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Overview of Today’s Presentation

• G u l f  C o a s t  h yd ro g e o l o g i c  s e t t i n g

• U S D Ws  a n d  r e g i o n a l  a q u i fe r  sy s t e m s

• I n j e c t i o n  zo n e  c h a ra c t e r i s t i c s

• G r o u n d w at e r  f l o w  c o n c e p t s

• S a f e t y  a n d  m o n i t o r i n g  r e q u i re m e n t s

• F o r m at i o n  t e s t i n g  a n d  p e r m i t t i n g

• W h y  t h e  G u l f  C o a s t  i s  i d e a l  f o r  C l a s s  I  w e l l s



What Are Class I UIC Injection Wells?

• U s e d  f o r  n o n - h a z a r d o u s  i n d u s t r i a l  

a n d  m u n i c i p a l  l i q u i d  w a s t e

• R e g u l a t e d  u n d e r  E PA’s  U n d e r g r o u n d  

I n j e c t i o n  C o n t r o l  P r o g r a m

• L o u i s i a n a  – L D C E  

• Te x a s  – T C E Q

• M i s s i s s i p p i  - M D E Q

• D e s i g n e d  t o  i n j e c t  i n t o  d e e p ,  i s o l a t e d ,  

s a l i n e  f o r m a t i o n s

• M u s t  d e m o n s t r a t e  l o n g - t e r m  

c o n t a i n m e n t



Class I UIC Injection Well Advantages

1 . S t r o n g  p r o t e c t i o n  o f  d r i n k i n g  w a t e r

2 . E n v i r o n m e n t a l l y  c o n t r o l l e d  a l t e r n a t i v e  t o  s u r f a c e  d i s p o s a l  

3 . R e l i a b l e,  l o n g - t e r m  c a p a c i t y

4 . S t r i c t  r e g u l a t o r y  f r a m e w o r k

5 . C o s t  e f f e c t i v e n e s s

6 . S m a l l e r  s u r f a c e  f o o t p r i n t

7 . S u p p o r t s  e s s e n t i a l  i n f r a s t r u c t u r e

8 . P r o v e n  t r a c k  r e c o r d

9 . C o m p a t i b i l i t y  w i t h  w a s t e  m i n i m i z a t i o n  



Why the Gulf Coast Is Ideal

• T h i c k  s e d i m e n t a r y  s e q u e n c e s  ( 1 0 , 0 0 0  – 3 0 , 0 0 0 +  f e e t )

• L at e ra l l y  ex t e n s i ve  c l a y  c o n f i n i n g  u n i t s

• D e e p,  h i g h - s a l i n i t y  f o r m at i o n s

• N at u ra l  h yd ra u l i c  s e p a rat i o n  f r o m  U S D Ws

• P r e d i c t a b l e  d e p o s i t i o n a l  e n v i ro n m e n t s  





Focus on Southern Louisiana

• D o m i n a t e d  b y  M i s s i s s i p p i  R i v e r  

d e l t a i c  d e p o s i t s

• H i g h l y  s t r a t i f i e d  s a n d s ,  s i l t s ,  

a n d  c l a y s

• F r e s h w a t e r  a q u i f e r s  a r e  

g e n e r a l l y  s h a l l o w  ( < 2 , 0 0 0  f e e t )

• S a l i n e  f o r m a t i o n s  d e e p e n  

t o w a r d  t h e  c o a s t

• A b u n d a n t  t h i c k  c o n f i n i n g  u n i t s



Understanding USDWs

U n d e r g r o u n d  S o u r c e s  o f  D r i n k i n g  Wa t e r

• D e f i n e d  b y  t h e  E PA  a s :

• < 1 0 , 0 0 0  m g / L  T D S

• S u f f i c i e n t  q u a n t i t y  t o  s u p p l y  a  p u b l i c  w a t e r  s y s t e m  

• Ty p i c a l l y  s h a l l o w  i n  t h e  G u l f  C o a s t

• M u s t  b e  p r o t e c t e d  f r o m  v e r t i c a l  a n d  l a t e r a l  m i g r a t i o n  

Total Dissolved Solids Levels (mg/L)Type of Water

<1,000Fresh

>4,000Brackish

>10,000Saline



Regional Aquifer Systems

• C h i c o t

• E v a n g e l i n e

• J a s p e r

• S o u t h e r n  L o u i s i a n a  

e q u i v a l e n t s



Zone Requirements 

I n j e c t i o n  Z o n e :

• H i g h  P o r o s i t y  ( 2 0 - 3 0 %  

t y p i c a l  f o r  G u l f  C o a s t  s a n d s )

• A d e q u a t e  P e r m e a b i l i t y  f o r  

S u s t a i n e d  I n j e c t i o n

• S u f f i c i e n t  T h i c k n e s s  ( o f t e n  

> 5 0 -1 0 0  f e e t )

• H i g h  F o r m a t i o n  W a t e r  

S a l i n i t y

• L a t e r a l  C o n t i n u i t y  

C o n f i n i n g  Z o n e :

• V e r y  L o w  P e r m e a b i l i t y  

• T h i c k ,  L a t e r a l l y  C o n t i n u o u s  

C l a y  o r  S h a l e

• F a u l t s  a n d  S e i s m i c i t y  - N o  

F a u l t s  o r  F r a c t u r e s  T h a t  C o u l d  

Tr a n s m i t  F l u i d s

• M u s t  W i t h s t a n d  I n j e c t i o n  

P r e s s u r e s



Injection Zone Reservoir Properties
• P o r o s i t y  a n d  P e r m e a b i l i t y  – I n j e c t i o n  c a p a c i t y  l i m i t e d  b y  t h e  

p e r m e a b i l i t y  t h i c k n e s s  o f  t h e  f o r m a t i o n ,  a s  w e l l  a s  s u r f a c e  i n j e c t i o n  

p r e s s u r e  l i m i t a t i o n s  

• L i t h o l o g y  o f  t h e  I n j e c t i o n  F o r m a t i o n

• B o t t o m h o l e Te m p e r a t u r e  a n d  P r e s s u r e

• F o r m a t i o n  F r a c t u r e  P r e s s u r e  

Reservoir Testing
• S t e p - R a t e  Te s t s  – i d e n t i f i e s  f r a c t u r e  p r e s s u r e

• I n j e c t i v i t y  Te s t s  – h o w  e a s i l y  t h e  f o r m a t i o n  a c c e p t s  f l u i d

• P r e s s u r e  F a l l o f f  Te s t s  – h e l p s  e s t i m a t e  p e r m e a b i l i t y  a n d  r e s e r v o i r  

b o u n d a r i e s  



Groundwater Flow Basics 
• G r o u n d w a t e r  p r o p e r t i e s  d e t e r m i n e :  

• H o w  m u c h  f l u i d  t h e  f o r m a t i o n  c a n  a c c e p t

• S u s t a i n a b l e  i n j e c t i o n  p r e s s u r e

• R i s k  o f  f r a c t u r i n g  t h e  f o r m a t i o n  

• I n j e c t a t e  f o l l o w s :

• P a t h s  o f  h i g h e s t  p e r m e a b i l i t y

• R e g i o n a l  d o w n g r a d i e n t  d i r e c t i o n

• B e d d i n g  p l a n e s  w i t h i n  t h e  s a n d s t o n e

• D a r c y ’s  L a w  g o v e r n s  m o v e m e n t

Q  =  K  � �  �  
∆ �

�

• I n j e c t i o n  i n c r e a s e s  f o r m a t i o n  p r e s s u r e ,  i n f l u e n c i n g  p l u m e  m o v e m e n t

I n j e c t i o n  F l o w  =  N a t u r a l  F l o w  +  I n d u c e d  F l o w  



Practical Examples 

High Perm, Good 

Natural Flow:

Low Injection Pressure

Large Radius of 

Influence

Stable Long-Term 

Operation

Tight Formation, 

Minimal Flow:

Rapid Pressure Buildup

Limited Capacity

Need For: 

-Multiple Wells

-Lower Rates

Strong Regional 

Gradient: 

Plume Migrates 

Preferentially One 

Direction

Monitoring Must Be 

Downgradient

AOR Becomes 

Asymmetric



Groundwater Characterization Evaluation 

• D e f i n e  U S D W

• B a s e l i n e  Wa t e r  Q u a l i t y  S a m p l i n g  – M a j o r  i o n s ,  T D S ,  p H ,  
a l k a l i n i t y,  t r a c e  m e t a l s ,  o r g a n i c s  o f  c o n c e r n ,  a n d  b a c k g r o u n d  
p a r a m e t e r s  t i e d  t o  t h e  w a s t e  s t r e a m

• C o m p a t i b i l i t y  b e t w e e n  f o r m a t i o n  w a t e r  a n d  p r o p o s e d  
i n j e c t a t e  ( p r e c i p i t a t i o n ,  s c a l i n g ,  m o b i l i z a t i o n  o f  m e t a l s )

• P r e s e n c e  o f  h y d r o c a r b o n s ,  H 2 S ,  o r  o t h e r  c o n s t i t u e n t s  t h a t  
c o u l d  r e a c t

• G e o c h e m i c a l  s t a b i l i t y  ( c l a y  m i n e r a l o g y,  p o t e n t i a l  f o r  
d i s s o l u t i o n )



Pressure Management 

• G r o u n d w at e r  f l o w  a n a l y s i s  u s e d  t o :  

• Se t  m a x i m u m  a l l o w a b l e  i n j e c t i o n  p r e s s u re

• P r e d i c t  ra d i u s  o f  p r e s s u re  i n f l u e n c e

• P r e ve n t

• F ra c t u r i n g

• U p w a r d  m i g rat i o n

• I n t e r fe re n c e  w i t h  o t h e r  w e l l s  

• I n j e c t i o n  p r e s s u re  m u s t  s t a y  b e l o w  f ra c t u re  p r e s s u re

• F o r m at i o n  p r e s s u re  i n c re a s e s  o ve r  t i m e

• P r e s s u re  b u i l d u p  h e l p s  d i s t r i b u t e  f l u i d s  l at e ra l l y

• M o d e l i n g  p r e d i c t s  l o n g - t e r m  p l u m e  ex t e n t  



Safety Measures 

• M e c h a n i c a l  I n t e g r i t y  Te s t s

• A n n u l u s  P r e s s u r e  M o n i t o r i n g

• R a d i o a c t i v e  Tr a c e r  S u r v e y s

• C e m e n t  B o n d  L o g s

• Pe r i o d i c  W e l l  W o r k o v e r s

• M o n i t o r i n g  W e l l s  



Permitting Requirements 

• G e o l o g i c  a n d  h yd ro g e o l o g i c  c h a ra c t e r i z at i o n

• We l l  c o n s t r u c t i o n  d e s i g n

• A r e a  o f  R e v i e w  ( AO R )  m o d e l i n g

• M o n i t o r i n g ,  Te s t i n g ,  a n d  R e p o r t i n g

• Wa s t e  s t r e a m  c h a ra c t e r i z at i o n

• C o n t i n ge n c y  P l a n s

• C l o s u re  a n d  Po s t - C l o s u re  P l a n s

• Fi n a n c i a l  R e s p o n s i b i l i t y

• I T  Q u e s t i o n s  



Well Construction Overview 

• M u l t i p l e  c a s i n g  s t r i n g s

• C e m e n t e d  t o  s u r fa c e

• S t e e l  +  c e m e n t  b a r r i e rs

• Tu b i n g  a n d  p a c ke r  

i s o l at e  i n j e c t i o n  f l u i d s  



Long-Term Containment

• M o d e l e d  p l u m e  e x t e n t

• P r e s s u r e  d i s s i p a t i o n  o v e r  t i m e

• C o n f i n i n g  u n i t  i n t e g r i t y

• M o n i t o r i n g  e n s u r e s  c o n t i n u e d  i s o l a t i o n  



Why Class I Wells Are A Safe Disposal 

Alternative
• D e e p,  i s o l at e d  f o r m at i o n s

• M u l t i p l e  e n g i n e e re d  b a r r i e rs

• M u l t i p l e  g e o l o g i c  b a r r i e rs

• C o n t i n u o u s  m o n i t o r i n g  

• S t r i c t  r e g u l at o r y  o ve r s i g h t  



Summary

• G u l f  C o a s t ’s  g e o l o g y  i s  i d e a l  f o r  i n j e c t i o n

• U S D Ws  a r e  s h a l l o w  a n d  w e l l - p r o t e c t e d  

• I n j e c t i o n  zo n e s  a r e  d e e p,  s a l i n e,  a n d  i s o l at e d

• S a f e t y  sy s t e m s  e n s u re  l o n g - t e r m  c o n t a i n m e n t

• C l a s s  I  w e l l s  p r o v i d e  r e l i a b l e  w a s t e  m a n a g e m e n t
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THANK YOU! Any Questions?
E m i l y  W e l c h ,  P G

e w e l c h @ g e c i n c. c o m
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