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- 1. Introduction 

wet chemical waste P i t  No. 3 was placed i n  s e r v i c e  ' i n  
December, 1 9 5 8 .  This p i t  was used a s  a s e t t l i n g  basin u n t i l  
pit No. 5 was completed and placed i n  s e r v i c e  i n  October, 
1968. A t  the time P i t  N?. 5 was placed in s e r v i c e ,  Pit 
NO. 3 was abandoned as a s e t t l i n g  b a s i n  and a process residue 
r e c e i v i n g  f a c i l i t y .  Wnen abandoned, P i t  NO. 3 was f i l l e d  
w i t h  a water/solids mixture v i r t u a l l y  t o  the point of over- 
f lowing.  since being abandoned, and witn e s s e n t i a l l y  con- 
tinuous removal of the supernatant l i q u i d s ,  trie contents 
of tne p i t  nave undergone a degree of  consolidation.  The 
surface of tne p i t ' s  contents i s  now some three t o  four f e e t  
lower tnan it was during the l a t t e r  stages  of the p i t ' s  
u s e f u l  l i f e .  

Economic studies  have S A . O W ~  that  the value of tne materials 
i n  t h e  p i t  w i l l  not j u s t i f y  a recovery e f f o r t .  These materials 
are,  therefore,  destined t o  remain i n  t h e i r  present location 
i n  permanent storage, and a manageable, long-term storage 
f a c i l i t y  must be established.  The provision of an earth 
cover for  the p i t  and the creation o f  a l o g i c a l  drainage 
p a t t e r n  are e s s e n t i a l  t o  t h i s  e f f o r t .  I f  these physical  
c h a r a c t e r i s t i c s  can be pr9perly provided, the long-term 
storage of these waste macerials should not cause environ- 
mental problems. 

Even though there has been a s i g n i f i c a n t  consolidation of 
the stored materials  i n  the two y e a r s  t h a t  P i t  No. 3 has 
been i n a c t i v e ,  the strength and consequent a b i l i t y  o f  these 
materials  t o  support loads i s  s u b j e c t  t o  question. This 
strength d e f i c i e n c y  was recently  made q u i t e  evident.  During 
an attempt t o  u t i l i z e  a bulldozer t o  push f l y  ash i n t o  the 
northeast corner of the p i t ,  a sudden and severe l a t e r a l  
f low occurred as  a r e s u l t  of the imposed load. The bull -  
dozer and the f l y  ash f i l l  beneath the v e h i c l e  dropped 
seven or e i g h t  f e e t  as the underlying materials flowed 
r a d i a l l y  outward from the point o f  load. No damage resulted 
and the bulldozer was e a s i l y  r e t r i e v e d :  however, t n i s  incident 
emphasizes the need f o r  care i n  attempting t o  cover the p i t .  

This study has been undertaken in order t o  develop a s a f e  
and workable method f o r  e s t a b l i s h i n g  a manageable, long-term, 
storage f a c i l i t y .  

2. Earthwork Placement Technique 

In 1969, the Technical Division made a rather extensive 
i n v e s t i g a t i o n  t h a t  studied the p o s s i b i l i t y  of  dewatering 
P i t  NO. 3.  T h i s  i n v e s t i g a t i o n  d i d . n o t  develop a dewatering 
technique t h a t  appears adaptable t o  a plan for  providing an 
e a r t h  cover for the p i t .  However, some of t h e  data assembled 
i n  t h a t  i n v e s t i g a t i o n  has been u s e f u l  i n  t h i s  current study. 
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T h e  present study was i n i t i a t e d  by engaging a s o i l s  
consultant,  m .  C. i<. Ihffmcyer,  i n  an attempt t o  establish 
the load bearing c a p a b i l i t i e s  of tne p i t  materials.  ,fir. 

Hoffmeyer's study was not e x t e n s i v e ,  b u t  a more d e t a i l e d  
investigation i s  not b e l i e v e d  tr, be J u s t i f i e d  a t  t n i s  time. 
The report on t h i s  work i s  included i n  t h i s  study as Appendix 
A. I n  summary, it can be s t a t e d  t n a t  Itir. Hoffmeyer concluded 
that  the p i t  sludges would support no more than 2 t o  4 f e e t  
o f  earth f i l l  and would not su2port heavy earthmoving equip- 
ment. 

Several ideas for s t a b i l i z i n g  the p i t  sludges and s e v e r a l  
methods for placing tne f i l l  material  have been considered 
i n  t h i s  study. A l i s t i n g  and a discussion of these ideas 
and/or methods fol lows:  

a .  I n j e c t i o n  S t a b i l i z a t i o n  - I t  i s  doubtful t h a t  t h i s  
approach would be e f f e c t i v e .  Pressure i n j e c t i o n  o f  
cement and water suspensions, c e r t a i n  chemicals, or 
bituminous compounds has proven t o  be a successful  
s t a b i l i z i n g  technique under c e r t a i n  conditions and 
in some s o i l s .  The e f f e c t i v e n e s s  of t h i s  technique 
i s  dependent upon b e i n g  able  t o  force the s t a b i l i z i n g  
medium through the pores of  the material being 
s t a b i l i z e d .  It i s  u n l i k e l y  t h a t  the pore structure 
of the p i t  sludges would be s u i t a b l e  for such treatment. 
I t  would a l s o  be q u i t e  d i f f i c u l t  t o  place the i n j e c t i o n  
pipes due t o  the configuration of the p i t .  ! 

b. Dewatering - I t  would seem t h a t  some means of removing 
a t  l e a s t  some of the water from the sludges w i l l  be 
necessary before an e a r t h  cover for the e n t i r e  p i t  
can be completed. 
e f f o r t  with a system of w e l l  points does not seem t o  
o f f e r  much hope fo r  success.  The permeability of 
the sludges and t h e i r  consequent a b i l i t y  t o  s u s t a i n  
a meaningful flow i s  doubtful.  I f  the flow i s  
induced only by the d i f f e r e n c e  i n  head created by 
t h e  drawdown a t  the w e l l  point,  it would seem t h a t  
t h e  flow would be v i r t u a l l y  n e g l i g i b l e .  This 
would require c l o s e  spacing of the well  points 
and placement of t h i s  equipment would be j u s t  as  
d i f f i c u l t  as the placement of i n j e c t i o n  tubes. 

An attempt has been made t o  think of some procedure 
which would cause the sludge t o  want t o  g i v e  up 
water more rapidly  than it seems inclined t o  do 
under natural forces.  Since the material shows a 
strong tendency t o  r e l e a s e  water upon handling, 
it seems l i k e l y  t h a t  v i b r a t i o n  would be b e n e f i c i a l :  
however, there does not  seem t o  be any p r a c t i c a l  
way t o  apply t h i s  technique i n  the f i e l d  and take 
advantage of t h i s  tendency. Consequently, there i s  
no current plan t o  attempt t o  e s t a b l i s h  the e f f e c t i v e -  
ness of vibration dewatering through a t e s t  program. 

Attempting t h i s  dewatering 

087.973 
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b .  Dewatering ( c o n t ' d )  
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It i s  known t h a t  some s o i l s  show a tendency t o  
r e l e a s e  water and t o  consolidate by electrochemical 
a c t i o n  when exposed t o  a d i r e c t  current passing 
between electrodes.  Since i t  seems possible t h a t  
such a technique could be f i e l d  applied a t  P i t  N o .  3 8  

t h i s  idea w i l l  be investigated i n  the laboratory. 
Even if successful ,  it  i s  l i k e l y  t h a t  the energy 
c o s t  involved i n  applying t h i s  procedure would be 
high.  For t h i s  reason, more conventional techniques 
should be a2plied f i r s t  and the 2lanning should not 
be delayed awaiting the r e s u l t s  of t h i s  t e s t  work. 

The use of  sand drains i s  another dewatering, technique 
t h a t  has been considered. This system has been 
employed w i t h  success i n  dewatering and consolidating 
some marshlands. In t h i s  approach, a plugged mandrel 
i s  driven into the ground and as  the mandrel i s  
withdrawn the void i s  f i l l e d  w i t h  sand. The sand 
core then serves as a wick and dewatering takes 
p l a c e  by evaporation. 
sludges and the d i f f i c u l t y  of  placing the sand 
drains  make it doubtful t h a t  t h i s  technique could 
be s u c c e s s f u l l y  employed. 

LOW permeability of the p i t  

c .  ~ r l l  Placement - The f i l l  material  could be placed 
w i t h  a bucket and cable  system t h a t  would span the 
w i d t h  of the p i t .  The d i f f i c u l t y  of  i n s t a l l i n g  a 
c a b l e  system t h a t  would have enough mobility t o  
cover the entire  p i t  seems t o  eliminate t h i s  method 
from consideration. Also,  it seems l i k e l y  t h a t  it 
would eventually be necessary t o  place earth moving 
equipment on the c a b l e  placed f i l l  i n  order t o  
e s t a b l i s h  a drainage pattern,  and t h i s  reduces 
the advantage of such a system. 

A c a b l e  type system has not been studied i n  enough 
d e t a i l  t o  determine the e x a c t  f e a s i b i l i t y  and c o s t  
of  such a system: however, it i s  believed t h a t  
t h i s  study should be delayed u n t i l  it i s  known 
t h a t  the following procedure cannot be successful ly  
adopted. 

A f t e r  consideration a f . a l l  of these techniques and methods, 
it i s  recommended t h a t  a simple, conventional approach be 
attempted before a more s o p h i s t i c a t e d  s t a b i l i z a t i o n ,  
dewatering or f i l l  placement procedure i s  undertaken. This 
recommendation, t o  a large degree, ignores the conclusion 
of the s o i l s  consultant t h a t  was.engaged t o  a s s i s t  i n  t h i s  
study.  The i n i t i a l  f i l l  placement attempt should be made 
in t h e  v i c i n i t y  of the northeast  corner of the p i t .  i~iaximum 
dewatering and c r u s t  formation has occurred i n  t h i s  area 
and t h i s  location should o f f e r  the g r e a t e s t  hope for i n i t i a l  

i -.----a The placement of the f i l l  should be advanced 
! ! e l y  as shown i n  Figure No. I .  The precise place- 

u l e  w i l l  be determined by f i e l d  developments as 
dvances with an aim toward establishing the f i n a l  0 8 7 4 7 4 

- -  Battern shown i n  Figure No. 11. 
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4 b  - . .  
. The l i g h t e s t  a v a i l a b l e  equipment should be used to work 

near the face o f  the advancing f i l l .  The small Case tractor 
t h a t  was recently  acquired should be most s u i t a b l e  for  
t h i s  task.  The loads that  must be z p p l i e d ,  even using 
l i g h t  equipment, w i l l  probably cause some crust  f a i l u r e s .  
I t  i s  believed t h a t  these f a i l u r e s  w i l l  be l o c a l i z e d  and 
t h a t  they w i l l  occur ahead of the operating equipment i f  
reasonable care i s  exercised i n  working near the f a c e  of  
the fill.  Nevertheless, during the e a r l y  stages o f  the 
program a man should be stationed near the work i n  the 
event  a f a i l u r e  occurs where the operator would need 
a s s i s t a n c e .  

AS the f i l l  i s  placed,  the loads that  are imposed w i l l  
cause the sludges t o  dewater and consolidate.  Pumping 
f a c i l i t i e s  should be maintained to  remove t h i s  water. The 
pumping f a c i l i t i e s  must be relocated as the work advances 
to  maintain dewatering c a p a b i l i t i e s .  The present pump 
l o c a t i o n  should be s u i t a b l e  for the i n i t i a l  work. The 
f i l l  placement should be advanced slowly over a rather wide 
working face i n  order t o  take maximum advantage of the 
consolidation and dewatering that  w i l l  be realized from the 
applied loads . 
The establishment of the drainage pattern shown i n  Figure 
No. IS w i l l  require the placement of  approximately 75,000 
c u b i c  yards of f i l l .  This quantity i s  based on the 
assumption that the f i l l  w i l l  embed into the sludges to 
an average depth o f  one foot.  The depth o f  f i l l  required 
over the e x i s t i n g  sludge surface varies  from a maximum of 
10 t o  11 f e e t  t o  a minimum o f  approximately 4 f e e t .  Typical  
c r o s s  sections showing the f i l l  i n  place  are shown i n  
Figure 111. The l o c a t i o n  of  these s e c t i o n s  has been 
indicated on Figure 11. 

3 .  Work Performance 

The i n i t i a l  placement of f i l l  should be by NLo forces and 
w i t h  equipment now on hand. If experience shows t h a t  the 
work can be performed more rapidly than i s  now predicted 
and there i s  a need f o r  applying the cover quickly,  con- 
s i d e r a t i o n  can be given to  a subcontracting e f f o r t .  

TWO borrow areas have been proposed for supplying the required 
f i l l  material.  The l o c a t i o n  of these areas i s  shown i n  
Figure I V .  Borrow Area No. 1 i s  west of P i t  5 and i s  the 
area where the excavated material was wasted during the 
construction of t h a t  p i t .  I t  has been estimated t h a t  an 
e i g h t  foot  c u t  can be made i n  t h i s  area before encountering 
brush and debris t h a t  would cause the borrowed material  t o  
be unsuitable for  placement a s  f i l l .  on the basis  of  t h i s  
assumption, 30,000 cubic  yards of f i l l  i s  a v a i l a b l e  i n  t h i s  

A second borrow area has been designated a s  aorrow Area 
No. 2 .  This area i s  located 600 to  800 f e e t  north of the 
r a i l r o a d  connecting spur. A mound, r i s i n g  approximately 

b area.  
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* .  
3 ;  work Performance ( c o n t ' d )  

I .  

j 
1 5  f e e t  above the surrounding t e r r a i n ,  now e x i s t s  i n  t h i s  
area. Approximately 60 ,000  cubic yards of f i l l  is a v a i l a b l e  
a t  this location without c r e a t i n g  a depressed area and 
drainage problems. U t i l i z a t i o n  of Borrow Area No. 2 w i l l  
create  a need for a temporary access and two drainage 
structures where t h i s  road crosses the railroad spur. 

The equipment usage contemplated i n  the placement of t h i s  
f i l l  i s :  excavation i n  the borrow area w i t h  a backhoe, haul 
to the placement area w i t h  two dump trucks,  and placement 
a t  the working face w i t h  the case t r a c t o r .  I f  the f e a s i b i l i t y  
of  t h i s  work plan can be firmly established,  the equipment 
requirements should be evaluated again to determine i f  a 
scraper could be used t o  advantage. I f  t h i s  evaluation 
shows t h a t  some economies are possible  w i t h  improved equipment, 
the surplus l i s t s  can be examined for equipment a v a i l a b i l i t y .  
I t  would be premature t o  acquire any additional  equipment 
u n t i l  the  f e a s i b i l i t y  of the f i l l i n g  technique i s  firmly 
established.  

4. E s t h a t e d  Cost  and schedule 

The following c o s t  estimate i s  based on performing the work 
w i t h  NLo forces u t i l i z i n g  the equipment array outlined above. 
The labor portion of the c o s t  includes only out-of-pocket 
c o s t s  (wages + 1 3 %  fringe b e n e f i t s )  , and does not include 
any allowance for supervision, engineering, or such incidental  
c o s t s  a8 pumping, r e l o c a t i o n  of pumping f a c i l i t i e s ,  e t c .  

. 

Estimated cost I 
F i l l  pit ( 7 5 , 0 0 0  C . Y .  (3 $ . 8 0 )  
Access road t o  borrow p i t  
Drainage structures a t  railroad 
Finish grade p i t  surface 

20% contingency allowance 

$60,000 
1 , 7 0 0  
2,300 
1; 000 

$65,000 
1 3 , 0 0 0  

$78,000 

It is  estimated t h a t  300, f u l l  crew, working days w i l l  be 
required to complete the program. The calendar time that  
would be consumed w i l l  depend upon the p l a n t ' s  routine 
demands for t h e  services  of a l imited heavy equipment crew. 

087478 
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. ' t h e  cinders and t o p  c r u s t  of s l u d g e .  The g r a p h i c  a n a l y s i s  s k o x n  on 
?::-re 2 i n . l i c a t e s  t h a t  the moss of.' s l u d g j  would h;,ve t o  heve a 
a n g l e  of a p p r o x i m a t e l y  1 2  d e g r e e s  f o r  a s a f e t y  fc rc tor  of 1.0 rJps1nz:t 
f a l l u r e ,  The same a n a l y s i s  i n d i c a t e s  a r e q u i r e d  u n i t  c o h e z i o n  st:*:=TiE:k ' . o f  .1%5 K i p s / s q . f t ,  f o r  t h e  s l u d g e  t o  p r e v e n t  f a i l u r e  (for t h s  $ =  z%rT; 

10, P o t h  of t h e  above r e q u i r e d  sheer  p a r a m e t e r s  art) y r a ; f j t l j  i n  
d x c o s s  of what t h a  s l u d g v  po::sosses or c a n  t r o b i l i z e .  The l o n o t l n r ~  

. . q f '  the  c i n d u r s  wl t h  r e s p o o t  t o  t h o  c o n t e r  o f  thtj l e v e e  irrf ' lu.;noue t h e  
*. : . s , t a t - i l l t y  t o  R 1t1rp m o u n t .  If t h e  con l . e r  of' muss of' c1nat:rs had 

... : ;been c l o s e r  t o  c u n t e r  of . luvot t ,  thon  t.hu d r l v i n v  I 'oroev would 1 0 ; : ~ s  

. ..and. t he  r e q u i r e d  yhorlr s t . . rungth 01' s l u d g e  lowor .  It is n o t  i<no*hn 
:wh~rcr the  ftqob of c i n d o r s  was with r o u p e c t  t o  t h e  p i t  s l d o  s l o p s  *;: -. l t j voe  when ful lui-cJ  ocour red .  Howover, the  s k e t c h  on F l r q  r*e 2 l r r r !  1 ~ : ~  t,(::: d-: the o o n d i t i o n  thrit would prevail Us t h o  now f i l l  waa moved fu r th l l r  cut 

. .  : c. - i n  t,ho pit. , T h e .  computa tLons  acconiptanylnjr Fivur-cc 2 r j r o  :jtc,wri or1 c*,r.l,.;- 
.. . t t \ t . lon  shr)et.',.No. 1. . - .  

. .  . .  

11, ,\not.hur s t t i l ) I . l l t y  tiniilysl 9 1s siltown on F1;:uPu 3 .  Thl:: 
i l l u s t r n t s s  the conl i l tLon I n  the  p i t  uway f rom t h e  lcrvee. b f'1:et r;!" 

..: Vi11 is pluctjd on t o p  of o r u s t ,  Tho s ludge  would r equ i rw  a n  avbrauo 

k pip tured .  The numdriccrl analysis is a l s o  shown on c o m p u t e t i o n  Shegjt 
. .  No. 1. It i n d i c a t e s  t h a t  t h e  s t r e n r t h  r e q u i r e d  v a r i e s  d i r e c t l y  w,lth * 

. .  
. c o h d s i v a  s t r e n F t h  of 0.144 Kips/sq.f t ,  to p r a v y n t  f'ailur*s: zur:h a 8  

. .  

.'" ' t h s ' h d i F h t  of f i l l .  

D i s c u s s l o n  -- 
. .  

t i ,  C c n d l t l o n  of t h e  Chonllcol S l u d c o .  

12. Due t o  t h o  dxtrttrnoly hlrrh w u t o r  o o n t o n t  of  thbJ Blurlyf: It. 1 ; .  

_ .  
'. . . .  

. .  

i.. hard t o  r o t  repIit j3tmt.uttvB s ~ r n i ) l ( ~ 3  f o r  W t l t o r  cclntunt t,ust,3, u;; mt,#:r 
!- . s d p h r a t d s  t'rom tho s o l i d -  mess upon h a n d l l n 8 .  It is n o t e d  t hb t  t 2 ; f ;  r. .t.- i; ' a r i a 1  t.oday a 'ppeur s  t o  bo .somowhot d r y e r  thr in  was - r e p o r t e d  i n  t he  
C. 12 June 1 9 3 9 r Q r o g r s s s  rwpor t  ( p o r c u n t  s o l i d 3  in t h e  38 t o  3.5 rrjrrjtr: 

:. - .  ' .  ti0 be 'OXPdC 3 duo t o  ocrri~ollrI:.it'1.on of t h o  mrl ss rmd f l r - , f j u n l  or11 thf l  f ' : J w : # l  

:' tod t ip  versus:. B t o  25 ranpre Iri 1969). Thl:: I r r rdduol  d e n s l f l ~ * : t l r , n  1 :: 

-.. ' o f  wtlter by Purnplnp: ( w e .   MI*. Lj r l b o v o ) .  
... 

13. From ln?ryr ,ot lon of Lho rni.itor1 rrl rind knowl.dp;r ~ 1 '  l t , x  wutclr 
'ccn: a n t ,  the 's1urit.e 1s  con:;ldctrerd to a c t  1.19 a hvuvy l i ~ l u l d  w i t h  h l p h  
v i s c c s i t y  and  possess rilmost z o r o  shear s t r e n g t h .  

14, The s l u d p  1s s l o w l y  d o n u l f y l n p  d u e  t o  t h o  p r o c e s s  r,f' cr,rr- 
scli,i:it l o n .  This p r o c e s s  1 3  rwturdttd by t h e  i n a b i l i t y  of  thc3 squ~;~~zc;f;- 
out. w u t e r  t u  esct ipe.  

h u t  i t s  shour. s t r l : n . c th  1 s  unknown rlnd of limited help l r r  :;tipportlrl? 
sup~)rlmpo:;od l o a d s  .. 

l S e  Tha u p p o r  c r u s t  1.4 much : i t r o n e o r  t h e n  t.hu unflerol jJn; l  : : lu*;vc;,  

; 
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a.  ' Tho nmsa of  slurieo I n  i t s  p r o d s n t  o o n d l t l o n  c imr io t  br: 
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count; ad on t o  mob1 llze tiny :%hoar ru3tstiit ico.  
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. .  20, Thiv concludes my Y t u d i u s  on the projuct. If I c a n  IVJ 
of  furt.hor ass l s t ! inoe  on t h i s  problom p l t i a 3 u  o u l l  on mci. 
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