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Espericnce w it11 Development of Peat Deposits at 
W a l i  Disliey World, Florida, 

C o n s i d e r a b l e  e x p e r i e n c e  was g a i n e d  w i t h  t h e  
deve lopr r~cnt  oE s i t e s  u n d e r l a i n  w i t h  p e a t  and 
h i g h l y  o r g a n i c  s o i l s  a t  Walt  Disney  World i n  
c e n t r a l  F l o r i d a .  The most  s t r a i g h t f o r w a r d  
a p p r o a c h  was t o  t o t a l l y  e x c a v a t e  t h e  o r -  
g a n i c s  and r e p l a c e  them w i t h  s a n d  f i l l .  The 
e x c a v a t i o n  t e c h n i q u e s  and equipment  used  
depended  o n  t h e  t o t a l  d e p t h  o f  o r g a n i c s ,  t h e  
s i z e  o f  t h e  a r e a  to be e x c a v a t e d ,  and t h e  
s e a s o n a l  g roundwater  c o n d i t i o n s .  V a r i o u s  
s u r c h a r g i n g  t e c h n i q u e s  were used  t o  s t a b i -  
l i z e  t h e  p e a t  b e f o r e  c o n s t r u c t i o n .  S e v e r a l  
s p e c i a l i z e d  a p p r o a c h e s  were used  s u c c e s s -  
f u l l y :  ( a )  A p o r t i o n  o f  a  major  l a g o o n  was 
d e v e l o p e d  by compress ing  a  t h i c k  o r g a n i c  
p r o f i l e  by s u r c h a r g i n g .  V e r t i c a l  compres-  
s i o n s  o f  up t o  1 5  f t  (3 .0  to 4.6 m) were 
a c h i e v e d ,  t h u s  a v o i d i n g  t h e  need  f o r  s i g -  
n i f i c a n t  e x c a v a t i o n  and d i s p o s a l .  ( b )  A 
c o n t r o l l e d  s u r c h a r g e  program was u s e d  t o  
d e v e l o p  o v e r  3,000 l i n e a r  f t  (0.9 km) o f  a  
major  f o u r - l a n e  a c c e s s  r o a d  o v e r  a n  o r g a n i c  
p r o f i l e  e x t e n d i n g  t o  d e p t h s  o f  1 0  to 14 f t  
(3 .0  to  1 2 . 2  m )  . S u r c h a r g i n g  was found t o  
s t a b i l i z e  t h e  p e a t  by removing p r i m a r y  con- 
s o l i d a t i o n  and  r e d u c i n g  t h e  r a t e  o f  second-  
a r y  c o m p r e s s i o n .  ( c )  A s e c t i o n  o f  an e l e -  
v a t e d  m o n o r a i l  s y s t e m  i n  a  d e e p  o r g a n i c  a r e a  
was d e v e l o p e d  i n  a  phased  s e q u e n c e  o f  s u r -  
c h a r g i n g ,  p a r t i a l  removal  o f  s u r c h a r g e ,  
d r i v i n g  p i l e s ,  and a d d i t i o n a l  s u r c h a r g e  
removal .  ( d )  A f i n i t e - e l e m e n t  program was 
used t o  a s s e s s  t h e  g e n e r a l  v e r t i c a l  and 
h o r i z o n t a l  d i s p l a c e m e n t  p a t t e r n  w i t h i n  a  
sand  f i l l  e x t e n d i n g  p a r t l y  o v e r  h i g h l y  com- 
p r e s s i b l e  o r g a n i c  soils. The p u r p o s e  o f  t h i s  
s t u d y  was to  e v a l u a t e  t h e  d i s t a n c e  from t h e  
edge  o f  t h e  s o f t  g round a r e a  where a  s t r u c -  
t u r e  c o u l d  be  s a f e l y  s u p p o r t e d  i n  t h e  s a n d  
f i l l .  

Walt  Disney World is l o c a t e d  i n  c e n t r a l  F l o r i d a  
a b o u t  1 5  miles (24 kin) s o u t h  o f  O r l a n d o  ( F i g u r e  1 ) .  
The Disney  World p r o p e r t y  c o n t a i n s  a p p r o x i m a t e l y  42 
s q u a r e  m i l e s  (109 k m 2 )  o f  l a n d .  B e f o r e  d e v e l o p -  
ment, much of  t h e  p r o p e r t y  was c o v e r e d  w i t h  d e n s e  
v e g e t a t i o n  and t h e r e  were l a r g e  a r e a s  t h a t  were  
swampy a n d  u n d e r l a i n  by p e a t  and  h i g h l y  o r g a n i c  
s o i l s .  

The i n i t i a l  deve lopment  o f  t h e  p r o p e r t y  began 
w i t h  t h e  c o n s t r u c t i o n  o f  t h e  Magic Kingdom i n  t h e  
l a t e  1960s .  A  s i t e  was s e l e c t e d  where t h e  near -sur -  
f a c e  s o i l s  c o n s i s t e d  p r i m a r i l y  o f  s a n d s ,  which mini-  
mized g r a d i n g  and  a l l o w e d  s h a l l o w  f o u n d a t i o n s  t o  b e  
used  f o r  s u p p o r t ,  However, i t  was s t i l l  n e c e s s a r y  to  
d e v e l o p  some o f  t h e  p e a t  a r e a s .  

The p e a t  a r e a s  e n c o u n t e r e d  d u r i n g  i n i t i a l  con- 
s t r u c t i o n  g e n e r a l l y  c o n t a i n e d  l e s s  t h a n  1 0  f t  (3.0 
m) o f  o r g a n i c s .  For t h e  most p a r t ,  t h e  o r g a n i c s  were  
e x c a v a t e d  and  r e p l a c e d  w i t h  s a n d  f i l l .  However, t h i s  
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s t r a i g h t f o r w a r d  a p p r o a c h  to  t h e  deve lopment  o f  p e a t  
s i t e s  was n o t  a l w a y s  p o s s i b l e  d u r i n g  t h e  r e c e n t  
deve lopment  o f  t h e  500-acre (202-ha) E x p e r i m e n t a l  
P r o t o t y p e  Community o f  Tomorrow (EPCOT) s i t e ,  f o r  
which f i e l d  i n v e s t i g a t i o n s  began i n  1978. 

The m a j o r i t y  o f  t h e  EPCOT s i t e  is  u n d e r l a i n  from 
t h e  s u r f a c e  by a b o u t  40 f t  (12.2 m )  o f  medium d e n s e  
to  d e n s e  s a n d .  However, t h e  s i t e  is  b o r d e r e d  by 
h e a v i l y  v e g e t a t e d ,  low- ly ing  ground and t h e r e  was a  
l a r g e  low- ly ing  a r e a  c o v e r i n g  a p p r o x i m a t e l y  50 a c r e s  
(20  h a )  l o c a t e d  n e a r  t h e  c e n t e r  o f  t h e  s i t e .  I n  
t h e s e  low a r e a s ,  p e a t  and o r g a n i c  s o i l s  were  t y p i -  
c a l l y  found to e x t e n d  from t h e  s u r f a c e  to d e p t h s  o f  
5 t o  20 f t  ( 1 . 5  t o  6 . 1  m ) ;  i n  some a r e a s  t h e  d e p t h  
o f  o r g a n i c s  exceeded  60 f t  (18.3 m ) .  The n a t u r e  o f  
t h e  deve lopment  p l a n n e d  and t h e  l o c a t i o n  a n d  t h e  
e x t e n t  o f  t h e  p e a t  d e p o s i t s  r e q u i r e d  c o n s i d e r i n g  
a l t e r n a t i v e s  t o  t h e  t o t a l  e x c a v a t i o n  and r e p l a c e m e n t  
t e c h n i q u e s  used p r e v i o u s l y .  The s e l e c t i o n  o f  a n  
a l t e r n a t i v e  depended o n  t i m e  and economic con- 
s t r a i n t s  a s  w e l l  a s  e n g i n e e r i n g  judgment, i n c l u d i n g  
a n  a s s e s s m e n t  o f  t h e  u n c e r t a i n t i e s  and  t h e i r  po- 
t e n t i a l  impac t  o n  s c h e d u l i n g ,  i n i t i a l  c o s t s ,  and 
p r o j e c t e d  m a i n t e n a n c e  costs. 

INVESTIGATION OF PEAT AREAS 

The i d e n t i f i c a t i o n  o f  p e a t  a r e a s  was i n i t i a l l y  made 
on  t h e  b a s i s  o f  a  v i s u a l  i n s p e c t i o n  o f  t h e  s i t e .  
P e a t  was g e n e r a l l y  found  i n  lower  ground a r e a s ,  
c o n t a i n i n g  m a t u r e  bay,  b l a c k  gum, c y p r e s s ,  and some 
p i n e  t r e e s ,  w i t h  a  t h i c k  undergrowth  o f  l o w  b r u s h  
a round t h e  p e r i m e t e r .  T h e r e  was a l s o  o f t e n  e v i d e n c e  
o f  s t a n d i n g  w a t e r .  Because  F l o r i d a  t e r r a i n  is t y p i -  
c a l l y  f l a t ,  t h e  te rm 'lower ground* meant t h a t  t h e  
ground s u r f a c e  was o n l y  1 to 4  f t  (0 .3  to 1.2 m) 
lower i n  e l e v a t i o n  t h a n  t h e  s u r r o u n d i n g  ' h i g h e r  
ground.'  
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A p r e l i m i n a r y  esLimate  o f  t h e  l a t e r a l  e x t c n l  o f  
t h e  p e a t  made on t h e  b a s i s  of s o i l  maps f rom t h e  
S o i l  C o n s e r v a t i o n  S e r v i c e ,  U.S. Depar tment  o f  Agr i -  
 cult:^^" ant1 a cev iew of  a e r i a l  p h o t o g r a p h s  and  
topomlrdphic maps. The p h o t o g r a p h s ,  i n c l u d i n g  i n -  
f r a c d  p h o t o g r a p h s ,  were examined f o r  v e g e t a t i o n  
paLLernn o r  o t h e r  s u r c i c i a l  l e a t u r e s  t h a t  might  
clzCi11c clranqes i n  s u b s u r f a c e  c o n d i t i o n s .  T o p o g r a p h i c  
m.ipi; i r l enLi f ied  t h e  l i m i t s  of tlic lower qcound 
a r e a s .  Sometinrcs,  Llle lower g round  a r e a s  o r  t h e  
v e g e L a t i o n  p a t t e r n s  were n e a r l y  c i r c u l a r  i n  p l a n ,  
sugqcsL ing a r e l a t i o n s h i p  w i t h  p a s t  s i n k h o l e  d e v e l -  
op~ncnL ( c o l l a p s e s  o l  c a v i t i e s  w i t h i n  t h e  u n d e r l y i n g  
1 imeetone Lormat ion)  . 

A d d i t i o n a l  p r e l i m i n a r y  i n f o r m a t i o n  o n  t h e  p e a t  
~ ~ r e a s  was d e v e l o p e d  u s i n g  a  hand-problng program. 
The p r o b e  used  c o n s i s t e d  o f  1/2-in.  (1.3-cm) diame- 
t e r  s t e e l  r o d s  t h a t  were c a r r i e d  i n  5- to 1 0 - f t  (1.5- 
t o  3.0-m) s e c t i o n s .  The p r o b e s  were t y p i c a l l y  p e r -  
formed t h r o u g h o u t  t h e  a r e a  o f  i n t e r e s t  o n  a  g r i d  
p a t t e r n  u s i n g  50- t o  1 0 0 - f t  (15.2-  t o  30.5-1111 s p a c -  
i n g .  The r o d s  c o u l d  be pushed by hand t h r o u g h  
o c g r > n i c  p r o f i l e s  a p p r o x i m a t e l y  20 f t  ( 6 . 1  m l  d e e p  
w i t h o u t  e n c o u n t e r l n g  much r e s i s t a n c e .  By u s i n g  
wrenches  o r  a  40-11, (18-kg)  d r o p  hammer, t h e  r o d s  
c o u l d  be advanced t o  g r e a t e r  d e p t h s  [ i n  o n e  i n s t q n c e  
I n  e x c e s s  o f  70 f t  ( 2 1 . 3  m ) ] .  I t  was n o t  uncommon t o  
f i n d  p e a t s  i n t e r b e d d e d  w i t h  s a n d  l a y e r s ;  t h e r e f o r e ,  
t h e  p r o b i n g  d i d  n o t  s t o p  a t  t h e  f i r s t  s i g n  o f  a n  i n -  
c r e a s e  i n  r e s i s t a n c e .  I t  is r e c o g n i z e d  t h a t  c o n c l u -  
s i o n s  b a s e d  o n  such  p r o b i n g  a r e  f a i r l y  s u b j e c t i v e .  
llowever, i f  p r o b i n g  i s  done c a r e E u l l y ,  u s e f u l  i n f o r -  
m a t i o n  c a n  be d e v e l o p e d  t o  h e l p  i n  p l a n n i n g  a  more 
d e t a i l e d  d r i l l i n g  and sampl ing  program. For example ,  
t h e  r e s u l t s  o f  t h e  p r o b i n g  were used  t o  d e v e l o p  a  
rouqh c o n t o u r  map of  o r g a n i c  t h i c k n e s s .  

C o n v e n l i o n a l  t ruck-mounted  d r i l l i n g  e q u i p m e n t  
c o u l d  n o t  be used  i n  Lhe pcaL aLean .  T h e r e f o r e ,  t h e  
b o r i n g  and s a m p l i n g  program r e q u i r e d  t h e  u s e  o f  a  
t r a c k -  or  sk id-mounted  r i g .  The s k i d  r i g  was moved 
t h r o u g h  t h e  a r e a  by c l e a r i n g  a  p a t h  t h r o u g h  t h e  
v a g e t a l i o n  and u s i n g  t h e  remain ing  t r e e s  t o  winch 
Che r i g  [ [ o m  l o c a t i o n  t o  l o c a t i o n .  D r i l l i n g  was d o n e  
e i t h e r  by ro ta ry-wash  o r  chop-and-wash t e c h n i q u e s .  
Water f o r  t h e  d r i l l i n g  o p e r a t i o n  was o b t a i n e d  from 
t h e  n e a r - s u r f a c e  w a t e r  t a b l e .  

The  r i g s  u s e d  f o r  t h i s  s t u d y  were  c a p a b l e  o f  
d r i l l i n g  t o  d e p t h s  o f  230 f t  ( 6 1  t o  70 m ) .  Most o f  
t h e  b o r i n g s  were advanced  i n t o  t h e  u n d e r l y i n g  lime- 
s t o n e  f o r m a t i o n  t o  e v a l u a t e  i t s  i n t e g r i t y  and  c h e c k  
f o r  t h e  p r e s e n c e  o f  l a r g e  c a v i t i e s .  The b o r i n g s  were  
advanced a t  ] , e a s t  1 5  t o  20 f t  ( 4 . 6  t o  6 . 1  m) below 
t h e  l a s t  o r g a n i c  l a y e r  and  i n t o  c o m p e t e n t  m a t e r i a l .  

Samples  of t h e  p e a t  and  o r g a n i c  s o i l s  were ob- 
t a i n e d  u s i n g  a  v a r i e t y  o f  s a m p l i n g  t e c h n i q u e s ,  in -  
c l u d i n g  a  . s p l i t - b a r r e l  s a m p l e r  w l t h  S h e l b y  t u b e  
e x t e n s i o n ,  and a  p i s t o n  s a m p l e r .  I t  was e x t r e m e l y  
d i f f i c u l t  t o  o b t a i n  good oamples  w i t h i n  t h e  upper  5  
f t  ( 1 . 5  m )  o f  t h e  p r o f i l e  d u e  t o  t h e  p r e s e n c e  o f  
a b u n d a n t  c o a r s e  r o o t s  and t h e  e x t e n s i v e  r o o t  s y s t e m s  
i n  t h i s  zone.  

NATURE OF PEAT 

T h e  p e a t  s i t e s  p r i m a r i l y  c o n t a i n e d  m a t u r e  t r e e  
g rowth  t h a t  would be classified a s  c o v e r a g e  t y p e  A, 
a f t e r  R a d f o r t h  (1). The g r o u n d  s u r f a c e  was u n d e r l a i n  
by a " r o o t m a t \ €  l t v i n g  and p a r t i a l l y  decomposed 
r o o t  sys temn.  The  r o o t m a t  l a y e r  was t y p i c a l l y  1 t o  5 
f t  ( 0 . 3  t o  1 . 5  m) t h i c k  and  c o n t a i n e d  v e r y  l i t t l e ,  
i l  a n y ,  s o i l  m a t e r i a l .  T h e s e  i n t e r w o v e n  r o o t  s y s t e m s  
p r o v i d e d  a  n a t u r a l  r e i n f o r c e m e n t  t h a t  c o u l d  s u p p o r t  
l l g h t  v e h i c l e s .  

Below t h e  r o o t m a t ,  t h e  p e a t  r a n g e d  f rom " s t r i n g y '  
and "spongy ,"  t o  h i g h l y  decomposed v e g e t a t i o n  mat- 

t e r ,  t o  m a t e r i a l  t h a t  c o n t a i n e d  e q u a l  amounts  o f  
o r g a n i c s  and  m i n e r a l  s o i l s .  The o r g a n i c s  were usu- 
a l l y  i n  t h e  fo rm o f  v e r y  f i n e  r o o t  f i b e r s  w i t h  a  
d i a m e t e r  o f  l e s s  t h a n  1/32 t o  1/64 i n .  (0.B t o  0.4 
I n s ) .  Below a d e p t h  o f  a b o u t  5  f t  ( 1 . 5  m) , t h e  f i b e r  
s t r u c t u r e  was u s u a l l y  h i g h l y  decomposed. Some sam- 
p l e s  showed n o  e v i d e n c e  o f  f i b e r s .  T h e s e  lower  p e a t s  
would g e n e r a l l y  f a l l  i n t o  c a t e g o r i e s  1 t o  5 ,  amor- 
phous  g r a n u l a r ,  o f  t h e  R a d f o r t h  c l a s s i f i c a t i o n  o f  
p e a t  s t r u c t u r e  ( 1 1 ,  w i t h  most  s a m p l e s  i n  c a t e g o r i e s  
4 a n d  5 .  

T h e  t y p i c a l  r a n g e s  i n  t h e  p h y s i c a l  p r o p e r t i e s  o f  
t h e  p e a t  a r e  

T y p i c a l  Range o f  
P r o p e r t y  T e s t  R e s u l t s  
Wet d e n s i t y  60 t o  80  p c f  (1.0 t o  1.3 

g/cmJ 1  
M o i s t u r e  c o n t e n t  140  to 1200 p e r c e n t  ( b a s e d  

o n  d r y  d e n s i t y )  
Dry d e n s i t y  4 to 32 p c f  (0.06 t o  0.5 

g/cmJ ) 
O r g a n i c  c o n t e n t  50 t o  95 p e r c e n t  ( b a s e d  

on  d r y  w e i g h t )  
Ash c o n t e n t  5  t o  50 p e r c e n t  ( b a s e d  o n  

d r y  w e l g h t )  
S h e a r  s t r e n g t h  < 100 t o  400 p s f  (< 4.8 

to 18.6 kPa) 

I t  was n o t  u n u s u a l  f o r  t h e  o r g a n i c s  t o  b e  i n t e r -  
bedded  w i t h  l o o s e  s a n d s .  I n  a d d i t i o n ,  s o f t  t o  
medium-s t i f f  o r g a n i c  l a y e r s  were sometimes encoun- 
t e r e d  be low s t i f f e r  l a y e r s .  I t  is b e l i e v e d  t h a t  t h e  
s t i f f e r  l a y e r s  had c o n s o l i d a t e d  t h r o u g h  d e s i c c a t i o n  
d u r i n g  f l u c t u a t i o n s  i n  t h e  g roundwater  l e v e l .  

L a b o r a t o r y  c o n s o l l d a t l o n  t e s t s  showed t h a t  t h e  
p e a t  was h i g h l y  c o m p r e s s i b l e ,  w i t h  s a m p l e s  c o n s o l i -  
d a t i n g  f r o m  o n e - f o u r t h  to  one-ha l f  t h e i r  o r i g i n a l  
t h i c k n e s s  under  modera te  l o a d s .  The t e s t  s a m p l e s  
were  f i r s t  c o n s o l i d a t e d  under  a  nomina l  l o a d  o f  100  
t o  200 p s f  (4 .8  t o  9.6 kPal , which s i m u l a t e d  p l a c e -  
ment  o f  a  t h i n  work ing  p l a t f o r m  o f  f i l l  o v e r  t h e  
p e a t  and a l s o  t e n d e d  t o  remove some o f  t h e  d i s t u r -  
b a n c e  c a u s e d  d u r i n g  s a m p l i n g .  The  s a m p l e s  w e r e  t h e n  
l o a d e d  t o  a n t i c i p a t e d  f i e l d  l e v e l s .  

T y p i c a l  summary p l o t s  o f  p r i m a r y  c o n s o l i d a t i o n  
( e x p r e s s e d  a s  s a m p l e  s t r a i n )  v e r s u s  t h e  l o g  o f  t h e  
a p p l i e d  l o a d ,  a n d  t h e  c o e f f i c i e n t  o f  s e c o n d a r y  com- 
p r e s s i o n  (C,) v e r s u s  t h e  l o g  o f  t h e  a p p l i e d  l o a d  
a r e  p r e s e n t  i n  F i g u r e s  2 and  3 ,  r e s p e c t i v e l y .  N o t e  
t h a t  t h e  r e s u l t s  i n  F i g u r e  2  show a n  i n c r e a s e  i n  
s a m p l e  s t i t f n e s s  when s a m p l e s  f rom p r o g r e s s i v e l y  
d e e p e r  s t r a t a  a r e  compared. 

EXCAVATION TECHNIQUES 

Gener a 1  

T h e  m o s t  p o s i t i v e  a p p r o a c h  t o  t h e  deve lopment  o f  a  
p e a t  d e p o s i t  is c o m p l e t e  removal  o f  t h e  o r g a n i c s  by 
e x c a v a t i o n  and  r e p l a c e m e n t  w i t h  s a n d  f i l l .  The  t e c h -  
n i q u e s  u s e d  t o  e x c a v a t e  t h e  p e a t  depend p r i m a r i l y  o n  
t h e  t o t a l  d e p t h  o f  t h e  o r g a n i c s ,  t h e  s i z e  o f  t h e  
a r e a  t o  b e  e x c a v a t e d ,  and t h e  s e a s o n a l  g r o u n d w a t e r  
c o n d i t i o n s .  

Front-End Loaders  

D u r i n g  t h e  d r y  s e a s o n ,  t h e  p e a t  and  o r g a n i c  s o i l s  
c o u l d  b e  e x c a v a t e d  to d e p t h s  o f  a b o u t  6 f t  (1.8 m) 
u s i n g  f r o n t - e n d  l o a d e r s  work ing  f rom t h e  u n d e r l y i n g  
n a t u r a l  s a n d s .  The u s e  o f  f r o n t - e n d  l o a d e r s  a l l o w e d  
good c o n t r o l  f o r  c l e a n i n g  o f  t h e  b o t t o m  o f  t h e  ex-  
c a v a t i o n  to  remove a l l  o f  t h e  o r g a n i c s .  However, i f  
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Displacement 

t h e  excava t ion  became wet ,  t h e  u se  o f  Eront-end 
l o a d e r s  g e n e r a l l y  had t o  be d i scon t inued  because  o f  
poor t r a f f i c a b i l i t y .  

Backhoes 

Backhoes r a r e  used f o r  excava t ion  of o r g a n i c  mate- 
r i a l s  t h a t  were known t o  be wet. The water f lowing 
inLo t h e  excava t lon  was d i v e r t e d  Erom t h e  f a c e  o f  
t h e  c u t  t o  one or more sumps. These sumps were s i m -  
p l y  h o l e s  dug below t h e  l e v e l  o f  t h e  excava t ion .  
Pumps were p laced i n  t h e  sumps t o  d i scha rge  t h e  
water away from the  work a r e a .  The i n t a k e s  on t h e  
pumps 'were p r o t e c t e d  by s t r a i n e r s .  The s t r a i n e r s  
were o f t e n  clogged by f l b e r o u s  and woodier p o r t i o n s  
of t he  p e a t ,  and it  was neces sa ry  t o  con t inuous ly  
swi t ch  sumps or pumps t o  ma in t a in  t h e  dewater ing  
o p e r a t i o n .  

I n  the  u s u a l  backhoe o p e r a t i o n ,  t h e  machine c u t  a  
s t r i p  a s  t a r  o u t  a s  i t  could  r each ,  working p a r a l l e l  
t o  t he  edge of t h e  p e a t  d e p o s i t .  A l l  t h e  o r g a n i c  
m a t e r i a l  was removed down t o  c l e a n  sand.  The ex- 
cavatcd  maler i d  l was loaded d i r e c t l y  i n t o  s c r a p e r s  
or t r u c k s  fo r  d i s p o s a l .  A s  t h e  backhoe moved, t h e  
excavated zone *was f i l l e d  with sand and compacted. 

If dur l n g  t he  excavat ion  o p e r a t i o n s  t h e  inf low o f  
qroundwater became l a r g e  enough t h a t  t h e  bottom o f  
t h e  excava t lon  could  n o t  be v i s u a l l y  i n s p e c t e d ,  t h e  
o p e r a t i o n s  had t o  be stopped u n t i l  t h e  excava t ion  
could be pumped d ry  and t h e  bottom observed.  During 
t h i s  s t a g e  of t h e  o p e r a t i o n ,  t h e  c o n t r a c t o r  oEten 
used a backhoe t o  b a i l  p o r t i o n s  o f  t h e  excava t ion  t o  
speed the  dewateclng ope ra t ion .  I d e a l l y ,  i f  t h e  sand 
under the  o r g a n i c s  cou ld  be dewatered by deep w e l l s  

demucking o p e r a t i o n  could  be conducted.  
I 

Draq l ines  

For  l a r g e r  a r e a s  and deeper  excava t ions ,  a  d r a g l i n e  
was used. Itowever, t h e  u se  o f  d r a g l i n e s  caused a  
s loppy  o p e r a t i o n ,  because of t h e  overf low o f  mate- 
r i a l  from t h e  bucket  and t h e  h igh ly  d i s t u r b e d  s t a t e  
o f  t h e  excavated  o rgan ic s .  The water a t  t h e  f a c e  o f  
t h e  excava t ion  could  be  c o n t r o l l e d  with d i f f i c u l t y  
by means o f  sumps and temporary d i t c h e s .  Removing 
t h e  water al lowed t h e  bottom o f  t h e  excavat ion  t o  be  
c l eaned  by bu l ldoze r s .  

A s  d i d  t h e  backhoes,  t h e  d r a g l i n e  excavated a  
s t r i p  a s  Ear o u t  a s  i t  could  reach and each s t r i p  
was then  E i l l e d  with compacted sand.  Because o f  t h e  
method o f  d r a g l i n e  o p e r a t i o n ,  t h e  l e a d i n g  edge o f  
t h e  b a c k f i l l e d  sand a d j a c e n t  t o  where t h e  equipment 
s a t  was p a r t l y  removed and wasted when excavat ing  
t h e  n e x t  o r g a n i c  s t r i p .  

The excavated  muck was wet and s loppy and was 
o f t e n  p laced behind t h e  d r a g l i n e  and allowed t o  d r y  
b e f o r e  being hauled  t o  t h e  d i s p o s a l  a r e a .  The work- 
ing of d r a g l i n e s ,  t h e  c l ean ing  o f  t h e  bottom o f  t h e  
excava t ion ,  t h e  f i l l  placement,  t h e  dewater ing ,  t h e  
s h l f t i n g  o f  pumps, and t h e  p o s i t i o n i n g  of t h e  
s c r a p e r s  o r  t r u c k s  being f i l l e d  r equ i r ed  c o n s t a n t  
d i r e c t i o n .  However, when working we l l ,  t h e  chore- 
ography o f  a d r a g l i n e  demucking o p e r a t i o n  was t r u l y  
impress ive .  

Another means of removing p e a t  was by d isplacement .  
I n  t h i s  method o f  removal, a  bu l ldoze r  was used t o  
push t h e  mud and muck o u t ,  and t h e  a r e a  behind t h e  
bu l ldoze r  was f i l l e d  wi th  compacted sand. S o f t  o r -  
g a n i c  m a t e r i a l s  on t h e  o r d e r  o f  5  f t  (1.5 m )  deep 
could  be  removed by t h i s  method; i E  done c a r e f u l l y ,  
deeper  d isplacement  was a l s o  p o s s i b l e .  

I t  was neces sa ry  t o  keep t h e  working pad low, no  
h ighe r  t han  3 o r  4 E t  (0.9 t o  1.2 m )  above t h e  bot- 
tom o f  t h e  excava t ion ,  and t o  push down and o u t  wi th  
t h e  bu l ldoze r  b l ade .  A sand berm c a r r i e d  i n  f r o n t  o f  
t h e  b l a d e  formed a  temporary d i k e  f o r  t h e  water and 
d i s p l a c e d  o r g a n i c  m a t e r i a l .  I f  t h e  sand berm waa 
allowed t o  g e t  t o o  h igh,  it flowed over and covered 
t h e  muck be lng  removed. I t  was a l s o  neces sa ry  i n  
t h i s  o p e r a t i o n  t o  be  c a r e f u l  t h a t  t h e r e  were no 
r e e n t r a n t  a n g l e s  t o  t r a p  t h e  mud wave being pushed 
i n  f r o n t .  Occas iona l ly ,  i t  was necessary  t o  excava te  
t h e  contaminated  sand berm o r  mud wave ahead of t h e  
bu l ldoze r  t o  p reven t  a  bu i ldup  of t h i s  m a t e r i a l  Erom 
f lowing  back i n t o  t h e  excava t ion  o r  o n t o  t h e  newly 
p l aced  f i l l .  

Dredge 

I f  t h e  excava t ion  a r e a  i s  l a r g e  enough, t h e  u s e  o f  a  
sma l l  h y d r a u l i c  dredge may be j u s t i f i e d .  I n  t h i s  
o p e r a t i o n ,  t h e  a r e a  was c l e a r e d  and grubbed us ing  
l i g h t  d r a g l i n e s  w i th  1-ydJ (0.8-mJ) buckets  o p e r a t i n g  
on mats.  The d r a g l i n e s  were equipped wi th  a n  L- 
shaped c l e a r i n g  bucket,  which was used t o  wlndrow 
t h e  c u t  t r e e s  and g rub  t h e  s u r f a c e  m a t e r i a l  and then  
work t h e  s p o i l  p i l e  t o  t he  edge of t h e  p e a t  d e p o s i t ,  
where i t  was loaded i n t o  t r u c k s  o r  s c r a p e r s  by 
front-end l o a d e r s  and t aken  t o  t h e  d i s p o s a l  a r ea .  

The d redge  was equipped wi th  a  r evo lv ing  c u t t e r  
head t h a t  could  s l i c e  through any r o o t s  and emal ler  
stumps. When t h e  c u t t e r  head became c logged,  i t  wae 
c l eaned  by r eve r s ing .  The bottom o f  t h e  hydrau- 
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l i c a l l y  dccdged  a r e a  was e x t r e m e l y  I r r e g u l a r .  The 
dretlqe o p e r a l o r  c o u l d  t e l l  when he  was no l o n g e r  
pumpinq o r g a n i c s  and was e x c a v a t i n g  s a n d  hy t h e  
I n c r e a s e  in v o l t a g e  r e q u i r e d  and t h e  smoother  pump- 
i n g  a c t i o n .  Because t h e  d r e d g i n q  o c c u r r e d  under  t h e  
w a t e r  s u r t a c e ,  i t  had t o  be c o n t r o l l e d  by s o u n d i n g s  
and  sampled by hand p r o b e s .  Redredging  o f  m i s s e d  
a r e a s  v a s  o f t e n  r e q u i r e d .  When d r e d g i n g  an  e n c l o s e d  
a r e a ,  i t  was n e c e s s a r y  to h a v e  a  makeup w a t e r  s u p p l y  
t o  keep t h e  d r e d g e  f l o a t i n g  and to produce  a s l u r r y  
o f  o r g a n i c  m a t e r i a l  t h a t  c o u l d  t h e n  b e  pumped t o  t h e  
s e l e c t e d  d i s p o s a l  a r e a .  D i s p o s a l  c a n  b e  a  p rob lem,  
p a r t i c u l a r l y  b e c a u s e  o f  s t a t e  and E e d e r a l  e n v i r o n -  
m e n t a l  r e g u l a t i o n s  c o v e r i n g  h a n d l i n g  o f  s u c h  mate- 
r i a l s  and d i s p o s a l  s i t e s .  

SURCHARGING TECIINIQUES 

C r e a t i o n  o f  a  Major Lagoon 

A c e n t r a l  f e a t u r e  o f  t h e  EPCOT p r o j e c t  is a  l a r g e  
man-made lagoon  t h a t  c o v e r s  a p p r o x i m a t e l y  35 a c r e s  
( 1 4  h a ) .  A l a r g e  p o r t i o n  o f  t h e  l a g o o n  f a l l s  w i t h i n  
t h e  l i m i t s  o f  a  major  p e a t  a r e a .  The l o c a t i o n  o f  t h e  
o r g a n i c  a r e a  w l t h  r e s p e c t  to  t h e  l a g o o n  is shown i n  
F i q u r e  4 .  To a i d  i n  i n t e r p r e t i n g  t h e  d e p t h  o f  t h e  
o r g a n i c  materials p r e s e n t  t h r o u g h o u t  t h i s  a r e a ,  a  
computer  program e n ? i L l e d  S u r f a c e  Approximat ion  a n d  
Contour  Mapping (SACMI was u s e d .  T h i s  program c a n  
approxl rna te  any s u r F a c e  th rough  i r r e g u l a r l y  d i s t r i b -  
u t e d  p o i n t s  u s i n g  a  w e i g h t e d  l e a s t - s q u a r e  F i t .  In -  
f o r m a t i o n  from b o r i n q s  and hand p r o b e s  was used  t o  
d e v e l o p  t h e  i s o p a c h s  of o r g a n i c  t h i c k n e s s  shown i n  
F i g u r e  4 .  As shown, a l a r g e  p o r t i o n  o f  t h e  a r e a  
p l a n n e d  f o r  t h e  l agoon  was u n d e r l a i n  by more t h a n  3 0  
f t  ( 9 . 1  m )  o f  o r g a n i c s .  

Because  of  t h e  d e p t h  o f  t h e  o r g a n i c s ,  i t  was n o t  
c o n s i d e r e d  e c o n o m i c a l  o r  p r a c t i c a l  t o  e x c a v a t e  com- 
p l e t e l y ,  However, d u e  t o  t h e  h i g h  c o m p r e s s i b i l i t y  o f  
t h e  m a t e r i a l ,  a n  a l t e r n a t i v e  i n v o l v i n g  c o m p l e t e  
e x c a v a t i o n  o f  some a r e a s  and s u r c h a r g i n g  o f  t h e  
remainder  was used t o  d e v e l o p  t h e  p l a n n e d  g r a d e s  
w i t h l n  t h e  l a g o o n .  The c o n c e p t  was t o  c o n t a i n  t h e  
p e r i m e t e r  o f  t h e  o r g a n i c s  and t h e n  u n i f o r m l y  l o a d  
t h e  c e n t e r  t o  c o m p r e s s  t h e  s u r f a c e  of  t h e  p e a t  be low 
t h e  p l a n n e d  l a g o o n  bottom. 

The o r i g i n a l  s u r f a c e  o f  t h e  o r g a n i c s  was a t  e l e -  
v a t l o n  1 9 4  f t .  The p l a n n e d  b o t t o m  o f  t h e  l a g o o n  was 
a t  e l e v a t i o n  + 0 4  E t .  A 3 - f t  (0.9-m) l a y e r  o f  s a n d  
was p l a n n e d  o v e r  t h e  bo t tom o f  t h e  l a g o o n  t o  a c t  a s  
a f i l t e r  o v e r  t h e  o r g a n i c s  l e f t  i n  p l a c e .  On t h i s  
b a s i s ,  t h e  e u r f a c e  o€ t h e  o r g a n i c s  was r e q u i r e d  t o  
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b e  compressed  from e l e v a t i o n  +94 F t  down t o  a b o u t  
e l e v a t i o n  +81  f t ,  o r  a b o u t  1 3  f t  (4.0 m) v e r t i c a l l y  
( F i g u r e  5 ) .  

I n  p l a n n i n g  t h e  c o n s t r u c t i o n  sequence ,  i t  was 
n e c e s s a r y  t o  c o n s i d e r  t h e  s t a b i l i t y  o f  t h e  s o f t  
o r g a n i c s  b e f o r e  t h e y  were c o n s o l i d a t e d  by t h e  s u r -  
c h a r g e .  The s u r c h a r g i n g  had t o  b e  d o n e  c a r e f u l l y  
w i t h o u t  c r e a t i n g  unba lanced  l o a d i n g s  on  t h e  s u r f a c e  
b e c a u s e  o f  t h e  r i s k  o f  g e n e r a t i n g  mud waves.  The  
c o n s t r u c t i o n  a p p r o a c h  used  is shown i n  F i g u r e  6. T h e  
f i r s t  s t a g e  c o n s i s t e d  o f  e x c a v a t i n g  a  " c o l l a r "  
a round  t h e  p e r i m e t e r  o f  t h e  a r e a  and f i l l i n g  i t  w i t h  
s a n d  t o  h e l p  m a i n t a i n  s t a b i l i t y  by c o n f i n i n g  t h e  
p e a t .  The  o r g a n i c s  were removed i n  t h e  c o l l a r  a r e a  
e i t h e r  by d r a g l i n e  o r  by d r e d g i n g  to a  p o i n t  where  
t h e  bo t tom of  t h e  muck was a b o u t  1 5  f t  (4.6 m) deep .  
The  f a c e  o f  t h e  muck was c u t  a t  a  s l o p e  o f  a p p r o x i -  
m a t e l y  3  h o r i z o n t a l  t o  1 v e r t i c a l .  The c o l l a r  ex- 
c a v a t i o n  was t h e n  b a c k f i l l e d  w i t h  s a n d .  T h i s  back- 
f i l l i n g  had t o  b e  done  c a r e f u l l y  b e c a u s e  t h e  w e i g h t  
o f  t h e  s a n d  f i l l  a g a i n s t  t h e  3-to-1 muck s l o p e  c o u l d  
c a u s e  a  h e a v i n g - t y p e  f a i l u r e .  However, l o c a l i z e d  
h e a v i n g  d i d  n o t  r e p r e s e n t  a  s e r i o u s  p rob lem b e c a u s e  
o f  t h e  h i g h - s u r c h a r g e  t i l l  s u b s e q u e n t l y  p l a c e d  i n  
t h e  a r e a .  
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T h e  m a j o r i t y  o f  t h e  muck removal  i n  t h e  c o l l a r  
a r e a  was a c c o m p l i s h e d  u s i n g  a  16-111. (40.6-cm) c u t -  
t e r - h e a d  d r e d g e .  The d r e d g e d  muck was pumped t h r o u g h  
p i p e s  t o  d i s p o s a l  i n  e x c a v a t i o n s  t h a t  had  been  de-  
v e l o p e d  a s  bor row p i t s  a b o u t  1 m i l e  (1.6 km) s o u t h  
o f  t h e  p r o j e c t .  The borrow p i t s  were d e v e l o p e d  a s  a  
s e r i e s  o f  c e l l s  t h a t  a l s o  s e r v e d  a s  s e d i m e n t a t i o n  
b a s i n s  f o r  t h e  d r e d g e  e f f l u e n t .  Makeup w a t e r  f o r  t h e  
d r e d g i n g  o p e r a t i o n s  was repumped f rom t h e  bor row 
p i t s ,  f rom a  p o i n t  a t  t h e  o p p o s i t e  end  Prom t h e  
d i s c h a r g e  l i n e ,  t h u s  fo rming  a  c l o s e d - l o o p  sys tem.  

B e f o r e  s u r c h a r g i n g  t h e  remain ing  p e a t  a r e a ,  l a r g e  
t r e e s  and  b r u s h  were  removed, b u t  t h e  s u r f a c e  r o o t -  
mat  was l e f t  u n d i s t u r b e d  t o  s e r v e  a s  a  r e i n f o r c i n g  
l a y e r  to  s u p p o r t  t h e  s u r c h a r g e  s o i l s  a n d  min imize  
t h e  t e n d e n c y  f o r  minor i n s t a b i l i t y  problems.  The 
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i n i t l a 1  t h i c k n e s s  01 sand ( i l l  was p l a c e d  hydrau-  
l i c a l l y  by dredcje,  u s i n g  s a n d s  coming from t h e  o t h e r  
p o c l i o n s  of t h e  laqoon e x c a v a t i o n .  T h i s  i n i t i a l  P i l l  
was p l a c e d  u n i f o r m l y  o v e r  t h e  p e a t  s u r e a c e  i n  l a y e r s  
no morc t h a n  2 t o  3  f t  (0.6 t o  0.9 m) t h i c k .  S m a l l  
d o z e r s  were t h e n  used  t o  p l a c e  a  d i k e  o v e r  t h e  c o l -  
l a r  a r e a  t o  c o n t a i n  t h e  n e x t  l a y e r  o f  d r e d g e d  s a n d .  

A f t e r  t h e  i n i t i a l  l a y e r  o f  f i l l  was p l a c e d  o v e r  
t h e  e n t i r e  a r e a ,  s e t t l e m e n t  p l a t e s  were i n s t a l l e d  t o  
monl t o r  t h e  vor t  i c a l  c o m p r e s s i o n s .  The s e t t l e m e n t  
p l a t e s  c o n s i s t e d  of  2 - f t  (0.6-m) s q u a r e  s t e e l  b a s e  
p l a t e s  w i t h  1 - i n .  (2.5-cm) d i a m e t e r  r i s e r  p i p e s .  
A d d i t i o n a l  f i l l  was t h e n  p l a c e d  o v e r  t h e  a r e a  u s i n g  
v e r y  f l a t  s i d e  s l o p e s  w i t h  no l a y e r  more t h a n  2  f t  
( 0 . 6  rn) t h i c k .  A f t e r  c o m p l e t i n g  t h e  t h i r d  l i f t ,  
c o n v e n t i o n a l  e a r t h m o v i n g  equipment  was u s e d  to p l a c e  
t h e  remainder  oL the s u r c h a r g e .  The s e t t l e m e n t  p i p e s  
were r a i s e d  by a d d i n g  a d d i t i o n a l  p i p e  s e c t i o n s  a s  
t h e  s u r f a c e  o f  t h e  f i l l  i n c r e a s e d .  The s e t t l e m e n t  
p i p e s  were s u r v e y e d  d a i l y  d u r i n g  p l a c e m e n t  o f  t h e  
s u r c h a r g e  t o  moni to r  p o t e n t i a l  i n s t a b i l i t y  p rob lems .  
As t h e  s u r c h a r g e  reached  i ts  d e s i g n  h e i g h t ,  t h e  
m o n i t o r i n g  was per formed l e s s  f r e q u e n t l y .  The t o t a l  
s u r c h a r g e  p l a c e d  o v e r  t h e  p e a t  was a p p r o x i m a t e l y  20 
t o  24 f t  ( 6 . 1  t o  7.3 m) t h l c k .  

T y p i c a l  s e t t l e m e n t  c u r v e s  o b s e r v e d  d u r i n g  t h e  
s u r c h a r g i n g  a r e  shown i n  F i g u r e  7 .  The s u r c h a r g e  was 
p l a c e d  over  a  2-month p e r i o d ,  and t h e  f u l l  s u r c h a r g e  
remained I n  p l a c e  f o r  a  p e r i o d  o f  4  t o  0 months. 
Durinq t h e  s u r c h a r g e  program, t h e  s u r f a c e  o f  t h e  
p e a t  was o b s e r v e d  t o  compress  v e r t i c a l l y  a s  much a s  
1 5  L t  ( 4 . 6  m ) .  A f t e r  t h e  r e q u i r e d  c o m p r e s s i o n  oc-  
c u r r e d ,  t h e  s u r c h a r g e  was removed, l e a v i n g  a b o u t  a  
3 - t t  (0.9-m) b l a n k e t  of s a n d  o v e r l y i n g  t h e  com- 
p r e s s e d  p e a t ,  As t h e  s u r c h a r g e  was removed, t h e  
o b s e r v e d  rebound was o n l y  a few i n c h e s .  

TIME (DAYS) 

1:IGUIIE 7 'Typical aclllcnrcnl plots, laguon area. 

During t h e  c o u r s e  oE t h e  program, p o r t i o n s  o f  t h e  
s u r c h a r g e  were approved  f o r  removal  when s u f f i c i e n t  
c o m p r e s s i o n  was achieved. To s p e e d  consolidation o f  
o t h e r  a r e a s ,  some p o r t i o n s  o f  t h e  r e l e a s e d  s u r c h a r g e  
m a t e r l a l  were  added t o  o t h e r  a r e a s  t o  c r e a t e  a d d i -  
t i o n a l  l o a d .  U l t i m a t e l y ,  t h e  s u r c h a r g e  m a t e r i a l  was 
used a s  f i l l  i n  o t h e r  p o r t i o n s  o f  t h e  p r o j e c t .  

O v e r a l l ,  t h e  s u r c h a r g i n g  program was a s u c c e s s .  
With t h e  e x c e p t i o n  o f  two l o c a l i z e d  a r e a s ,  t h e  en-  
tire o r g a n i c  s u r f a c e  was compressed  to  t h e  d e s i r e d  
e l e v a t i o n .  T h e s e  l o c a l i z e d  a r e a s  r e q u l r e d  e x c a v a t i o n  
o f  a few E e e t  of o r g a n i c s  a n d  r e p l a c e m e n t  w i t h  s a n d  
f i l l .  An i m p o r t a n t  a d v a n t a g e  o f  t h e  s u r c h a r g i n g  was 
t h a t  i t  a v o i d e d  s i g n i f i c a n t  p r o b l e m s  w i t h  e x c a v a t i o n  
and d i s p o s a l .  

A s l m l l a r  c o n c u r r e n t  program was u s e d  t o  c r e a t e  a  

s m a l l e r  pond l o c a t e d  t o  t h e  n o r t h .  The pond bo t tom 
was d e v e l o p e d  u s i n g  a  s u r c h a r g e  o f  1 0  t o  1 2  f t  (3.0 
t o  3.7 m) t o  a c c o m p l i s h  v e r t i c a l  c o m p r e s s i o n s  o f  7 
t o  8 E t  (2 .1  t o  2.4 m). 

Roadway Embankment S u r c h a r g i n q  

More t h a n  3,000 l i n e a r  f e e t  (0 .9  km) o f  a  major  
f o u r - l a n e  a c c e s s  r o a d  and a  l a r g e  p a r k i n g  a r e a  were 
p l a n n e d  i n  a r e a s  u n d e r l a i n  t o  d e p t h s  o f  1 0  t o  40 f t  
(3.0 t o  12.2 m) w i t h  p e a t  and h i g h l y  o r g a n i c  soils. 
The c o n s t r u c t i o n  a l t e r n a t i v e s  were ( a )  t o t a l  removal  
o f  t h e  o r g a n i c  m a t e r i a l  and r e p l a c e m e n t  w i t h  
compac ted  f i l l ,  ( b )  p a r t i a l  e x c a v a t i o n  a n d  r e p l a c e -  
ment ,  o r  ( c )  b u i l d i n g  d i r e c t l y  o n  t h e  o r g a n i c s  Lol- 
lowing  a  c o n t r o l l e d  s u r c h a r g i n g  program. 

The  d i s a d v a n t a g e s  o f  b o t h  t o t a l  and p a r t i a l  r e -  
moval  were  t h e  c o s t  a n d  t e c h n i c a l  d i f f i c u l t i e s  o f  
e x c a v a t i o n ,  t h e  q u a n t i t y  o f  compacted b a c k f i l l  r e -  
q u i r e d ,  and  t h e  p rob lems  a s s o c i a t e d  w i t h  d i s p o s a l  o f  
l a r g e  q u a n t i t i e s  o f  o r g a n i c  s p o i l .  P a r t i c u l a r  prob- 
l e m s  w e r e  a s s o c i a t e d  w i t h  p a r t i a l  muck removal ,  
b e c a u s e ,  when t h e  upper  r o o t m a t  l a y e r  was removed, 
t h e  r e m a i n i n g  p e a t s  were  p a r t i c u l a r l y  s e n s i t i v e  and  
t h e  c o n t r o l l e d  p lacement  o f  f i l l  s o i l s  d i r e c t l y  o n  
t h i s  d i s t u r b e d  s u r f a c e  would h a v e  b e e n  e x t r e m e l y  
d i f f i c u l t .  

The u s e  o f  s u r c h a r g i n g ,  o r  p r e l o a d i n g ,  t e c h n i q u e s  
t o  s t a b i l i z e  p e a t  d e p o s i t s  is n o t  un ique ,  and s u r -  
c h a r g i n g  h a s  been  d o n e  w i t h  v a r y i n g  m e a s u r e s  o f  s u c -  
c e s s  (2-5). I f  done  c a r e f u l l y ,  s u r c h a r g i n g  c a n  r e -  
move t h e  e x p e c t e d  l a r g e  p r i m a r y  c o n s o l i d a t i o n s  and  
r e d u c e  t h e  magni tude  of  long- te rm,  s e c o n d a r y  can- 
p r e s s i o n s .  

T h e  d e p t h  beyond which s u r c h a r g i n g  becomes eco- 
n o m i c a l l y  a t t r a c t i v e  compared w i t h  f u l l  muck removal  
a n d  r e p l a c e m e n t  d e p e n d s  o n  t h e  s i z e  o f  t h e  a r e a  
i n v o l v e d ,  d i s p o s a l  p rob lems ,  and t h e  construction 
t i m e  a v a i l a b l e .  From a  p r a c t i c a l  c o n s t r u c t i o n  s t a n d -  
p o i n t ,  a t  muck e x c a v a t i o n  d e p t h s  i n  e x c e s s  o f  5  to 
1 0  f t  (1.5 to 3.0 m )  , t h e  t y p e s  o f  r e q u i r e d  excava-  
t i o n  equ ipment  change  a s  d o  t h e  d i f f i c u l t i e s  a s -  
s o c i a t e d  w i t h  d e w a t e r i n g .  On t h e  b a s i s  o f  a l l  f a c -  
t o r s  i n v o l v e d  f o r  t h i s  p r o j e c t ,  i t  was b e l i e v e d  t h a t  
5  E t  (1 .5 m )  was a  p r a c t i c a l  l i m i t  f o r  c o m p l e t e  muck 
remova 1. 

The p l a c e m e n t  o f  a n  embankment, o r  s t r i p  s u r -  
c h a r g e ,  is  more d i f f i c u l t  t o  c o n t r o l  t h a n  t h e  a r e a l  
s u r c h a r g e s  d i s c u s s e d  p r e v i o u s l y ,  b e c a u s e  o f  t h e  
a b s e n c e  o f  c o n f i n e m e n t  a l o n g  t h e  e d g e s  o f  t h e  em- 
bankment a n d  t h e  p o t e n t i a l  f o r  l a t e r a l  s q u e e z i n g  o f  
t h e  o r g a n i c s  a t  d e p t h .  A l s o ,  t h e  r a t e  o f  l o a d i n g  o f  
s u b s e q u e n t  l i f t s  must  b e  c o n t r o l l e d  s o  t h a t  t h e  
i n c r e a s e  i n  s h e a r  s t r e n g t h  t h a t  comes. w i t h  c o n s o l i -  
d a t i o n  t a k e s  p l a c e  b e f o r e  t h e  n e x t  l o a d  i n c r e m e n t  l a  
p l a c e d .  

The  embankment s u r c h a r g e  program s t a r t e d  w i t h  t h e  
c o m p l e t e  e x c a v a t i o n  o f  o r g a n i c  soils to t h e  5 - f t  ,,: 
(1.5-m) d e p t h  c o n t o u r  and  r e p l a c e m e n t  w i t h  s a n d  . 
f i l l .  I n  t h e  a r e a  t o  b e  s u r c h a r g e d ,  t h e  e n t i r e  
r ight-of-way was c l e a r e d ;  however,  n o  g r u b b i n g  was 
per formed a n d  t h e  r o o t m a t  was l e f t  i n t a c t .  T r e e s  a n d  
b r u s h  w e r e  c u t  to a  h e i g h t  a b o u t  1 f t  (0.3 m) above  
t h e  r o o t m a t  and removed. The i n i t i a l  l a y e r  o f  f i l l  
p l a c e d  o v e r  t h e  r o o t m a t  was pushed  o u t  u s i n g  l i g h t  
d o z e r s ,  s u c h  a s  a  D-3 o r  D-5 C a t e r p i l l a r  t r a c t o r  
w i t h  wide  t r a c k s ,  to a v o i d  c r e a t i n g  a  mudwave. T h i s  
i n i t i a l  f i l l  l a y e r ,  d e s i g n e d  t o  b e  n o t  more t h a n  3 ' 

f t  (0.9 m )  t h i c k ,  was p l a c e d  a c r o s s  t h e  e n t i r e  
r igh t -of -way .  The f r o n t  of t h e  l a y e r  was k e p t  a t  
l e a s t  40 f t  (12.2 m )  ahead  o f  t h e  f o l l o w i n g  l a y e r .  
No g r a d e  c h a n g e s  o f  more t h a n  1 0  in .  (45.7 cm) i n  
h e i g h t  were  a l l o w e d  t o  o c c u r  on  t h i s  f i r s t  l i f t .  The  
second  l a y e r  o f  f i l l  was a b o u t  2  f t  (0.6 m )  t h l c k  
and  was s p r e a d  o v e r  t h e  f i r s t  l a y e r  w i t h  equ ipment  
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not heavier than a D-6 Caterpillar tractor. Scrapers 
were allowed to operate on the second layer provided 
escessivc ruLtinq was not observed. 

The rdte of Loading of the peat was carefully 
conLcolled. Rouqh estimates of Lhe initial critical 
embankment height that could be supported by the 
peat were based on experience (214-15). In general, 
afler placement of the second lift of fill, a limit- 
ing loading rate of 1 to 1.5 ft (0.3 to 0.5 m) of 
till per week was used. This rate was derived during 
the surch~lrqe proqram using settlement plate data 
and obsecvalions of qeneral stability. In addition, 
two test sections were developed where inclinometer 
casings and pore pressure transducers were installed 
to help monitor stability. As the surcharge ap- 
proached its final helght, no fill was added unless 
the daily settlement rate was less than 1/4 in. (0.6 
cm) . 

The final grades planned for the roadway were 
typically 5 to 9 ft (1.5 to 2.7 m) above the origi- 
nal grades in the area. In general, the height of 
the surcharge was extended to an elevation 5 to 7 ft 
(1.5 to 2.1 m) above the planned final grade for the 
roadway surEace. When placing the surcharge fill, 
side slopes of 3 horizontal to 1 vertical or flatter 
were malntalned. Final roadway slopes were trimmed 
somewhat flatter. between 5:l and 6:1, to allow for 
malntenance mowing oC the grass. 

Prellmlnary estlmates of settlements and settle- 
ment time rates anticipated under the surcharge 
loads were based on laboratory consolidation tests 
using the followlng equations after MacFarlane (2) 1 

SoEield = (Ho field x So lab)/(Ho lab) (1) 

tofield = ( (HOE ield) x tolab)/ (Ho lab) (2) 

where 

So = settlement due to prlmary consolidation, 
t l ,  = initial thickness, 

to = time required to complete Sol and 
i = exponentlal parameter, generally 1.5 to 2.0. 

Secondary compresslon was estimated by the use of 
the following ecluat i o n  (2) : 

where 

Ss = magnltude of secondary compression; 
'. Cs - coelficitnt oC secondary compresslon; slope 

of settlement-log time plot divided by the 
tlilckness ol the sample at the completion of 
'primary consolidation; 

t = field time considered; and 
H = thickness of peat at to. 

Prediction 01 the magnitude of field settlements 
and settlement time rates for peat deposits is dif- 
ficult at best. Some minimum level of field lnvesti- 
qation, together with laboratory testing, is re- 
quired to make the initial judgment as to whether 
surcharging is practical Lrom a scheduling stand- 
point and 1s likely to result in an acceptable con- 

empirical adjustment of the predictions made Lrom 
laboratory tests and thus improve available analytic 
approaches. 

For this project, settlement pipes were installed 
at 100-ft (30.5-111) spacing along each major section 
of the surcharge. The pipes were installed after 
placing the initial layer of fill. The contractor 
was responsible for protecting the pipes and there 
was a specific penalty for any settlement pipe de- 
stroyed and not replaced promptly. 

A subsurface profile along a surcharged road 
section is shown schematically in Figure 8 ,  and a 
typical settlement curve observed during the eur- 
charge period is shown in Figure 9. In general, the 
areas surcharged were underlain by 10 to 14 ft (3.0 
to 3.7 m) of organic material. Overall, the organic 
profile was compressed about 5 to 6 ft (1.5 to 1.8 
m) under a total fill and surcharge load of about 
1,500 psf (72 kPa). This settlement represents about 
35 to 45 percent of the initial thickness of the 
peat layer. The observed settlement is generally in 
good agreement with the prediction obtained using 
Figure 2. Approximately 2 ft (0.60 m) of the settle- 
ment took place during placement of the initial 3-ft 
(0.9-m) layer of fill and is believed to have re- 
sulted primarily from compression of the open-gapped 
rootmat layer. Primary settlements occurred during a 
40- to 90-day period. 

SEnLEMENT PIPE NUMBER 
7 3  7 5  77 7 8  8 1  8 3  8 5  8 1  8 9  81 

1 1 0 ; ' " ' " ' "  

I TOP OF SURCHAAOE, 

I ORIGtNAL 
OROUND SURFACE, 14' 

BOTTOM OF PEA1 

I;ICUIEE 8 Scltcn~alic profile along surcharged 
road acctior~. 

iLion 'Om a performance FlCUlEE 9 Typical scttle~nc~~l plot along surcharged roadway. 
However, due to the uniqueness and horizontal and 
vertical variability of each peat deposit, no amount 
of Lol,oratory testlng can substitute for empirically 
developed data. Therefore, a settlement monitoring Approximately 4 ft (1.2 m) of surcharge were 
program should be included as part of any surcharge removed from the area establish planned 
proqram in order to evaluate the positive eEEects of grades after primary consolidation had been COP 

Ihe surcharging, to provlde data for judging when pleted; thls represented approximately 30 percent of 
the surcharge c a n  be removed, and to predict long- the total fill plus surcharge load that had been 
term performance. These field data will also allow applied. In the 1.5 to 2 year8 followlng removal of 



6 6 Transportation Research Record 978 

the various surcharges, the secondary compression 
has typically been measured as approximately 0.5 to 
1.0 in. (1.3 to 1 . 5  cm). 'Po dale, the measured val- 
ues of secondary compression are about one-half the 
values obtained using Equation 3 and Figure 3, which 
indicales another positive effect of the surcharg- 
inq. This reduclion in the rate of secondary com- 
pr5ssion after surcharging was also observed by 
Samson and LaRochelle (4) for a similar level of 
load inq . 

The laboratory work of Dhowian and Edil (5) sug- 
gests that loaded organic deposits may undergo a 
tertiary settlement phase that occur6 aiter the 
secondary phase and at an accelerated rate compared 
with the settlement rate during the secondary phase. 
This tertiary phase may begin several years after 

A Einite-element analysis was undertaken to eval- 
uate the displacement pattern developed within a 
sand Pill resting partly on an organic profile. The 
purpose of the analysis was to evaluate the distance 
from the edge of the soft ground where a structure 
could be safely supported on the sand £111. The 
generalized subsurface profile considered in the 
study area is shown in Figure 10. The sand fill was 
modeled using an incremental nonlinear elastic 
finite-element program. The details of the analysis 
have been described by Roth et al. 131. The lower 
boundary of the model was taken as the contact be- 
tween the sand fill and the organics. In the study, 
the lower boundary was incrementally dropped, simu- 
lating settlement within the soft soils. 

completion of primary consolidation. However, the I---- PROPOSED BUILDING SITE +--- 110 tertiary settlement phase apparently has not been ,, . , , - - 
observed in the field and may be a laboratory phe- 
nomenon. Periodic settlement readinqs are still 
being taken to record the performance of the sur- 

80 
charqed areas on this project. These data will 
provide information on the long-term settlement GROUND 
rates, including the possibility of tertiary 
settlements. 50 

OTIIKR CONSTRUCTION ON PRECOMPRESSED MUCK 

140 

SCALE 
0 20 P O  60 FEET -- 

A section of an elevated monorail system crosses an 
h r  a n  under lain a thick organic profile, within FlGUllE 10 Vcclur displacc~~~cnt  pollern ill sand fill. 
this area, the monorail is supported on lonq pile8 . . - - 
driven to refusal into the underlying limestone 
formation. Defore installing the foundations, a The displacement pattern predicted within the - 
10- to 12-ft (3.0- to 1.7-~) high surcharge was Sand fill is also shown in Figure 10. During actual ' 

placed over the organics to compress the surface construction, the fill was instrumented with settle- 
the peat below t h e  elevation of the bottom of a pond ment plates and casings to check the 
Planned Ln  this area. After the required vertical analytical results. Although the actual, construction 
compression was achieved, approximately one-half of Sequence and of the sand were 
the surcharge soils were removed along the monorail S~mewhat different than origin all^ Planned and as- 
alignment. The remaining fill was left over the 
compressed pcat to serve as a working platform to 
support the construction and pile-driving equipment. 

Following driving oE the piles and installation 
of the pier columns and the beamway, all but a 2-ft 
(0.6-m) blanket of sand was removed from the area. 
The pond was then fllled with water. Because the 
organics had been surcharged to a fairly high level, 
the 2-ft (0.6-m) blanket 01 sand left in place did 
not represent a load sufficient to cause any further 
movemcnts within the peat profile. Therefore, the 
f Inal condiLlon was similar to having the pile-sup- 
ported monorail piers installed across an 
undisturbed peat deposit. 

During installation of the piers, inclinometer 
casings were installed to monitor any horizontal 
d ispl.acements occurring near the piers. In addition, 
settlement plates installed as part of the surcharg- 
lnq program were used to continue to monitor any 
vertical settlements in the area. After the pier 
columns were installed, survey monitoring continued 
on both the vertlcal and the horizontal position of 
each of the piers. This monitoring verified that 
there were no movements of any of the piers. 

FINITE-ELEMENT ANALYSIS OF DISPLACEMENT PATTERNS 
1 N  A SAND FILL ON SOFT GROUND 

As mentloned earlier, it is difficult to predict 
wlth much contidence the field performance of peat 
on the basis of laboratory test results. The best 
predictions are based on empirical correlations 
derived from actual field observations. Ilowever , 
soph isticated numer lcal techniques can still provide 
useful information and can be used to advantage. 

sumed for analysis, many aspects of the study were 
still applicable for comparison of field behavior 
with the analytical results. In general, the pre- 
dicted relationships of vertical settlements to 
horizontal spreading and the limits of stable zones 
within the sand fill were found to be in good agree- 
ment with actual behavior. 

On the basis of analyses of several different 
profiles, it was generally concluded that the loca- 
tion and shape of the edge boundary of the stable 
zone within the sand fill model depended on 

- The shape of the settlement profile resulting 
from compression of the organic layer; - The magnitude of the settlements; 

- The depth to the compressive layer underlying 
the fill# and 

- The fact that as the depth of the compression 
layer increases, the average inclination of the 
boundary of the stable zones appears to become 
steeper. 

SUMMARY AND CONCLUSIONS 

The development of peat deposits poses significant 
problems for the geotechnical engineer as well as 
the developer. The physical and engineering charac- 
teristics of the organic materials are quite dis- 
similar from those of typical mineral-type soils for 
which theoretical relationships and modeling tech- 
niques have been developed to predict performance. 
As a result, much of the ability to predict the 
performance of peat under short- and long-term load- 
ing comes from direct observation and empirically 
derived relationships. 
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m o n i t o r i n g  a c t u a l  f i e l d  a e t t l e m e n t s  d u r l n g  t h e  s u r -  
c h a r g e  p r o g r a m .  
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