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ACCIDENTAL WATER POLLUTION CAUSED BY 16,000 BOTTLES OF "SAUTERNES" 

J. AUBIC 

Centre d'HydrogGologie, Universitd de Bordeaux I - 33405 TALENCE CEDEX - France 

ABSTRACT 
3 During the  winter of 1975, 12 m of wine acc ident ly  polluted the water well of 

a "ch9teau" i n  the Sauternes rGgion. 

After  discussing the  acc ident ,  we w i l l  study the contamination of the  water 
and our measures t o  pur i fy  the wel l .  

INTRODUCTION 

We had previously experienced a successful  decontamination of  an a l l u v i a l  water 

bed almost without stopping the  supply of water t o  a population of 10,000 people 

( 1 ) .  

As we were fac ing  an apparent ly  t r i v i a l  po l lu t ion  we expected t o  overcome it 
rap id ly .  After  3 years  the problem remains unsolved, we therefore  descr ibe our 
d i f f i c u l t i e s  : f i r s t  the acc ident ,  then the pol lu t ion  and the means implemented 

t o  resorb  i t  a s  well a s  the causes of our r e l a t i v e  f a i l u r e .  

THE ACCIDENT 

I t  took place i n  a "chateau" of the  Bordeaux region where a grea t  Sauternes wine 

is  produced. Formerly, before  b o t t l i n g  the  white wine the b a r r e l s  were put outs ide 

i n  winter  i n  order  t o  p r e c i p i t a t e  deposi ts  c o m n l y  ca l led  "wine stone". 

On February 14th 1977, experimentally the cryogenic device of a 5 CV cooler 

was inser ted  i n  a 25 m buried concrete  tank f u l l  of wine and located i n  a "chai" 
(wine c e l l a r ) .  

3 

The evolut ion of the  temperature of the wine was checked so a s  t o  remain a t  
3 -5OC during 5 days. After  a 12 day period the  tank leaked and 11.673 m 

( the  equivalent  of  16,000 b o t t l e s )  were poured i n t o  the  s o i l .  

of wine 

HYDROGEOLOGY OVERVIEW 

The "ch9teau" was suppl ied by a s ing le  w e l l  meeting i ts  needs. The water came 

from p r e c i p i t a t i o n s  on a small bas in  the neares t  p a r t  of which i s  the "ch9teau" 

ground and can be considered a s  a pro tec t ion  a rea .  The aquiferous s o i l s  a r e  
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composed o f  f l u v i a t i l e  a l l w i o n s  wi th  a e o l i a n  d e p o s i t s .  On t h e  s u r f a c e  one obser- 

ved coa r se  g r a v e l s ,  s ands  and s i l ts  where t h e r e  a r e  probably l e n t i c u l a r  l e v e l s  r i c h  

i n  c o l l o i d s  ; f e r r i c  compounds are abundant.  

When t h e  a c c i d e n t  occured t h e  water l e v e l  i n  t h e  we l l  w a s  l o c a t e d  a t  over 6 
meters under t h e  ground which is  about  4.30 m below t h e  t ank  bottom. Thus t h e  

tank w a s  i n  t h e  so-cal led non s a t u r a t e d  zone. 

TANK DEGRhDATION 

The t ank  l e a k  can be explained by f l u i d  mechanic cons ide ra t ions .  I n  t h e s e  s o i l s  

with v e r t i c a l  c o n t r a s t e d  p e r m e a b i l i t i e s  and according t o  Darcy's law t h e  ho r i zon ta l  

t r a n s f e r  speeds (V,) a r e  much h ighe r  than t h e  v e r t i c a l  t r a n s f e r  speeds V 

speed r a t i o s  a s  a func t ion  of pe rmeab i l i t y  r a t i o s .  

V' 
Assuming t h a t  t h e  b i - l aye r s  have t h e  same th i ckness  t h i s  y i e l d  the  fol lowing 

Pe rmeab i l i t y  r a t i o s  10.0 100.0 1000.0 

Speed r a t i o s  3 .O 22.5 250.5 

There i s  no reason why i n  t h e  non-saturated zone these  r a t i o s  (gas-f luids)  

shoud be ve ry  d i f f e r e n t .  T r a n s f e r s  w i th  a dominating h o r i z o n t a l  component become 

p r e f e r e n t i a l  i n  shee t  s o i l s ,  s i n c e  f o r  gases  g r a v i t a t i o n  p l ays  no p a r t .  

Consider ing t h a t  s o i l  humidity i s  n e a r  t h e  s a t u r a t i n g  vapor t e n s i o n ,  we see  

t h a t  when temperature goes from 12°C t o  O°C t h e  a b s o l u t e  humidity f a l l s  from 
11.0 gm-3 t o  4.85 gm-3. S o i l  coo l ing  produces 6.15 gm-3 of water condensat ion.  

According to t h e  "cold w a l l "  p r i n c i p l e  i n  t h e  vapor phase,  t r a n s f e r ,  condensat ion 

and water  s o l i d i f i c a t i o n  t ake  p l a c e  of cour se  with c a l o r i e  abso rp t ion .  Adding 

t h i s  t o  t h e  s o i l  humidity ( l i q u i d )  which i s  very high i n  win te r  i n  ou r  c l ima tes  

we understand t h a t  very soon t h e  medium becomes almost l i q u i d  s a t u r a t e d .  

From t h e  w a l l s ,  a p r e f e r e n t i a l  s eg rega t ion  o f  t h e  3 water  phases occured,  

followed by "pipkrake" formation.  The i c e  t h u s  formed i s  no t  t h e o r e t i c a l l y  i s o t r o -  

p i c ,  t h e  p re s su re  sometimes p reven t s  t h e  water  from i c i n g  up. Liquid water  c e l l s  

caught i n  i c e  must have been formed, t h e  water  was thus immobilized. As t he  pro- 

ceaa frdm l i q u i d  t o  s o l i d  water causes  an  expansion and a s  t h e  s o l i d  medium has a 
l imi t ed  c o m p r e s s i b i l i t y  a r i s e  i n  p r e s s u r e  took p l ace .  

I n  a s o l i d  medium and on t h i s  s c a l e  convect ion i s  low and conduction l i m i t e d ,  

t h e  i c e  formed o r thogona l ly  t o  t h e  thermal flow i n s u l a t e s  b e t t e r  than water  ; 

an  i n c r e a s i n g  energy b u i l t  up i n  a thermodynamically more and more closed medium : 
hence a m r e  and more e f f i c i e n t  "hydraul ic  jack" was c o n s t i t u t e d .  The usab le  e n e r m  

(we don ' t  know wi th  p r e c i s i o n  t h e  e f f i c i e n c y )  was cons ide rab le  a s  i t  was equ iva len t  

t o  1250 kg T.N.T. combustion. 

The tank bottom could not  w i ths t and  i t ,  i t  broke up i n  a s t a r  shape. The l o s s  of 
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t h e  wine which, t o  l e a k  away had t o  m e l t  t h e  i ce ,  can be exp la ined  because be ing  

ve ry  f a r  from i ts  f r e e z i n g  p o i n t  (-12OC) made a cryogenic  mixture  (Raou l t ' s  law) 
wi th  t h e  water. 

POLLUTION 

Althought  t h e  d i s t a n c e  s e p a r a t i n g  t h e  t ank  from t h e  wel l  d i t  n o t  exceed 17 m i t  

took a long  time t o  associate t h e  well p o l l u t i o n  wi th  the wine l o s s .  A l l  o t h e r  

p o s s i b l e  causes  were i n v e s t i g a t e d .  
3 The 11.7 m of wine must have con ta ined  roughly 1.5 t of organic  matters 

(normally n i c e l y  biodegradable)  c o n t a i n i n g  : 

Alcohol ...................... 1310 kg 

Tar t r ic  a c i d  ................. 58.5 kp 

Glycerol  ..................... 176 kg 

Polyphenol ................... 5,85 kg 

I r o n  ......................... 11,7 kg 

Copper ....................... 4.1 kF: 

Sulphured compounds .......... 
I n  Autumn 1977 d u r i n g  one of  ou r  v i s i t s  w e  no t i ced  t h a t  t h e  w e l l  water had an  

i n t o l e r a b l e  tas te  and smell. On con tac t  w i th  t h e  a i r  it y ie lded  sap rophy t i c  colo-  

n i e s  of mucilages aggrega t ion  i n  "f locks" and exh ib i t ed  l a r g e  amounts of  f e r r i c  

i r o n .  Except f o r  t h e  o r g a n o l e p t i c  c h a r a c t e r i s t i c s  and t h e  presence of  i r o n ,  t h e  
classical  l e g a l  a n a l y s i s  met t h e  s t anda rds  f o r  d r ink ing  water .  The owner of  t h e  

"ChSteau" claimed t h a t  t h e  w e l l  f low rate had much decreased. 

P o l l u t i o n  had been a t t r a c t e d  towards t h e  w e l l ,  the  wine decomposition took 

p l a c e  i n  a r e d u c t i n g  medium, t h e  s o i l  i r o n  had been s o l u b i l i z e d  and t h e  presence 

of su lphure  compounds induced t h i o l s .  To e l i m i n a t e  p o l l u t i o n  on ly  r e q u i r e d  t h e  

b iodegrada t ion  a c c e l e r a t i o n  by supplying oxygen and e x t r a c t i o n  r e s i d u e s .  I n  

s h o r t ,  t h e  water bed t r a n s f e r  i n c r e a s e  t o p e t h e r  with a l e v e l  dec rease  ( i . e .  pum- 

ping) were necessa ry .  

DECONTAMINATION ATTEMPTS : 

A f t e r  p l a c i n g  a water  l e v e l  and a "P i to t "  r e c o r d e r s  w e  determined the  a q u i f e r  

c h a r a c t e r i s t i c s .  The t i m e  r e q u i r e d  t o  reach t h e  tank l e v e l  w i th  t h e  deDression 

was e s t ima ted  a t  1 % .  From t h e  supposed water bed flow and from t h e  contami- 
na t ed  a r e a s  e s t i m a t e ,  p r e v i s i o n n a l  c a l c u l a t i o n s  i n d i c a t e d  t h a t  a pumpinR t i m e  of 

some 3 months would be necessa ry .  

5000 m3. The water pumped o u t  was r e j e c t e d  200 m downstream and formed a pond 

which made t h e  en t r ance  t o  the  "ChSteau" d i f f i c u l t .  

Four pumpings of  a cumulated d u r a t i o n  of 150 days were c a r r i e d  ou t  t o  e x t r a c t  
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We a l s o  though t tha t  d u r i n g  b reak  p e r i o d s  a n a t u r a l  decontaminat ion would 

occur .  

A few days a f t e r  each pumping began, t he  w e l l  s u r f a c e  becomes i r i d e s c e n t  

(organic  matter i n  quasi-monomolecular f i l m ) ,  t h i s  would d i sappea r  l a t e r  on. Pol- 

l u t i o n  seemed t o  dec rease  wi th  however a tendency t o  s t a b i l i z e  i t s e l f .  But on the  

next pumping w e  found a water which had a p p a r e n t l y  recovered p a r t  of i t s  p o l l u t i o n .  

I n  November 1980 w e  undertook a t  a ve ry  low flow ra te  (10 m pe r  day)  a tes t  3 

which i s  s t i l l  going on. We checked almost  d a i l y ,  ove r  a month and weekly a f t e r -  

wards, t h e  major physico-chemical elements of  t h e  pumped water (with Hach D r e l 2  

p o r t a b l e  t es t  e q u i p ) .  The main r e s u l t s  are p resen ted  t a b l e  1 and we n o t i c e  t h e  
fo l lowing  f a c t s  : 

- t he  e x t r a c t e d  i r o n  q u a n t i t y  exceeds t h a t  con ta ined  i n  t h e  wine. 

- a q u a n t i t y  o f  n i t r a t e s  and n i t r i t e s  was pumped ou t  whereas t h e  wine con ta ins  
very few n i t r o g e n  compounds. 

- ca rbon ic  anhydride c o n t e n t s  i n d i c a t e  a s l i g h t  gas removal o f  t h e  water a t  atmos- 
phe r i c  p r e s s u r e .  I t  proves t h a t  e p u r a t i o n  t a k e s  p l a c e  wi th  a h i g  a i r  percentage 
i n  t h e  gaseous phase.  

- c h l o r i d e  concen t r a t ions  are r e l a t i v e l y  s t a b l e .  

- su lpha te  and b i ca rbona te  c o n t e n t s  are n o t  s i m i f i c a n t  even though a mine ra l i s a -  

t i o n  seemed t o  occur  a t  t h e  beg in in  o f  t he  p o l l u t i o n .  

- t h e  water  contained i n  b o t t l e s  a t  20°C evolves  qu ick ly  ; a f t e r  1 t o  3 days a 
f l a k y  d e p o s i t  appears  which l i t t l e  by l i t t l e  becomes a ve ry  small b l a c k  aggrega- 

t e  appa ren t ly  c o n s t i t u t e d  of carbon p o s s i b l y  a s s o c i a t e d  with non s o l u b l e  metal 
su lph ides .  

- t h e  concen t r a t ions  of  e lements  a s s o c i a t e d  with t h e  contaminat ion undergo f luc -  
t u a t i o n s  much h ighe r  t han  p o s s i b l e  a n a l y t i c  e r r o r s  as i f  e l u t i o n  took p l a c e  i n  

success ive  waves. 

There are s t i l l  very few n i t r i t e s  and t h e  r a t i o  n i t r a t e s  ove r  n i t r i t e s  a l thouph 

v a r i a b l e s  seems t o  va ry  more s lowly than t h e  c o n t e n t s  themselves.  

The Flyght pump equipment Bibo 1 l oca t ed  i n  t h e  w e l l  p rov ides  a f low a l l  t he  

more powerful as the  l e v e l  i s  h ighe r .  We thus  expected a p s e u d o - s t a b i l i s a t i o n  

which was never  achieved.  

The i n f l u e n c e  of t he  r a i n  a lone  i s  n o t  s u f f i c i e n t  t o  e x p l a i n  these  anomalies ; 

we f e l t  t h a t  s e l f  e p u r a t i o n  p rocesses  occur wi th  d i f f e r e n t  v e l o c i t i e s  dependent 

on one ano the r .  It j s  as i f  t h e  s o i l  behaves with t h e  wine l i k e  a hupe chromato- 

graphic  column. The s o i l  and t h e  p r e e x i s t i n g  o rpan ic  matter from beneath t h e  t ank  

absorbed p r e f e r e n t i a l l y  c e r t a i n  wine compounds. Micro-organisms a t t a c k e d  p o l l u t i o n  

i n  a h igh ly  r educ ing  medium ( g l y c e r o l )  ; decomposition p roduc t s  consumed by o t h e r  

micro-organisms provided s o l u b l e  compounds which went t o  t h e  w e l l  ; t h e r e  under 

new micro-organisms they generated mucilages and aggrega te s  which w e  sometimes 
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pumped out  and which must clog t h e  s o i l s .  That i s  why the oxygen from the water 
bed reaches them with more and more d i f f i c u l t y .  

The energy generated which is e a s i l y  consumableallowg furthermore the  a t t a c k  

on previously f o s s i l i z e d  organic  matter. 
We pump out a water mixture from a medium where because of the  "blocking" 

(ac t ing  a s  a pro tec t ive  layer )  and because of the  slowness of c e r t a i n  processes 
it i s  not poss ib le  t o  a c t i v a t e  decontamination. 

The water bed regenerat ion seems t o  be t r i b u t a r y  of the s lowiest  phenomenon ; 

the  low s o i l  temperature makes by the  wa, the  work of the micro-organisms r e l a -  

t i v e l y  slow ( 2 ) .  

CONCLUSIONS 

From the  accident  described and the  subsequent observations we can draw the 

following conclusions : 

- Under t h e  inf luence of a temperature gradient  the t r a n s f e r s  of water i n  vapor 
phase can be very important. 

- The l e g a l  chemical analyses  a r e  not representa t ive  of c e r t a i n  pol lu t ions .  
- S o i l s  behave l i k e  a huge chromatographic column where micro-organism colonies  

pro tec t  themselves i n  waterproofing l o c a l l y  the aqui fe r .  

From threshold e f f e c t s  the  s lowiest  phenomenon imposes i t s  speed on the wole 

epurat ion process. 

- It can be dangerous t o  enclose i n  homothermic medium beyond the reach of plant  

roo ts  organic  mat ters  with a high energy power. 

- Before general ishing more o r  1ess .epura ted  e f f l u e n t  in jec t ions  i n  s o i l s ,  i t  
would thus be reasonable t o  study methodically the various self-epurat ion processes 

a s  a funct ion of po l lu tan ts  on one hand and the  nature  and dimension of s o i l  pores 

on the o ther  hand ( 3 ) .  
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