the  U.S.G.S. had m i s -  

located Pe terson ' s  Landing. The co r rec t  l oca t ion  is d i r e c t l y  across  the  bayou 

from the  archaeological  s i te  located during the  survey. It appears t h a t  t he  

archaeological  s i t e  located during the  survey w a s  41  BO 41. It w a s  reported 

t o  The Universi ty  of Texas by Mike O'Brien i n  1972. 

approximately 20 cm (8 i n )  deep and 25 m (81 f t )  by 10  m (32 f t )  i n  area. H e  

found bone, sherds ,  and po in t s  a t  the  s i te  when he excavated t h e  s i t e  i n  1977. 

Further  quest ioning of l o c a l  informants revealed t h a t  someone had dug a t  the  s i t e  

seve ra l  years  ago. The s i te  information and loca t ion  agrees  with t h e  desc r ip t ion  

given by O'Brien. 

H e  r e p o r t s  t he  s i t e  is  

The boundaries of t h i s  archaeological  s i t e  ( i . e . ,  a s h e l l  midden) were staked 

c l e a r l y  i n  order  t h a t  a l l  personnel could see them and avoid d i s tu rb ing  the  

- area. 

2.8.3 H i s t o r i c a l  S i t e s  

There are no Nat ional  Regis ter  S i t e s  on t h e  proposed w e l l  s i t e  o r  i n  the  

v i c i n i t y  

2.9 Demography and Socio-economics 

The 1975 population of Brazoria County w a s  133,000 persons; t h e  population has 

grown 21% s ince  1970 (1970 population w a s  108,312). Reference fo recas t  popula- 

t i o n  f o r  t he  year 1980 is 156,500 persons. The rate of growth fo recas t  f o r  1970 

t o  1980 is 36%. 

sons. 

For the  year 2000, population is  expected t o  reach 269,600 per- 
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The two areas within the county more likely for continued rapid growth and devel- 

opment are the Brazos port area and the northern part of the county which is 

already experiencing rapid growth in both population and employment resulting 

from spillover from Harris County. 

The population of the county is young with 53.9% being 25 years and younger. 

Manufacturing and services are the biggest employers in the industrial sector, 

followed by wholesale and retail trade and construction (Table 2-14). 

Industrial development associated with the imminent construction of a deep water 

port is very likely to occur. 

in locating refinery plants in the Brazos port area. 

Several oil companies have expressed their interest 

However, a radical increase 

in total employment from this industrial development is not expected, unless "a 

significant petrochemical manufacturing industry was to develop" (Bureau of 

Business Research, 1974). 

casts to the year 2000 by sector (Bureau of Business Research, 1974). 

Table 2-15 shows employment for the year 1975 and fore- 

The county offers housing ranging from houses for sale through renting them. 

There are apartments, trailer courts, hotels, and motels. 

tunities for housing are also found in the City of Alvin only 19 km (12 m i )  away 

All of these oppor- . 
from the project area. Water supplies and sewage treatment facilities are also 

available in the area. 



Table 2-15. Brazoria County Employment Forecasts By Sector, 1975-2000. 

Sector 1975 1980 1985 1990 1995 2000 

Agriculture, Forestry, and Fisheries 
Mining 
Construction 
Manufacturing 
Transportation, Communication, and 

Wholesale and Retail Trade 
Finance, Insurance, and Real Estate 
Services 
Public Administration 

Utilities 

1,053 
1,105 
5,531 

11,962 

3,386 
8,262 
1,260 

1 1,008 
1.772 

980 
1,236 
5,760 

12,159 

4,551 
9,817 
1,433 

1 3,207 
2.077 

947 
1,205 
5,969 

13,435 

5,34 1 
10,896 
1,598 

15,056 
2.357 

914 
1,175 
6,179 

14,712 

6,131 
1 1,976 
1,764 

1 6,905 
2.638 

869 
1,145 
6,797 

16,330 

6,62 1 
13,413 
1,764 

19,356 
3.033 

823 
1,116 
7.41 5 

17,949 

7,112 
14,851 
1,764 

2 1,807 
3.429 

Total 45,339 51,220 56;804 62,394 69,328 76,266 

Source: Bureau of Business Research, 1974. 



CHAPTER THREE - POTENTIAL ENVIRONMENTAL INPACTS 

This  chapter  e v a l u a t e s  t h e  environmental  impacts t h a t  could occur from t h e  

d r i l l i n g  and t e s t i n g  of t h e  GCO-DOE P leasant  Bayou No. 1 w e l l .  The impacts t h a t  

w i l l  occur  s p e c i f i c a l l y  as a r e s u l t  of d r i l l i n g  and maintenance w i l l  be  considered 

f i r s t ,  followed by t h o s e  impacts t h a t  w i l l  occur s p e c i f i c a l l y  as a r e s u l t  of 

f low- tes t ing  o r  o p e r a t i o n  of t h e  w e l l .  

3.1 Impacts Due t o  D r i l l i n g  and Maintenance 

The s p e c i f i c  procedures  involved i n  d r i l l i n g  and maintenance are descr ibed  i n  

Chapter One. 

below. 

The impacts t h a t  could occur from t h e s e  procedures  are given 

3.1.1 Geological  Impacts of D r i l l i n g  and Maintenance 

I n  t h e  GCO-DOE P l e a s a n t  Bayou No. 1 well, t h e  l o g  of which i s  i n t e r p o l a t e d  

between two nearby w e l l s  f o r  which logs  and d a t a  sre a v a i l a b l e  (Figure 3-l), 

a 1,406,200 kgs/rn2 (2,000 p s i )  drop i n  r e s e r v o i r  p r e s s u r e  i s  expected; t h e  ver t ica l  

i n t e r v a l  t o  b e  p e r f o r a t e d  i s  from 4270-5033 m (14,000-16,500 f t ) ,  i n  which 14 

sandstone a q u i f e r s  are expected t o  b e  firmly-cemented sandstones w i t h  p o r o s i t i e s  

ranging from 5 to  25%, and the reservoirs are deeply buried. Furthermore, they are 

geopressured,  and t h e  uppermost a q u i f e r  is  some 1220 m (4,000 f t )  below t h e  top of 

t h e  geopressure zone. 

g e o l o g i c a l  impacts w i l l  occur.  

* 

During t h e  d r i l l i n g  of t h i s  w e l l ,  i t  is  probable  t h a t  no 

3.1.2 Impacts t o  Physiography of D r i l l i n g  and Maintenance 

Since no subsidence w i l l  r e s u l t  from t h e  d r i l l i n g ,  t h e r e  w i l l  be  no b a s i c  change 

i n  physiography as a r e s u l t  of i t .  

3-1 
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Fig.  3-1. I n t e r p o l a t e d  l o g  and p r e d i c t e d  test  w e l l  d a t a ,  GCO-DOE 
P l e a s a n t  Bayou No. 1, Brazor ia  County, Texas. 
l o c a t i o n s  f o r  A and A’ are shown on Figure  2-10 (Af te r  
Bebout, Loucks, and Gregory, 1977) .  

Well 
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3.1.3 Impacts t o  S o i l s  from D r i l l i n g  and Maintenance 

The w e l l  s i t e  w i l l  no t  remove any prime o r  unique s o i l s  of t he  study 

area from product iv i ty .  

and d r i l l  pad f a c i l i t i e s .  

soon as poss ib l e  and re turn ing  them t o  the  n a t u r a l  s ta te  once t h e  f a c i l i t i e s  

are removed. 

There w i l l  be some eros ion  caused by the  road cons t ruc t ion  

This can be mit igated by seeding the  base areas as 

3.1.4 Impacts t o  Groundwater of D r i l l i n g  and Maintenance 

The cu r ren t  f a c i l i t y  design does not  ca l l  f o r  t h e  use  of t h e  f r e s h  water a q u i f e r s  

a t  the  site. Thus, t h e  resources  of t h e  Chicot and Evangeline aqu i f e r s  should 

no t  be i n t e n t i o n a l l y  dis turbed.  Furthermore, because the  well site is more 

than 4.8 km (3 mi.) 

d i sposa l  w e l l s ,  t h e s e  opera t ions  should not  be d is turbed  by e i t h e r  t h e  

w e l l  o r  waste water d i sposa l  w e l l s  planned. 

w e l l s  a t  t h e  Monsanto p l an t  are completed in t h e  b a s a l  sands of t he  proposed 

d i sposa l  internal for the  geothermal w a s t e  w a t e r .  This  should not  present  

problems f o r  geothermal waste water d i sposa l  as many s u i t a b l e  shallower,  s a l i n e  

sands are expected t o  occur beneath t h e  w e l l  s i te which can receive i n j e c t e d  

b r i n e  without i n t e r f e r i n g  with t h e  ongoing waste i n j e c t i o n  opera t ions  at Mon- 

santo.  A po ten t i a l  adverse impact could occur i f  t hese  waste d i sposa l  reser- 

v o i r s  are penetrated during d r i l l i n g  of t h e  test w e l l  or b r i n e  d i sposa l  w e l l s  and 

s i g n i f i c a n t  amounts of t he  contained tox ic  f l u i d  e n t e r  t he  d r i l l i n g  f l u i d .  

The d r i l l i n g  mud and t h e  su r face  p i t s  would be contaminated and would r equ i r e  

from the  nea res t  o i l  and gas  f i e l d  and assoc ia ted  b r ine  

However, t h e  t h r e e  w a s t e  d i sposa l  

s p e c i a l  clean-up measures, I f  t hese  waste d i sposa l  sands extend t o  t h e  test  
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w e l l  a r e a , t h e i r  p ressures  are l i k e l y  t o  be equivalent  t o  t h a t  of other undis- 

turbed (unused) aqu i f e r s ,  d e s p i t e  t h e  volume of waste they contain.  Thus it 

is  un l ike ly  these  a q u i f e r s  w i l l  p resent  any s p e c i a l  problems t o  t h e  d r i l l i n g  

con t r ac to r  i n  s a f e l y  completing the new w e l l s .  

3.1.5 Impacts t o  Surface Water of D r i l l i n g  and Maintenance 

Land c l ea r ing ,  l e v e l l i n g ,  road and d r i l l  pad cons t ruc t ion ,  and poss ib ly  con- 

s t s u c t i o n  of reserve ponds and f lood w a l l s  w i l l  i nc rease  e ros ion  and runoff 

rates, increas ing  t u r b i d i t y  of t h e  su r face  water. 

opera t ion  w i l l  conta in  l u b r i c a n t s  from v e h i c l e s  and equipment and chemicals from 

the d r i l l i n g  muds. 

cons t ruc t  ion.  

Runoff from cons t ruc t ion  and 

Drainage patterms may be a l t e r e d  by road,  pond, and levee  

Because of t h e  a c t u a l  s i t e  of t h e  p ro jec t  and i t s  e l eva t ion ,  f loo& t h r e a t  is  

a danger. Flooding of t h e  s i te  could wash t o x i c  materials and p o l l u t a n t s  from 

t h e  w e l l  s i t e  and s to rage  p i t s .  

3.1.6 Impacts t o  Terrestrial and Aquatic F lora  and Fauna of D r i l l i n g  and 
Maintenance 

I n s t a l l a t i o n  and maintenance of t h e  Froposed w e l l  s i te  

2 of up t o  0.4 ha/km (1.7 acre/mi) f o r  roads and 1000 m (114 ac re )  f o r  d r i l l  

pads with an a d d i t i o n a l  1 .6  ha ( 4  a c r e s )  temporar i ly  committed f o r  equipment, 

sumps, and laydown areas during i n s t a l l a t i o n .  

unimproved roads can reduce t h e  h a b i t a t  l o s s  due t o  road construct ion.  

t a t i o n  and w i l d l i f e  p re sen t ly  e x i s t i n g  on those  a r e a s  t o  be used f o r  roads and 

d r i l l  sites w i l l  be l o s t  o r  d i sp laced .  

w i l l  involve h a b i t a t  l o s s  

'Improvement and use  of e x i s t i n g  

. Vege- 
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Addit ional  vege ta t ive  impacts w i l l  include decreased growth of terrestrial p l a n t s  

due t o  dus t  accumulation on leaves during dry  per iods  and s l i g h t l y  lower aqua t i c  

production due t o  increased sur face  water t u r b i d i t y  from erosion.  Production i n  

both terrestrial and aquat ic  vege ta t ion  w i l l  be adversely a f f ec t ed  by runoff of 

veh ic l e  and equipment l u b r i c a n t s  and chemicals from d r i l l i n g  muds. 

e f f e c t s  can be expected i n  f i s h  and w i l d l i f e  production. 

however, be  l o c a l  and i n s i g n i f i c a n t ,  e spec ia l ly  i f  precaut ions t o  r e t a r d  d u s t ,  

e ros ion ,  and s p i l l a g e  are maintained. 

Similar  

These impacts should,  

D r i l l i n g  mud, discharged a t  t h e  su r face  and held i n  an impervious sump, will con- 

t a i n  tox ic  chemicals and p o l l u t a n t s  but  should present  only a loca l i zed  impact  

t o  t h e  s to rage  areas. 

3.1.7 Impacts t o  Land Use due t o  D r i l l i n g  and Maintenance 

Direc t  impacts on e x i s t i n g  land u s e  w i l l  be l imi ted  t o  the  east s i d e  of Chocolate 

Bayou. The i n i t i a l  impacts w i l l  be t h e  removal of crop and pas ture  land 

not  designated as pr ime or  unique farmfand from production for t h e  develop- 

ment of d r i l l  sites. This i n i t i a l  a c t i o n  will remove an estimated 0.4 ha (1.7 

acre) f o r  each ki lometer  (0.6 mi) of access road b u i l t  and 1000 m2 (0.25 acre) 

f o r  each d r i l l i n g  pa r t .  

areas adjacent  t o  each w e l l  w i l l  remove, during w e l l  d r i l l i n g ,  an a d d i t i o n a l  

1.6 ha ( 4  acres) per  d r i l l  site. These a r e a s  w i l l  be re turned t o  n a t u r a l  (pre- 

. 
In add i t ion  t o  t h e  primary areas of d r i l < i n g ,  ancCbry  

p r o j e c t )  condi t ions  upon t h e  completion of each w e l l .  

The ex ten t  of impact on t h e  land use  should be l i m i t e d ,  excluding t h e  p o s s i b i l i t y  

of wel l  blowouts, t o  removal of d r i l l  s i t e  lands  and roadways f o r  t h e  durat ioi .  

of t e s t i n g ,  and t h e  removal of anc i lh ry  areas during well d r i l l i n g .  P ipe l ines  
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t o  t h e  i n j e c t i o n  w e l l s  w i l l  be l a i d  next t o  t h e  access  roads t o  minimize land 

use changes and environmental impacts .  

In add i t ion  t o  removal of a g r i c u l t u r a l  land from production, t h e  no i se  generated 

during both d r i l l i n g  and t e s t i n g  phases may a f f e c t  developed areas on t h e  western 

s i d e  of Chocolate Bayou. While t h e  no i se  f a c t o r  w i l l ,  i n  a l l  p robab i l i t y ,  have 

no adverse impacts t o  a g r i c u l t u r a l  land use,  i t  may provide an adverse impact on 

t h e  r e c r e a t i o n a l  and r e s i d e n t i a l  land uses  along t h e  western s i d e  of Chocolate Bayou 

i f  mi t iga t ion  measures (e.g. muffling engines) are not  taken. 

During t h e  three-year study per iod,  no i se  w i l l  be produced by t h e  d r i l l i n g  and 

t e s t i n g  of t h e  new w e l l  and t h e  d r i l l i n g  of t h e  i n j e c t i o n  wells. 

source of no i se  is t h e  opera t ion  of heavy equipment which produces sound l e v e l s  

i n  t h e  range of 70 t o  100 dBA a t  a d i s t ance  of 15 m (50 f t )  from t h e  source.  

Measurements of no i se  during w e l l  d r i l l i n g  include levels of 90 dBA a t  15 m 

(50 f t )  and 68 t o  7 1  dBA a t  30 m (100 f t ) .  

and following completion of d r i l l i n g ,  t h e  w e l l s  are allowed t o  flow through 

f l a she r / sepa ra to r  t o  t h e  atmosphere and r e se rve  p i t .  

80 dBA at  15 m (50 f t )  from an unmuffled steam vent .  

The major 

A t  var ious  s t ages  during d r i l l i n g  

Noise levels may reach 

The nea res t  houses are on t h e  w e s t  bank of Chocolate Bayou, approximately 

305 m (1000 f t )  

Chocolate Bayou is  more than 1 lan (3281 f t )  from t h e  w e l l  s i te.  A t  

t hese  d i s t ances ,  no i se  levels from d r i l l i n g  a c t i v i t i e s  w i l l  be reduced t o  a 

level.  of 66 dBA and 54 dBA, r e spec t ive ly ,  by normal a t t enua t ion  ca l cu la t ions .  

E x  w e l l  ven t ing ,  t h e  no i se  l e v e l s  at 305 m (1000 f t )  w i l l  be 56 dBA and 44 dBA 

a t  1 km (3281 f t ) .  

from t h e  w e l l  s i te.  Most of t h e  r ec rea t ion  community along 

These estimates do not  include e f f e c t s  of in te rvening  
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o b j e c t s  o r  atmospheric .condi t ions,  but  t h e  low vege- i t ion  and even topography 

of t h e  area w i l l  add l i t t l e  t o  no i se  a t t enua t ion .  D r i l l i n g  w i l l  cont inue 24 

hours a day f o r  a period of from t h r e e  weeks t o  two months p e r  w e l l .  

ven t ing  w i l l  occur a t  i r r e g u l a r  i n t e r v a l s  f o r  per iods of several hours. 

Well 

While these  no i se  l e v e l s  are rou t ine ly  accepted by r e s i d e n t s  of c i t i e s ,  they 

may be ob t rus ive  i n  t h e  r u r a l  environment of t h i s  p ro jec t .  The very low f r e -  

quency no i se  produced by w e l l  t e s t i n g  i s  p a r t i c u l a r l y  ob t rus ive  because i t  is  

unusual and i s  no t  g r e a t l y  diminished by shu t t ing  doors and windows. These 

no i se  l e v e l s  approximate t h e  no i se  c r i t e r i a  e s t ab l i shed  by t h e  U . S .  Department 

of I n t e r i o r  and HUD, and are under EPA guide l ines  (Table 3-1). The no i se  

levels from t h e  w e l l  test p r o j e c t  w i l l  be reduced t o  an acceptab le  level as 

necessary by i n s t i t u t i n g  mi t iga t ing  techniques such as muff le rs  o r  o the r  sound 

proofing devices .  

Table 3-1. Noise Criteria Not t o  be Exceeded f o r  Geothermal-Related Activit ies 
(U.S .  Department of t h e  I n t e r i o r ,  1973) 

Land Use Daytime Evening Night 

Residentia2 45 dEA 40 dBA 30 d0A 
(Rural) 

Agricultural 70 dBA 65 dBA 55 dBA 

Recreational 45 dBA 40 dBA 30 dBA 

Uninhabited or 70 dBA 65 dBA 60 dM 
4 e i m d r  
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I The project will require a work force of about 30 to 50 persons at any one time 

at the proposed well site. 

expected to be from within Brazoria County, or neighboring counties. 

probably commute to the well site from surrounding communities during construction 

add testing operatiqns. 

The majo.rity of workers and personnel involved is 

They will 

Because of the short duration of the construction phase of the work, approximately 

6 weeks, and its small size, 2 ha ( c  acres), few economic impacts 

in the local communitie-s aie expected. The impact on p u b l i c  services will be 

relatively small or nil during the testing period since no large migration of 

workers or technicians i s  expected into the area as a result of the proposed 

geothermal well testing. 

houses for sale or rent available in the town of Alvin located about 19 km (12 mi) 

north of the well site. Liverpool, a smaller tom about 6 . 7  km ( 4 . 2  mi) to the 

There are temporary housing facilities as well as 

northwest of the site,also offers temporary housing facilities. 

From the previous discussion, it can be concluded that the economic effects of 

the proposed action will not be significant in the area's economy. 

3.1.9 Impacts to Air Quality Caused by Drilling and Maintenance 

Since there are only very limited studies (JZDA, 1977) relating to the 

impacts on air quality due to geothermal exploration and production, the 

following sections are given only as a first approximation. 

Construction-related impacts on air quality will result from dust, exhaust 

emissions from construction machinery, and noncondensable gases released from 

geothermal fluids during preconstruction flow-testing. Since the land will be 
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dis turbed in connection with cons t ruc t ion  of add i t iona l  d r i l l  pads, access roads,  

p ipe l ines ,  and o ther  r e l a t ed  a c t i v i t i e s ,  dus t  w i l l  be inevi tab ly  generated. 

Because t h e  concentrat ion of t o t a l  suspended p a r t i c u l a t e  in a i r  is already high 

as given i n  Section 2-7, construct ion areas w i l l  be graveled o r  spr inkled t o  

con t ro l  dust .  

Exhaust emissions from d r i l l i n g  and construct ion machinery w i l l  include SO , NOX, 
CO, hydrocarbons, and pa r t i cu la t e s .  Diesel d r ives  f o r  t h e  d r i l l i n g  r i g s  t y p i c a l l y  

consume 2000 l i t e r s / d a y  0 5 0  gal/day) of f u e l ,  r e s u l t i n g  i n  emissions of approxi- 

mately 23 %/day of CO, 9 Kg/day of exhaust hydrocarbons, 107 Kg/day of NOX, 

7 Kg/day of SO and 7.5 Kg/day of p a r t i c u l a t e s  (ERDA, 1977a). The emissions 

assoc ia ted  wi th  the  operat ion of diesel-powered equipment f o r  5 days t o  prepare 

a w e l l  pad would be equivalent t o  those associated with a s i n g l e  day of d r i l l i n g .  

A small amount of po l lu t ing  emissions w i l l  a l s o  r e s u l t  from t h e  operat ion of 

de l ivery  t rucks  and p r i v a t e  vehic les .  

2 

XI 

These releases are expected t o  be minor, 

short-term, and should be r ead i ly  dispersed because about 64% of t h e  time t h e  

atmospheric s t a b i l i t y  classes are i n  D and E (c f .  preceding sec t ions  on atmos- 

pher ic  d i spers ion  cha rac t e r i s t i c s ) .  

emission from d r i l l i n g  and cons t ruc t ion  machinery is  neg l ig ib l e ,  

The s c c w l a t e d  l e v e l  oi' impacts due t o  .&must 

Noncondensable geothermal gases w i l l  be re leased  during d r i l l i n g  (ERDA, 1977a 1 e 

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

t o  t h e  sur face  during d r i l l i n g ,  t h e  mud w i l l  c a r ry  some gases t o  t h e  surface.  

These gases w i l l  be re leased t o  t h e  atmosphere from the  waterlsteam separa tor  

a t  the  w e l l ,  from the  drilling-mud cooling 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  pressure wi th in  the  wel l  t o  pro tec t  aga ins t  blowouts 

should r e s u l t  i n  acceptably low l e v e l s  of gases emissions during d r i l l i n g .  

Impact on air  q u a l i t y  due t o  blowout w i l l  be discussed la te r .  
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3.1.10 P o t e n t i a l  Impacts t o  Recreat ional  and Archaeological S i t e s  from 
D r i l l i n g  and Maintenance 

There are r ec rea t iona l  sites on t h e  w e s t  bank of Chocolate Bayou. These sites 

w i l l  be impacted by t h e  no i se  of d r i l l i n g  and maintenance. 

s p e c i f i c  measurements. 

proposed w e l l  s i t e ,  t h e r e  is  an archaeological  s i te,  4 1  BO 41, located nearby 

[350 m (1150 f t )  southwest]. Precaut ions w i l l  be taken t o  avoid d i s tu rb ing  t h i s  

si te.  I f  t he  s i te  i s  d is turbed ,  t he  s ta te  h i s t o r i c  and preservat ion o f f i c e  w i l l  

be contacted.  Road cons t ruc t ion ,  borrow d i sposa l ,  d r i l l i n g  mud d i sposa l ,  p ipe l ine  

cons t ruc t ion ,  and o ther  a c t i v i t i e s  w i l l  be undertaken s o  as t o  avoid t h i s  known 

See Section 3.1.7 f o r  

Although no ind ica t ion  of human hab i t a t ion  e x i s t s  on t h e  

I site.  

are found by personnel,  t hese  f i n d s  w i l l  be reported t o  t h e  Texas S t a t e  H i s to r i ca l  

and Preserva t ion  Office. 

I f  during s i t e  preparat ion,  w e l l  d r i l l i n g ,  o r  flow t e s t i n g  any a r t i f a c t s  

3.2 Impacts Caused by Flow-Testing o r  Operation of the  Well 

Spec i f i c  desc r ip t ions  of t h e  f low-test ing procedures are given i n  Chapter One. 

The impacts l i k e l y  t o  occur from t h e  normal opera t ion  of the  w e l l  are l i s t e d  

below. 

3. 2.1 Impacts t o  Geology from Flow-Testing 

The geologlcal  impacts t h a t  create t h e  most concern i n  geopressure well oper- 

a t i o n  are subsidence and f a u l t  ac t iva t ion .  Neither is  considered l i k e l y  i n  

t h e  proposed act ion.  

Courrty Prime Prospect Area is not  considered l i k e l y  f o r  t he  following reasons: 

Act ivat ion of movement along e x i s t i n g  f a u l t s  i n  t h e  BPazoria 

1. Rock p rope r t i e s  (described in preceding sec t ion )  t h a t  make 

subsidence un l ike ly  under test condi t ions also mit iga t e  aga ins t  

bed thickness  reduct ions t h a t  would induce movement on f a u l t s .  

The test w e l l  is loca ted  1.6 km (1 mi) o r  more from any known 

f a u l t  trend. 

2,  
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3. The withdrawal rate is moderate, the discharge will be intermit- 

tent, and the total volume of fluid to be produced is not large, 

compared to volumes produced from thousands of reservoirs 

in the geopressure zone of the Gulf Coastal Plain, over 

periods of many years, without fault activation. 

Proposed rates and volumes of withdrawal from the GCO-DOE Pleasant Bayou No. 1 well 

will be relatively small, and flow will be intermittent (Bebout, Loucks, and 

Gregory, 1977). Land subsidence, regional or local, over and above that which 

is already taking place will not occur as a consequence. 

In a comprehensive analysis of land subsidence above compacting oil and gas re- 

servairs, Geertsma (1973) concludes that..."some or  all of the following con- 

ditions are fulfilled when considerable subsidence is observed...": 

1. A significant reduction in reservoir pressure takes place 

during the production period, 

Production is effected frop a large vertical interval, 

Oil or gas, or  both are contained in loose or weakly cemented 

rock, and 

2. 

3 .  

4. The reservoirs have a rather small depth of burial. 

3.2.2 Impacts t o  Groundwater caused by Flow-Testing 

The potential impacts to groundwater that will be caused by flow testing are 

covered in Section 3 . 3 . 2  below. Should an accident occur, the well will be 

immediately shut down until the problem is solved. 

3.2.3 Impacts to Surface Water Caused by Flow-Testing 

Impacts to surface water from routine operation of the test well result from dis- 

pdsal of the fluid brought to the surface, and from possible environmental 

changes such as land surface subsidence or seismic activity. Thermal and 
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chemical po l lu t ion  could a l te r  su r face  water qua l i t y .  

al ter sur face  flow pa t t e rns ,  d i s rup t ing  e x i s t i n g  environmental systems depen- 

dent  upon es tab l i shed  water regimes. However, since no d isposa l  w i l l  be allowed 

i n  sur face  water, and no subsidence is predic ted ,  t h e  impacts t o  sur face  water 

should be r e s t r i c t e d  t o  runoff from the d r i l l i n g  operat ion and t h e  assoc ia ted  

machinery. , 

Elevation changes could 

3.2.4 Impacts t o  Terrestrial and Aquatic F lora  and Fauna Caused by Flow- 
Test ing 

Geothermal e f f l u e n t s  are extremely ho t ,  moderately s a l i n e  t o  b r ine ,  and nay con- 

t a i n  concentrat ions of t o x i c  elements. I f  re leased  i n t o  t h e  environment, any 

one of these  p rope r t i e s  could cause adverse b io log ica l  impacts. However, proper 

containment, i n s u l a t i o n ,  and d i sposa l  ( r e in j ec t ion  i n t o  s a l i n e  aqu i f e r s )  of geo- 

thermal products during normal opera t ion  should assureaiminimal e f f e c t  on t h e  

p l a n t  and animal l i f e .  Noise, another  product of geothermal w e l l s ,  should have 

no e f f e c t  on t h e  p l a n t s  (numerous high school  sc ience  p r o j e c t s  t o  t h e  cont ra ry)  

and cause only temporary movement of animals away from t h e  w e l l  s i t e .  

3.2.5 Impacts t o  A i r  Qual i ty  Caused by FPow-Testing 

Well-testing w i l l  r e s u l t  i n  t h e  d i r e c t  release of steam and a v a r i e t y  of o the r  

gases and p a r t i c u l a t e s  f o r  approximately 70 days (ERDA, 1977 ). 

nant  of g r e a t e s t  concern i s  hydrogen s u l f i d e .  

are CO, NOX, NH 

f o r  pressure  f l u i d s .  P a r t i c u l a t e s  re leased with the  geothermal f l u i d s  o r  r a i sed  

by equipment should not  add s i g n i f i c a n t l y  t o  t h e  high background l e v e l  of p a r t i -  

c u l a t e s  i n  t h e  proposed w e l l  s i t e  area. 

The contami- 

Other gases t h a t  may be emitted 

CH4, N 2 ,  and H2,  based on t y p i c a l  noncondensable gas content 
3’ 

The l o c a l  dus t  problem should be 
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cont ro l led  by spraying as suggested previously.  

emissions makes it unl ike ly  t h a t  t he  a i r  qua l i t y  will be s i g n i f i c a n t l y  a f f ec t ed  

outs ide  of the immediate area of t h e  w e l l .  

The shor t  durat ion of these  

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

on t h e  experiences from similar geothermal w e l l  tests (ERDA, 1977). This  p a r t i c u l a r  

p ro jec t  i s  miniscule  when compared t o  t h e  many f l a r e s  which e x i s t  i n  major 

r e f i n e r i e s  such as W o n  i n  Baton Rouge where the  a i r  q u a l i t y  is s t i l l  within 

s tandards (Hsu, 1978). 

The impact of t h e  cooling tower i s  expected t o  be neg l ig ib l e  because of t he  

small s i z e  required f o r  t h e  s i n g l e  w e l l  operation. 

be the  increased occurrence of fog o r  t h e  formation of steam fog during f reez ing  

temperatures i n  winter ,  bu t  t h e  frequency is  small .  

The poss ib le  impact would 

3.3 Accidents 

Accidents which could occur during d r i l l i n g  and maintenance o r  during flow- 

t e s t ing  include w e l l  blow-out, surface or subsurface s p i l l s  due t o  scal ing and 

clogging o r  l o s s  of con t ro l  of a w e l l  dur ing d r i l l i n g ,  and acc iden ta l  discharge 

of e f f l u e n t s  i n t o  t h e  atmosphere. The impacts of t hese  acc idents  on t h e  sur- 

rounding environment are evaluated below. 

3.3.1 Po ten t i a l  Impacts of Accidents on Geology 

In the  event of a blowout of t h e  worst poss ib le  order ,  c r a t e r ing  could modify 

t h e  land sur face  e leva t ion  considerably.  

of t h e  su r face  water patterns and p l an t  and animal communities. 

In  time t h i s  w i l l  lead t o  modification 
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3.3.2 Potential Impacts of Accidents on Grcundwater 

Subsurface leaks of brine from the geothermal or injection wells, although un- 
I 

I 

likely, would cause contamination of groundwaakr resources if the leaks occurred 

in the fresh water zones within 335 m (1100 ft) of the surface. The impact: would 

be limited because (1) local groundwxtet development is limited to a few shallow 

wells, (2) the lost brine would tend to move to the bottom of the aquifer due to 

I 

I 

its greater density and would be diluted by diffusion and dispersion as it moves 

through the aquifer, and (3) brine leaks would probably be limited to test 

periods. 

and/or brine disposal wells, brine leaks through abandoned well casings connecting 

Brine losses could result from leaks in casings of the geothermal well 

disposal reservoirs with fresh ground-water aquifers, and leaks of brine from 

the disposal aquifer due to aquifer fracture during brine injection. 

Proper well construction will assure that potential brine leaks due to well casing 

failures will be minimal. 

335 m (1100 ft) of casing to be cemented to the surface to protect the fresh- 

water zone. This satisfies state requirements and should isolate freshwater 

aquifers from potential well failures during deeper drilling and during well 

operation. Similar casing programs for the brine disposal wells should like- 

wise provide adequate protection of fresh groundwater 

sites. 

to assure brine is not injected into the freshwater 

. 

The casing program for the geothermal well calls for 

resources at these well 

An adequate well casing program and well monitoring program is required 

zone without detection. 

A maximum of four disposal wells will be constructed to inject geothermal waste 

daily into sands between approximately 610 and 2130 m (2000 to 7000 ft) deep 

during flow tests of the geothermal well.' A potential adverse impact would 

result if injection pressures were to reach aquifer fracture levels. Brine 

could then migrate vertically into shallower, possible fresher groundwater. 
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This p o s s i b i l i t y  w i l l  be avoided i f  i n j e c t i o n  pressures  are maintained below 

f r a c t u r e  pressure  (about 75% of overburden weight) and i f  t h e  i n j e c t i o n  zone is  

s u f f i c i e n t l y  deep t o  separa te  i t  from t h e  f r e s h  groundwater by seve ra l  hundred 

f e e t  of sand and clay.  

Surface s p i l l s  of b r ine  could occur during a f a i l u r e  of sur face  p ipe l ines  and 

p i t s  o r  as a r e s u l t  of l o s s  of con t ro l  of a w e l l  during d r i l l i n g  o r  completion. 

The impact on groundwater 

t h e  freshwater a q u i f e r s  are separated from the  su r face  by the  only s l i g h t l y  per -  

meable s o i l s  of t h e  Beaumont c l ay ,  because the  p.roximity of Chocolate Bayou and the  

l o c a l  s i t e  r e l i e f  would assure  t h e  majori ty  of t h e  e f f l u e n t  would run o f f  t h e  

s i t e ,  and because ground water development a t  t he  s i t e  i s  l imi ted  t o  a few small 

w e l l s  w e s t  of t h e  bayou. 

s i g n i f i c a n t l y  d i f f e r e n t  from t h e  impact of n a t u r a l  f looding a t  the  site. 

resources  a t  the  s i te  would be minimal because 

The impact of a b r ine  s p i l l  would probably not  be 

3 . 3 . 3  P o t e n t i a l  Impacts of Accidents t o  Surface Water 

Accidental  discharge of geothermal f l u i d s  t o  t h e  su r face  poses the  g r e a t e s t  

environmental impact t o  sur face  water. 

geothermal geopressured resource increase t h e  p o s s i b i l i t y  of accidents .  

ou t s ,  thermal well-head and cas ing  cracks,  s c a l i n g  and clogging of i n j e c t i o n  

w e l l s ,  l eaks ,  s p i l l s ,  and human e r r o r  a l l  could r e s u l t  i n  discharge of geothermal 

f l u i d s  t o  t h e  su r face  where they could be introduced i n t o  su r face  waters by 

n a t u r a l  drainage,  seepage, o r  f looding. 

High temperatures and pressures  of t h e  

Blow- 

Dorfman and Deller (1976) list t h e  following poss ib l e  impacts from su r face  d i s -  

posa l ,  whether rou t ine  o r  acc identa l :  

1 )  contamination of shallow groundwater a q u i f e r s ,  recharge areas, 

and s o i l s  from l e a k s  o r  f looding;  

des t ruc t ion  of non-sal t - tolerant  vege ta t ion  adjacent  t o  w a t e r  

courses  ; 

2) 
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3) 

4 )  

interruption of animal migration patterns by hot saline courses; 

disruption of food chain and ecological balance in bays and 

estuaries where discharge is allowed; 

possible air pollution from release of toxic gases in the 

brines; and 

5) 

6) thermal pollution. 

Produced geothermal fluids range in temperature from 150*C to 26OOC (Dorfman, 

1976). 

making accurate prediction impossible (Jones, 1975). The highest recorded tem- 

perature in the Gulf Coast region is  273'C at  a depth of 5859 rn (Dorfman, 1976). 

Temperature distributions are entirely dependent on formation structure, 

Chemical composition of the produced fluids varies from formation to formation. 

Because of the ability of certain plants and animals to concentrate these elements, 

total water quality analyses of the produced waters are needed to determine con- 

centrations of the constituents and to detect fiat parameters are present. 

Sabadell and Axtmann (1975) report a.high probability of environmental pollution 

by trace metals from geothermal sources. 

Table 3-2 lists tolerance levels suggested by EPA (1976) for selected constituents. 

Comparing this information with the information on chemical constituents in geothermal 

fluids in the Gulf Coast region (Table 3-3), selected constituents are evaluated in 

terms of range of relative hazard with respect to water supply (Table 3-4). 

more information is available, similar evaluation can be performed for heavy metals 

and other possibly hazardous constituents of the produced fluids. 

When 

The range of rela- .. 

tive hazard is calculated by dividing the observed minimum and maximum concentrations 

by the appropriate limit (Schieler, 1976). This gives a number which indicates how 

much, if any, a given concentration exceeds the maximum allowable concentrations. 
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T a b l e  3-2. EPA Suggested Water Quality Criteria (After EPA, 1976) 

Constitunat 

Alka l in i ty  (CaCO3) 
Ammonia 
As 
Be 
Be 
B 

Qllorider 
C t  
cu 
h 
t o t a l  d i s r o l w d  gareea 
Fe 
Pb 
un 
Hg 
Ni. 
N 
Phmol 
P 
Se 
& 
Sulf a ten  
TDS 
Turbidity 

d 

v 
Temperature 

'2n 

100 ug/1 
0.1 96-hr. Us* 

Domastic Aquotil 

20 m g f l  
0.02 mgfl  

1 msll  
1100 ugf l  

750 ug l l  
10 u g f l  

250 mgfl 
SO ugf l  
1 mg/l 
5 ugf l  

0.3 mg/l 
so ugf l  

2 ugl l  

10 mgf1 
1 ugf l  
0.01 ug f l  

10 ug l l  
so u g f l  

50 ugf l  

110% aa tura t ian  value 

50 u g l l  

0.01 96-hr. tCs0 

250 mgfl 
500 mgfl 

2 ug/l 

liplit 10% reduction In photosynthetic 
a c t i v i t y  point 

a) increase i n  weekly average no 
grea te r  than 1 C (1.8 F) 

b) da i ly  cycle not a l t e r ed  i n  amplituda 
o r  frequency, nupIIDar maximum not 
exceeded 

SO00 ugf l  0.01 9bhr. XAM 

1 -11 
loo ugll 
100 ugll 
0.1 ug/1 

0.01 96-hr.U 
0.01 96-ht.G 

*LC - t he  concentration of a toxicant which is l e t h a l  ( f a t a l )  t o  50% of the  o r y n i a  
tea ted  in apecif'ied ti=. 
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Table 3-3. Chemical Composition (mg/l) of Formation Waters from Wel1.s 
in the Chocolate Bayou Oil and Gas Field, Brazoria County 

Well Number 

Perforation Interval (m) 

Measured Temperature 

- Pressure, OBHP (PSI) 
OC (OF) 

Total Dissolved Solids 

Na 
K 
Rb 

"3 
Mg 
Ca 
Sr 

Fe 

Mn 
c1 
HC03 

S i 0 2  

B 

PH 

s04 

Kitchen #l 
2,648-5 1 

lOO(212) 
4,000 

42,000 

16,500 
130 

0.35 
9.8 
60 
290 
22 
0.15 

0.52 
23,200 
1,660 

39 
1.6 

42 

7 .O 

Cozby 62 
3,324-64 

114(237) 
6,770 

3,100 
1,075 

8.5 

<o. 2 
8.8 
3.0 

100 

5.8 
11.0 
-_-_ 

1,740 
90 
12 
0.85 
1.8 

5.2 

Gardner #l 
3,588-92 

129( 264) 
7,589 

68,500 
24,000 

3 00 

0.80 
26 
235 

2,000 
380 
8.0 . 

2.7 
40,500 

520 
0.6 
0.32 
30 
6.3 

NOTE: Formation waters analyzed in Cozby #2 and Gardner #1 are from 
the geopressured zone. Low salinities of water from Cozby #2 
are the result of condensed vapor which is thought to have 
diluted formation water by a factor of 20, 

Source: Kharaka Lt &, 1977. 



Table 3-14. Raoge of Relative Hazard of Known Geothermal Fluid Constituents 

Range of Tolerance Level for Range of 
Concentration (ppm) Domestic Supply (ppm) Relative Hazard 

1075-24.000 270 4 4-89 
Constituents 

Na 
c1 1740-40;500 
so 0.6-38 
TDt 3100-68,500 
Fe 0 e 15-11 
B 1.8-42 

250 7-162 
250 0.002-0.16 
500 6-137 
0.3 0.5-37 

2.4-56 0.750 
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On t h e  b a s i s  of these  ava i l ab le  da t a ,  ch lor ides  and t o t a l  dissolved s o l i d s  appear 

t o  present  t h e  g r e a t e s t  p o t e n t i a l  hazdrd. 

ments whose concentrat ions are not  known may prove t o  be f a r  more hazardous, 

however. 

dissolved s o l i d  concentrat ions i n  order  t o  survive.  Estuar ine spec ies  are t o l -  

e r a n t  of changes from f r e s h  t o  brackish t o  sea water. 

r e s u l t  from effec- ts  of t he  excess dissolved s o l i d s ,  p r imar i ly  through t h e  el imi-  

na t ion  of des i r ab le  h a b i t a t .  Rapid s a l i n i t y  changes cause plasmolysls of leaves 

and stems because of changes i n  osmotic pressure.  

s a l i n i t y  v a r i a t i o n  from n a t u r a l  s a l i n i t y  have been recommended t o  p ro tec t  wild- 

l i f e  h a b i t a t s  (EPA, 1976):  

Unknown hazards from tox ic  trace ele- 

All spec ies  of f i s h  and o the r  aqua t i c  l i f e  must t o l e r a t e  a range of 

Abrupt changes could 

The following limits i n  

Natural  S a l i n i t y  (ppm) Var ia t ion  Permitted (ppm) 

0 t o  3,500 
3,500 t o  13,500 
13,500 t o  35,000 

1000 
2000 
4000 

Agr icu l tu ra l  uses  of water are also l imi ted  by excessive dissolved so l ids .con-  

c e n t r a t i o n s .  A general  c l a s s i f i c a t i o n  of s a l i n i t y  hazards f o r  i r r i g a t i o n  has 

Dissolved Sol ids  Hazard f o r  I r r i g a t i o n  Water (mg/l) 

Water from which no de t r imenta l  
e f f e c t s  w i l l  usually be noticed................SOO 

Water which can have detr imental  
e f f e c t s  on s e n s i t i v e  crops ............... 500-1,000 

Water t h a t  may have adverse 
e f f e c t e  on many crope and re- 
qui ree  c a r e f u l  management 
p rac t i ces  .............................. 1,000-2,000 

Water t h a t  can be used f o r  
t o l e r a n t  p l an t s  on permeable 
s o i l s  with ca re fu l  management 
prac t ices . .  ............................ 2,000-5,000 
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Industrial requirements regarding dissolved solids content of raw waters are 

quite variable. Table 3-5 indicate6 maximum values accepted by various indus- 

tries for process requirements. 

Table 3-5. Total Dissolved Solids Concentration of Surface Waters that Have 
Been Used as Sources for Industrial Water Supplies (After EPA, 1976) 

Indue try/Uee Maximum Concentration (mglll 

Text 1 le 
Pulp and Paper 
Chemical 
Pe troleum 
Primary Metals 
Copper Mining 
Boiler Xake-up 

150 
1 , 080 
2, SO0 
3,500 
1,500 
2,100 

35 , 000 

Future ex?anai.m of recreational, urban, agricultural, and industrial activities 

in the vicinity of the well site is predicted. Water resource development will 

increase accordingly. 

affect each of these categories. 

Potential threats to water quality could adversely 

Undetected or accidental venting of effluents through surface or subsurface 

faults could occur for several reasons. 

of hydraulically unsuitable disposal aquifers or reinjection well sites, and 

wells improperly plugged during abandonment co'uld allow the fluids to escape 

undetected at some distance from the well site through faults or sand lenses 

with surface outcrops. Contamination of soils, reduction of water quality, 

and consequent threats to terrestrial and aquatic biota could result. 

Faulty installation of casing, choice 

3.3.4 Potential Impacts of Accidents on Aquatic and Terrestrial Flora and 
Fauna 

Some of the expected constituents of the geothermal fluids include 

calcium, sodium, chloride, fluoride, boron, and sulfide 
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(Gustavson and Kreitler, 1976). 

concentration. Accidents induced from blowouts, cracks i n  the  w e l l  head o r  

pipes ,  human e r r o r ,  o r  n a t u r a l  hazards (hurr icanes or f loods)  could cause t h e  

release of t hese  tox ican t s  i n t o  the  environment. The range and ser iousness  of 

t he  r e s u l t i n g  impacts are dependent upon t h e  type,  composition, and quant i ty  

of b io log ica l ly  degrading material released and var ious environmental f a c t o r s  

such as wind speed and d i r e c t i o n ,  a i r  temperature, l i g h t ,  and moisture. Major 

f i s h  k i l l s  can be an t i c ipa t ed  downstream in Chocolate Bayou and Chocolate Bay 

with large scale releases of tox icants  into  waterway. 

Their b i o t i c  t o x i c i t y  is dependent upon t h e i r  

P l an t s  have evolved i n  harmony with t h e i r  environment. When p o l l u t a n t s  are 

introduced, s e n s i t i v e  members of t h e  p l an t  communities are k i l l e d  out  e n t i r e l y ,  

while  f u r t h e r  from t h e  source t h e i r  metabolic a c t i v i t y  may be impaired. 

f i c a t i o n  of growth and reproduct ive p o t e n t i a l  of spec ies  w i l l  reduce t h e i r  

Modi- 

a b i l i t y  t o  compete with more t o l e r a n t  p l a n t s  and thereby alter the  population. 

The s ign i f i cance  of t h i s  t o  the  b i o t i c  community w i l l  depend upon t h e  importance 

of t h e  s e n s i t i v e  spec ies  t o  t h e  s t a b i l i t y  of t he  community (Treshow, 1970). 

Depending on moisture condi t ions a t  the  t i m e ,  acc identa l  f i r e s  could spread 

through t h e  area east of Chocolate Bayou u n t i l  extinguished. 

l i t t l e  impact on t h e  vege ta t ion  of t h e  immediate area s ince  i t  is  cu r ren t ly  kept 

i n  e a r l y  successional  s t ages  through normal a g r i c u l t u r a l  p rac t ices .  

however, be prevented and kept i n  check. 

This should have 

F i r e  should, 

Accidental  s p i l l s  of l ub r i can t s  and chemiCals d i r e c t l y  on vegetat ion would pro- 

bably k i l l  exposed p l an t s .  When washed i n t o  t h e  water they could damage the  
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aqua t i c  h a b i t a t  f o r  food chain organisms and higher aquat ic  forms. Such 

s p i l l s  should be contained t o  a s su re  a minimum of damage. 

event of a f lood o r  r a i n  of such i n t e n s i t y  as t o  overflow and purge the  sump 

areas o r  w e l l  sites, var ious  adverse b i o t i c  damage could r e s u l t  i n  t h e  

surrounding environment. 

However, i n  t h e  

3.3.5 P o t e n t i a l  Impacts  of Accidents on Land Use 

In the  event of a w e l l  blowout during the  d r i l l i n g  phase of t he  s tudy,  i t  

is conceivable t h a t  hypersal ine geopressured f l u i d s  could be forced onto 

ad jacent  a g r i c u l t u r a l  lands.  

have an  immediate impact of k i l l i n g  t h e  vege ta t ive  cover which t h e  geo- 

pressured f l u i d s  contacted.  

In  regard t o  land use  such an acc ident  would 

Depending on t h e  volume of f l u i d s  discharged 

during a blowout, a g r i c u l t u r a l  p roduct iv i ty  could be d is rupted  f o r  a long 

period of time'. Such an accident  would completely remove land from c u l t i -  

va t ion ,  leav ing  it  barren and unproductive. 

During t h e  f i r s t  and second blowout of Edna Delcambre 64 w e l l  i n  south 

Louisiana (335 km or  210 m i  t o  t h e  east) f l u i d  was blown about 30 m (100 f t )  

i n t o  t h e  a i r .  As a r e s u l t  of winds, b r i n e  f a l l o u t  occurred a t  a maximum 

d i s t ance  of 610 m (2000 f t )  from t h e  w e l l  s i t e  (ERDA, 1976). The nea res t  

res idence  t o  t h e  proposed w e l l  is approximately 300 m (900 f t )  w e s t .  

a s i m i l a r  blowout occur a t  t h e  proposed w e l l  s i t e  and should t h e  winds be 

from t h e  nor theas t ,  geothermal f l u i d s  could reach ind iv idua l  res idences  on 

t h e  w e s t  bank of Chocolate Bayou, bu t  are not  expected t o  reach t h e  r e c r e a t i o n a l  

community. 

i s  unknown, although i t  may be necessary t o  evacuate i f  a blowout occurs.  

Some damage t o  t h e  e x t e r i o r  of s t r u c t u r e s  is  poss ib le .  

Should 

The ex ten t  of d i s rup t ion  of r e c r e a t i o n a l  o r  domestic a c t i v i t i e s  
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3.3.6 P o t e n t i a l  Impacts of Accidents t o  A i r  Qual i ty  

Very l i t t l e  air  q u a l i t y  impact d a t a  as a r e s u l t  of blowout i s  a v a i l a b l e  i n  

t h e  l i t e r a t u r e .  

ou t  of t he  Edna Delcambre if4 gas w e l l  i n  t h e  Tigre  Lagoon area i n  Louisiana 

(ERDA, 1976). The blowout took place on J u l y  13, 1971, and 

r e s u l t e d  from negl igence during workover as rams were changed on t h e  blowout 

preventers .  

1971) w a s  between 13,380 and 13,880 f t , :  wi th  t h r e e  t o  four  thousand pounds 

Some prel iminary information may be in fe r r ed  from t h e  blow- 

Depth of t h e  producing i n t e r v a l  at t h e  t i m e  of blowout (July 13, 

flowing pressure.  

l a s t e d  f o r  10 days. Discharge of t h e  h ighly  saline 150 ppt )  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  was made inac t ive .  The 

w e l l  w a s  f i n a l l y  plugged and abandoned on November 4 ,  1971, by pumping cement 

The w e l l  caught f i r e  ten hours a f t e r  blowout and t h e  f i r e  

oxidat ion from H S t o  SO2 from t h e  experience gained by Edna Delcambre I74 w e l l  

(ERDA, 1976). 
2 

The computation of SO i s  based on t h e  following assumptions: 
2 

A. Emission height  is assumed t o  be about 30 m (100 f t ) .  This  is based 

By s tandards of normal o i l  f i e l d  opera t ion ,  ex t raord inary  precaut ions w i l l  be 

taken i n  t h e  proposed p r o j e c t  t o  prevent  blowout of the test w e l l .  Y e t  t h e  

p o s s i b i l i t y  of a blowout should be considered i n  view of t he  high pressures  

an t i c ipa t ed  i n  t h e  geopressured zone. Some documentation exists on blowout 

occurrences a t  var ious  geothermal f i e l d s  (ERDA, 1977). 

through t h e  r e l i e f  w e l l .  

Since t h e  emission ra te  of H S due t o  poss ib l e  blowout from t h e  propoged p r o j e c t  

is not  known, one may c a l c u l a t e  t h e  impact on a i r  q u a l i t y  as t h e  r e s u l t  of t h e  
2 
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on d a t a  t h a t  during both the  f i r s t  and second blowout of 

Edna Delcambre #4 w e l l ,  saline formation f l u i d  w a s  blown about 

3Q m ClOO f t )  v e r t i c a l l y  i n t o  t h e  a i r ,  

Emission rate of I$S is  assumed t o  be about 6 .8  Kg/hr. 

on a Union O i l  Co. w e l l  t e s t i n g ,  which produced a t o t a l  flow of 22,500 

Kg/hr., of which 3% w a s  noncondensable gases. 

t h i s  w a s  C02. 

H S, t h e  t o t a l  emissions of H S would equal  6 . 8  Kg/hr. 

Atmospheric s t a b i l i t y  i s  assumed t o  be F, t he  moderately s t a b l e  condi- 

t i o n  commonly used as t h e  a i r  po l lu t ion  computation f o r  s a f e t y  

ana lys i s .  

Wind speed during s t a b i l i t y  F i n  t he  proposed p ro jec t  area i s  1.80 m / s .  

This i s  given i n  t h e  Section of Atmospheric d i spers ion  c h a r a c t e r i s t i c s .  

Blowout w i l l  r e s u l t  i n  t h e  burning of the gas,  which i n  tu rn  w i l l  r e s u l t  

in. oxidat ion of the  H S t o  SO . Available da t a  showed t h a t  620 grams 

of H S would produce 1136 grams of SO 

B. This  is based 

Ninety-nine percent of 

I f  t h e  remaining percent is  assumed t o  be e n t i r e l y  

2 2 

C. 

D. 

E. 

2 2 

2' 2 

On the  bas i s  of t he  preceding information the  maximum concentration of SO may 

be computed t o  be about 192/ug/m3, which is  below na t iona l  ambient a i r  q u a l i t y  

s tandards of maximum 24 h r  concentrat ion of 365pg/m . 
maximum concentrat ion is expected t o  be about 1.7 krn (1 m i )  downwind from the  

2 

. 
3 The d i s t ance  of t h i s  

blowout w e l l .  

because of t he  unusual odor of H2S 

from the  blowout w e l l  (such as campsites i n  t h e  proposed p ro jec t  area) should be 

warned and necessary precaut ions bakeh. 

Although t h e  concentrat ion of SO i s  below air  q u a l i t y  s tandards,  
2 

t h e  area wi th in  3 . 2  km (2  mi) radius  
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In  summary, t he  impacts of t h e  proposed p ro jec t  on a i r  qua l i t y  are ins ign i -  

f i c a n t  during cons t ruc t ion  and operatfon. However, should blowout 

occur,  t h e  most important po l lu t an t  w i l l  be SO2, and i ts  maximum concentrat ion 

i s  below na t iona l  ambient a i r  q u a l i t y  standards.  No adverse e f f e c t  on a i r  

q u a l i t y  i s  an t i c ipa t ed  even under conservat ive estimates during s t a b l e  atmo- 

spher ic  condi t ions,  

minimum height  of t h a t  l aye r  is  about 400 m (1310 f t )  above ground (Holzworth, 

1972). 

The e f f e c t  of inversion l aye r  is  a l s o  small, because t h e  

3.4 Impact Control Programs 

Physical  changes to the land sur face  which could impact sur face  water w i l l  be 

con t ro l l ed  by cons t ruc t ion  techniques as described i n  Section 1 of t h i s  assess- 

ment. These procedures should minimize adverse impacts t o  water c i r c u l a t i o n ,  

water q u a l i t y ,  w i l d l i f e ,  vege ta t ion ,  r e c r e a t i o n a l  use,  and a e s t h e t i c  va lue  of 

su r face  water i n  t h e  study area. 

P o t e n t i a l  impacts from w e l l  i n s t a l l a t i o n ,  maintenance, and acc idents  have been 

ex tens ive ly  encountered by t h e  o i l  and gas indus t ry  in  t h e  region. Technology 

has  advanced t o  a high degree; equipment has been designed t o  cope with pressures ,  

and personnel have been t r a ined  i n  a l l  aspec ts  of w e l l  d r i l l i n g  and operat ion.  

Addit ional ly ,  numerous state and f e d e r a l  agencies r egu la t e  w e l l  operat ion,  espe- 

c i a l l y  i n  areas a f f e c t i n g  discharge o r  o the r  use of sur face  waters. 

Problems assoc ia ted  wi th  rou t ine  d i sposa l  of produced f l u i d s  (brine,  condensate) 

o r  production wastes Cdrillingmuck, l ub r i can t s )  i n t o  sur face  waters are non- 

e x i s t e n t  i n  the  proposed ac t ion .  S t a t e  laws p roh ib i t  any such non-regulated 

d i sposa l  t o  pro tec t  a i r  qua l i t y .  The r e i n j e c t i o n  procedure has been i n  use by 
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t h e  o i l  i ndus t ry  f o r  many years  i n  t h e  region, and technology has  been re- 

f ined  so t h a t  no problems are an t i c ipa t ed  with t h e  amounts of e f f l u e n t  expected 

t o  be produced i n  t h e  test w e l l .  

water during t h e  p ro jec t  and should lead  t o  nea r ly  complete r e s t o r a t i o n  of t h e  

s i t e  t o  its o r i g i n a l  condi t ion a f t e r  completion of t h e  p r o j e c t ,  enhancing rap id  

recuperat ion t o  t h e  previous hydrologic set t i r ig .  

These precaut ions should p ro tec t  sur face  

Standing water i n  mud p i t s  and reserve ponds w i l l  be pumped i n t o  t h e  d i sposa l  

w e l l s  and t h e  s o l i d  r e s idue  w i l l  be buried i n  t h e  impervious p i t s .  

impact e x i s t s  i n  t h e  procedure. 

erosion,  seismic a c t i v i t y ,  and runoff .  Some materials used i n  d r i l l i n g  f l u i d s  

and muds may reach su r face  o r  gourndwater through any of t h e  n a t u r a l  processes  

l i s t e d  o r  through c u l t u r a l  changes such as f u t u r e  plowing, d i t ch ing ,  grading, 

o r  digging i n  t h e  area. 

i f  f u t u r e  development t akes  p lace  as planned. 

calcium and chrome de r iva t ives ,  crude o i l ,  o i l  emulsions, and asbes tos ,  are i n  

t h e  environment they wi l l  a f f e c t  p l a n t s  and t h e  r e s u l t i n g  food chain.  

d e t a i l e d  explanat ion of t h e  consequences of t h i s  sub jec t  is  i n  t h e  Environmental 

Assessment, Geothermal Energy, Geopressure Subprogram, Gulf Coast Well Tes t ing  

Ac t iv i ty ,  F r i o  Formation, Texas and 'Louisiana (February 1978). 

A p o t e n t i a l  

Toxic materials are buried,  subjec t  t o  leaching,  

Any o r  a l l  of t hese  activit ies w i l l  occur i n  t h e  area 

Once.the materials such as 

A more 

Primary b io log ica l  impacts are expected t o  r e s u l t  from d u s t  and erosion,  release 

of t o x i c  chemicals purged from sump areas of t h e  w e l l  s i t e  during f loods ,  

t i d a l  surges ,  o r  hurr icanes,  f i r e s ,  and/or acc idents .  

w i l l  be  covered wi th  sych material as s h e l l  o r  g rave l  t o  minimize d u s t  and 

Exposed mineral  s o i l  

erosion.  

acc idents .  

Frequent checking of w e l l  heads and p ipes  f o r  c racks  w i l l  he lp  prevent 

A r e s t o r a t i o n  program inc ludes  r ep lan t ing  a l l  exposed s o i l  on t h e  w e l l  

s i t e  wi th  p l a n t s  native t o  t h e  area of t h e  w e l l  s i te.  



CHAPTER FOUR - COORDINATION WITH FEDERAL, STATE, AND REGIONAL AGENCIES 

Several Federal, state, local and regional agencies have been contacted and 

asked to identify any conflicts or  potential conflicts that might result from 

the proposed action with any active or proposed plans and regulations that 

they may have, 

action in the study area. 

and also fox' any thoughts they may have regarding the proposed 

No conflicts were found. 

The agencies contacted include: 

Federal 

*Geological Survey, Water Resources Division, Austin, Tx., U.S. Dept. of the Interior 

*National Parks Service, Southwest Region, Santa Fe, New Mexico, U.S. Dept. of the 

*Geological Survey, Denver Colorado, U.S. Dept. of the Interior 
*National Marine Fisheries Service, NOM, U.S. Dept of Commerce, St. Petersburg, Fla. 

*Bureau of Land Management, Santa Fe, New Mexico, U.S. Department of the Interior 
*U.S. Coast Guard, Eighth Coast Guard District, New Orleans, La., Dept. of Trans- 

*Bureau of Outdoor Recreation, Albuquerque, New Mexico, U.S. Dept. of the Interior 
*U.S. Department of Commerce - Maritime Administration, New Orleans, La. 
*U.S. Corps of Engineers, Dept. of the Army, Galveston District, Galveston, Tx. 
*Fish 6 Wildlife Service, U.S. Dept. of the Interior, Wash., D.C. 

Department of Housing and Urban Development / 

Interior 

United States Environmental Protectfon Agency 

port at ion 

State 

*Texas Railroad Commission, Oil and Gas Division, Austin, Tx. 
*Texas Dept. of Water Resources 
*Texas Parks and Wildlife Dept. 
Texas Office of the Governor - Interagency Council on Natural Resources and the 
Environment 

*Texas Dept. of Health, Austin, Texas 

Regional and Local 

*Houston-Galveston Area Council, Houston, Tx. 
*Brazoria County Engineers Office,. Angleton, Tx. 
*City of Alvin Design Office, Alvin, Tx. 
*Brazoria County Health Unit, Angleton, Tx. 

The accompanying Table 4-1 shows agencies at the Federal and state levels of 

government which have regulations or permit requirements concerning geo- 

thermal or geopressure resource activities. 

*Agencies that responded. 

4-1 



Table 4-1. Matrix o€  Federal and S t a t e  Act ions  on Geopressure-Geothermal Well Tes t ing  
A c t i v i t i e s  arid Hclated O i l  A c t i v i t i e s  

F E O E U L  AGENCIES 

Bureau of Loid Hanrgrment 
(Department ot the Interlor) + o  
B U ~ ~ A U  of Outdoor Recrcutlon 
(Departwatt of the Interlor) 

U. S. A- Curpu uf Engineerr +o 
Uepartmcnt of Commerce 
& r o t  -odetic Survey. NOM +o  

Envlronwntal  Proresclun Amency le% 

- 
+ o  

.- 

3 
2 
i 
n _. 
i 

16 U S U  p. 460, I; 16 USCA p. 460 1-1 

E C10-47Om a s  .ended. 1911; 

1 Agency Requires Permits Q Agency has  Rules and Regulations 
Applying to A c t i o n  

, 

I Agency Reviews EIS and 
EA or Reviews Applica- 
t i ons  

c. 
I 
N 
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Agency 

Texas Railroad 
Commission 
(TRRC) 

TRRC 

The following Table 4-2 shows t h e  d r i l l i n g  fsrm submissions required,  

Division Form No. Descr ipt ion 

O i l  & Gas GT- 4 C e r t i f i c a t e  of compli- 
ance and au thor iza t ion  
t o  t r anspor t  Geothermal 
Energy 

w- 1 Application f o r  pe rmi t  11 

Table 4-2. D r i l l i n g  Form Submissions Required i n  the  State  of Texas 
(ERDA, 1977b) 

P- 5 

GT-2 

11 TRRC 

TRRC 11 

I I I 

Organization Report 

Producers monthly r epor t  
of Geothermal w e l l s  

TRRC 11 w- 2 O i l  W e l l  p o t e n t i a l  test 
o r  recompletion r epor t  
and log  

I GT-3 

Monthly geothermal 
Gatherer ' s  r epor t  

TRRC 



CHAPTER FIVE - ALTERNATIVES 

’ The reasonably available alternatives to the proposed action are delayed or 

no action and considering an alternative site within the geopressured resource 

region. 

5.1 Delayed or No Action 

This project is designed to drill a well into a geopressure reservoir at an 

optimum location as determined by exploration procedures and to evaluate the reser- 

voir potential over a sustained period of flow testing. 

have been confined to testing wells that were originally drilled as oil or gas 

wells and were not necessarily in the best location for geopressure resource 

evaluation. 

the availability of geopressured reservoir data based on geopressure exploration 

techniques and will severely restrict the amount of information available on 

Previous well tests 

The delay or abandonment of this project will therefore preclude 

the geopressured resource. 

5.2 Location 

Several productive drilling sites are available within the Brazoria County Prime 

Prospect Area. This particular site was selected because it combined environmen- 

tal acceptability and economic considerations with the most desirable geopressured- 

geothermal resource potential zone. 

Geopressure Subprogram of the DOE which is evaluated in an FA(DOE/EA-0023) dated 

February 1978. 

ment (White et al., 1977) were conducted by DOE contractors and used to plan the 

proposed action. 

contractor to provide the basis for the preparation of the environmental 

This site is part of the Geothermal Energy 

Studaes of the subsurface resource (Bebout, 1977) and the environ- 

- A detailed analysis of the study area was undertaken by a DOE 

5-1 
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evaluation. The exact well-site location was further refined to avoid 

known archaeological sites and to reduce adverse physical and cultural impacts 

to an acceptable level. 



APPENDIX A 

Mammals Whose Recent Range Included Brazoria County, Texas 
(From Davis, 1974) 

Comon Name 

opossum 
Eastern Mole 
Short- ta i led Shrew 
Least Shrew 
Southeastern B a t  
Georgia B a t  
Red Bat 
Greater Yellow B a t  
Evening Bat 
Guano B a t  
Racoon 
Long-tailed Weasel 
Mink 
River O t t e r  
Eastern Spotted Skunk 
Str iped Skunk 
Gray Fox 
Coyote 
Red Wolf 
Ocelot 
Cougar 
Bobcat 
Eastern Gray Squ i r r e l  
Fox Squ i r r e l  
Eastern Flying Squ i r r e l  
P l a ins  Pocket Gopher 
Hispid Pocket Mouse 
Beaver 
Fulvous Harvest Mouse 
Dwarf Harvest Mouse 
Pigmy Mouse 
White-footed Mouse 
Northern Rice R a t  
Hispid Cotton R a t  
F lor ida  Wood R a t  
Muskrat 
House m u s e  
Roof R a t  
Norway Rat 
Nutr ia  
Eastern Co t ton ta i l  
Swamp Rabbit 
White-tailed Deer 
Nine-banded Armadillo 

S c i e n t i f i c  Name 

Didelphis v i rg in iana  
Scalopus aquat icus  
Blarina brevicauda 
Cryptot is  parva 
Myotis aus t ro r ipa r ius  
P i p i s t r e l l u s  subflavus 
Lasiurus b o r e a l i s  
Lasiurus intermedius 
Nycticeius humeralis 
Tadarida mexicana 
Procyon l o t o r  
Mustela f r ena ta  
Mustela vison 
Lutra canadensis 
Spi logale  putor ius  
Mephitis mephi t is  
Urocyon cinereoargenteus 
Canis l a t a r a n s  
Canis ru fus  
F e l i s  p a r d a l i s  
F e l i s  concolor 
Lynx ru fus  
Sciurus ca ro l inens i s  
Sciurus n ige r  
Glaucomys volans 
Geomys bursar ius  
Perognathus hispidus 
Castor canadensis 
Reithrodontomys fulvescens 
Reithrodontomys humulis 
Bariomys t ay lo r  i 
Peromyscus leucopus 
Oryzomys p a l u s t r i s  
Sigmodan hispidtis 
Neo toma f l o r  idana 
Ondatra z ibe th icus  
Mus musculus 
Rat tus  r a t t u s  
Rat tus  norvegicus 
Myocastor coypus 
Sylvi lagus f lo r idanus  
Sylvi lagus aquat icus  
Odocoileus v i rg in ianus  
Dasypus novemcinctus 

S ta tus  i n  
Pro jec t  Area 

2 
2 
2 
2 
3 
2 .  
2 
3 
3 
3 
1 
3 
3 
3 
2 
2 
3 
3 
4 
4 
4 
4 
4 
3 
3 
3 
2 
3 
2 
3 
3 
2 
2 
2 
3 
3 
3 
3 
3 
1 
1 
2 
4 
1 

1 - known t o  occur on o r  near s i t e  
2 - very l i k e l y  t o  be present  on o r  near s i te  
3 - Unlikely t o  be present  on o r  near s i t e  
4 - Almost c e r t a i n l y  absent from v i c i n i t y  of s i te  

A- 1 
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APPENDIX B 

An alphabetical List of Some of the P-ants in the lant 
Commnnities Observed Near the Proposed Geothermal Well 
Site in Brazoria County, Texas on 20-21 September, 1977 

Common Name 1 Growth 
Community Habit Scientific Name 

Quercus Trees 

Shrubs 

Vines 

Herbs and 
Grasses 

Eupatorium- Trees 
Andropogon- 
Axonopus 

Shrubs 

Vines 

Celtis laevigata 
Diospyros virginiana 
Parkinsonia aculeata 
Prosopis glandulosa 
Quercus drumondii 
Quercus virginiana 
Sapium sebiferum 

Bumelia sp. 
Ilex vomitoria 
Myrica cerif era 

Ampelopsis arborea 
Campsis radicans 
Lonicera japonica 
Rubus spp. 
Smilax bona-nox 
Vitis mustangensis 

Amaranthus s p .  
Stenotaphrum secundatum 

Parkinsonia aculeata 
Prosopis glandulosa 
Quercus drummondii 
Sapium sebiferum 

Ilex vomitoria 
Myrica cerifera 
Rosa bracteata 
Zanthoxylum 
clava-herculis 

Clematis crispa 
Ipomea sp. 
Mikania scandens 

Texas sugarberry 
Common persimmon 
Xetama 
mesquite 
post oak 
live oak 
Chinese tallow tree 

ironwood 
yaupon 
wax myrtle 

pepper-vine 
trumpet creeper 
Japanese honeysuckle 
blackberry 
cat greenbrier 
mustang grape 

p.igweed 
St .Augustine grass 

retama 
honey mesquite 
post oak 
Chinese tallow tree 

yaupon 
wax myrtle 
Macartney rose 

toothache tree 

blue jasmine 
morning glory 
climbing hempweed 

Rubus spp. blackberry 

1 Scientific nomenclature after Correll and Johnson (1970). 
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APPENDLX B (Continued) 

Growth 
Community Habit Scientific Name Common Name 

Herbs and Agalinis sp. gerardia 
Grasses Ambrosia artemisiifolia lesser ragweed 

Amorpha fruticosa bastard indigo 
Afdropogon spp. blues t em 
Aster spp. aster 
Axonopus sp. carpet grass 
Baptista sp. wild indigo 
Callirhoe sp. poppy-mallow 
Caperonia palustris birdeye 
Cassia fasciculata partridge pea 
Coreopsis sp. coreopsis 
Croton capitatus wolly croton 
Croton glandulosis croton 
Cynodon dactylon Bermuda grass 
Diodia teres poor j oe 
Diodia virginiana buttonweed 
Eupatorium capillifolium dog fennel 
Eupatorium coelestinium blue mistflower 
Eupatorium compositifolium yankeeweed 
Eupatorium maculat a 
Eupatorium sp. 
Euphorbia bicolor 
Eustoma exaltatum 
Gaura sp. 
Gnaphalium sp. 
Helenium amarum 
Hypericum sp. 
Iva annua 
Lepidium virginicum 
Liatris elegans 
Liatris sp. 
Linum sp. 
Ludwigia spp. 
Monarda sp. 
Oxalis spp. 
Panicum spp. 
Paspalum dilatatum 
Paspalum floridanum 
Paspalum notatum 
Paspalum plicatum 
Paspalum setaceurn 
Paspalum urvillei 
Perilla frutescens 
Physalis angulata 
Phytolacca americana 
Pluchea purpurascens 
Polygonum sp. 
Rhexia spp. 
Rhyncospora sp. 
Ruellia caroliniensis 

spurge 
boneset 
snow-on-the-prairie 
catchfly-gentian 

rabbit tobacco 
bitterweed 
St. John's-wort 
sumpweed 
peppergrass 
gay-feather 
gay-feather 
flax 
water-primrose 
horsemint 
wood-sorrel 
panic grasses 
Dallis grass 
Florida paspalum 
bahia grass 
brownseed paspalum 
fringed-leaf paspalum 
vasey grass 
beefsteak plant 
ground cherry 
pokeweed 
camphorweed 
smar tweed 
meadow beauty 
beakrush 
wild petunia 
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APPENDIX B (Continued) 

Growth 
Habit Scientific Name Common Name Community 

Baccharis- Trees 
Spart ina- 
Dis t ichlis 

Shrubs 

Trees and 
Shrubs 

Ruellia sp. 
Rumex sp. 
Schrankia sp. 
Sesbania vesicaria 
Setaria glauca 
Solidago sp. 
Sorghum halepense 
Sporobolus indicus 
Tragia urens 
Triodanis biflora 
Verbena sp. 
Xanthium strumarium 

Fraxinus pensylvanica 
Ulmus crassifolia 

Baccharis halimifolia 
Lycium carolinianum 

Cynodon dactylon 
Distichlis spicata 
Eleocharis sp. 
Iva annua 
Iva frutescens 
Juncus sp. 
Lippia alba 
Paspalum notatum 
Phragmites communis 
Scirpus sp. 
Solanum pseudocapsicum 
Spartina spp. 
Vigna lutea 

ruellia 
dock 
prairie mimosa 
bladder pod 
yellow foxtail 
go Id enr od 
Johnson grass 
smutgrass 
noseburn 
Venus' looking-glass 
vervain 
cocklebur 

green ash 
cedar elm 

sea myrtle 
salt matrimony vine 

Bermuda grass 
saltgrass 
sp ikerush 
sumpweed 
marsh elder 
rush 
lippia 
bahia grass , 

roseau cane 
bulrush 
Jerusalem-cherry 
cordgrass 
deer pea 
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APPENDIX C 

Important Aquatic Fauna of Chocolate Bayou and Chocolate Bay 

Blue Crabs 
Brown Shrimp 
White Shrimp 
Eastern Oyster 
Gulf Menhaden 
Gizzard Shad 
Bay Anchovy 
Sea Cat f i sh  
Gaff topsa i l  Cat f i sh  
Warmouth 
B lueg i l l  
Longear Sunfish 
Largemouth Bass 
Sheepshead 
S i l v e r  Perch 
Sand Sea t rout  
Spotted Seatrout  
Southern Kingfish 

At l an t i c  Croaker 
Black Drum 
Red Drum 
St r iped  Mullet 
White Mullet 
Southern Flounder 
Fringed Flounder 

spot  

(From Mof f e t ,  1975). 

(Callinectes sapidus) 
(Penaeus azce tus)  
(Penaeus s e t i f e r u s )  
(Crassos trea v i rg in i ca )  
(Br  evoo r t i a  pa tronus 
(Dorosoma cepedianum) 
(Anchoa m i t c h i l l i )  
(Arius f e l i s )  
(Bagre marinus) 
(Lepomis gulosus) 
(Lepomis macroch i r u s )  
(Lepomis megalo tis ) 
(Micropterus salmofdes) 
(Archosargus proba t ocep ha lus  ) 
(Ba i rd i e l l a  chrysura) 
(Cynoscion arenar ius)  
(Cynoscion nebulosus) 
(Menticirrhus americanus) 
(Leiostomus xanthurus) 
(Micropogon undulatus) 
(Po gonias cromis ) 
(Stiaenops o c e l l a t a )  
(Mugil cephalus) 
(Mugil curema) 
(Paral ichthys l e thos  tigma) 
(Etropus crossotus)  



REFERENCES 

Anderson, D.  N.  and R. G.  Bowen, Proceedings: Workshop on Environmental 

Aspects  of Geothermal Resources Development, C a l i f o r n i a  Department 

of Conservation, Div is ion  of O i l  and Gas; and Oregon Department of 

Geology and Mineral  I n d u s t r i e s ,  NSF Grant No. AER 75-06872, 1974. 

Bebout, D. G . ,  Geopressure Geothermal Fairway Evaluat ion and Test-Well 

S i t e  Locat ion,  F r i o  Formation, Texas Gulf Coast ,  Bureau of Economic 

Geology, U n i v e r s i t y  of Texas, Aus t in ,  presented a t  Third Geothermal 

Geopressure Conference, L a f a y e t t e ,  La. ( I n  P r e s s ) ,  1977. 

Bebout, D.  G . ,  R. G .  Loucks, and A .  R. Gregory, F r i o  Sandstone Reservoi r8  

i n  t h e  Deep Subsurface Along t h e  Texas Gulf Coast - Thei r  P o t e n t i a l  

f o r  t h e  Product ion of Geopressured Geothe-1 Energy, Prepared f o r  

The U.S. Energy Research and Development Adminis t ra t ion,  i n  p a r t i a l  

f u l f i l l m e n t  of Contract  No. AT - E(40-1) - 4891 (Draf t ,  n o t  y e t  

p u b l i s h e d ) ,  1977.  

Blakely,  F. F. and G. L. Kunze, Reconnaissance of t h e  Chemical Q u a l i t y  

of Sur face  Waters of t h e  C o a s t a l  Basins  of Texas, Texas Water 

Development Board Report 130, Aus t in ,  Texas, 1971. 

Bourgoyne, A. T. ,  M. F. Hawkins, F. P. Lavaquial ,  and T. L. Wickenhauser, 

Sha le  Water as a P r e s s u r e  Support Mechanism i n  Superpressure Reservoi rs ,  

Soc ie ty  of Petroleum Engineers ,  P r e p r i n t  SPE 3851, 1972. 

R-1 



R-2 

I 

Brownlee, W. C., Personal Communication, R. Murry, Texas Parks and 

Wildlife Department, Letter of August 12, 1977. 

Bruce, C. G., Pressured Shale and Related Sediment Deformation: Mechanism 

for Development of Regional Contemporaneous Faults, American Asso- 

ciation of Petroleum Geologists Bulletin, vol. 57, p. 866-878, 1973. 

Bureau of Business Research, An Economic Base Analysis of the Gulf Coast 

State Planning Region, prepared for Houston-Galveston Area Council, 

1974. 

Bureau of Economic Geology, Compiled from SCS data, The University of 

Texas, Austin, Texas, 1977. 

Burst, J. F., Diagenesis of Gulf Coast Clayey Sediments and Its Possible 

Relation to Petroleum Migration, American Association of Petroleum 

Geologists Bulletin, vol. 53, p. 73-93, 1969. 

Cardwell, G. T. and Rollo, J. R., Interim Report on Groundwater 

Conditions Between Baton Rouge and New Orleans, Louisiana, De- 

partments of Conservation and Public Works and Louisiana Geologi- 

cal Survey, Water Resources Pamphlet No. 9 ,  44 p. 1960. 

Coastal Environments, Inc., Tigre Lagoon Environmental Assessment, pre- 

pared for ERDA, 1976. 

Conant, Roger, A Field Guide to Reptiles and Amphibians of Eastern and 

Central North America, Houghton Mifflin Co. ,  Boston, MA , 1975. 

Core Laboratories, Inc., A Survey of the Subsurface Saline Water of Texas, 

Texas Water Development Board Report 157, vol. 1, 1972. 



R-3 

Cor re l l ,  D.  S. and M. C. Johnston, Manual of the  Vascular P lan t s  of T e x a s ,  

Texas Research Foundation, Renner, Texas, 1970. 

Council on Environmental Qua l i ty ,  Environmental Qual i ty  - The F i r s t  Annual 

Report of t h e  Council on Environmental Qual i ty ,  t ransmi t ted  t o  Con- 

g re s s ,  August, 1970. 

Cry, C. W., Tropical  Cyclones of t h e  North At l an t i c  Ocean, Technical Paper 

No. 5 5 ,  U.S. Department ,of Commerce, Weather Bureau, Washington, D.C., 

1965. 

Davis, W. B. ,  The Mammals of Texas, Texas Parks and Wild l i fe  Department, 

Bu l l e t in  41, 294pp ,  1974. 

Department of Energy, Divis ion of Geothermal Energy, Environmental 

Assessment Geothermal Energy Geopressure Subprogram, Gulf C o a s t w e l l  

Test ing Act iv i ty ,Fr io  Formation, Texas and Louisiana,  DOE/=-0034, 

February, 1978. 

Dorfman, M. H., Water Required t o  Develop Geothermal Energy, American 

Water Works Association Journa l ,  vo l .  68(7),  p .  370-375, 1976. 

Dorfman, M. H. and R. W. Deller, Proceedings of t h e  Second Geopressured 

Geothermal Energy Conference, vo l .  5, The Universi ty  of Texas, Austin 

Texas, 1976. 

Energy Research and Development Administration, An Environmental Assess- 

ment of Proposed Geothermal Well Test ing i n  the  Tigre  Lagoon O i l  

F i e ld ,  Vermilion Par i sh ,  Louisiana,  Washington, D. C . ,  March, 1976. 



R-4 

Energy Research and Developinent Administration, Environmental Impact 

Assessment, Raft River Geothermal Project, draft, September, 1977a. 

Energy Research and Development Administration, Statement of Work for the 

General Crude Oil Company Contract for Drilling, Completing, and 

Testing a Geopressure Geothermal Well in Brazoria County, Texas, 

prepared by the Division of Geothermal Energy, Washington, D. C., 

September 7, 1977b. 

Energy Research and Development Administration, Environmental Impact 

Assessment: Geothermal Loan Guaranty Program, San Francisco 

Operations Office, EIA/GE/77-7 and 77-8, September, 1977. 

Energy Research and Development Administration, Environmental Impact 

Assessment, Geothermal Loan Guaranty Program, Churchifl County, 

Nevada, EIA/GE/77-5, August, 1977. 

Environmental Protection Agency, Quality Criteria for Water, Washington, 

D.C., 1976. 

Federal Insurance Administration, Flood Hazard Boundary Maps, Brazoria 

County, Texas (unincorporated areas), Department of Housing and Urban 

Development, 1977. 

Federal Register, Volume 41, pp. 47179-47198, October 27, 1976. 

Fowler, W. A., Unpublished Manuscript, 1967. 

Geertsma, J., Land Subsidence Above Compacting Oil and Gas Reservoirs, 

Journal of Petroleum Technology, vol. 25, p. 734-744, 1973. 



R-5 

General Crude O i l  Company, Personal communication with Charles Jones,  

Chief Geologist ,  1977. 

General Land Off ice  of Texas, Resources of t h e  Texas Coastal  Region, 

Coastal  Management Program, General Land Off ice ,  Austin, Texas, 

1975. 

Harder, A. H.,  Chabot Kilburn, H. M. Whitman, and S. M. Rogers, 

E f fec t s  of Groundwater Withdrawals on Water Levels and Salt-Water 

Encroachment i n  Southwestern Louisiana,  Louisiana Department of 

Conservation, Geological Survey, and Department of Publ ic  Works, 

Water Resources Bul le t in ,  No. 10, 56 p., 1967. 

Holzworth, G. C., Mixing Heights. Wind Speeds and P o t e n t i a l  f o r  

Urban Air Pol lu t ion  throughout t h e  Contizuous United States ,  

Environmental Pro tec t ion  Agency, United States Government P r in t ing  

Off ice ,  Washington, D.C. 1972. 

Hosler, C. R., Low-level Inversion Frequency i n  t h e  Contiguous United 

S ta t e s ,  Monthly Weather Rev iew,  vo l .  89, p. 319-339, 1961. 

Houston Light ing & Power Company, Environmental Report f o r  Allen Creek 

Nuclear Generating S ta t ion  Units  1 and 2, vol .  1, 1974. 

Houston-Galveston Area Council prepared i n  cooperation with Texas Vater 

Qual i ty  Board and t h e  Urban Mass and Transportat ion Administration, 

Land Use Maps 1975, and Projected Land Use Map 2,000, 1975. 



R-6 

Hsu, S. A., Mesoscale S t ruc tu re  of t he  Texas Coastal  Sea Breeze. 

Report No. 1 6 ,  Atmospheric Science Group, College of Engineering, 

The Universi ty  of Texas ,  Austin,  Texas, 237 pp., 1969. 

Hsu, S. A., Personal Comun&cation with Louisiana A i r  Control Commission, 

1978. 

Humble O i l  and Refining Company, Basin Studies  Group, 1962. 

Jones, P. H.,Geothermal and Hydrodynamic Regimes i n  t h e  Northern Gulf 

of Mexico Basin, Proceedings of t h e  Second U.N. Symposium on the  

Development and U s e  of Geothermal Resources, San Francisco, C a l i -  

f o rn i a ,  3 vols., May 1975. 

Jorgensen, D. G . ,  Analog-Model Studies  of Groundwater Hydrology i n  t h e  

Houston Distr ic t ,  Texas, Texas Water Development Board Report No. 

190, 84 pp., 1975. 

Kharaka, Y. E., E. Cal lender ,  and R. H. Wallace, Jr.,  Geochemistry of 

Geopressured Waters from t h e  F r i o  Clay i n  t h e  Gulf Coast Region on 

Texas, Geology, vol. .5(4), p. 241-244, 1977. 

Korshover, J. ,  Climatology of Stagnating Anticyclones East of t h e  Rocky 

Mountains, 1936-1970, PNoAA Technical Memorandum ERL ARL-34. Si lve r  

Spring, Maryland, 1971. 

Lehmann, V. W. and R. G. Mauermann, S t a t u s  of A t t w a t e r ’ s  P r a i r i e  Chicken, 

Journa l  of Wi ld l i fe  Management, vo l .  27, p. 713-725, 1963. 

Lindquis t ,  S. J . ,  Sandstone Diapenesis and Reservoir Q u a l i t y ,  F r i o  

Formation (Oligocene). South Texas, unpublished M.A. t h e s i s ,  The 

Universi ty  of Texas a t  Autsin,  147 p., 1976. 

- .. . . .  
. .  

. .~ 



r C 

R-7 

Linsley, R. K. and J. B. Franzini, Water Resources Engineering, 

second edition, McFraw-Hill Book Company, New York, 1972. 

Long, Richard A., Groundwater in the Geismar-Gonzales Area, Ascension 

Parish, Louisiana, Department of Conservation, Geological Survey, 

and Department of Public Works, Water Resources Bulletin No. 7, 

67 p., 1965, 

Moffett, A. W., The Xydrography and Macro-Biota of the Chocolate Bayou 

Estuary, Brazoria County, Texas (1969-1971), Texas Parks and Wild- 

life Department, Technical Series #14, Austin, Texas, 1975. 

Murray, G. E., Geology of Atlantic and Gulf Coastal Province of North 

America, Harper Brothers, New York, 692 p., 1961. 

OCamb, R. D., Growth Faults of South Louisiana, Gulf Coast Association 

of Geological Socs. Trans., vol, 11, p. 139-175, 1961. 

Office of Water Planning and Standards, National Water Quality Inventory, 

EPA Report No. 440/9-74-001, Washington, D,C,, 1974. 

Poland, J. F., and G, H. Davis, Land Subsidence Due to Withdrawal of Fluids, 

Reviews in Engineering Geology 11, Geological Society of America, 

Boulder, Colorado, p. 187-269, 1969. 

Powers, M, C,, Fluid Release Mechanisms in Compacting Marine Mudrocks and 

Their Idportance in Oil Exploration, American Association of Petroleum 

Geologists Bulletin, vol. 51, p, 1240-1254, 1967. 



R-8 

Rit tenhouse,  G.,  Pore-space Reduct ion . in  Sandstone Cont ro l l ing  F a c t o r s  

and Some Engineering Impl ica t ions ,  Soc ie ty  of Petroleum Engineers 

Offshore Technology Conference, OTC 1806, pp. 1-683-688, 13 f i g s .  

Sabadel l ,  J. E.,  and R. C. Axtmann, Heavy Metal Contamination from Geo- 

thermal Sources,  Environmental Heal th  Perspec t ives ,  Vol. 12,  p.  1-7, 

1975. 

Sandeen, W. M. and J . .B.  Wesselman, Groundwater Resources of Brazor ia  

County, Texas, Report 163, Texas Water Development Board, 199 p., 

1973. 

.. . 

S c h i e l e r ,  L.,  Geothermal E f f l u e n t s ,  Thei r  T o x i c i t y  and P r i o r i t y z a t i o n ,  

Proceedings of t h e  F i r s t  Workshop on Sampling Geothermal E f f l u e n t s ,  

October 20-21, Las Vegas, EPA-60019-76-011. 

SCS, N a t i o n a l  Cooperative Soil Survey, Es tab l i shed  S e r i e s ,  F o r t  Worth, 

Texas, 1973-1977. 

SELS Unit  S t a f f ,  N a t i o n a l  Severe Storms Forecas t  Center., Severe Local Storm 

Occurrences,  1955-1967, ESSA Technical Memorandum WBTM FCST 12 ,  Office 

of Meteorological  Opera t ions ,  Silver Spring,  Maryland, 1969. 

Slade, I). H., ed. ,  Meteorology and Atomic Energy, U . S .  Atomic Energy Com- 

mission,  1968. 

Smith, J ,  E., Shale  Compaction, Jour .  SOC. Petroleum Engineers,  Feb., 1968, 

p, 12-22, 1973. 

S o i l  Conservation Serv ice ,  Land Inventory and Monitoring Memorandum TX-2, 

RE: Prime and Unique Farmland, Temple, Texas, 1977. 



R-9 

St. Clair, A. E., C. V. Proctor, Jr., W. L. Fisher, C. W. Kreitler, 

and J. H. McCowen, Land Resources Laboratory Map Series, Land and 

Water Resources - Houston-Galveston Area Council, Bureau of Economic 
Geology, The University of Texas, Austin, Texas, 25 pp., 1975. 

Stuart, C. A., Geopressures, Proceedings of the Second Symposium on 

Abnormal Subsurface Fluid Pressure, Louisiana State University, 

Baton Rouge, Louisiana, 121 p., 1970. 

Texas Bureau of Economic Geology, Personal Communication, C. G. Smith 

Coastal Environments, Inc., Baton Rouge, 1977. 
3 

Texas Parks and Wildlife Department, Regional Environmental Atlas of the 

Houston-Galveston Region, Austin, Texas, 236 pp., 1975. 

Texas Water Developmemt Board, Inventories. of Irrigation in Texas: 1958, 

1964, 1969 and 1974, Texas Water Development Board Report NO. 196, 

Austin, Texas, 1975. 

Texas Water Quality Board, Statewide Monitoring Network, Sampling Data 

Inventory, San Jacinto-Brazos Coastal Basin, 1976. 

Texas Water Quality Board, Personal Communication, C. G. Smith, Coastal 

Envircnments, Inc., Baton Rouge, La., 1977. 

Texas Water Quality Board, Texas Water Quality Standards, Austin, Texas, 

1977. 

Thom, H. C. S., Tornado Probabilities, Monthly Weather Review, October- 

December 1963, pp. 730-737, 1963. 



R-10 

Thomas,.R..A., A Checklist of Texas Amphibians and Reptiles, Texas 

Parks and Wildlife Department, 16 p., 1976. 

Treshow, M., Environment and Plant Response, McGraw-Hill Book Company, 

New York, 422 pp., 1970. 

University of Texas at Austin, Personal Communication with T. Gustavson, 

Bureau of Economic Geology, 1977. 

U.S. Army Corps of Engineers, Draft E . I . S . ,  Maintenance Dredging Gulf 

Intracoastal Waterway - Texas Section, 1974. 
3 

U.S. Army Corps of Engineers, Flood Insurance Study - Texas Gulf Coast, 
vol. 11, Galveston district, Galveston, Texas, 1970. 

U . S .  Army Corps of Engineers, Flood Plain Information, Chocolate Bayou, 

Brazoria County, Tx., Galveston district, Galveston, Texas, 1971. - 
U . S .  Department of Commerce, Environmental Data Service: Local 

Climatological Data, Annual Summary with Comparative Data - Houston, 
Texass 1972. 

U.S. Department of Commerce, Weather Bureau's Climatological Data, 

National Summary, North Atlantic Tropical Cyclones, 1964 through 

1973, N O M ,  Washington, D.C., 1973. 

U.S.  Department of the Interior, Final E . I . S .  for the Geothermal Leasing 

Programs'4 vols., 1973. 

U.S.  Energy Research and Development Administration, Draft Environmental 

Impact Assessment for CU1 Venture, Geothermal Loan Guaranty Program, 

San Francisco Operations Office, August 1977. 



R-11 

U . S .  Geological Survey, Water Resources Data for Texas, U . S .  Geological 

Survey, Reston, Virginia, 1975. 

Wesselman, J. B., Groundwater Resources of Chambers and Jefferson 

Counties, Texas, Texas Water Development Board Report 133, 173 pp., 

1971. 

Wesselman, J. B., Groundwater Resources of Fort Bend County, Texas, 

Texas Water Development Board Report 155, 176 pp., 1972. 

Westlake, D. F., Comparison of Plant Productivity, Biological 

Reviews, vol. 38(3), pp. 385-424, 1963. 

Wheeler, F., Personal Communication letter from Mr. George Marks, 

October 14, Soil Conservation Service, Temple, Texas, 1977. 

White, W. A., M. McGraw, and T. C. Gustavson, 'Preliminary Environmental 

Analysis of a Geoptessuyed-Geothermal Test Well in Brazoria 

County, Tx., Bureau of Economic Geology, The University of Texas 

at Austin, Austin, Texas, 1977. 

Wood, Leonard A., R. K. Gabrysch, and Richard Marvin, Reconnaissance 

Investigation of the Groundwater Resources of the Gulf Coast 

Region, Texas, Texas Water Commission Bulletin 6305, 114 pp., 1963. 




