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D E E P - W E L L  WASTE DISPOSAL IN T H E  F E D E R A L  REPUBLIC O F  GERMANY 

- A S T A T E - O F - T H E - A R T  R E P O R T  - 
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F e d e r a l  Ins t i tu te  f o r  G e o s c i e n c e s  and N a t u r a l  R e s o u r c e s ,  Hannover  

( F e d .  Rep. of G e r m a n y )  

ABSTRACT 

Deep-wel l  d i s p o s a l  of l iquid w a s t e  is p r a c t i s e d  i n  t h e  F e d e r a l  Republic of 

G e r m a n y  at 31 s i t e s .  T h e r e  a r e  
- 1 7  d i s p o s a l  wel l s  in L o w e r  Saxony, in jec t ing  b r i n e s  with polysulf ide 

compounds  f r o m  n a t u r a l  g a s  ex t rac t ion ;  

1 d i s p o s a l  wel l  i n  Nor th  Rhine-Westphal ia .  Inject ion of b r i n e  f r o m  salt 

so lu t ion  mining  h a s  been  postponed as t h e  b r i n e  is now being c h e m i c a l l y  

p r o c e s s e d ;  

10 inject ion wel l s  i n  t h e  " W e r r a  P o t a s h  Dis t r ic t"  ( H e s s e )  f o r  t h e  d i s p o s a l  of 

p r o c e s s  br ine;  

1 d i s p o s a l  wel l  i n  t h e  "Fulda  P o t a s h  Dis t r ic t"  ( H e s s e ) ,  o p e r a t i n g  f o r  t h e  

inject ion of s u r f a c e  runoff f r o m  a salt m i n e  w a s t e  dump; 

2 in jec t ion  wel l s  a t  M o o s b u r g / I s a r  ( B a v a r i a )  d i spos ing  of s p e n t  hydrochlor ic  

ac id .  

- 

- 

- 

- 

I NT RODU CT I 0  N 

T h e  in jec t ion  of w a s t e  w a t e r  and liquid w a s t e s  into d e e p  wel l s  i s  not new i n  

t h e  F e d e r a l  Republic of G e r m a n y .  B a s e d  on  invest igat ions by Beyschlag  and 

F u l d a  (ref .  l), t h i s  technique  w a s  u s e d  f o r  t h e  f i r s t  t i m e  by t h e  p o t a s h  i n d u s t r y  

f o r  t h e  in jec t ion  of w a s t e  p o t a s h  b r i n e s  into Z e c h s t e i n  "Plat tendolomit" .  Highly 

s a l i n e  f o r m a t i o n  w a t e r  h a s  a l s o  been  r e - i n j e c t e d  (ref. 2) into t h e  s u b s u r f a c e  

f o r  s e v e r a l  d e c a d e s  by t h e  oi l  and g a s  i n d u s t r y  ( s e c o n d a r y  r e c o v e r y ) .  T h e  m a i n  

p u r p o s e  of t h i s  p r a c t i c e  d o e s  not fa l l  u n d e r  t h e  t e r m  w a s t e  disposal .  

Reprinted from The Science of the Total Environment, 219(1981) 113-125 
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REGIONAL OVERVIEW 

A p r e l i m i n a r y  reg iona l  overview,  p r e p a r e d  main ly  i n  t e a m w o r k  by t h e  

Geological  S u r v e y s  of t h e  F e d .  Rep. of Germany,  is contained i n  (ref.  3) .  A 

r e v i s e d  v e r s i o n  of th i s  p a p e r  is p r e s e n t e d  h e r e .  

DENMARK 

0 Quaternary and Tertiary 
Norlh Sea 

Tertiary volcanic rock 

P a l e o z o ~ c  and crystalline basemen1 

Injection we11 or injection a r e a  

0 exasling 

0 postponed 

8 not permitted 

0 1  

0 p l u g g e d  

SWITZER - 
LAND AUSTRIA 

F i g .  1. Deep-well  d i s p o s a l  of liquid w a s t e  i n  t h e  F e d e r a l  Republic of Germany.  
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L o w e r  Saxony 

Sequences  of Mesozoic, T e r t i a r y ,  and Q u a t e r n a r y  s e d i m e n t s  up to  4,000 m 

th ick  a r e  found i n  t h e  North G e r m a n  Lowland. T h e s e  sequences  are  s e p a r a t e d  

by evapor i te  s t r u c t u r e s  (pi l lows,  d o m e s ,  plugs)  in north,  nor thwes t  to  wes t -  

s t r i k i n g  d i rec t ions .  Often, t h e  areas between t h e  salt plugs c a n  b e  used  for 

inject ion of liquid w a s t e  d u e  to  t h e  posi t ions of t h e  s t r u c t u r e s  i n  t h e s e  areas 

and b e c a u s e  of t h e  ex is tence  of s u i t a b l e  porous ,  f i s s u r e d ,  o r  k a r s t i c  r o c k s  

( sands tones  o r  l imes tones) .  

In all cases, a s e v e r a l - h u n d r e d - m e t e r - t h i c k  l a y e r  of c lay,  m a r l ,  s o m e t i m e s  

a l s o  s a l t ,  c o v e r s  t h e  aquifer ,  which is usua l ly  1000 m deep so tha t  t h e  potent ia l  

f o r  contaminat ion of f r e s h  w a t e r  i n  t h e  over ly ing  Q u a t e r n a r y  sequences  c a n  b e  

excluded. 

Most  of t h e  known inject ion wel ls  (nos. 1-8) +) h a v e  been d r i l l e d  as o i l  wel ls  
n 

i n  a n  area of about 2500 km' i n  approximate ly  t h e  c e n t e r  of the  North G e r m a n  

Lowland. T h e r e  a r e  2 in jec t ion  wel l s  i n  t h e  e a s t e r n  p a r t  of Lower  Saxony (no. 9).  

In  w e s t e r n  L o w e r  Saxony t h e r e  is only one  i n  E m s l a n d  (no. 10). T h e  var ious  

salt w a t e r  a q u i f e r s  a r e  l i s t e d  with t h e  geological  format ions  i n  T a b l e  I. 

L i t t l e  d a t a  o n  t h e  aqui fe r  p a r a m e t e r s  h a s  been publ ished s o  far. A poros i ty  

of 20 70 h a s  been  d e t e r m i n e d  f o r  t h e  Valanginian sands tones  i n  the  Wiet ingmoor 

wel l s  (no. 5). w h e r e a s  a poros i ty  of 17 70 was d e t e r m i n e d  f o r  t h e  Solling s a n d -  

s t o n e s  i n  the  Bre t tor f  well (no. 2) .  

T h e  l iquid w a s t e s  injected into t h e  wel l s  cons is t  of gas-f ie ld  b r i n e s  ( in  p a r t  

polysulf ide-  and ethylamine-  bear ing)  and dr i l l ing  fluids. 

T a b l e  I a l s o  ind ica tes  t h e  amounts  of inject ion ranging  f r o m  about 100 to  
3 70, 000 m / y e a r  p e r  borehole. 

North Rhine-  Westphal ia  

T h e  only inject ion well i n  th i s  area is n e a r  Xanten in  t h e  L o w e r  Rhine B a s i n  

(no. 11; s e e  r e f .  4 and 5 ) .  It i s  planned to in jec t  p a r t  of t h e  br ine  f r o m  s a l t  

so lu t ion  mining into t h e  1 0 - m - t h i c k  Volpr iehausen  sands tone  ( T r i a s s i c  Bunter) ,  

which has  a poros i ty  of 1 5  70. T h i s  l a y e r  i s  about 600 m deep  and is confined 

by t h e  Rotlet ten of t h e  Upper  Bunter .  A t  p r e s e n t ,  t h e  b r i n e  i s  now being 

c h e m i c a l l y  p r o c e s s e d .  

+) T h e  f igures  i n  b r a c k e t s  ind ica te  the  wel l  n u m b e r s  given i n  T a b l e  I and 
F i g u r e  1. 



w m TABLE I h) 

Iniection wells in the Fed. Rep. of Germany ( a s  of September 1980) 

Well injection well geological depth waste water o r  u se  of wells to date and 
No. o r  a r e a  formation ( m) liquid waste injected amounts of waste 

Kallmoor 

+) 
+) 

B r ettor f 
Hell bus c h 
(2  wells)  

Moll ber gen 
(3  w e l l s )  

+) 

+) Mellinghaus en 

+) Wietingsmoor 
( 2  wel l s )  

Barenburg +) 

Vogtei 
Siedenburg 
( 2  wells) 

Upper Cretaceous, 
Maastrichtianl 
C ampanian ( Rei t broo k 
sandstone) 

Lower Triassic ,  
Bunter (Solling 
sands tone) 

Upper Jurassic ,  
(Malm, Kimmeridgian 
l imestones) 

Lower Cretaceous 
( Neocomian sands tone) 

Lower Cretaceous 
(Valanginian sandstone) 

Middle Jurassic ,  
Dogger delta 
(Suderbruch sandstone) 

Middle Jurassic ,  
Dogger delta 
(Sud erbruch sandstone) 

1245-1298 

2980-2994 
287 2- 2897 

7 1 7  - 7 7 0  

710-  745 

1235-1336  

1 0 1  2-1019 

1125-1165  
860-  890 

drilling fluids, 
partly polysulfide- 
bearing 

brines from 
natural gas 
extraction 

brines f rom natural 
gas extraction, partly 
polysulfide- and 
ettrylamine- bearing 

drilling fluids, poly- 
sulfide- bearing 

brines from natural 
gas extraction, poly- 
sulfide- bearing 

brines from natural 
gas extraction, poly- 
sulfide - beari ng 

brines from natural 
gas extraction, poly- 
sulfide- bearing 

3 since 1964: 12,800 m 

3 
3 

since 1976: 294, 500 m 
s ince  1979: 125 m 

3 since 1972: 84,900 m 

3 since 1979: 340 m 

3 since 1974: 301, 500 m 

2 since 1970: 4200 m 

since 1973 and 1977: 

226, 700 m 3 



TABLE I (continued) 

Well injection well geologic a1 
No. o r  a r e a  formation 

depth 
(m)  

was te  water  o r  
liquid was te  

use  of wells to da te  and 
injected amounts of was te  

8 

9 

10 

11 

12  

1 3  

14 

Buchhorst 
(2 wells) 

Lower  Cre taceous  101 1 - 103 1 
(Valanginian sand-  
stone) 

M i dd 1 e J u r ass ic , 1233- 1267 
Dogger delta 
(Suderbruch sandstone) 

br ines  f rom na tura l  
gas extraction, 
par t ly  polysulfide- 
bearing 

3 s ince  1968: 32,600 m 

3 s ince  1970: 65,400 m 

+)  W it t i ng en 
( 2  wells) 

3 s ince  1977: 68,000 m 
s ince  1979: 350 m3  

3 s ince  1970: 8, 800 m 

Middle Ju ras s i c ,  1533-1570 
Dogger delta sandstone 1746. 5-1758. 5 

br ines  f rom natural  
gas extraction 

It t e r  bec k - Hall e Upper P e r m i a n  (Zech-  19485 -1959. 5 
stein, S tass fur t  c a r -  
bo na t e) 

workover mud f rom 
s o u r  gas  wells 

Lower  T r i a s s i c ,  
Bunter (Volpriehaus en 
sandstone) 

Xant en 600 br ines  f rom salt 
solution mining 

operation plan 1979180 
approved; a t  p resent ,  
r ep rocess ing  of t he  br ine  
but no injection 

s ince  1925: 400x10 6 3  m IVerra Potash  
Region (10 wells) 

Upper P e r m i a n  (Zech-  
stein,  Platt  endolomit) 

325- 525 

about 700 

1100 

was te  brine (Potash  
mining industry) 

3 1971-1976, 180.000 m Neu hof - Ell e r s  Lower  P e r m i a n  (Grau-  
l i  egend sandstone) 

runoff f rom waste- 
s a l t  dump 

6 3  s ince  1967: about 16x10 m h'loosburgl I s a r  Upper J u r a s s i c  (!Valm, 
k a r s t  i fi ed 1 im e s  tone) 

spent hydrochloric 
acid (chemica l  industry) 

w 
0 
W +)  w: In'ection into these  wells i s  pa r t  of secondary recovery ,  i. e. to maintain p r e s s u r e  in  the oil  o r  gas  field fo r  

akditional recovery  of oil  and /o r  gas.  
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Hesse 

In Hesse, a l a rge  par t  of the waste water from the potash industry is 

injected into the Zechstein "Plattendolomit" (Werra  Potash District, Hessian 

Depression, see no. 1 2  in Fig. 1 and Table I and refs. 6-8). 

The a r e a  of the "Plattendolomit" presently used a s  reservoir  covers about 

250 km' of the Hessian par t  of the Wer ra  Potash District. Since the beginning 

of waste water disposal in 1925 until 1976, about 600 million m' of waste 

potash brine has been injected in the Wer ra  Potash District, i. e. in Hesse 

(Federal  Republic of Germany) and in Thuringia (GDR). Of that amount, 402 

million m3 was injected with the Fed. Rep. of Germany. F igu re  2 gives a 

comparison of deep-well waste disposal and discharge of waste potash brine 

into the Werra  River for  the years  1953 - 1977. The  la t ter  led to high sal t  

concentrations which up to now a r e  damaging the environment. 

The average density of the waste water is 1. 2, whereas that of the formation 

water i s  1.02, s o  that the injected liquid wastes flow down-dip. Waste water is 

injected at  depths between 325 and 525 m, without added p res su re  o r  up to a 

maximum pres su re  of 10 bar. A 10 YD effective porosity, and in subrosion 

a reas  a 15 YD porosity, was used to calculate a total s torage volume of 1, 100 

million m . Considering the s torage volume already used, and possible e r r o r s ,  

an additional storage capacity of almost 500 million m3 can be assumed. At a 

maximum disposal r a t e  of c. 20 million m /yea r s  the usable s torage volume 

will be filled by around the year  2000. 

3 

3 

The injected amount of chloride is 12,  750 t/day. Together with par t  of the 

substituted formation water, 1. 5 YD of the injected chloride emerges from 

springs. Apart from fault zones, f ractures  resulting from subrosion and those 

in basaltic dikes s e r v e  a s  hydraulic connection for formation water and injected 

waste water to the surface.  However, due to the overlying sealing clayey 

sequence of the Lower Bunter, a general r i s e  in the level of the saline-fresh 

water boundary is not to be expected. 

Runoff from a waste sal t  dump at the Neuhof El lers  potash mine near  Fulda 

(no. 13) is injected into a disposal well. Injection zone: grey sandstone, top of 

the Lower Permian; absorption capacity: 32 m / h  assuming an average 

injection p res su re  of 55 bar. 

3 

Bavaria 

Due to the geological and hydrogeological conditions in  Bavaria, i t  is one 

of the federal s ta tes  where there  a r e  possibilities for the injection of waste water. 
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Fig.  2. 
into the  W e r r a  River  f rom 1953 to  1 9 7 7  ( W e r r a  Potash  Dis t r ic t ) ,  accord ing  
to  ref. 9. 

Disposal  of ch lor ide-bear ing  was te  water  i n  deep wel ls  and d i scha rge  

Kars t i c  Malm rocks  in  the  Molasse  Bas in  a re  cons idered  su i tab le  for  the  

inject ion of liquid was te  because  of t he i r  regional  scale capaci ty .  T h e s e  pe rmeab le  

rocks  co r re spond  to a surface a r e a  of m o r e  than 10 ,000  km , and they are  

widely covered  by low pe rmeab le  T e r t i a r y  sed iments .  In the  a r e a  southwest  of 

Regensburg,  t he  Malm aquifer  is in  hydraul ic  connection with i t s  base  level ,  

t he  Donau River .  Compared  with the  over ly ing  T e r t i a r y  aqui ta rds ,  ver t ica l  

s t r e s s  d e c r e a s e s  h e r e  in. The re fo re ,  was te  water  can  be  injected into these  

Upper  J u r a s s i c  rocks  with a lmos t  no additional p re s su re .  Two plants  a r e  

located a t  Moosburg (no. 14 in  F ig .  1 and Tab le  I, see ref. 10). At th i s  place, 

2 
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s p e n t  ac ids  a re  injected into t h e  300-m-thick,  k a r s t i c  Malm aqui fer  a t  1, 100 m 

depth s i n c e  1967 and 1970. T h e  a v e r a g e  r a t e s  are 70 and 180 m / h ;  about 

16  mi l l ion  m 

3 

3 h a v e  been  injected.  

In the  Moosburg area, to ta l  d i sso lved  s o l i d s  of t h e  Malm k a r s t  g roundwater  

v a r y  between 0. 6 and 3. 2 g / l .  T h e  w a t e r  t e m p e r a t u r e  i s  about 52' C. 

T h e  injected w a s t e  c o n s i s t s  of spent  a c i d s  f r o m  bentoni te  p r o c e s s i n g  (about 

400 t of hydrochlor ic  acid a r e  used  p e r  day)  plus  wash  w a t e r  f r o m  t h e  p r e t r e a t e d  

clay.  Mixing l e a d s  to  a p a r t i a l  neut ra l iza t ion  and di lut ion before  in jec t ion  into 

the  aquifer .  Dur ing  th i s  p r o c e s s  the  w a s t e  acid containing about 134 g / l  C1- 

( a t  a pH of 0. 5) is di luted to  about 20 g / l  C1-. 

Dur ing  t h e  s u b s u r f a c e  flow of t h e  w a s t e  w a t e r  to  t h e  reg iona l  m a i n  b a s e  leve l  

(Donau R i v e r ,  Fig.  3), a p a r t  f r o m  neutral izat ion,  f u r t h e r  di lut ion is p o s s i b l e  
- 
- 

- 

by d i s p e r s i o n  i n  t h e  k a r s t i c  rock,  

by t r a n s m i t t i n g  f o r m a t i o n  w a t e r  f r o m  t h e  up-dip M o l a s s e  s e d i m e n t s ,  and 

by mixing of t h e  w a s t e  w a t e r  with t h e  groundwater  i n  t h e  P l e i s t o c e n e  Donau 

g r a v e l s .  

Al toge ther  a dilution r a t i o  of 1 : 10, 000 w a s  es t imated .  

T h e  w a s t e  w a t e r  is not f i l t e r e d  b e f o r e  injection. T h e  CO f r o m  t h e  r e a c t i o n  2 
of t h e  was te  fluid with t h e  r o c k  c a r b o n a t e  r e m a i n s  i n  so lu t ion  due  to  t h e  p r e s s u r e  

conditions. T h e r e f o r e ,  t h e  g a s  d o e s  not block t h e  aqui fe r  i n  t h e  inject ion area. 

T h e  r e s i d e n c e  t i m e  of t h e  k a r s t  w a t e r  and thus  of t h e  diluted w a s t e  water ,  

es t imated  on t h e  b a s i s  of hydrogeological  cons idera t ions  and a g e  de te rmina t ions  

i n  p laces ,  i s  s e v e r a l  10,000 y e a r s  (ref. 1 2 )  before  i t  will r e a c h  t h e  Donau R i v e r  

as b a s e  level .  T h e r e f o r e ,  and because  of t h e  dilution ra t io ,  a contaminat ion of 

t h e  s u r f a c e  w a t e r  is improbable .  Accord ing  to  hydrogeological  and geochemica l  

in te rpre ta t ions  (ref. 13), a contaminat ion of over ly ing  a q u i f e r s  i s  excluded, 

because  t h e  T e r t i a r y  f o r m a t i o n  w a t e r  cont r ibu tes  to  t h e  Malm aquifer .  

CASES O F  DAMAGE 

T h e  abandoned inject ion area of Off leben (no. 15  i n  F i g .  1) is located at t h e  
3 s o u t h e r n  edge of t h e  North G e r m a n  Lowland. F r o m  1947 to  1949, 100,000 m 

of w a s t e  w a t e r  containing phenol f r o m  low t e m p e r a t u r e  l ign i te  carboniza t ion  

w e r e  injected a t  about 60 m depth  (ref. 3). T h e  c a p r o c k  of a Zechs te in  s a l t  d o m e  

u n d e r  Q u a t e r n a r y  c o v e r  was  used  as a n  inject ion r e s e r v o i r .  

Within a per iod of one  to  two y e a r s  t h e  w a s t e  w a t e r  en tered  t h e  hydrological  

cycle and f inal ly  e m e r g e d  i n  a s p r i n g  and a well. Even  in  1957, phenol concen-  

t r a t i o n s  of 0. 3 to  295 mg/l  w e r e  de te rmined  i n  groundwater  observa t ion  wel ls .  
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This  injection operation demons t r a t e s  that  liquid was te  that is hazardous to 

health should not, if  a t  all, be injected into aqui fe r  r e s e r v o i r s  at minor  depth. 

Moreover,  the  hydrogeological conditions in  the  caprock of a s a l t  dome with i t s  

inhomogenous s t r u c t u r e  can  only be established af te r  thorough p re l imina ry  

investigations. This,  however, had not been done. 

REJECTED INJECTION PROJECTS 

Near  Landau, a t  t he  wes te rn  edge of t h e  Upper Rhine Graben  (no. 16 in  Fig.  l ) ,  

i t  was planned to inject  liquid chlorinated hydrocarbons (dichloroethane and 

dichloropropane) i n  abandoned o i l  deposits ("Bunte Nieder rodener  Schichten" 

and "Cyrenenmergel'l  of t he  T e r t i a r y )  a t  a depth of 1, 200 to 1, 300 m ( re f .  14). 

A pilot t e s t  with 1 ,000  m 

classified as physiologically hazardous.  F u r t h e r  objections w e r e  based on the  

fact  that 
- 
- 

3 of liquid was te  was not c a r r i e d  out a f t e r  the  was te  was 

no evidence of the  absolute confinement of the  injection zone w a s  produced; 

i t  would be imposs ib le  to monitor the  was te ' s  migration, 

especially of s m a l l  amounts;  

- th i s  i s  an  a r e a  of g r e a t e r  s e i s m i c  r i sk ,  i. e. block movements a r e  possible,  

especially such  ove r  longer per iods  of t ime; 

the  project a r e a  i s  dense ly  populated and the  somet imes  intensively used 

Quaternary  aqui fe rs  (and the rma l  wa te r s  a t  o ther  p laces)  might he  impai red ;  

fu ture  pro jec ts  for  a poss ib le  u s e  of the the rma l  anomaly a t  Landau might 

be negatively affected. 

- 

- 

CONFLICTS IN ASSIGNING PRIORITIES 

T h e  Nuclear Resea rch  Cen te r  a t  Kar l s ruhe  was commissioned to check 

possibil i t ies for the  injection of t r i t ium-bear ing  waste water  f r o m  nuclear 

reprocess ing  plants. F o r  this purpose, an  injection zone in the adjacent and 

abandoned Leopoldshafen oil  field (no. 17 in  F ig .  1) had been envisaged ( r e f .  15). 

An 11-m-thick sand lens  a t  about 950 m depth i n  the  upper pa r t  of the 

"Cyrenenmergel" (Oligocene) was se lec ted .  An injection t e s t  with water  yielded 

an  injection r a t e  of 8. 5 m / h  a t  a n  injection p r e s s u r e  of 60 - 80 bar .  It would 

be possible to inject  a total of 11, 000 rn3 radioactive was te  water.  Th i s  pro jec t  

could have proved to be ve ry  useful a f t e r  the  regulations for  radiation 

protection were  revised (December  20, 1976), lowering the  l imi t  f r o m  3 x 10 

Ci/m to 2 x 10 C i / m  fo r  t r i t ium bearing was te  water  flushed into a receiving 

s t r e a m  (in this case,  the  Rhine). 

3 

- 2  

3 - 4  3 
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In the meantime, the injection project was dropped, s ince i t  was planned 

to produce more  oil from the reservoir  using new recovery techniques. 

POTENTIAL FOR SUBSURFACE WASTE INJECTION 

Fig. 4 gives an overview of the potential for injection of waste water and 

liquid waste a t  great depth in the Fed. Rep. of Germany on the basis of the 

given geological and hydrogeological conditions. 

Due to the lack of comprehensive regional investigations directed towards 

the injection of waste water a t  great depth i t  is possible to give only approximate 

boundaries according to the following categories for  the implementation of such 

projects: 

hydrogeologically suitable less suitable unsuitable. 

Therefore,  i t  is necessary to c a r r y  out detailed investigations in each case  

a s  a preliminary phase to the actual project in o rde r  to exclude future damage 

and unnecessary financial r isk.  

Hydrogeological conditions suitable for the injection of waste water a t  great 

depth a r e  present o r  probably present in the following a reas  of the Fed. Rep. 

of Germany: 

- North German Basin; 

- northern Lower Rhine district;  

- eastern Hesse; 

- Molasse Basin (South Germany). 

L e s s  suitable a r e  the Upper Rhine Graben and the Munsterland Basin. 

According to the present s ta te  of knowledge, all of the other regions have 

to be classified a s  pr imari ly  unsuitable. 
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