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EXECUTIVE SUMMARY 

This  i n v e s t i g a t i o n  was conducted t o  test and d e f i n e  cond i t ions  f o r  

t h e  use  of grou t  t o  s t a b i l i z e  low-level and TRU waste i n  Idaho Nat iona l  

Engineer ing Laboratory (INEL) shallow-land b u r i a l  t renches .  The types of 

g r o u t s  i n v e s t i g a t e d  w e r e  soil, ord ina ry  p a r t i c u l a t e ,  f i n e  p a r t i c u l a t e ,  and 

s o l u t i o n  (or  chemical)  g routs .  S o i l  g r o u t s  were found t o  be s u i t a b l e  f o r  

d i s p o s a l  in t r enches  or  drums. P a r t i c u l a t e  g rou t s  were found t o  be s u i t a b l e  

t o  f i l l  voids  i n  c losed-trench s o i l / w a s t e  matrices and t o  e s t a b l i s h  grout  

soil b a r r i e r s  around t h e  t renches .  The q u e s t i o n  concerning the  s u i t a b i l -  

i t y  of chemical g rou t s  i n  INEL s o i l  has not been resolved.  The recom- 

mended grout  compositions l i s t e d  i n  Table  S . l  are based on r e s u l t s  from 

phase s e p a r a t i o n ,  compressive s t r e n g t h ,  f reeze/ thaw,  d e n s i t y ,  p e n e t r a t i o n  

r e s i s t a n c e ,  h y d r a u l i c  conduc t iv i ty ,  apparent  v i s c o s i t y ,  g e l  s t r e n g t h ,  s o i l  

column, and o t h e r  misce l laneous  tests. The fo l lowing  is a l i s t  of perform- 

ance requirements  imposed on g rou t  formula t ion  s t u d l e s :  

Study Requirement 

9 7-d d r a i n a b l e  water 0 vo l  x 
e 28-d compressive s t r e n g t h  - >50 p s i ,  expected 

200-800 p s i  

>zoo p s i  

- <I x 10-7 c m / s  

<lo0 lb f /100  f t 2  

e Compressive s t r e n g t h  a f t e r  f reeze / thaw 

e Hydraul ic  conduc t iv i ty  

e 10-min g e l  s t r e n g t h  - 
e Shrinkage du r ing  cu r ing  <I v o l  % 

With the  except ion  of 10-min gel s t r e n g t h ,  a l l  requirements  were m e t  

s a t i s f a c t o r i l y  f o r  seven t e s t e d  s o i l  g rou t  mixes (Table S.1) .  The 10-min 

g e l  s t r e n g t h  tests were not  a t tempted 0x1 t h e  s o i l  g rou t s  because of the  

th i ckness  of t he  mixes. The mixes e x h i b i t e d  t h e  approximate th i ckness  of 

convent iona l  conc re t e  t h a t  can be pumped, 

The t h r e e  o rd ina ry  p a r t i c u l a t e  g r o u t s  l i s t e d  in Table S . l  passed a l l  

requirement  tests s a t i s f a c t o r i l y .  Six a d d i t i o n a l  o rd ina ry  p a r t i c u l a t e  

mixes w e r e  prepared from dry-so l id  blends con ta in ing  20 w t  % type I , I I  

cement. These g rou t s  were not  considered t o  be completely s a t i s f a c t o r y ,  
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primarily because of the softness exhibited after 1 8 4  curing which 

disallowed hydraulic conductivity tests, 

All. three fine grout mixes that were tested (Table S.l) passed the 

requirement t e s t s  satisfactorily. 



Table S. 1. Summary of recommended grout  compositions 

Type 1,II Water- t o- 
Por t l and  INEL Class C Bentoni te  Microf ine cement 

cement s o i l  f l y  a sh  c l a y  cement (weight Add i- 
Grout type Uses (wt %) (wt X )  (wt X) ( W t  X) ( w t  %) r a t i o )  t ives  

S o i l  - 0.67-1000 a Open t r ench  22.5-38.5 3 W O  10-20 - 
and drum 
d i  s posa l  s 

Ordinary F i l l  large 35-40 - 15-25 5 
p a r t i c u l a t e  vo ids  i n  

c losed  
t r e n c h  
s o i l / w a s t e  
m a t  r ice s 

Fine F i l l  small 
p a r t i c u l a t e  v o i d s ;  

e s t a b l i s h  
g r o u t  s o i l  
b a r r i e r  
around 
c losed  
t r enches  

0.78-1.00 b 

a0.2 t o  0.8 w t  % D o w e l l  D-65 f l u i d i z e r .  

b0.5 t o  0.7 w t  % Dowell P6.5 f l u i d i z e r .  

c0.02 w t  % CFK-1 set  r e t a rde r .  





0. K. Tallent, 5. L. Sams, T. Tamura, T. T. Godsey, C, LO Francis, 
and E. W. McDaniel, Group Leader 

AB ST RACT 

An investigation was conducted t o  develop grout formulations 
suitable for in situ stabilization of low-level and transuranic 
(TRU) waste in shallow-land burial trenches at Idaho National 
Engineering Laboratory (INEL). The acceptabilities of soil, 
ordinary particulate, and fine particulate grouts were evaluated 
based on phase separation, compressive strength, freeze/thaw, 
penetration resistance, rheological, water permeability, column, 
and other tests. Soil grouts with soil-to-cement weight ratios 
from 0.91 to 1.60 were found to be suitable for open trench or 
drum disposal. Ordinary particulate grouts containing type I ,I1 
Portland cement, class C fly ash, bentonite, water, and a 
fluidizer were formulated to fill large voids within the soil/ 
waste matrix of a closed shallow-land burial trench. Fine 
particulate grouts containing fine (mean particle size, 9.6 m) 
cement and water were formulated to fill smaller voids and to 
establish a grout-soil barrier to prevent water intrusion into 
the grouted waste trench, Solution, or chemical, grouts were 
evaluated as possible substitutes for the fine particulate grouts. 

1. INTRODUCTION 

Approximately 2.2 x 10 ft of transuranic (TRU) waste has been 

disposed of in shallow-land burial at the Idaho National Engineering 

Laboratory (INEL). EG&G Idaho, Inc., prime operating contractor at 

INEL, has developed a long-range plan for buried TRU waste studies at 

INEI, (EGG-2350). This plan details specific technology studies to be 

applied toward long-term management of the INEL 'TIRU waste.l 

FY 1985 and FY 1986, improved-confinement technologies have been investi- 

gated by EG&G Idaho Waste Technology Programs. The improved-confinement 

technology to be investigated is in situ grouting in an arid environment. 

Oak Xidge National Laboratory (ORNL) is  providing technical support and 

consultation services to EG&G Idaho in the area of grout selection. ORNL 

is providing the rationale, laboratory comparative results of different 

During 

1 
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g r o u t  formula t ions  and g rou t  chemicals with ZNEL s o i l s  , c o s t  comparisons, 

and the  f i n a l  s e l e c t t o n  of the recoininended grout  formula t ions  f o r  INEL in- 

situ g rou t ing  tes t .  This  r e p o r t  deals s p e c i f i c a l l y  w i t h  groiit formulat ion 

and s e l e c t i o n .  

A s u i t e  of gro~irrs was s e l e c t e d  fo r  i n v e s t i g a t i o n  by ORNL f o r  a p p l i -  

c a t i o n  i n  an i n - s i t u  f i e l d  tes t  a t  the  I N E L .  The s u i t e  of g rou t s  c o n s i s t s  

of the fo l lowing  types:  

1. o rd ina ry  p a r t i  culat-e (cement , f l y  ash,  ben ton i t e )  ; 

2.  s o i l ;  

3 .  f i n e  (nLcrof ine)  p a r t i c u l a t e ; "  and 

4 is s o l u t i o n .  

These g rou t s  are expected t o  perform d3 Eferent  s p e c i f i c  func t ions  i n  t he  

i n - s i t u  a p p l i c a t i o n  tcs ENEL bur ied  TRU waste. A b r i e f  d i scuss ion  of each 

i s  presented  below, 

1. The primary purpose o f  the  o rd ina ry  p a r t i c u l a t e  grotit would be t o  

f P 1 1  large voids** w j t h i n  t h e  s o i l / w a s t c  matr ix .  T h i s  procedure would 

reduce the cost  of using r e l a t i v e l y  expensive f i n e  or  s o l u t i o n  g rou t s  

i n  waste zones that r e q u i r e  a void f i l l e r  material r a t h e r  than a 

g r o u t  t h a t  would f i l l  t h e  microscopic  spaces between i n d i v i d u a l  s o i l  

g r o u t s  P 

2. S o i l  g r o u t s  are a subgroup of p a r t i c u l a t e  g r o u t s ,  d i f f e r i n g  i n  t h a t  

t hey  employ s o i l  or d i r t  as a component i n  the  grout  formulat ion.  

The INEL has s e v e r a l  hundred thousand cubic  f e e t  of low-level radio- 

a c t i v e  contaminated s o i l  produced by decontamination and decom- 

miss ioning  ( D & n )  a c t i v i t i e s ;  t h i s  s o i l  may be u t i l i z e d  as a grout  

i n  f i l l i n g  voids  i n  waste con ta ine r s  o r  pits. Thus, t he  € e a s i b i L i t y  

of  using TNEL s o i l  as a component Pn a grout  formula t ion  is being 

cons idered .  The most d e s i r a b l e  c h a r a c t e r i s t i c  i s  t h a t  t he  s o i l  g rout  

have rheo log ica l  p r o p e r t i e s  which a l low i t  t o  be app l i ed  i n  s i t u  i n t o  

c losed  waste t renches .  However, i f  the  s o i l  g rou t  could n o t  be 

a p p l i e d  i n  s i t u  I n  c losed  waste p i t s ,  i t  would have o t h e r  appl ica-  

t i o n s  (e.g., as a f i l l e r  material i n  o p e r a t i o n a l  or open p i t s ) .  

*See Sec t r  3.3 f o r  exp lana t ion  of microfine particulate. 

**Large voids  are def ined  as those spaces  wi th in  the  w a s t e / s o i l  mat r ix  
through which t rench  cover material can e n t e r .  
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Hence, t he  fo l lowing  s o i l  g r o u t  a p p l i c a t i o n  c h a r a c t e r i s t i c s  h i e r a r c h y  

a l lows  f o r  t he  formulated rheology t o  match the  va r ious  a p p l i c a t i o n  

op t ions .  The h i e r a r c h y  is as follows: 

( a )  provid ing  i n - s i t u  i n j e c t i o n  i n  c losed  waste p i t s ,  

( b )  f i l l i n g  space around c o n t a i n e r s  i n  open waste p i t s ,  and 

( c )  f i l l i n g  voids  i n  waste c o n t a i n e r s  p r i o r  t o  waste c o n t a i n e r  

emplacement i n  low-level-waste d i s p o s a l  p i t s .  

3. The purpose of f i n e  p a r t i c u l a t e  g r o u t s  is t o  p e n e t r a t e  and f i l l  a l l  

t h e  a c c e s s i b l e  voids t h a t  t h e  s o i l  o r  p a r t i c u l a t e  g r o u t s  could not  

p e n e t r a t e .  Furthermore, f i n e  p a r t i c u l a t e  g r o u t s  w i l l  be a b l e  t o  

p e n e t r a t e  i n t o  t h e  surrounding s o i l  walls and b a c k f i l l  and e s t a b l i s h  

a g r o u t / s o i l  b a r r i e r  (g rou t  c u r t a i n )  t o  prevent  any water i n t r u s i o n  

i n t o  t h e  grouted  waste p i t ,  e s p e c i a l l y  from lateral  water movement. 

4 .  The purpose of t h e  s o l u t i o n  g r o u t s  is t o  se rve  as a backup o p t i o n  f o r  

t h e  f i n e  p a r t i c u l a t e  g r o u t s  i n  t h e  event  t h a t  t h e  la t ter  group proves 

t o  be u n s a t i s f a c t o r y .  Because of t h e  temporal and f i n a n c i a l  l i m i t a -  

t i o n s  of t h i s  p r o j e c t ,  t h e  l a r g e  number of s o l u t i o n  g r o u t s  a v a i l a b l e  

were not cons idered  f o r  exper imenta l  eva lua t ion .  The s i n g u l a r  advan- 

t a g e  of most of t h e s e  g r o u t s  over t h e  va r ious  pa r t i cu la t e -based  

fo rmula t ions  is t h e i r  absence of suspended p a r t i c u l a t e s .  These solu- 

t i o n s  can p e n e t r a t e  i n t o  t h e  smaller s o i l  and rock pores t h a t  would 

normally c log  i f  cement-based g r o u t s  were appl ied .  The p e n e t r a b i l i t y  

of s o l u t i o n  g r o u t s  i n t o  geo log ic  format ions  can approach t h a t  of 

water, t h e  f l u i d  from which TRU waste i s o l a t i o n  is des i r ed .  The 

d i sadvan tages  of s o l u t i o n  g r o u t s  i nc lude  g e n e r a l l y  h ighe r  c o s t s  f o r  

materials, u n c e r t a i n t i e s  r ega rd ing  t o x i c i t y , 2  and the  p o t e n t i a l  

s u s c e p t i b i l i t y  t o  physfcochemfcal and/or mic rob ia l  deg rada t ion  i n  t h e  

a r i d  Idaho environment. Whether t h e  environmental  cond i t ions  a t  t he  

Rad ioac t ive  Waste Management Complex (RWMC) would pose s i g n i f i c a n t  

d e t e r r e n t s  t o  the  performance of any, o r  a l l ,  s o l u t i o n  g r o u t s  is ,  a t  

p r e s e n t ,  unknown. P a r t i c u l a r  concerns inc lude  p o t e n t i a l  d e s i c c a t i o n  

damage under the  annual dry ing  s o i l  mois ture  regime and the more 

remote p o t e n t i a l  f o r  f r eeze l thaw damage under ha r sh  win te r  cond i t ions .  

E m p i r i c a l  e v a l u a t i o n  would be r equ i r ed ;  however, as mentioned above, 

f i n a n c i a l  c o n s t r a i n t s  e l i m i n a t e  t h i s  approach. 
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P o t e n t i a l  s o l u t i o n  g r o u t s  f o r  t h i s  demonstrat ion would inc lude  sodium 

s i l i c a t e ,  polyacrylamide, phenol-formaldehyde, urea-formaldehyde, 

chromium-1 ignosu l fona te s  , p o l y a c r y l i c  ac id  pol yureLhanes, and 

poly isocyanates ,  De ta i l ed  deseriptlons of these  g r o u t s ,  each of 

which is  as d i v e r s e  i n  i t s  p o t e n t i a l  formulat ions and p r o p a s t i e s  as 

t h e  eenent-based g rou t s ,  are f a r  beyond the  scope o f  t h i s  study. 

Such d e s c r i p t i o n s  can be found elsewhere .3 

Hecause i t  is  d i f f i c u l t  t o  c h a r a c t e r i z e  the  s o i l ,  waste form,  

leachate p r o p e r t i e s  ( i f  any) ,  and void matrix t h a t  e x i s t  -In a g iven  buried 

TKU waste p i t  a t  a given t i m e ,  t h e  g r o u t ( s )  m r i s t  perforin over a broad 

range of a r i d  environmental  cond i t ions .  Grout  s e l e c t i o n  f o r  a s p e c i f i c  

s i ~ e  thus  involves  matching what is know about the  t r e n c h  b a c k f i l l  

material, wastch forms, l e a c h a t e  (if any) ,  and void matrix wi th  the  proper -  

t ies  of t h e  candida te  grout.4 

Consider ing the  need f o r  long-term d u r a b i l i t y  of any g rou t  used to  

s t a b i l i z e  t renches  conta in ing  TRU wastes, the  ino rgan ic  s y s t e m  of f r r  

d u r a b l e  g rou t s  wi th  minimal h e a l t h  hazard.  'The development and manufac- 

t u r e  of u l t r a f i n e  cement ( s e e  S e c t .  3.3) i n  .Japan5 and i t s  proven la rge-  

scale use i n  t h e  United S t a t e s 6 ~ ~  o f f e r  a p p l i c a t i o n  i.n i no rgan ic  g rou t ing  

o f  t renches  t h a t  r e q u i r e  r educ t ion  of i n f i l t r a t i o n  and subsequent leaching  

by water. 

I n  a d d i t i o n  to v i s c o s i t y  as a guide t o  p e n e t r a b i l i t y ,  a r e l a t i o n s h i p  

e x i s t s  between the  p a r t i c l e  s i z e  of the g rou t  components and the  pore s i z e  

of  the  s o i l  matrix,  which c o n t r o l s  p e n e t r a b i l i t y ,  For optimum r e s u l t s ,  

g r o u t  p a r t i c l e  s i z e  should not be g r e a t e r  than 10% of t h e  s o i l  gra in  s i z e .  

We have i n v e s t i g a t e d  the  use of a f i n e  cement w i t h  a i n e m  p a r t i c l e  size of 

9.6 yni, which i s  a much smaller p a r t i c l e  s i z e  than f o r  o rd ina ry  g rou t s .  A 

f iner -gr ind  cement, g e n e r a l l y  r e f e r r e d  t o  as u l t r a f i n e  cement, is manufac- 

t u r e d  i n  Japan; however, i t  is  not r e a d i l y  a v a i l a b l e  i n  t h i s  count ry  and, 

because of programmatic time r e s t r a i n t s ,  w a s  not a v a i l a b l e  f o r  t h i s  

i n v e s t i g a t i o n .  
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2. GROUT CHARACTERISTICS AND PERFORMANCE CRITERIA REQUIREMENTS~ 

The c h a r a c t e r i s t i c s  l i s t e d  below addres s  the  major performance- 

acceptance  cr i ter ia  parameters f o r  g rou t  s e l e c t i o n  €or  the  "cold" f i e l d  

t e s t  at the  LNEL RWMC. Generic and spec i f ic  acceptance  c h a r a c t e r i s t i c s  

are as fo l lows:  

1. Grout Emplacement Techniques. The g r o u t  emplacement techniques  f o r  

i n  s i t u  a p p l i c a t i o n  i n  c losed  bur ied  waste p i t s  s h a l l  not f r a c t u r e  

t h e  top  b a c k f i l l  material over  t h e  waste forms or  d i s p e r s e  emplaced 

r a d i o n u c l i d e s  i n t o  t h e  environment o r  i n t o  the b a s a l t  l a y e r  under t h e  

t o p  sediment l a y e r  of t he  b u r i a l  ground. 

S o i l  g rou t  a p p l i c a t i o n  c r i t e r i a  r e q u i r e  the g r o u t  t o  be s u f f i c i e n t l y  

f l u i d  t o  flow 30 f t  h o r i z o n t a l l y  and 30-ft free f a l l  v e r t i c a l l y  

wi thout  congealing. The s o i l  g r o u t  rheology s h a l l  be a b l e  t o  flow 

around waste c o n t a i n e r s  i n  open p i t s .  It is  a l s o  d e s i r a b l e  for the 

g r o u t  t o  be i n j e c t e d  i n  s i t u  under p r e s s u r e  i n t o  a c c e s s i b l e  voids  of 

a c losed  p i t ,  as noted p rev ious ly  i n  t h e  d i s c u s s i o n  of a p p l i c a t i o n  

h i e r a r c h y  f o r  s o i l  g rou t s .  

2. Hydraul ic  Conductivity.  There s h a l l  be a minimum a€ two orders-of- 

magnitude r educ t ion  i n  h y d r a u l i c  pe rmeab i l i t y  o r  hydraulic conduc- 

t i v i t y  i n  t h e  hos t  material; l a b o r a t o r y  and f i e l d  v e r i f i c a t i o n  s h a l l  

h e  as s p e c i f i e d  by OWL. 

3. Flow C h a r a c t e r i s t i c s .  The g rou t  i n  an i n - s i t u  a p p l i c a t i o n  s h a l l  flow 

e a s i l y  through s m a l l  passages over s h o r t  pathways ( 2  to 3 f t )  without 

plugging t h e s e  passages.  Fu r the r  chemical o r  fine-cement g r o u t  

c u r t a i n  emplacement s h a l l  require the  g rou t  to p e n e t r a t e  s o i l  ma t r ix  

po res  without pluggbng. Mixing-formulation c o n d i t i o n s  for any g rou t  

€ormula must be s p e c i f i e d  by ORNL because the  manner i n  

v a r i o u s  components are added can m a t e r i a l l y  a f f e c t  g r o u t  p r o p e r t i e s  

such as cons i s t ency  and set t i m e .  

4 ,  Grout Set and Cure T i m e .  The g r o u t  set and cure t i m e  s h a l l  be 

e s t a b l i s h e d  by s p e c i f i c  a p p l i c a t i o n .  However, i n  al-Z cases, t h e  g rou t  

sha l l .  e x h i b i t  95% of t h e  r equ i r ed  p r o p e r t i e s  witthin 28 d of i n j e c t i o n ,  

wi thout  f u r t h e r  maintenance of the  i n j e c t e d  f i e l d .  Some a p p l i c a t i o n  

w i l l  r e q u i r e  a f a s t  set  t i m e ,  such as wi th in  4 h. This i s  t r u e  when 
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s e a l i n g  o f €  the  b a s a l t  f r a c t u r e s  from the sop sediment layer .  Se t  

t i m e s  are not c r i t i c a l  with s o i l  o r  p a r t i c u l a t e  g rou t  a p p l i c a t i o n s .  

5 unconfined Compressive --.- Strength.  The unconfined compressive -- 
s t r e n g t h  s h a l l  be a minimum of 50 p s i ,  w i t h  expected g rou t  

s t r e n g t h s  i n  the  range of 200 t o  800 p s i ,  The combined s o i l ,  waste 

material  and form, arid g r o u t  mat r ix  s h a l l  scipport, wi thout  any sub- 

s idence ,  t he  weight of any RWHC o p e r a t i o n a l  v e h i c l e  t h a t  may tra- 

verse the  t rench dur ing  normal maintenance. T h i s  ope ra t ion  i s  

performed wi thout  t h e  presence of a t r ench  cap. 

6 .  Grout Shrinkage, ._____ The grout  shr inkage  shall he minimized. Less than 

7. 

8 .  

9 .  

10. 

11. 

1 X  volume shr inkage  is accep tab le  f o r  t he  s o i l  or p a r t i c u l a t e  g rou t  

a p p l i c a t i o n ,  Chemical g rou t  shr inkage  v i a  d e s i c c a t i o n  s h a l l  not 

promote subsidence i n  the  waste p i t s  and s h a l l  not  a f f e c t  the  g rou t  

performance o b j e c t i v e s  A l l  g rou t  for inulat ions s h a l l  resist o r  

prec lude  s y n e r e s i s  phenomena i n  unsa tura ted  cond i t ions  i n  Idaho. 

Phase Separat ion.  Grouts  s h a l l  not i n i t f a t e  a water f r o n t  during 

phase s e p a r a t i o n  i n  cur ing  of the groul .  No mobile water shall be 

gene ra t ed  by the  cu r ing  or s e t t i n g  process.  

FreezeIThaw De te r io ra t lon .  I n  t h e  tes t  phase,  a de te rmina t ion  Wi l l  

be  made of t he  h i s t o r i c a l  recorded temperature  extremes a t  a 3-ft  

s o i l  depth  at the  S o i l  Conservation Serv ice  Aberdeen Test S ta t ion .  

T h i r t y  c y c l e s  w i l l  be i n i t i a t e d  with the  n a t u r a l  humidity of t he  

s o i l  a t  depth.  No grou t  d e t e r i o r a t l o n  from t h i s  tes t  s h a l l  be 

accepted  

Waste ContaLner D i s t o r t i o n ,  or loss of i n t e g r i t y  5.8 accep tab le  as 

long  as the  g rou t  f i l l s  the  vacated vold.  

V i b r a t i o n a l  Resis tance.  The grouted  s o i l  and waste forms s h a l l  be 

capable of wi ths tanding  v i b r a t i o n  from nominal heavy equipment 

t r a f f i c  over  t he  t rench .  

Chemical and P a r t i c u l a t e  Grouts. Both chemical and p a r t i c u l a t e  

g r o u t s  s h a l l  be chemica l ly  and phys jca l ly  compatible with each 

o t h e r .  During i n j e c t i o n  ope ra t ions ,  t h e  chemical grout  d l 1  he 

a p p l i e d  i n  the  same regions where p a r t i c u l a t e  g r o a t s  have been 

app l i ed .  It i s  e s s e n t i a l  Chat t hese  tuo forrnuJations do not  a f f ece  

each o t h e r  * s set times or f i n a l  charac te r3  s t i c s .  
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3. GROUT MIX COMPOSITIONS 

3.1 SOIL-GROUT 

The compositions of t h e  s o i l  g rou t  mixes t h a t  were t e s t e d  i n  t h i s  

s tudy  are shown i n  Table  1. The cement i n  t h e  mixes acts as a binder .  

The ASTM class C f l y  a sh  component s e r v e s  as an a d d i t i o n a l  b inde r ,  as w e l l  

as t o  improve f low p r o p e r t i e s  of f r e sh -mix  g r o u t ,  t o  hold water, t o  mini- 

mize void space,  and t o  form c r y s t a l l i n e  s t r u c t u r e s  t h a t  act as a source  

of i n t e r n a l  s t a b i l i z a t i o n  i n  t h e  s o i l  system.4 

t h e  f low p r o p e r t i e s  o f  t h e  f r e s h l y  mixed grouts .  Par t ia l  ana lyses  of t h e  

type  I,II Por t land  cement: and t h e  ASTM class C f l y  ash  are shown, respec- 

t i v e l y ,  i n  Tables 2 and 3. The p a r t i c l e  s i z e  d i s t r i b u t i o n  of t h e  INEL 

s o i l  is  shown i n  Figs.  1 and 2. 

a real  d e n s i t y  of 2.75 g/cm , and a mois ture  conten t  of 13.0 w t  %. 

s o i l  s u r f a c e  area is  a f u n c t i o n  of p a r t i c l e  s i ze  and, t h u s ,  is s i g n i f i c a n t  

t o  t h e  s o i l  g rou t  p e n e t r a b i l i t y .  

all void volumes as determined by us ing  an  autopycnometer w i th  helium gas. 

The compositions of t h e  n ine  g rou t  mixes l i s t e d  in Table 1 w e r e  chosen 

based on r e s u l t s  ob ta ined  from exp lo ra to ry  tests. S o i l  p a r t i c l e s  >7,0 mm 

i n  d iameter  ( 5 t o  8 w t  % of t h e  s o i l )  were s i eved  ou t  o f  t he  s o i l  befo re  

i t  w a s  used. 

The f l u i d i z e r  a l s o  improves 

The s o i l  had a s u r f a c e  area of 52.7 m / g ,  

The 

R e a l  d e n s i t y  is t h e  d e n s i t y  excluding 

Due t o  t h e  c o s t  of t h e  cement, i t  is important  t h a t  t h e  so i l - to-  

cement  weight r a t i o  be as g r e a t  as p o s s i b l e ,  assuming o t h e r  performance 

c r i te r ia  are m e t .  The soil-to-cement weight r a t i o s  i n  t h e  t e s t e d  mixes 

v a r i e d  from 0.78 t o  1.60, as shown i n  Table  1. Grouts  wlth >40 wt X s o i l  

were not t e s t e d  because of programmatic, f i n a n c i a l ,  and t i m e  c o n s t r a l n t s .  

The mixing procedure c o n s i s t e d  of adding t h e  s o i l s  t o  t h e  water i n  a Model 

N-50 Hobart Mixer w i t h i n  a per iod  of 30 si a t  a low s t i r r t n g  rate,  -135 rpm, 

and then  fnc reas ing  t h e  rate t o  285 rpm f o r  30 s. 

3.2 ORDINARY-PARTICULATE GROUTS 

T e s t s  w e r e  conducted wi th  two o r d i n a r y - p a r t i c u l a t e  g rou t  series, 

denoted as Ordinary-Par t icu la te  Grout S e r i e s  I and Ordinary-Par t icu la te  

Grout S e r i e s  11. The type I,II Por t land  cement and t h e  ASTM class C f l y  

a s h  used i n  t h e s e  tests are t h e  same as those  used i n  t h e  so i l -g rou t  mixes 
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Table 1. Soil-grout mix composiLions 

Mix No. 
1 2 3 4 5 6 7 8 9 

- 
-----~.--.- 

Type I, I1 Portland 2 5  30 35 27.5 33 38.5 22.5 27 31.5 
cement, w t  x 

Water p l u s  25 20 15 27.5 22 16.5 22.5 18 13 - 5  
fluidizer, wt % 

INEI, soil, 
wt % 

40 40 40 30 30 30 35 35 35 

Fly ash (class C),a 10 10 10 15 15 15 20 20 20 
wt % 

Fluidizer, w t  %b None 0.20 0.42 None 0.22 0.83 0.22 0.41  0.87 

. . . .  m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Water/cement weight 1.0 0.67 0.43 1.0 0.67 0.43 1.0 0.67 0.43 
ratio 

Soil/cement weight 1.60 1.33 1.14 1.09 0.91 0.78 1.55 1.39 1.11 
ratio 

aPurchased from Pozzolanic Northwest, Inc., of Mercer I s land ,  Wash. 

bDowell E65 fluidizer was used. 
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Table 2. Chemical composition of 
type 1,II Portland cement 

- 

Component or property w t  x 

S i l i c o n  dioxide (SiOp) 22 -78 

Aluminum oxide (A1203) 3.40 

Ferric  oxide (Fe203) 4 -96 

Magnesium oxide (MgO) 0.91 

Sulfur tr ioxide  ( S O 3 )  2 -05 

Loss on i g n i t i o n  1.31 

Insoluble residue 0.30 

Total alkalies (as  Na20) 0 040 

Tricalcium s i l i c a t e  (Ca3S) 57 -70 

Tricalcium aluminate (Ca3A) 0 060 

Fineness,  Blaine 3640 cm2/g 
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T a b l e  3 .  Properties and composi t ion 
of ASTM class C f l y  asha 

P r o p e r t y  or component ......- 

Surface area, m2/g 1.98 

~ e n s i t y ,  gIcm3 2.47 

Moisture, m % 0.03 

S i02 ,  w t  % 3 2 .  E7 

Ca3, wt % 26.69 

A 1 2 0 3  -+ Fez03 29.14 

N a 2 0 ,  wt  % 1.80 

P 2 0 5 9  wt x 1.40 

T i 0 2 ,  WT % 1.51 

Loss on ignitian, wt x 0.75 

MgO, m x 5 -00 

SO3, w t  % 1.75 

K 2 0 ,  wt X 0.43 

c ,  m % 0.52 

aPurchased from Pozzolanic 
Northwest, Inc. of Mercer I s land ,  
Wash 
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(Sec t .  3.1) and se rve  e s s e n t i a l l y  the  same purposes as i n  t h e  s o i l - g r o u t  

mixes. The S e r i e s  I1 g r o u t s  were formulated t o  set f a s t e r  and t o  develop 

g r e a t e r  compressive s t r e n g t h  than the  S e r i e s  I g rou t s .  

The three-dry-solid blend compositions used i n  t h e  Ordinary- 

P a r t i c u l a t e  Grout Series I are shown i n  Table  4. Bentoni te  c l a y  i s  

i nc luded  i n  b lends  2 and 3 t o  i n c r e a s e  the  wa te r - r e t en t ion  p r o p e r t i e s  of 

g r o u t s 8  prepared from t h e s e  blends.  

was tumbled i n  a V b lender  f o r  1 h and then mixed with water a t  12- and 

l l t- lb/gal mix r a t i o s ,  y i e l d i n g  a t o t a l  of s ix  mixes. The mixing procedure 

w a s  t he  same as t h a t  f o r  t h e  s o i l  g rou t s .  The blend compositions and mix 

r a t i o s  were s e l e c t e d  on t h e  b a s i s  of t h e  r e s u l t s  from e x p l o r a t o r y  tests. 

Each of t h e s e  three dry-so l id  b lends  

The compositions of t he  t h r e e  mixes t e s t e d  i n  Par t icu la te -Grout  

S e r i e s  TI are shown i n  Table 5. The mixing procedure w a s  the same as t h a t  

used f o r  t he  s o i l  g r o u t s ,  s imu la t ing  low shea r  process  or i n - f i e l d  mixing.9 

The r e fe rence  procedure used f o r  t h e  mixing w a s  ASTM C-192-81.10 

3 . 3  MICKOPINE-PARTICULATE GROUTS 

The f i n e  ( o r  mic ro f ine )  p a r t i c u l a t e  g r o u t  composition and water-to- 

cement weight r a t i o s  s e l e c t e d  f o r  t e s t i n g  are l i s t e d  i n  Table 6.  The f i n e  

cement  w a s  ob ta ined  from Avanti I n t e r n a t i o n a l  Co., Webster, Texas. 

Table  7 shows t h e  phys ica l  p r o p e r t i e s  and composition of t h e  cement. The 

water  and cement were mixed i n  t h e  Hobart mixer f o r  30 s a t  t h e  low 

s t i r r i n g  r a t e  ( 1 4 0  k 5 rpm) and then for  30 s at t h e  high s t i r r i n g  rate 

(590 rpm) ( s e e  Sect.  3.2). A sugar-type set r e t a r d e r ,  C F K - 1 ,  was inc luded  

i n  t he  mix t o  prevent the  g r o u t  from s e t t i n g  too  r ap id ly .  

Same confusion e x i s t s  concerning t h e  t e r m  "microf ine" cement, Two 

f i n e l y  ground cements from Japan are marketed i n  t h e  United S t a t e s .  One 

i s  marketed by A v a n t i  I n t e r n a t i o n a l  Co. as " c o l l o i d a l "  cement but  is a l s o  

known as "microfine" cement. The o t h e r  is marketed by Geochemical Corp. 

as  "microfine" cement but is a l s o  known as " u l t r a f i n e "  cement. Only t h e  

"cnlloidal" cement  from Avantl was available a t  ORNL when t h e  t e s t s  

r epor t ed  here  were conducted; r e f e r e n c e s  t o  "microfine" o r  " f ineaa  cement 

r e f e r  t o  t h i s  Avanti-supplied product. The Geochemical-supplLed cement 

has  a smaller s i z e  d i s t r i b u t i o n  and would presumably be more p e n e t r a t i n g  

t h a n  the  cement a c t u a l l y  t e s t e d .  
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Table 4 ,  [Pry-solid blends used i n  Ordinary Partlczilate Grout Series I 

Blend  1 Blend 2 Blend 3 
Material (wt x >  (wt X )  (vt Z) 

Type I, I1 Psrtl .and cement 20 20 20 

ASTM class C f l y  ash” 80 75 70 

Bentoni te  clay 0 5 10 

- .  

aPurchased from Pozzolanic Nortlawest, Inc. ,  of Mercer I s l a n d ,  Wash. 

Table 5. Cornposittons of three mixes t e s t e d  i n  
Ordinary P a r t i c u l a t e  Grout Series 11 

- 

Material Mix 1 Mix 2 Mix 3 

Type I,II Por t land  cement, wt % 35 4 0 45 

Class C fly a s h ,  w t  X 25 20 15 

Bentoni te ,  wt Z 5 5 5 

w 0 f f l u i d i z e r ,  w t  w 35 35 35 

FluidPzer ,  w t  Za 0.50 0.75 0.75 

Water/cement weight r a t i o  1.00 0,83 0.78 

W a t e r / s o l i d s  weight rat io  0.53 0,54 0.54 

aDowell D-65 f l u i d i z e r  was used. 
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Table 6. Fine (o r  microf ine)  p a r t i c u l a t e  
grout composi t i o n s a  

Mix r a t i o b  
( I b / g a l )  Water/cement w t  r a t i o  

8 1 .oo 

9 0.93 

10 0 983 

aCement obta ined  from Avant1 
I n t e r n a t i o n a l  Co., Webster, Texas. 

bThese mixes inc lude  0.02 w t  % CFR-1 
s e t  re tar d e r  . 

Table 7. Phys ica l  p r o p e r t i e s  and 
composi t ion of f i n e  ( o r  microf ine)  

cementa 

Proper ty  or  component 

Surface  area, m2/g 1.57 

Density , g/cm3 2.41 

Mean p a r t i c l e  d iameter ,  pm 9 06 

si02, w t  x 20.51 

Moisture ,  w t  % 0 -38 

Loss on i g n i t i o n ,  w t  2 2.41 

aObtained from Avanti  I n t e r n a t i o n a l  
eo., Webstcr, Texas. 
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3.4 CHEMICAL, OR SOLUTION, GROUTS 

Information a v a i l a b l e  i n  t h e  l i t e r a t u r e  and discussed i n  Sect .  1 

i n d i c a t e s  t h a t  chemical,  or s o l u t i o n ,  grouts would probably not be s t a b l e  

i n  INEL s o i l  because of climab-ic c o n d i t i o n s .  ,Although these g rou t s  were 

g i v e n  a l o w  p r i o r i t y  due to  time constraints, one column test was 

completed. 
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4 .  TEST METHODS, ~ X ~ L A ~ ~ ~ ~ ~ ~ ~ ,  AND DATA USES 

4 1 PtIASE SEPmATION TEST (DRAINABLE WATER) METHOD 

Phase s e p a r a t i o n ,  as p rev ious ly  noted, r e f e r s  t o  a separate l i q u i d  

phase (water) that  c o l l e c t s  at t h e  t o p  of f r e s h l y  mixed g rou t .  The volume 

o f  l i q u i d  is u s u a l l y  found t o  i n c r e a s e  f o r  a s h o r t  per iod  of t i m e  a f t e r  

t h e  g rou t  is mixed and then t o  dec rease  t o  ze ro  wi th  f u r t h e r  cu re  t i m e .  

The volume of the l i q u i d  l a y e r  is determined by a settling test i n  a 1-L 

p l a s t i c  b o t t l e .  I n  t h e  test ,  a known volume of f r e s h l y  mixed g r o u t ,  

u s u a l l y  500 mL, is poured i n t o  the  b o t t l e ,  which is  capped and allowed t o  

s t a n d  f o r  t i m e  i n t e r v a l s  up t o  28 d. The phase s e p a r a t i o n ,  in v o l  %, is 

c a l c u l a t e d  as the  volume of clear d r a i n a b l e  su r f  ace l i q u i d ,  h e r e a f t e r  

r e f e r r e d  to as "d ra inab le  water,'* d iv ided  by t h e  t o t a l  i n i t i a l  g r o u t  

volume x 100. S ince  d r a i n a b l e  water may c o n t a i n  trace waste subs t ances ,  

i t  is important t h a t  such water be adsorbed o r  o the rwise  conta ined  i n s i d e  

t h e  g rou t  ma t r ix  a f t e r  a reasonable  cu re  t i m e .  

4.2 COMPRESSIVE-STRENGTH TEST METHOD 

Compressive s t r e n g t h  f o r  waste g r o u t  development is s i g n i f i c a n t  i n  

t h a t  i t  is a measure of t h e  s t r u c t u r a l  i n t e g r i t y  t h a t  g r o u t s  are expected 

t o  e x h i b i t  a f t e r  cur ing .  Low compressive s t r e n g t h ,  a l lowing  c rush ing ,  

would r e s u l t  i n  increased  g r o u t  s u r f a c e  area and t h e  p o s s i b i l i t y  of 

inc reased  leaching .  Thus t r i p l i ca t e  o r  q u a d r u p l i c a t e  compressive- 

s t r e n g t h  tests were conducted on each g rou t .  

The specimens f o r  t he  compressive-strength tests were prepared by 

pouring f r e s h l y  prepared g rou t  into 2-in. s t a i n l e s s  molds and a l lowing  

t h e  molds to s t and  i n  a humidity c a b i n e t  a t  approximately 100% r e l a t i v e  

humidity at room tempera ture  f o r  up t o  28  d. The 2-in. cubes were used i n  

accordance with an American Standard For Tes t ing  and Materials procedure 

(ASTM C--109-80).11 

mined using a Model 60,000 Super "L'* T i n i u s  Olsen Tes t ing  Machine. The 

dimensions of the  specimens were measured be fo re  they  w e r e  crushed. It  is 

impor tan t  t h a t  t he  g r o u t s  have a compressive s t r e n g t h  of - >60 p s i  t o  pre- 

ven t  them from cracking  and crumbling and thus  exposing a d d i t i o n a l  s u r f a c e  

t o  p o s s i b l e  l each  water. 

Crushing s t r e n g t h s  of t he  g rou t  cubes were then de te r -  
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4.3 FREEZE/TRAW ms~r mwoD 

The specimens f o r  the f reeze / thaw t e s t s  derc prepared i n  the  same 

manner as f o r  the  connpressiue-strewgth testq. Thc tests w e r e  conducted 

uslng a Model 16635 thermal test chainber, manufactured by Despatch 

I n d u s t r i e s ,  w i t h  a programmable d j g i t a l  c o n t r o l l e r .  The temperature w a s  

cyc led  30 eFmcs beiween -25 and f60°C, wi th  50% r e l a t i v e  humidity being 

rnaintatned a t  t h e  60°C temperature. The time f o r  each cyc le  was h - 1 11 

a t  -25"C, 1 h t o  i n c r c a s e  t h e  temperature  t o  6 Q ° C ,  1 h at 6O"C, and 1 h t o  

r e c y c l e  back t o  -25°C. A compprssi~e-stre '~gth t e s t  was conducted on each 

specim@n a f t e r  the f reeze/ thaw rest .  The r e fe rence  procedure was ASTM 

C-566-84. 

4 . 4  PENE'CRA'iiT:ON-RESISTANCE TEST W3THOD 

Pene t r a t ion  r e s i s t a n c e  s e r v t a s  as a measure of set t i m e .  Pene t ra t ion-  

resistance tests vere conducted on  groat  specimens p repa r t4  by l o u r i n g  

f r e s h l y  &xed grouts .Into 2-in. s t a i n l e s s  s t e e l  inolds. The spe>ciirleris 

were allowed t o  cure i n  a hurnidi t y  e a b i n e t  f o r  varioiis t i m f s ,  h td then the 

g r o u t  p e n e t r a t i o n  r e s i s t a n c e  was iiie.>sured u s i n g  a n  Acme  p c n e t r o  ietcr. The 

reference procedures  were ASTH C-40'3-80 and AS rM C-803-82. 

4.5 RHEOLOGICAL ME:ASIJREM@NT METHOD 

FOP. t h e  purposes of t h i s  work, rl icological raeasureinents were COR.-  

ducted  p r imar i ly  t u  measure p r o p e r t i e s  r e l a t i n g  t o  flow p r o p e r t i e s  of t he  

g r o u t s  us ing  a P a m  d i r e c t  reading  viscometer ,  Model 3%. The da t a  

ob ta ined  are used t o  determine the f l u i d  cons i s t ency  index ,  K ' ;  t he  flow 

behnvtor index,  A'; the  apparent  v i s c o s i t y ;  and t h e  IO-rrain ge l  s tcength .  

Since t h e  g r o u t s  are non-Newtonian f l u i d s ,  t h e  va lues  of n' arid K' a l low 

t h e  apparent  v i s c o s i t y ,  p 9  t o  be c a l c u l a t e d  a t  any s p e c i f i c  s h e a r  ra te  i n  

t h e  laminar  f l o w  r eg ion  from 

where the u n i t s  are cP, lb f  s n ' / f t 2 g  and s-l, r e s p e c t i v e l y ,  f o r  H~ K', 

and S ,  t h e  s h e a r  rate ( n '  i s  u n i t l e s s ) .  
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4.5.1 F l u i d  Consistency Index, K ' ,  and Flow Behavior Index, n' 

For non-Newtonian g r o u t s ,  shea r  stress is dependent on shea r  rate and 

i s  rep resen ted  by the  Power Law model13 

where 

S ,  = shea r  stress, l b f / f t 2 ,  

K' = f l u i d  cons i s t ency  index, l b p n ' / f t 2 ,  

S r  = shea r  rate, s'l, and 

n '  = flow behavior index ( O < n ' < l . O ) ,  dimensionless.  

Values of n' and K' are determined from t h e  Power Law model for  a given 

set of viscometer -shear -s t ress  vs shea r - r a t e  da ta .  An example p l o t  of 

such  d a t a  ( f o r  8- lb /ga l  mix r a t i o  microf ine  cement g r o u t )  wi th  t h e  s l o p e  

of  l i n e ,  n', equal  t o  0.5185 and t h e  i n t e r c e p t ,  K ' ,  equa l  t o  0.006 is 

shown i n  Fig. 3. Values for n' and K' were determined f o r  each mix except  

where i n d i c a t e d  o therwise .  

4.5.2 Dens i ty  

The d e n s i t y  of each f r e s h l y  mixed g r o u t  was d i r e c t l y  measured i n  

l b / g a l  a t  room tempera tu re  us ing  a Baroid mud balance.  

4.5.3 Apparent V i scos i ty  

V i s c o s i t y  i n  a g rou t  varies with  s h e a r  rate. The apparent  v i s c o s i t y  

i n  t h e s e  tests w a s  measured at 511 s-l (300 rpm on t h e  Fann Viscometer),  

which is  a common prac t ice .10  

4.5 .4 Gel St reng th  ( IO-min) 

The 10 min g e l  s t r e n g t h  is a measure of t h e  f o r c e  requi red  t o  restart 

t h e  flow of g rou t  i n  a p ipe  a f t e r  t h e  flow has been stopped f o r  10 min. 

The measurement w a s  made 1.n the  Fann viscometer wi th  the  same g r o u t  sample 

a f t e r  t h e  o t h e r  r h e o l o g i c a l  measurements. The g rou t  w a s  allowed t o  s t and  

i n  the v iscometer  for 10 min without s t i r r i n g ,  a f t e r  which the  ins t rument  

was turned on with the  shea r  ra te  set a t  3.0 rpm. The 10-min gel s t r e n g t h  

i n  lb f /100  f t 2  was read d i r e c t l y  from t h e  viscometer a t  t h e  maximum 

d e f l e c t i o n  on the  shea r  stress scale. 
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4.6 WATER-PERMEABILITY TEST METHOD 

A schematic of t h e  test appa ra tus  used for measuring l i q u i d  per- 

m e a b i l i t y  is shown i n  Fig. 4. One-inch-diameter g rou t  samples cured for a 

minimum of 28 d were c u t  t o  l e n g t h  (approximate ly  3 /4  in.)  by a w e t  c u t t i n g  

wheel. The exac t  d iameter  and l e n g t h  of each specimen were measured wi th  

c a l i p e r s .  Each specimen w a s  then r i n s e d  wi th  water and loaded i n t o  the  

s a m p l e  chamber a f t e r  t he  heavy-wall rubber tube w a s  pu l led  back by a 

vacuum exe r t ed  through the  Hassler opening ( s e e  Fig. 4). The l i n e  and 

i n n e r  ce l l  chamber were then f i l l e d  wi th  water from t he  s t a i n l e s s  s teel  

l i q u i d  r e s e r v o i r .  A s e a l i n g  p res su re  of approximately 300 p s i  w a s  exe r t ed  

o n  the  sample  by the  heavy-wall rubber tub ing  as t h e  r e s u l t  of water i n  

t h e  space between t h e  o u t e r  w a l l s  of t he  Hassler cell and t h e  rubber 

tub ing .  A d i f f e r e n t i a l  water p res su re  of 2 to 4 a t m  was e x e r t e d  a c r o s s  

t h e  sample. The flow rate was c a l c u l a t e d  by weighing the  amount of water 

f lowing  through the  sample  per u n i t  t i m e  on an  e l e c t r o n i c  balance.  The 

ba lance  w a s  enc losed  i n  a s h i e l d  wi th  a w e t  paper towel i n s i d e  t o  water 

sa tura te  the  surrounding air. 

The pe rmeab i l i t y  c o e f f i c i e n t ,  K,, w a s  determined from t h e  s l o p e  of a 

p l o t  implement€ng Darcy ' s  Law, which i s  expressed  as: 

where 

K, = permeab i l i t y  c o e f f i c i e n t ,  darcy;  

= v i s c o s i t y  of t he  working f l u i d ,  cP; 

Q = flow r a t e ,  cm3/s; 

L = l eng th  of t he  sample, cm; 

P = p r e s s u r e  g r a d i e n t  ( P 1  - P z ) ,  a t m ;  and 

A = cross s e c t i o n  of the saiuple,  cm*.  

The unCt most widely used t o  r ep resen t  pe rmeab i l i t y  is t h e  darcy. 

T h i s  unit is de f ined  as the  pe rmeah i l l t y  t h a t  r e s u l t s  in a flow rate of 

1 c m 3  p e r  second of f l u i d  w i t h  a v i s c o s i r y  of 1 CP through a 1-em cube a t  

a p res su re  d i f f e r e n t i a l  of 1 a t m .  Thus, 
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The permeabiLtty corfflcients of the. g rou t  samples  were determined 

from plots oE pQ/A VR P / t .  Three p l a t s ,  a t  p r e s s u r e  gradients of 2,  3, 

and 4 atrn were plokted, and nrhe s l o p e  of the r e s u l t i n g  s t r a i g h t  ltne w a s  

taken  as the  pe rmeab i l i t y .  I n  some instances, the pe rmeab i l i t y  was so low 

t h a t  only one d a t a  polnt w a s  ob ta ined;  the permeability is  r ep r t ed  as a 

"<" - value, An example p l o t ,  f o r  s o l 1  grout I&X 7 ,  i s  shown i s m  Fig. 5. It 

should he  noted that p e m e a b t l i t b e s  are  r e l a t d  to t-rydraulic c sa~dur ' r8~J  t y  

by the fo l lowing  equatfon, 1 4  

where 

KB = h y d r a u l i c  c o n d u c t i v i t y ,  cm/s; 

d = d e n s i t y  of t h e  f l u i d ,  g/cm3; 

g = a c c e l e r a t i o n  due t o  g r a v i t y ,  c m / s 2 ;  and 

)I = V i s c o s i t y ,  CP. 

I n  e f f e c t ,  t h e  pe rmeab i l i t y  c o e f f i c i e n t ,  I&, can he m u l t i p l i e d  by t h e  

f a c t o r  9.71 x t o  o b t a i n  the h y d r a u l i c  c o n d u c t i v i t y ,  KB. Both Ma and 

Kg values are repor t ed  i r ?  a p p r o p r i a t e  t a b l e s  in Sect. 5. 

corresponds ko t h e  " ' f a l l i n g  head permeabi l i ty"  va lues  as r epor t ed  i n  t he  

document, S o i l  Tes t ing  R e s u l t s ,  Subcont rac t  K-180.1, Task Order No- 1, f a r  

E G G  Idaho, Ine. Low h y d r a u l i c  c o n d u c t i v i t y  is d e s i r a b l e  t o  minimize t h e  

release of waste subs t ances  from t h e  g r o u t s  v i a  Water s o h t i o n s .  

The r " ~  v a l u e  

The purpose of t h e  columns and o t h e r  miseellaneoiis tests w a s  t o  

o b t a i n  a d d i t i o n a l  i n f o m a t i o n  and d a t a  p e r t a i n i n g  t o  the flow p r o p e r t i e s  

of t h e  grouts i n t o  t h e  s o i l  and t h e  chemhcal and p h y s i c a l  c o m p a t i b i l i t y  of 

t h e  g r o u t s  wi th  each o ther .  

The column tests were conducted by i n j e c t i n g  g r o u t s  under 15-psi a i r  

p r e s s u r e  through a p e r f o r a t e d  2-in.-ID l a n c e  i n t o  a column of INEL s o i l .  

The column w a s  cons t ruc t ed  w i t h  a 30-in. l e n g t h  of 6.5-in.-ID methyl 
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methac ry la t e  tub ing  packed w i t h  s o i l  t o  a d e n s i t y  of 1.10 g/cm3 

(69 l b / f t 3 ) .  

i n j e c t e d  i n t o  t h e  s o i l  i n  two 4-in. increments of depth s t a r t i n g  a t  the  

bottom of t h e  column. F ine  p a r t i c u l a t e  g r o u t ,  8 - lb /ga l  mix r a t i o ,  w a s  

i n j e c t e d  i n t o  a second column us ing  the  same procedure. 

s i l i c a t e  chemical cement w a s  i n j e c t e d  i n t o  a t h i r d  column. The results 

from t he  column tests cannot be d i r e c t l y  e x t r a p o l a t e d  t o  a c t u a l  g r o u t  

placement i n  t h e  f i e l d .  These tests are in tended  on ly  t o  show r e l a t i v e  

p e n e t r a t i o n s  of g r o u t s  i n t o  d i s t u r b e d  INEL s o i l .  

Ordinary P a r t i c u l a t e  Grout Series II Mix 1 (Table 4 )  w a s  

A 20% sodium 

Other misce l laneous  tests were conducted i n  which compressive- 

s t r e n g t h  specimens were prepared so t h a t  t h e  bottom ha lves  of t h e  spec i -  

mens were poured (2-in. cube) us ing  the  above p a r t i c u l a t e  g r o u t  and t h e  

t o p  ha lves  poured us ing  t h e  m i c r o f i n e - p a r t i c u l a t e  grout .  Compressive- 

s t r e n g t h  tests w e r e  conducted on 15-d cured specimens. The specimens were 

also examined under a d c r o s c o p e  t o  d i s c e r n  the  e x t e n t  t o  which t h e  

materials in t h e  two g r o u t s  were d i f f u s e d  i n t o  each o t h e r .  S i m i l a r  tests 

w e r e  conducted t o  de te rmine  the  e f f e c t s ,  i f  any, on d r a i n a b l e  water of 

pouring the  f r e s h l y  mixed g r o u t s  t oge the r .  



5.  TEST RESULTS AND DISCUSSION 

Thc performance c r i t e r i a  used to  determine t h e  a c c e p t a b i l i t y  of the 

g r o u t s  are summarized bclnw: 

Cri t e r i o n  

7-d d r a i n a b l e  water 

2 8 4  compressive s t r e n g t h  

R e  q ni t: e me n t 
I_ 

0 vo l  2 

>50 p s i ,  expected 

200-800 p s i  

_I 

Compressive s t r e n g t h  a f te r  f reeze / thaw >60 p s i  

Hydraul ic  conduc t iv i ty  

lO--min g e l  s t r e n g t h  

__I (1 x 10-7 cm/s 

- <loo  l b f / 1 0 0  f t 2  

Shrinkage dur ing  cu r ing  (1 vo l  % 

5 1 SOTL-GROUT TEST KESIJLTS 

The r e s u l t s  of t he  s o i l - p o u t  tes ts  are shown i n  Table 8. Data f o r  

mixes 3 and 9 are excluded from the  tabZe because of the  poor fl.1.ii.d con- 

s i s t e n c y  of t h e s e  mixes. The d r a i n a b l e  water was 0 vol  X i n  24 h f o r  a l l  

o f  the  o t h e r  mixes l i s t e d  i n  the  t a b l e  except  mix 1, which was 0 v o l  , %  i n  

48 h. The 7.-d compressive s t r e n g t h  vn1-u.e~ f o r  the g r o u t s  (TaR1.e 8)  were 

g r e a t e r  than 1500 p s i ,  w e l l  above the  SO p s i  t h a t  would be requi red  a f t e r  

28 d ( 2 8 4  t es t s  w e r e  not conducted due t o  program t i m e  c o n s t r a i n t s ) .  

N o  shr inkages  of t he  specimens dur ing  cur ing  w e r e  de t ec t ed .  The 2 8 4  

compressive s t r e n g t h  va lues  were >1800 psi.  f o r  all. the mixes a f t e r  t he  

f r eeze / thaw tests; thus ,  a l l  the  g r o u t s  l i s t e d  i n  the t a b l e  passed t h i s  

test. The hydrau l i c  conduc t iv i ty  of t h r e e  of t he  g r o u t s  a f t e r  28 d of 

cu r ing  ranged from 2 x 10-9 t o  - < I  x 10-10 cm/s. 

The. f l u i d  cons i s t ency  of each of the  s o i l  grouts t e s t e d  w a s  so t h i c k  

t h a t  meaningful rheo log ica l  measurements could east be obta ined  using the  

Fann Direct Reading Viscometer. Because of the  poor f l u i d  cons i s t ency  

problem, all of the  so i l -g rou t s  tests are not recorornended f o r  i q j e c t i o n  

i n t o  c losed  shallow-land b u r i a l  t renches  without  f u r t h e r  i n v e s t l g a t i o n .  

The so i l -g rou t s  t e s t e d  and l i s t e d  i n  Table 8 are ,  however, s u i t a b l e  for  

use  as a filler material i n  open or c losed  trenches,  o r  f o r  drum disposals 

Mixes 1 and 7 would be p re fe r r ed  based on t h e i r  soil-to-cement r a t i o s  of 

-1.6. The th ickness  of t he  g r o u t s  appeared to be sPmiLan- t o  t h a t  of 



Table 8. Results of soil-grout tests 

Mix No. 
1 2 4 5 6 7 a 

24-h phase 
separation, 
vol % 
(drainable 
water) 

7-d compressive 
strength, p s i  

28-d compressive 
strength after 
freeze/thaw, 
psi 

Density, lb/gal 

24-h penetration 
resistance, 
psi 

Water permeabil- 
i t y ,  darcy 

Hydraulic con- 
ductivity, 
cm/ s 

a 

1577 f 25 

1835 

15.6 

>8000 

2 x 10-6 

2 10-9 

0 0 

3754 2 141 1898 ? 37 

3933 2213 

15 *9 15.2 

>8000 7600 

ND - (1 x 10-10 

0 0 0 

3736 2 158 6320 2 235 2432 k 106 

3955 8180 2843 

16 -5  17.3 15.9 

>8000 >8000 >8000 

ND ND 7 x 10-7 

ND ND 7 x 10'10 

0 

4017 2 325 

6388 

16.7 

>BOO0 

ND 

ND 

aO vol X after 48 h. 
bRelationship between water permeability and hydraulic conductivity discussed in Sect . 4.6. 
CND = Not determined. 
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convent iona l  conc re t e s  (e.g., conc re t e s  t h a t  would he poured i n  home 

p a t i o s ) .  

d i  scussea14 in open l i t e r a t u r e .  

The pumping of srich conc re t e s  has been r r p o r t e d l 3  arid 

5 2 K-ESULTS OF ORDINARY-PARTICULATE GROUT TESTS 

R e s u l t s  of the Ordinary-  articulate Grou'L S e r i e s  P tests f o r  dry- 

s o l i d  blends 2, arid 3 are shorn, r e s p e c t i v e l y ,  i n  T a b l e s  9 ,  10, and 11. 

The v o l  X of d r a i n a b l e  water (phase s e p a r a t i o n )  was 0 a f t e r  24 h f o r  a l l  

o f  the grouts except  the 12-lb/gal  blend I g rou t ,  which f a i l e d  t o  go t x  0 

i n  28 d. The 2 8 4  compressive s t r e n g t h  va lues  and/or  pene t r a t ion  

r e s i s t a n c e  val.ues f o r  blends 1 and 2 ( T a b l e s  9 and 10) would normally be 

cons idered  too low t o  be acceptab le .  Some r e l a x a t i o n  of performance 

requirements  would be requi red  before  these  g r o u t s  cou1.d he used, The 

g r o u t s  prepared froin blend 3 developed compressive s t rengths  of -235 and 

-375 f o r  t he  12- and 14-lb/gal mixes, r e spec t ive ly .  However, t hese  grouis  

either did  not pas s  o r  on ly  margina l ly  passed the IO-nzi~r i  g e l  s t r e n g t h  

t es t ,  which r e q u i r e s  a 10-min ge l  s t r e n g t h  of I < ~ O O  Ihf/lOO f t * .  

none of t h e  g r o u t s  i n  t h i s  series (Par t icu la te -Grout  S e r i e s  19 appears  t o  

be  completely accep tab le ,  i t  i s  i n t e r e s t i n g  t o  observe the  e f f e c t  o f  ben- 

t o n i t e  c l a y  on the apparent  v i s c o s i t y  and g e l  s t r e n g t h  of t he  f r e s h  g rou t  

mixes. F igure  5 shows t h a t  the  apparent  v i s c o s l t y  ( a t  300 rpm) increased  

from 15 t o  35 cP f o r  t he  12- - lh /ga l  mixes, and from 21 t o  60 CP f a r  the 

14-lb/gal  mixes, as the  ben ton i t e  c l a y  conten t  i n  the  dry-so l id  blends was 

i nc reased  from 0.0 t o  10.0 w t  %. Simi la r ly ,  Pig.  7 reveals t h a t  the 10-min 

g e l  s t r e n g t h  increased  from 52 to 92 lb f /100  f t 2  for the  12-lb/gal  mixes  

and from 77 t o  152 lbf /100 f t 2  f o r  t he  14-lb/gal  mixes as the  ben ton i t e  

c o n t e n t  i n  the  dry-sol id  blends was increased  from 0.0 t o  10.0 wt  %. 

mile 

R e s u l t s  of the Ordinary-Par t icu la te  Grout S e r i e s  PI t e s t s  are shown i n  

Table  12. The t h r e e  mixes i n  t h i s  series m e t  the  requirements  of all 

tests. For each mix, the  d r a i n a b l e  water  was 0 w t  X 1.n l-ess than 4.$ h; 

t h e  hydrau l i c  conduc t iv i ty  was - < L O w 7  cm/s; * t he  28-d compressive s t r e n g t h s  

be fo re  and a f t e r  the  f reeze / thaw test .s  were - >3250 p s i ;  and t h e  10-min ge l  

*The hydrau l i c  conduc t iv i ty  of mix 3 w a s  not deterrnined due t o  a 
d e f e c t i v e  sample; however, the hydrau l i c  conduc t iv i ty  should have been 

s i m i l a r  t o  t h a t  of the o t h e r  two mixes. 
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Table 9 .  T e s t  r e s u l t s  for Ordinary-Particulate Grout 
Series I ,  blend 1 

Mix r a t i o ,  lb /ga l  

2 8 4  phase separation, vo l  % 

28-d penetration r e s i s t a n c e ,  
P s i  

Water permeability,  darcy 

28-d compressive s trength,  ps i  

28-d compressive s trength 
a f t e r  freeze/thaw, psi 

Apparent viscosity a t  
300 rpm, cP 

10-min gel s trength,  
lbf /100 f t 2  

Fluid cons is tency  index 
(K'), l b f * s n ' / f t 2  

Flow behavior index, n' 

12 

0 .2  

188 

ND 

4 6 ,  52, 64 

300 

15 

52 + 4 - 
13.2 

0 dl1055 

0.53 

14 

Oa 

356 

ND 

56,  78,  69 

450 

21 

77 + 8 - 

13.8 

0.0112 

0 -47 

_- 
a0 v o l  % a f t e r  24 h. 

~ N D  = not determined. 
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Table 10. T e s t  r e s u l t s  f o r  Ordinary-Par t icu la te  Grout 
Series I, blend 2 

Mix r a t i o ,  l b /ga I  

2 8 4  phase s e p a r a t i o n ,  vo l  2 

2 8-d pene t ra t  ion  res i s  t ance 
p s i  

Water permeabi l i ty ,  darcy 

2 8 4  compressive s t r e n g t h ,  p s i  

2 8 4  compressive s t r e n g t h  
a f t e r  freeze/thaw, p s i  

Apparent v i s c o s i t y  at  
300 rpm, CP 

10-min ge l  s t r e n g t h ,  
l.hf/100 f t 2  

Denslty, lb/gaX 

F l u i d  cons i s t evcy  index 
(K') , l b f a s "  /ft2 

Flow behavior  index,  n' 

1 2  

0 

4@ 

ND 

266, 232 ,  161 

206 

2 2  

82 - . ~  -+ 8 

13.2 

0.0111 

0.48 

14 

Oa 

88 

NU 

377, 312, 313 

185 

35 

87 + 11 - 

13.8 

0.0240 

0 - 4 3  

...-- ..... ^-- - _____.._ 

aO vol % a f t e r  2 h. 

1, 
U N D  = not determined. 
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Table 11. T e s t  r e s u l t s  for  Ordinary-Particulate Grout 
Series I ,  blend 3 

Mix r a t i o ,  lb /ga l  

2 8 4  phase separation, vol  W 

28-d penetration res i s tance ,  
P s i )  

Water permeability, darcy 

2 8 4  compressive strength, p s i  

2 8-d comp r e s s i ve st re ng t h 
a f t e r  freeze/thaw, p s i  

Apparent v i s c o s i t y  at  
300 rpm, cP 

10-min g e l  s trength,  
lbf /100  f t 2  

Density,  lb /ga l  

Fluid cons is tency  index, 
( K ' ) ,  l b f * s n ' / f t 2  

F l o w  behavior index, n' 

12 

0 

1720 

ND 

234, 233, 237 

47 2 

35 

92 + 8 - 
13 03 

0.0257 

14 

0 

>4000 

ND 

417, 368, 345 

842 

60 

152 +- 28 - 

13.8 

0 -064 1 

0.36 

aND = not determined. 
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Fig. 7.  Effect of dry-solids blend bentonite content on 10-min strengths 
of Particulate  Grout Series I grouts. 
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Table 12 .  Resu l t s  o f  Ordinary- -Par t icu la te  Grout 
Ser ies  T I  tests 

5--d phase separations 
v o l  x 

Water pe rrneab i 1 i cy  , 
d ar cy 

By d r a u l  i c comduc t i v i  t y 
cm/  8 

28-d compressive 
s t r e n g t h ,  p s i  

2 8--d compressive 
s t r e n g t h  a f t e r  
€reeze/thaw, p s i  

Apparent v i s c o s i t y  at  
300 rpm, CP 

Densi ty ,  l b / g a l  

F l u i d  cons i s t ency  i n d e x ,  
(K'), lbf*s"'/ft2 

Flow behavior  index, o f  

0" 

6080 

9.7 x 10-7 

9.4 x 10-1" 

3439 9- 259 

3250 

32 

42.5 + 4.9 
I 

14.5 

0.0017 

0.84 

0 

>8000 

5.6 x 10"'T 

6.4 x 10-10 

3407 + 248 

3770 

33 

39 + 7.1 - 

14.6 

0 .oo 1 

0.93 

0 

>8000 

ND 

ND 

4140 5 250 

41 35 

36 

4 0 e 5  f 7.8 - 

14  -7 

0.0009 

0.95 

"0  vo l  % a f t e r  48 h. 
bRe la t ionsh ip  between water permeability and hydrau l i c  c o n d u c t i v i t y  

CND = not determined due t o  d e f e c t i v e  s a m p l e .  
d i scussed  i n  Sect. 4 . 6 .  
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s t r e n g t h s  were - ( 4 3  lbf/100 f t 2 .  

Improved s e t t i n g  ( p e n e t r a t i o n  r e s i s t a n c e )  p r o p e r t i e s  of t he  S e r i e s  11 

g r o u t s  over t h e  S e r i e s  I g r o u t s  resu l t  from the  lower water-to-cement 

r a t i o s  i n  t h e  former series. The water-to-cement r a t i o  i n  t h e  S e r i e s  11 

g r o u t s  ranged from 0.78 t o  1.00 as compared with r a t i o s  of 3.33 and 2.86 

f o r  t h e  r e s p e c t i v e  12- and 14- lb lga l  mix r a t i o  g r o u t s  i n  S e r i e s  I. The 

a d d i t i o n  of t h e  f l u i d i z e r  a l s o  improved the  r h e o l o g i c a l  p r o p e r t i e s  of t h e  

S e r i e s  I1 grou t s .  The g r e a t e s t  apparent  v i s c o s i t y  of t h e  mixes at 300 rpm 

was 36 cP, about the same as the v i s c o s i t y  of l i g h t  machine o i l  a t  38OC. 

R e s u l t s  of t h e  column tests and misce l laneous  o t h e r  tests are repor t ed  i n  

Sec t .  5.4. 

Shrinkage dur ing  cu r ing  was < l % .  

5.3 RESULTS OF FINE-PARTICULATE GROUT TESTS 

R e s u l t s  of t h e  f i n e - p a r t i c u l a t e  g r o u t  tests for 8-, 9-, and 10-lb/gal 

ratios (Table 6)  are shown i n  Table 13. The t h r e e  mixes met requi rements  

f o r  all tests. In each test, t h e  d r a i n a b l e  water was 0 w t  % i n  less than  

48 h; the h y d r a u l i c  c o n d u c t i v i t y  was LlO-’ cm/s, the 28-d compressive 

s t r e n g t h s  be fo re  and a f t e r  f reeze / thaw tests were - >1415 p s i ;  t h e  f r e e z e /  

thaw tests d id  not  s i g n i f i c a n t l y  change t h e  compressive s t r e n g t h s ;  and the  

10-min gel s t r e n g t h s  were - <83 lb f /100  f t 2 .  No sh r inkages  of the specimens 

du r ing  c u r i n g  were de tec t ed .  The lowest apparent  v i s c o s i t y  (at 300 rpm) 

w a s  15 cP, which is less than t h e  v i s c o s i t y  of t h e  e thy lene  g l y c o l  at 20°C; 

t h e  g r e a t e s t  apparent  v i s c o s i t y  was  36 CP (a t  300 rpm), approximately t h e  

same as t he  v i s c o s i t y  of l i g h t  machine o i l  at  38OC. R e s u l t s  of t h e  column 

and misce l laneous  o t h e r  tests are repor t ed  i n  Sec t ,  5.4. 

5 . 4  RESULTS OF THE COLUMN AND OTHER MISCELLANEOUS TESTS 

A photograph of a column conta€ning  14,651 g of INEL s o i l  in a volume 

of 13,284 c m 3  is shown on t h e  l e f t  i n  Fig. 8. 

2.75 g/cm3, i t  i s  c a l c u l a t e d  t h a t  t h e  i n i t i a l  void volume i n  t h e  column 

was 60%, or 7970 c m 3 .  

2975 c m 3  of Ordinary P a r t i c u l a t e  Grout S e r i e s  I1 Mix 1 i n j e c t e d  i n t o  the 

s o i l ,  f i l l i n g  37% of the  void volume. The procedure (Sect.  4.8) d i d  not 

c r a c k  t h e  s o i l  i n  t h e  top  p a r t  of t h e  column. Comparable r e s u l t s  were 

ob ta ined  with f i n e - p a r t i c u l a t e  g r o u t  i n j e c t e d  i n t o  a column of INEL so i l ,  

shown on t h e  r i g h t  i n  Fig. 8. As was expec ted ,  t he  m i c r o f i n e - p a r t i c u l a t e  

Based on a s o i l  d e n s i t y  of 

A s  i t  appears  in t h e  photograph, t he  column has had 
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Table  13. Results of fine-particulate g r ~ ~ i t  tests 

Mix r a t i o  ( b b / g a l )  -_ 
8 9 10 

24-41 phase separation, 0" 
v o l  x 

24-41 penetration 2320  
resistanc.9, psi 

4 8-h pellet  ra t  i o n  6160 
resistance, p s i  

0 0 

4480 7 6 0 0  

NDb NI) 

Water perraenbility, 9.5 x 10-6 1.3 x low5 8.6 x lo-? 
darcy 

Hydraul ic  9 . 3  x 1.2 x 10-8 8.3 x 10-10  
c m / s  

213-d compressive 1978, 1925 2 3 4 5 ,  2420 2775, 2870 
s"ienp,Lh, p s i  2418 28 58 

28-d camp ress Lve 1415 
s t r e n g t h  after 
€reeze/thaw, p s i  

Apparent: viscosity at: 1 5  
300 rpm, CP 

1905 2810 

22 36 

8 2 - 2 5  * 27.9 - 55.75 2 10.7 - 53.75 10.8 10-min gel  s t r e n g t h ,  - 
lbf/100 ft2 

Density, l b / g a l  12.5 12.3 13.2 

F l u i d  c o n s i s t e y c y  index ,  0.0062 0.01 13 0.0169 
(K'), Ibf*Sn /ft2 

F l o w  behavior index,  n' 0.51 0.48 0.49 

aO v o l  2 a f t e r  48 h. 

CRela t ionship  between water permeability and hydraulic conductivity 
= not d e t e m l n e d .  

d i scussed  in Sect. 4 .6 .  



37 

ORNL PHOTO 5182-85 

~ . .  -- , 

Fig. 8. Column t e s t s  with INEL soil. 



g r o u t  f i l l e d  a larger f r a c t i o n ,  52%, of t h e  s o i l  void volume. The lance  

used t o  i n j e c t  t h e  g r o u t  i n t o  t h e  s o i l  columns is  shown between the  

columns i n  t h e  f i g u r e .  Samples taken from a s i m i l a r l y  prepared s o i l  

column wi th  o r d i n a r y - p a r t i c u l a t e  g r o u t  are shown i n  Fig. 9. The dark- 

s o l i d  material i n  t h e  sample is  g r o u t  with t h e  l i g h t e r - c o l o r e d ,  more- 

porous material being t h e  s o i l .  I n  a chemical-cement column t e s t  similar 

t o  t h e  above tests,  48% of t h e  s o i l  void volume was f i l l e d .  

I n s p e c t i o n  of specimens prepared with 8 - l b I g a l  f ine-grout  mix poured 

o v e r  mix 1 of Ordinary P a r t i c u l a t e  Grout S e r i e s  11 showed s a t i s f a c t o r y  

bonding at the  boundary between t h e  mixes. Considerable  d i f f u s i o n  of t h e  

m i c r o f i n e  g r o u t  i n t o  the  o t h e r  grout  appeared t o  have occurred. No change 

i n  t h e  phase s e p a r a t i o n  p r o p e r t i e s  of t he  combined mixes w a s  observed. 

The 15-d compressive s t r e n g t h  of t h e  mixes was 1868 p s i .  
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6. CONCLUSIONS AND RECOMMENDATIONS 

Soil-Grouts. The seven soil-grouts listed in Table 8, with com- 

positions as shown in Table 1, are suitable formulations for open-trench 

or drum disposal. These grouts satisfy the performance criteria listed in 

Sect. 5. In addition to water, the grouts contained from 22.5 to 

38.5 wt % type 1,II Portland cement; from 30 to 40 w t  % INEL soil; from 10 

to 20 wt % class C fly ash; and from 0.00 to 0.083 wt % fluidizer 

(Table 1). The most economical grout was mix 1, which contained 25 wt % 

type 1,II Portland cement, 25 wt % water, 40 wt % INEL/RWMC soil, and 

10 wt % class C fly ash. 

The thickness of each soil-grout mixture appeared to be similar to 

that of conventional concretes. The pumping properties of conventional 

concretes have been reported in the open literature.l5sl6 The grouts are 

suitable for use in open trenches and drums and with proper in 

closed trenches. 

Ordinary-Particulate Grouts. Each of the three mixes investigated in 

the tests with Ordinary Particulate Grout Series I1 satisfied the perfor- 

mance requirements listed in Sect. 5. The anticipated purpose of these 

grouts is to fill large voids within the soil/waste matrix in shallow-land 

burial trenches. The grouts contained from 35 to 45 wt % type 1,II 

Portland cement; 15 to 25 wt % class C fly ash; 5 wt % bentonite; 35 wt % 
water; and 0.50 to 0.75 wt % fluidizer (Table 5). From the standpoint of 

material costs, mix 1 (Table 5), which contained 35 wt % water, 35 wt % 
type I,II Portland cement, 25 wt % class C fly ash, 5 wt % bentonite, and 

0.5 wt % fluidizer (in the water) was the most economical. 

Fine-Particulate Grouts. The performance criteria listed in Sect. 5 

were satisfied by each of three microfine-particulate grout mixes tested 

(Table 13). The anticipated purpose of these grouts is to penetrate and 

fill accessible voids that ordinary-particulate grouts do not penetrate 

and to establish a grout/soil barrier to prevent water intrusion into the 

grouted waste trench. The grouts satisfying the performance criteria 

detailed in Sect. 5 contained fine (microfine) cement (Table 7) mixed with 
water at 8-, 9-,  and 10-lb/gal mix ratios and 0.02 wt % CFR-1 sugar set 

retarder. 



41 

7 s  REFERENCES 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7. 

8 .  

James 0. Low, "Program Tes t  P lan  f o r  In-Si tu  Grouting at the INEL," 

A p r i l  1985. 

W. J. Clarke, "Performance C h a r a c t e r i s t i c s  of Microfine Cement ," 
P r e p r i n t  84-023, American Soc ie ty  of C i v i l  Engineers,  1984. 

R. H. Karo l ,  "Chemical Grouts and t h e i r  P r o p e r t i e s , "  pp. 359-77 i n  

Grouting i n  Geotechnica l  Engineering, W. He Baker, ed., American 

S o c i e t y  of C i v i l  Engineers,  New York, 1982. 

E, W. McDaniel, T. M. G i l l i a m ,  and L, R. Dole, "'Recommended Major 

Grout Components, ORNL Milestone No. 32," Oak Ridge Nat iona l  

Labora tory ,  Personal  Communication t o  0. K. T a l l e n t ,  Oak Rldge 

Na t iona l  Labora tory ,  A p r i l  15, 1984. 

W, J .  Clarke ,  "Performance C h a r a c t e r i s t i c s  of Acry la te  Polymer 

Grout," i n  Grouting i n  Geotechnical Engineering, W. H. Baker, ed., 

American Soc ie ty  of C i v i l  Engineers,  New York, 1982. 

M, Shimoda and H. Ohmori, "'Ultra Fine Grouting Material," i n  

Grouting i n  Geotechnica l  Engineering, W. H. Baker, ed., American 

S o c i e t y  of C i v i l  Engineers,  New York, 1982. 

D, W. Moller,  H. L. Minch, and J. P. Welch, U l t r a f i n e  Cement P res su re  

Grouting t o  Cont ro l  Groundwater i n  Frac tured  Gran i t e  Rock, SP 83-8, - 
Geochemical Corpora t ion ,  Ridgewood, N.J. ,  1983. 

0. K. T a l l e n t ,  E. W. McDaniel, and T. T. Cadsey, F i x a t i o n  of Waste 

Materials i n  Grouts: P a r t  I. E m v i r i c a l  C o r r e l a t i o n s  of Formulation 

Data, ORNLjTM-9680, Oak Ridge Nat iona l  Labora tory ,  Oak Ridge, 

Tenn., 1985. 

9 .  D e  K. Smith, Cementing, Soc ie ty  of Petroleum Engineers of AIME, 1976. 

10. "Standard Method of Making and Curing Concrete T e s t  Specimens in t h e  

Labora tory ,"  Annual Book of ASTM Standards ,  Designation: C192-81, 

Vole 4.02, 1984. 

1 1 .  "Standard T e s t  Method f o r  Compressive S t r eng th  of Hydraul ic  Cement 

Mortars (us ing  2-in, o r  50-mm cube specimens)," Annual Book of ASTM 

Standards ,  Desingation: C109-80, Vole 4.01, 1984. 

"Standard T e s t  Method f o r  Res is tance  of Concrete to Rapid Freez ing  

and Thawing," Annual Book of ASTM Standards ,  Designation: C666-84, 

12. 

Val. 4.02, 1 9 8 4 s  



42 

13. E. W. MeDaniel, --- R h e o l z o f  Slurry Grouts, ORNEITPI-7497, Oak Ridge 

National Laboratory, Oak Ridge, Tenn., 1980. 

14. 'r. C. Powers, L. E. Copeland, J .  C. Hayes, and H. M. Mann, 

"Permeabi l i ty  of Por t land  Cement Paste," J. Am. Concr. I n s t .  ( A C I  _II_._ -_ -..-. -_x__I - 
Proceedings) ,  - 51,  285-98 (November 1954). 

15. " 'P l ac ing  Concrete by Fumping Methods," Kepor ted  by ACI Cornmilttee 3 0 4 ,  

ACI 304.2R-7 1, Revised 1982 

16. "Discussion of R e p o r t ,  P l a c i n g  of Concrete by Pumping Methods," - ACI 

- J .  (Proceedings)  - 68(11) 869, (1971). 



4 3  

ORNL/TM-9881 
D i s t .  Category UC-705 

INTERNAL DISTRIBUTION 

1. 
2-6. 
7. 

8-12. 
13. 
14. 
15. 
16. 

17-21. 
2 2 .  
2 3. 
2 4 .  
2 5. 
2 6 .  
27.  

45. 

46. 

47. 

48. 
49 .  

5 0. 

5 1. 

5 2. 

5 3-439. 

R. K. Genung 
T. M. G i l l i a m  
R. W. Glass 
T. T. Godsey 
P. J. Homan 
E. K, Johnson 
J. A. Klein 
A. L. Mattus 
E. W. McDaniel 
C. P. McGinnis 
I?. R. Mynatt 
w. w. P i t t  
M. L. Poutsma 
T. H. Row 
T. L. Sam 

28. 
29. 
30. 
31. 
32. 

33-37. 
38 . 
39. 
40. 
41. 

42. 
43. 
44. 

EXTERNAL DISTRIBUTION 

B. P. S p a l d h g  
R. D. Spence 
M. G. Stewart  
s. H. stow 
L. E. S t r a t t o n  
0. K. TaPlent  
T. Tamura 
R. 6. Wymer 
C e n t r a l  Research L ib ra ry  
ORNGY-12 Tech. Library  
( D o c .  Ref. Sect . )  
Laboratory Records 
La bora t o ry  Records -KC 
ORNL Pa ten t  Sec t ion  

O f f i c e  of A s s i s t a n t  Manager f o r  Energy Research and Development, 
DOE-ORO, P. 0. Box E,  Oak Ridge, TN 37531 
R. L. Berger,  Un ive r s i ty  of I l l i n o i s  at Urbana, 208 N. Romaine St .  
Urbana, I L  61801 
T. L. Clements, Jr., EG&G Idaho, Inc . ,  P. 0. Box 1525, Idaho FalLs, 
I D  83415 
J. 0. Low, EG&G Idaho, Inc. ,  P. 0. Box 1525, Idaho Falls, I D  83415 
C. L. Miller, EG&G Idaho, Inc. P. 0. Box 1525, Idaho F a l l s ,  
ID 83415 
M. Neal, J o i n t  I n t e g r a t i o n  Of f i ce ,  Rockwell I n t e r n a t i o n a l ,  
P. 0. Box 3150, Albuquerque, NM 87190 
S. P h i l l € p s ,  Rockwell Hanford Opera t ions ,  P. 0. Box 800, 
Richland,  WA 99352 
T. H. Smith, EG&G Idaho, Inc. ,  P. 0. Box 1525, Idaho Falls, 
ID 83415 
Given d i s t r i b u t i o n  as shown i n  TIC-4500 under Nuclear Waste 
Management, ca tegory  UC-70b. 

*US. GOVERNMENT PRINTING OFFICE 1986-730~4f40071 




