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Abstract

A  n e w  t e c h n i q u e  in soil t r e a t m e n t  h a s  r e c e n t ly  b e e n  
in t ro d u c e d .  Following t h e  s u c c e s s f u l  d e v e l o p m e n t  

of  t h e  BeauDra in® v a c u u m  con so l id a t io n  s y s t e m ,  
B oskalis  h a s  n o w  d e v e l o p e d  a n o t h e r  n e w  d re d g in g  

t e c h n i q u e  called  B e au D re d g e® .  C lea n  s a n d  is e x t r a c t e d  

f ro m  u n d e r n e a t h  t h e  (u n m a rk e ta b le )  t o p  layer  a n d  
c o n s e q u e n t l y  t h e  e x is t ing  g ro u n d  level is l o w e r e d  m o r e  
or  l e s s  u n d i s tu rb e d .  A  pilot p ro jec t  a t  t h e  K e te lm e e r  

(The N e th e r la n d s )  h a s  d e m o n s t r a t e d  t h a t  t h e  t e c h n i q u e  

is highly su i t a b le  for d e e p e n i n g  or  c o n s t ru c t in g  nav iga­
tion  c h a n n e l s  by  d re d g in g  u n d e r  ( c o n ta m in a te d )  u p p e r  
layers .  T h e  t e c h n i q u e  c a n  a ls o  b e  u s e d  for va r io u s  
o th e r  "soil  j o b s "  in hydraulic  e n g in e e r in g .

Introduction

A n entirely f r e s h  a p p ro a c h  h a s  b e e n  c h o s e n  for d e v e lo p ­

ing t h e  n e w  " k e y h o l e "  d re d g in g  t e c h n i q u e .  In T h e  
N e th e r la n d s ,  m a n y  of  t h e  d re d g in g  re la te d  p r o b le m s  

c o n c e r n  nautical  soil. In o th e r  w o r d s ,  nav igation  
c h a n n e l s  n e e d  to  b e  d r e d g e d  to  e n a b l e  v e s s e l s  to  

p a s s .  B ut  o f t e n  t h e  b o t t o m  c o n s i s t s  of  c o n t a m i n a t e d  
or  u n m a r k e t a b l e  s e d i m e n t  t h a t  n e e d s  to  b e  r e m o v e d  
a n d  t r e a t e d  or  d i s p o s e d  of.

"T ry  to  lo w e r  t h e  g r o u n d  level by  e x t ra c t in g  u s e a b l e  

s a n d  w i t h o u t  s p r e a d in g  d e p o s i t s " .  W i th  th is  ins t ruct ion  
in m in d  a t e a m  of e x p e r t s  s e t  to  w o rk .  T h e y  c o n c e iv e d  a 

t e c h n i q u e  t o  lo w e r  g r o u n d  levels  a n d  d e e p e n  c h a n n e l s  

by  d re d g in g  s a n d  u n d e r  ( c o n ta m in a te d )  u p p e r  layers,  
s o  p r e s e rv in g  t h e  p r o p e r t i e s  a n d  c o m p o s i t i o n  of  th a t  
layer. A  p re re q u is i t e  in d e v e lo p in g  th is  innova t ion  w a s  

t h a t  it had  to  b e  practical t o  i m p l e m e n t  a n d  c o m p e t i t iv e  

w i th  r e s p e c t  t o  s ta te -o f - th e -a r t  d re d g in g  t e c h n i q u e s .

W h i le  th is  t e c h n i q u e  w a s  b e in g  d e v e lo p e d ,  a c a s e  
s t u d y  w a s  a lso  c o n d u c t e d  into t h e  e c o n o m i c  feasibili ty. 
C a lc u la t ions  w e r e  m a d e  for b o th  a s h o r t - t e rm  s c e n a r io

(sm all- sca le  d e p lo y m e n t )  a n d  a lo n g - te rm  sc e n a r io  
( large-sca le  d e p lo y m e n t ) .  T h e  ca lcu la t ions  a ls o  inc luded  

t h e  e c o n o m i c  v a lu e  of  t h e  e x t r a c t e d  s a n d .  W h e n  it w a s  
fo u n d  t h a t  s u b - s u r f a c e  d re d g in g  w a s  b o th  techn ica l ly  

a n d  e c o n o m ic a l ly  f eas ib le ,  t h e  d e c is io n  w a s  m a d e  to  
t e s t  t h e  innova t ion  in p rac t ice .

P r o t o t y p e  T e s t i n g

T h e  B e a u D re d g e ®  s y s t e m  w a s  t e s t e d  for  t h e  first 

t i m e  in 2 0 0 3  o n  t h e  b a n k s  of  t h e  s a n d  b o r ro w  pit 
E n g e l e n m e e r  in Vlijmen (Noord-Braban t) .  W ith  a n e w ly  
built p r o to ty p e  e x t e n s i v e  g ro u n d  level low er in g  trials 
w e r e  carr ied  o u t  o n  land. S u b s e q u e n t ly ,  in t h e  sp r in g  of 

2 0 0 4 ,  a g r o u n d  level low er in g  trial w a s  carr ied  o u t  in 
E le r f te rw e te r in g  (Figure 1 ). U n d e r  c o n t r a c t  f ro m  t h e  

G ro o t  Salland distr ic t  w a t e r  b oa rd ,  t h e  g ro u n d  level 

w i th  a s u r f a c e  a r e a  of  a p p ro x im a te ly  2 h e c t a r e s  w a s  
l o w e r e d  by  0 .5  m .  T h e  a r e a  w a s  s u b s e q u e n t l y  u s e d  

for w a t e r  r e te n t io n  a n d  n a tu r e  d e v e l o p m e n t  p u r p o s e s .  
T h e  s a n d  p r o d u c e d  by  t h e  s u b - s u r f a c e  d re d g in g  w a s  

u s e d  e l s e w h e r e .  A n  a d v a n t a g e  of  s u b - s u r f a c e  d r e d g in g  
is t h a t  t h e  p r o p e r t i e s  of  t h e  u p p e r  layer a r e  m a in ta in e d  

a n d  t h e  " b e d  r e m a in s  b e d "  principle  is p r e s e r v e d .  
Following t h e  e n c o u r a g in g  re su l t s ,  t h e  d r e d g e r  

G u n f l e e t s a n d  w a s  re f i t ted  for th is  p u r p o s e  for t h e  

app lica tion  of  B e a u D re d g e ®  o n  w a te r .

K e t e l m e e r  D r e d g i n g  T r i a l

In collaboration w ith  T h e  N e th e r la n d s  Direc tora te -Genera l  

for T ra n s p o r t ,  Public W o r k s  a n d  W a t e r  M a n a g e m e n t  
(RWS), I j s s e l m e e r  D e p a r t m e n t ,  Boskalis  i m p l e m e n t e d  

a pilot p ro je c t  to  i n v e s t ig a te  w h e t h e r  t h e  p ro je c te d  

H a n z e ra k - W e s t  d e e p e n e d  nav iga t ion  c h a n n e l  cou ld  b e  
c o n s t r u c t e d  a t  t h e  K e te lm e e r  in a po l lu ted  b e d ,  w i th  

t h e  e x t r e m e ly  e x p e n s i v e  r em ed ia l  d re d g in g  b e ing  
p o s t p o n e d  or  e v e n  o m i t t e d .  A  m u tu a l  a im  w a s  th a t  
b o th  pa r t ie s ,  initiator a n d  p a r tn e r ,  sh o u ld  b e  ab le
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t o  gain  ins igh t  into t h e  b a c k g r o u n d  of  t h e  t e c h n iq u e .  
T h e y  o p t e d  for  a joint m on i to r in g  co n t ra c t .  This  s a v e s  

c o s t s  a n d  e n s u r e s  in v o lv e m e n t  f ro m  b o th  s id e s .
T h e  a n t ic ip a te d  re su l t  of  t h e  pilot p ro jec t  (product)  

w a s  t o  lo w e r  a pa r t  of t h e  nav iga t ion  c h a n n e l  a t  t h e  

K e te lm e e r  to  t h e  re q u i re d  d e p th .
T h e  fo llow ing p re c o n d i t io n s  w e r e  s p e c i f i e d  b e f o re h a n d  
in a soil r e m o v a l  perm it:

•  b e d  low er in g  d e p t h  to l e r a n c e  a p p ro x im a te ly  1 .5  m;

•  o v e r f lo w  during  s u b - s u r f a c e  d re d g in g  (d ischarg ing  
w a t e r - s a n d  m ix ture )  w a s  n o t  p e rm i t t e d ;  a n d

•  c le a n  e x t r a c t e d  s a n d  h a s  e c o n o m i c  v a lu e  a n d  is 
t o  b e  u s e d  a s  fill m ate r ia l  ( c o n s t ru c t in g  a n a tu r e  

c o n s e rv a t io n  island).

I m p l e m e n t a t i o n

R W S  m a d e  a 6 0  x  1 6 0  m  s e c t io n  of  t h e  nav igation  

c h a n n e l  a t  t h e  K e te lm e e r  available  for t h e  pilot p ro jec t  

(F igures 2, 3  a n d  4). Geologically  t h e  IJs se l  Delta  is an  

in te re s t in g  a rea .  In t h e  P l e i s to c e n e  Period ,  t h e  I Js se l  
w a s  a f a s t  f low ing  river, w h ic h  b r o u g h t  in c o a r s e  s a n d  
t h a t  s e t t l e d  in t h e  K e te lm e e r .  In t h e  la ter  F lo locene  

Period ,  t h e  river s t a r t e d  to  m e a n d e r  a n d  t h e  f lo w  

ve loc i ty  d e c l in e d  resu l t ing  in l e s s  a n d  f iner  s a n d  a n d  
later c lay w i th  p e a t  fo rm a t io n  b e in g  in t ro d u c e d .  T h e  
u n u s a b l e  u p p e r  layer of  c lay a n d  p e a t  is a p p ro x im a te ly  

3  m  thick. T h e  s a n d  w a s  e x t r a c t e d  a t  a d e p t h  of 

ap p ro x im a te ly  6  m  b e l o w  b o t t o m  level (ap p ro x im a te ly  
10  m  b e l o w  th e  A m s t e r d a m  O r d n a n c e  D atum ) .

This  d e p t h  lies roughly  o n  t h e  t ransi t ion  of  c o a r s e  a n d  
f ine s a n d .  T h e  grain s iz e  of  t h e  d r e d g e d  s a n d  h a s  a 

D50 of  1 9 1 -3 3 5  p m .  A c c o rd in g  to  t h e  r e q u i r e m e n t s  of  

S t a n d a r d  R A W  2 0 0 0  th is  s a n d  is su i ta b le  a s  d ra in a g e  

s a n d  (partially) a n d  fill m ateria l .

S in c e  o v e r f lo w in g  w a s  n o t  p e r m i t t e d  dur ing  t h e  pilot 

p ro jec t ,  t h e  total w a t e r - s a n d  m ix tu re  w a s  d i s c h a rg e d  

into h o p p e r  b a r g e s  of  a p p ro x im a te ly  8 0 0  m 3. In o rd e r  to  
p r e v e n t  o v e r f lo w  a t  all t h e  b a r g e  w a s  filled to  a pp rox i­
m a te ly  6 0 0  m 3 (150 m 3 s a n d  a n d  4 5 0  m 3 w a te r ) .  T h e  
b a r g e  w a s  t h e n  t r a n s p o r t e d  to  t h e  d isc h a rg in g  location 

in t h e  m o u t h  of  t h e  River IJs se l  a p p ro x im a te ly  5  k m  
a w a y  f ro m  t h e  d re d g in g  s i te .  Flere  t h e  w a t e r  w a s  

p u m p e d  into a se t t l ing  bas in  a n d  t h e  s a n d  w a s  u s e d  to  
c o n s t r u c t  a n a tu r e  c o n s e r v a n c y  island.

M o n i t o r i n g

A  c o m p r e h e n s i v e  m on i to r in g  p r o g r a m m e  w a s  d r a w n  

u p  to  he lp  e v a lu a t e  t h e  trial properly .  A n y  d i rec t  a n d  

indirect  e f f e c t s  o n  t h e  e n v i r o n m e n t  w e r e  e x a m in e d .  
T h e  fo llow ing p a r a m e t e r s  w e r e  e s t a b l i s h e d  b e fo re ,  
dur ing  a n d  a f te r  t h e  trial:

•  soil s t r u c tu r e  a n d  quality;
•  w a t e r  d e p th ;

•  s u s p e n d e d  s e d i m e n t  (quali ty a n d  quantity);
•  w a t e r  quality;

•  g r o u n d w a t e r  level a n d  quali ty  ( including salinity);

•  e c o lo g y  of  t h e  w a t e r  b e d .

T h e  m e a s u r e m e n t s  w e r e  ca rr ied  o u t  a c c o rd in g  t o  a 
m on i to r in g  a n d  m e a s u r e m e n t  plan d r a w n  up  jointly 
(by initiator a n d  par tner) .  External  quali ty  con tro l  w a s  

s u p e r v i s e d  by  t h e  D e v e n t e r  e n g in e e r in g  c o n su l t in g  f irm 
of W i t t e v e e n  e n  Bos.

B e s id e s  t h e  e n v i r o n m e n ta l  e f f e c t s ,  s e v e ra l  p r o c e s s  

p a r a m e t e r s  of  t h e  d re d g in g  p r o c e s s  w e r e  m e a s u r e d  

including:
•  f lo w  r a t e s  of  t h e  d r e d g in g  s y s t e m ;
•  g rain-s ize d istr ibution  of  t h e  e x t r a c t e d  sa n d ;

•  d e n s i ty  of  t h e  w a t e r - s a n d  m ix tu re .
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T h e  provisional  r e s u l t s  s h o w  t h a t  t h e  trial is runn ing  
a c c o rd in g  t o  e x p e c t a t i o n s .  O n e  of  t h e  provisional c o n ­
c lu s io n s  is t h a t  B e a u D re d g e ®  c a u s e s  neglig ib le  turb id ity  

a n d  t h a t  t h e  g r o u n d w a t e r  level in t h e  s u r ro u n d in g  

p o ld e r s  is n o t  a f fe c te d .  M o re o v e r ,  it w a s  fo u n d  th a t  
t h e  (rem aining)  soil layers  d o  n o t  mix. T h e  d r e d g e d  

s a n d  is u s e d  in a p ro jec t  for t h e  c o n s t ru c t io n  of  a n a tu r e  

c o n s e r v a n c y  island (crea ting  " w o r k  w i th  w o rk " ) .
During t h e  p r o c e s s ,  a s  m u c h  e x p e r i e n c e  a s  p o s s ib le  is 

b e in g  g a in e d  w i th  d i f fe ren t  p r o c e s s  var ia t ions  s o  th a t  
o n  eva lua t ion ,  t h e  poss ib il i t ies  of  t h e  n e w  s u b - s u r f a c e  
d re d g in g  t e c h n i q u e  b e c o m e  o b v ious .

Conclusions

A  n u m b e r  of  app lica tion  p o te n t ia l s  of  B e a u D re d g e ®  

h a v e  b e e n  identified. T o  d a te ,  t h e  k e y h o le  d re d g in g  

t e c h n i q u e  h a s  b e e n  u s e d  for c o n s t ru c t in g  a r e te n t io n  
bas in  a n d  d e e p e n i n g  a navigation  ch a n n e l .  In t h e  fu tu re ,  
p ro je c t s  c ou ld  a ls o  b e  carr ied  o u t  for profile w id e n in g  
in t h e  c o n t e x t  of  t h e  " R o o m  for t h e  River"  p ro jec t  

(a g o v e r n m e n t a l  plan to  in v e s t  2 billion E u ro s  to  p r o te c t  

p a r t s  of  t h e  R h ine  a n d  M a a s  a g a in s t  f looding a n d  o th e r
Figure 7. The BeauDredge® during construction o f retention 
basin at the Herften/vetering.

Figure 2. The BeauDredge® at the pilot project, the deepening 
o f the navigation channel Fiazerak-West in the Ketelmeer.

Figure 3. A  view o f the control panel o f the BeauDredge® 
Installation.

Figure 4. A  close up o f the BeauDredge® installation.
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c o n s e q u e n c e s  o f  high w a t e r  levels) a n d  fo r  Improving 

w a t e r  quality. T o  th is  e n d ,  s a n d  b e l o w  t h e  e u t ro p h le d  
(food-rich) w a t e r b e d  Is d r e d g e d  a n d  t h e  f ine  f rac tion  

u s e d  a s  c o v e r  for  t h a t  s a m e  w a t e r b e d .  T h is  Is p o s s ib le  
by  a l low ing  t h e  o v e r f lo w  to  s e t t l e  In a con tro l led  
m e t h o d  or  by us ing  an  a d v a n c e d  d is tr ibu tion  m e t h o d .

T h e  t e c h n i q u e  c a n  b e  fu r th e r  u s e d  for se lec t iv e ly  

e x t ra c t in g  high quality  s a n d  ( su ch  a s  s a n d  for Industr ial  
p u r p o s e s ) ,  b e l o w  silt t h a t  p u rp o s e ly  h a s  b e e n  d is ­

c h a r g e d  Into d e s e r t e d  s a n d  b o r r o w  pits or  b e l o w  

natural  silt d e p o s i t s .

T h e r e  a r e  o th e r  g o o d  o p p o r tu n i t i e s  for  th is  t e c h n i q u e  
a s  well.  In a r e a s  w h e r e  for e x a m p l e  s e a  g r a s s  or  o th e r  

v u ln e ra b le  b e d  v e g e t a t io n  o c c u r s ,  It Is p o s s ib le  to  

d r e d g e  w i th o u t  c a u s in g  a p p re c ia b le  d a m a g e  to  t h e  
flora a n d  f a u n a .  B e a u D re d g e ®  faci l i ta tes  a n u m b e r  of 

n e w  hydraulic  e n g in e e r in g  jo b s  t h a t  w e r e  p rev iously  
t echn ica l ly  Im p o s s ib le  a n d  e c o n o m ic a l ly  u n feas ib le .

Figure 5. Steps 1 through 3 show the extraction o f clean sand in circles from the layer underneath.

Application of the BeauDredge® Technique
T h e  n e w  t e c h n iq u e ,  w h ic h  Is called k e y h o le  d r ed g in g  

or  B e au D re d g e® ,  h a s  b e e n  d e v e l o p e d  In -h o u se  In 
c o o p e r a t i o n  w i th  v a r io u s  d e p a r t m e n t s  a t  Boskalis.  
Existing s u b - s u r f a c e  t e c h n i q u e s  h a v e  b e e n  u p g rad ed ,  
r esu l t ing  In a m e t h o d  w h e r e  c lean  s a n d  Is e x t r a c t e d  

f ro m  u n d e r  a n  u p p e r  layer  w i th o u t  a n y  mixing or 

s p r e a d in g  t h e  u p p e r  layer. During th is  p r o c e s s ,  
t h e  u p p e r  layer  s e t t l e s  In a c on t ro l le d  m a n n e r ,  

w h i le  Its c h a r a c t e r  a n d  p r o p e r t i e s  r e m a in  Intact 

( " b e d  r e m a in s  b e d " ) .  A s  a resu l t ,  b e d  low er ing  
c a n  In m a n y  c a s e s  b e  a c h i e v e d  w i th o u t  r e m ed ia l  

d r e d g in g  b e in g  n e c e s s a r y ,  w h i le  t h e  e x t r a c t e d  s a n d  

c a n  b e  u s e d  a s  c o n s t ru c t io n  m aterial .

In o rd e r  t o  gain  Insight  Into t h e  geo log ical  m a k e -u p ,  
soil Invest iga t ion  a n d  s o u n d i n g s  a r e  carr ied  o u t  

b e f o re h a n d .  Th is  d a ta  Is I n d i s p e n s a b le  w h e n  p r e p a ­

ring a d re d g in g  plan. B a s e d  o n  t h e  t y p e  of  sa n d ,  

t h e  d e n s i ty ,  a n d  s o  on, t h e  a r e a  t o  b e  l o w e r e d  Is 
g r ld d e d  a n d  t h e  In form ation  s a v e d  to  a cen tra l  
c o m p u t e r .  In t h e  d i f fe ren t  p r o c e s s  s t a g e s  o p e r a to r s  

c a n  v i e w  th e  In form ation  o n  the ir  o w n  m o n i to rs .  

D G P S  Is u s e d  for posit ion ing .

In o rd e r  t o  r e a c h  d e e p e r  s a n d  layers ,  a d i s p l a c e m e n t  

drilling m e t h o d  Is u s e d  t o  drill t h e  d re d g in g  tool 
-  of  w h ic h  t h e  s u c t io n  m o u t h  Is c lo s e d  dur ing  th is

p h a s e  -  t h r o u g h  t h e  u p p e r  b e d  layer.  A  s t a n d a rd  

vert ical  drilling rig Is u s e d  of  t h e  t y p e  u s e d  for 

c o n s t ru c t in g  fo u n d a t io n  pi les . O n c e  t h e  t a r g e t  d e p t h  
h a s  b e e n  r e a c h e d ,  a horizontal (or o th e r  req u i red  

ang le )  je t  is u s e d  t o  e r o d e  t h e  s a n d .  F ro m  t h e  
p a r a m e t e r s  s e t  ( su ch  a s  p r e s s u r e  a n d  f lo w  rate)  It Is 

p o s s ib le  t o  d e t e r m i n e  w h e n  t h e  o p t i m u m  horizontal 

p e n e t r a t i o n  d e p t h  h a s  b e e n  r e a c h e d .  T h e  d re d g in g  
tool  Is t h e n  r o ta te d  s lo w ly  until t h e  circular  layer  of 

s a n d  a ro u n d  t h e  tool h a s  b e e n  e x t r a c t e d  (Figure 5). 
During  t h e  d r e d g in g  p r o c e s s  t h e  f l o w s  of  je t  w a t e r  

a n d  t h e  e x t r a c t e d  w a t e r - s a n d  m ix tu re  a r e  k e p t  equal .  
T h is  p r e v e n t s  a b lo w -o u t  or  co l lapse .

Following d re d g in g ,  gravity  a l lo w s  t h e  u p p e r  layer to  

s e t t l e  gradually  w i t h o u t  c h a n g in g  t h e  c h a r a c t e r  a n d  

p r o p e r t i e s  or mixing t h e  soil layers. A full cy c le  t a k e s  
a p p ro x im a te ly  3 5  m in u te s .  Indicative p ro d u c t io n  Is 

1 5 0  m 3 s a n d  p e r  hour.

During t h e  d re d g in g  o p e ra t io n ,  regu la r  m e a s u r e m e n t s  
a r e  ta k e n :  so u n d in g s ,  s u b - b o t t o m  profiling, a n d  s o  on. 

T h e  re su l t s  a re  u s e d  for t h e  p r o c e s s  control a n d  quality 
con tro l  of  t h e  d re d g in g  p r o c e s s .  In addit ion ,  t h e  d a ta  

Is s a v e d  t o  a d a t a b a s e  t o  build u p  a k n o w l e d g e  b a s e  

w i th  p r o c e s s  p a r a m e t e r s  fo r  t h e  d i f fe ren t  s o r t s  of 
s a n d  e x t r a c t e d  by m e a n s  of k e y h o le  d red g in g .
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