
Hanford Grout Technology Program 

Characterization of Simulated 
Low-Level Waste Grout 
Produced in a Pilot-Scale Test 

R. 0. Lokken 
M.A. Reimus 
P. F. C. Martin 
S. E. Geldart 

February 1988 

Prepared for the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 

Pacific Northwest Laboratory 
Operated for the U.S. Department of Energy 
by Battelle Memorial Institute 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor Battelle Memorial Institute, nor any or their employees, makes any 
warranty, expressed or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein toany specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise does not necessarily consti- 
tute or imply its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof, or Battelle Memorial Institute. The views and 
opinions of authors expressed herein do not necessarily stateor reflect thoseof the 
United States Government or any agency thereof, or Battelle Memorial Institute. 

PACIFIC NORTHWEST LABORATORY 
operated by 

BAlTELLE MEMORIAL INSTITUTE 
for the 

UNITED STATES DEPARTMENT OF ENERGY 
under Contract DE-AC06-76RLO 1830 

Printed in the United States of America 
Ava~lable from 

National Technical Information Service 
United States Department of Commerce 

5285 Port Royal Road 
Springfield, Virginia 2'2161 

NTlS Price Codes 
Microfiche A01 

Printed Copy 

Pr~ce 
Pages Codes 



Hanford Grout Techno1 ogy Program 

CHARACTERIZATION OF SIMULATED 
LOW-LEVEL WASTE GROUT PRODUCED 
I N  A PILOT-SCALE TEST 

R. 0. Lokken 
M. A. Reimus 
P. F. C. M a r t i n  
S. E. Geldar t  

February 1988 

Prepared f o r  
t h e  U.S. Department o f  Energy 
under Contract DE-AC06-76RLO 1830 

P a c i f i c  Northwest Laboratory 
R i  ch l  and, Washi ngton 99352 





SUMMAR Y 

A U.S. Department o f  Energy (DOE) program i s  under  way a t  t h e  Han fo rd  S i t e  

near  R i  c h l  and, Washi ngton,  t o  c o n v e r t  t h e  1  ow-1 eve1 f r a c t i  on o f  s e l e c t e d  1  i q u i  d  

r a d i o a c t i v e  wastes t o  a  c e m e n t i t i o u s  g r o u t  f o r m  f o r  n e a r - s u r f a c e  d i s p o s a l .  

Grout  s l u r r y ,  c o n s i s t i n g  o f  a  m i x t u r e  o f  l i q u i d  waste  and a  s o l i d s  b lend,  w i l l  

be pumped t o  n e a r - s u r f a c e  d i s p o s a l  v a u l t s  where i t  wi 11 harden, t h e r e b y  immobi - 
l i z i n g  t h e  waste. 

The Grout  D isposa l  Program a t  Han fo rd  i s  managed by Westinghouse Han fo rd  

Company (WHC) who w i l l  o p e r a t e  t h e  T r a n s p o r t a b l e  Grout  F a c i l i t y  (TGF). The TGF 

i n c l u d e s  t h e  Dry M a t e r i a l s  R e c e i v i n g  and Hand1 i n g  F a c i l i t y  (DMRHF) and t h e  

T r a n s p o r t a b l e  Grout  Equipment (TGE). The f i  r s t  waste  s t ream t o  be g r o u t e d  i s  

c a l l  ed Phospha te /Su l fa te  Waste (PSW) f r o m  N  Reac to r  Operat  i ons .  Phosphate 

waste  i s  p r i m a r i l y  a  d i l u t e  s o l u t i o n  o f  sodium phosphate.  The s u l f a t e  waste  i s  

made up of a  d i l u t e  s o l u t i o n  o f  sodium s u l f a t e  and a  sma l l  amount o f  s o l i d  p a r -  

t i c u l a t e  f r o m  s a n d f i l t e r  backwash. 

P a c i f i c  Nor thwest  L a b o r a t o r y  (PNL) has been p r o v i d i n g  s u p p o r t  t o  t h e  Grout  

D i s p o s a l  Program t h r o u g h  p i  1  o t - s c a l e  t e s t s ,  performance assessments, and fo rmu-  

l a t i o n  v e r i f i c a t i o n  a c t i v i t i e s .  A m a j o r  p i l o t - s c a l e  t e s t  was conducted i n  J u l y  

1986 t o  assess t h e  e f f e c t i v e n e s s  o f  t h e  g r o u t i n g  o p e r a t i o n s  and t o  c h a r a c t e r i z e  

g r o u t  produced w i t h  p i l o t - s c a l e  equipment and d i sposed  i n  a  m o n o l i t h i c  form. 

D u r i n g  t h e  t e s t ,  16,000 g a l l o n s  o f  n o n - r a d i o a c t i v e  s i m u l a t e d  PSW were mixed 

w i t h  a  four-component b l e n d  o f  d r y  s o l i d s ,  r e s u l t i n g  i n  22,000 g a l l o n s  o f  

g r o u t .  The g r o u t  s l u r r y  was pumped 150 f e e t  t o  a  1  i n e d  t r e n c h  a t  15 gpm. 

The o b j e c t i v e s  o f  t h e  p i l o t - s c a l e  g r o u t  t e s t  were t h r e e f o l d :  1) t o  d e t e r -  

mine t h e  homogenei ty o f  t h e  g r o u t  produced under  c o n d i t i o n s  s i m i l a r  t o  t h o s e  

p lanned  f o r  t h e  TGF, 2) t o  e v a l u a t e  per formance o f  c a n d i d a t e  g r o u t  p r o c e s s i n g  

equipment f o r  t h e  TGF, and 3) t o  e v a l u a t e  p r o p e r t i e s  o f  g r o u t  t h a t  was produced 

d u r i n g  c o n t i n u o u s  o p e r a t i o n  o v e r  an ex tended t i m e  p e r i o d  and cu red  i n  a  l a r g e  

mono1 i t h .  T h i s  r e p o r t  addresses t h e  f i  r s t  and t h i  r d  o b j e c t i v e s .  

Tes ts  were conducted on p i l o t - s c a l e  g r o u t  s l u r r y ,  s i m u l a t e d  waste  s o l u -  

t i o n ,  d r y  s o l i d s  b l e n d  samples, and c u r e d  g r o u t  samples. Grout  s l u r r y  c o l -  

l e c t e d  a t  two p o i n t s  d u r i n g  t h e  p i l o t - s c a l e  t e s t  and s l u r r y  produced i n  t h e  

iii 



l a b o r a t o r y  were cha rac te r i zed  by measuring rheology,  d r a i n a b l e  l i q u i d ,  and pen- 

e t r a t i  on res is tance .  Cured grout  sampl es i nc l uded  samples c o l l e c t e d  d u r i n g  t h e  

p i l o t - s c a l e  t e s t  and cured. i n  t h e  l a b o r a t o r y ,  samples produced i n  t h e  l abo ra -  

t o r y ,  samples ob ta ined  f rom tubes i n s e r t e d  i n t o  t he  mono l i th ,  and samples f rom 

cored sec t i ons  o f  t h e  monol i th .  Tes ts  conducted on t h e  cured samples i n c l u d e d  

compressive s t r eng th ,  dens i t y ,  u l t r a s o n i c  pu lse  v e l o c i t y ,  l eachab i  1 i t y ,  and 

r n i c r o s t r u c t u r a l  c h a r a c t e r i z a t i o n .  S i g n i f i c a n t  f i n d i n g s  o f  these  t e s t s  were as 

f o l l o w s :  

Pumping t h e  s imu la ted  PSW g r o u t  th rough  150 f e e t  o f  1- in.  p i p e  p r o -  

duced a  more viscous s l u r r y  compared w i t h  s l u r r y  a t  t h e  pump i n l e t .  

The p r o p e r t i e s  o f  s imu la ted  PSW and d ry  b lend  were c o n s i s t e n t  

th roughout  t h e  p i l o t - s c a l e  t e s t .  

There were no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  leach  r e s i s t a n c e  o r  i n  

t h e  phys i ca l  p r o p e r t i e s  o f  g rou t  samples c o l l e c t e d  a t  d i f f e r e n t  l o c a -  

t i o n s  w i t h i n  t h e  t rench .  
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1.0 INTRODUCTION 

A U.S. Department o f  Energy (DOE) program i s  under way a t  t h e  Hanford S i t e  

near Richland, Washington, t o  conver t  t he  low- leve l  f r a c t i o n  of se lec ted  1 i q u i d  

r a d i o a c t i v e  wastes t o  a  g rou t  form f o r  near-sur face d isposa l .  I n  t h i s  repor t ,  

g rou t  i s  de f i ned  as a s l u r r y ,  o r  s o l i d i f i e d  waste form, c o n s i s t i n g  o f  a  m i x t u r e  

o f  l i q u i d  waste and g rou t - fo rming  s o l i d s  i n c l u d i n g  p o r t l a n d  cement, f l y  ash, 

and c lays .  The s l u r r y  w i l l  be pumped t o  near-sur face d isposal  v a u l t s  where i t  

w i  11 harden, thereby imniobi 1  i z i  ng t h e  waste. 

The Grout Disposal  Program a t  Hanford i s  managed by Westinghouse Hanford 

Company (WHC) who w i l l  operate t h e  Transpor tab le  Grout F a c i l i t y  (TGF). The TGF 

inc ludes  t h e  Dry M a t e r i a l s  Receiv ing and Hand1 i n g  Fac i  1  i t y  (DMRHF) and t h e  

Transpor tab le  Grout Equipment (TGE). Up t o  f o u r  d r y  s o l i d s  can be received, 

s tored,  and blended a t  t h e  DMRHF. The blended s o l  i d s  wi 11 be t r anspo r ted  f rom 

t h e  DMRHF t o  t h e  TGE by t r uck .  I n  t h e  TGE, l i q u i d  waste w i l l  be niixed w i t h  t h e  

d ry  s o l i d s  b lend  and pumped t o  l i n e d ,  underground concrete vau l t s .  The v a u l t s  

a re  125 f e e t  long, 50 f e e t  wide, and 34 f e e t  deep. Approximately 88 vo l%  o f  

t h e  v a u l t  volume w i l l  con ta i n  r a d i o a c t i v e  grout,  and t h e  t o p  12% w i l l  c o n t a i n  

non-radi  o a c t i  ve grout.  

The f i r s t  waste stream t o  be grouted i s  c a l l e d  Phosphate/Sulfate Waste 

f rom N Reactor Operat ions (PSW) . Phosphate waste r e s u l t s  f rom decontaminat ion 

o f  t he  r e a c t o r  c o o l i n g  system us ing  a commercial decontaminat ion s o l u t i o n  con- 

t a i  n i n g  phosphoric a c i d  as t h e  p r i n c i p a l  i n g r e d i e n t .  The decontaminat ion so lu -  

t i o n  i s  n e u t r a l i z e d  w i t h  sodium hydroxide, r e s u l t i n g  i n  a  s o l u t i o n  c o n s i s t i n g  

p r i m a r i l y  o f  sodium phosphate. Two o t h e r  waste streams, s u l f a t e  waste and 

s a n d f i l t e r  backwash sludge, r e s u l t  f rom t h e  cleanup of f u e l  s torage bas in  

water. The su l  f a t e  waste i s  produced du r i ng  regene ra t i  on o f  i on-exchange res-  

i n s  w i t h  s u l f u r i c  a c i d  f o l  lowed by n e u t r a l i z a t i o n  w i t h  sodium hydroxide. T.he 

s a n d f i l t e r  backwash sludge i s  f rom p e r i o d i c  f l u s h i n g  o f  s a n d f i l t e r s  used t o  

remove p a r t i c u l a t e s  from t h e  water. 

P a c i f i c  Northwest Laboratory  (PNL) has been p r o v i d i n g  support  t o  t h e  Grout 

Disposal  Program through p i  1  o t - sca le  t e s t s ,  performance assessments, and formu- 

1 a t  i on v e r i  f i c a t  i on a c t i v i t i e s .  A major p i  1  o t  -scal  e  t e s t  t h a t  produced 



22,000 ga l l ons  o f  s imu la ted  g rou t  was conducted i n  J u l y  1986 t o  assess t h e  

e f f e c t i v e n e s s  o f  t h e  g r o u t i n g  opera t ions  and t h e  r e s u l t i n g  g rou t  p r o p e r t i e s .  

Dur ing  t h e  t e s t ,  16,000 ga l l ons  o f  s imu la ted  PSW waste were s o l i d i f i e d  w i t h  a  

four-component b lend  o f  d r y  s o l i d s .  The s o l i d s  i n c l u d e d  p o r t l a n d  cement, f l y  

ash, and two c lays .  The ope ra t i on  o f  t h e  p i l o t - s c a l e  t e s t  i s  documented i n  a  

companion r e p o r t  (Fow e t  a1 . 1987). 

Th is  r e p o r t  descr ibes  t h e  t e s t s  conducted on t h e  g rou t  samples c o l l e c t e d  

f rom t h e  p i  l o t - s c a l e  t e s t  and documents t h e  r e s u l t s .  Comparisons a re  made 

between labora to ry -p roduced g rou t  samples and t h e  p i l o t - s c a l e  samples. 



2.0 PILOT-SCALE TEST 

The o b j e c t i v e s  o f  t h e  p i  l o t - s c a l e  g rou t  t e s t  conducted i n  J u l y  1986 were 

- .  
t h r e e f o l d :  1 )  t o  determine t he  homogeneity of t he  g rou t  produced under cond i -  

t i o n s  s i m i l a r  t o  those  planned f o r  t he  TGF, 2) t o  eva lua te  performance o f  can- 

d i d a t e  g rou t  p rocess ing  equipment f o r  t h e  TGF, and 3) t o  eva lua te  p r o p e r t i e s  of 

g rou t  t h a t  was produced d u r i n g  cont inuous opera t ion  over  an extended t ime  

p e r i o d  and cured i n  a  l a r g e  monol i th .  Th i s  r e p o r t  descr ibes t h e  t e s t i n g  and 

r e s u l t s  t h a t  suppor t  t h e  f i r s t  and t h i r d  ob jec t i ves .  The second o b j e c t i v e  and 

d e t a i l e d  d e s c r i p t i o n  o f  t h e  opera t ions  o f  t h e  p i l o t - s c a l e  t e s t  a re  descr ibed  i n  

a companion r e p o r t  (Fow e t  a l .  1987). Th is  chap te r  summdrizes some p e r t i n e n t  

d e t a i l s  o f  t h e  p i l o t - s c a l e  t e s t .  

2.1 GROUT FEED MATERIALS 

Simulated, non- rad ioac t i ve  PSW used i n  t h e  t e s t  was prepared i n  batches 

and pumped t o  a  23,000-gal carbon s t e e l  s to rage  tank. The waste was composed 

of equal volumes o f  a  d i l u t e  phosphate waste and s u l f a t e  waste. A smal le r ,  

t h i r d  waste stream ( s a n d f i l t e r  backwash s ludge)  was a l s o  i nc l uded  i n  t h e  s u l -  

f a t e  waste. The s o l i d s  were p resen t  i n  t h e  s u l f a t e  waste i n  a  r a t i o  o f  approx- 

ima te l y  50 kg  pe r  1 m i l l i o n  l i t e r s .  The nominal composi t ion o f  t h e  s imu la ted  

waste s o l u t i o n  i s  shown i n  Table 2.1. 

The d ry  b lend  used i n  t h e  p i l o t - s c a l e  t e s t  was ob ta ined  f rom t h e  DMRHF a t  

WHC. Four d r y  m a t e r i a l s  were blended i n  batches i n  t h e  p ropo r t i ons  shown i n  
3  Table 2.2. The d ry  b l end  was t r a n s p o r t e d  t o  PNL i n  1000- f t  capac i t y  t r a i l e r s .  

The d ry  b lend  was prepared 3 t o  4 weeks p r i o r  t o  t h e  p i l o t - s c a l e  t e s t .  

PROCESS EQUIPMENT 

A schematic r ep resen ta t i on  o f  t h e  p i l o t - s c a l e  process i s  shown i n  F i g -  

u r e  2.1. The process equipment c o n s i s t s  o f  f o u r  main u n i t s :  a  d r y  b lend  

t r a n s f e r  and feed  system, a  l i q u i d  waste s to rage  tank  and t r a n s f e r  system, a  

g rou t  mixer,  and a  g rou t  pump. P i p i n g  and a  l i n e d ,  covered t r e n c h  complete t h e  

system. 



TABLE 2.1. Nominal Composit ion o f  S imulated PSW Used i n  t h e  P i l o t - S c a l e  
Grout Test  

Phosphate Waste S u l f a t e  Waste 
Component (4000-Gal Batch)  (4000-Gal Batch ) 

Tap wate r  25,000 l b  25,000 l b  

Turco 4512A-17 102 gal  
( w i t h o u t  i n h i  b i t o r )  

1,3-Di e t  h y l  2- t  h i  orea 

Na 2S0 

As203 
BaC03 

Cd(N03)2*4H20 

Cr(N03) 3*9H20 

Hg(N0312 
H2Se03 

AgN03 
CU So4# 5H20 

Fe(N03)3*9H20 

Fe2(SO4)3 
MnS04*H20 

ZnSO4*7H20 

Pb (NO3) 2 
N i  (N03)2*6H20 

Ca (No3) 2*4H20 
CaSO4*0. 5H20 

KN03 

A1 (No3) 3*9H20 

NaF 

Na C l  

NaOH f l a k e s  535.2 kg  22.2 kg  

Tap water  t o  4000-gal l e v e l  t o  4000-gal l e v e l  



TABLE 2.2. Composit ion o f  Dry Blend Used i n  t h e  
P i  1  o t  -Scal e  Grout Test 

Component Amount, w t %  

Type 1/11 Po r t l and  Cement 41 
Class F  F l y  Ash 40 
A t t apu l  g i  t e  Clay 11 
I l l i t i c  Clay 8 

Dry b lend  was t r a n s f e r r e d  by vacuum f rom t h e  t r u c k s  t o  a  s to rage  b i n  t h a t  

was l o c a t e d  d i  r e c t l y  above t h e  a c t i v e  b in .  Dur ing  p roduc t ion ,  t h e  d r y  b l end  

was g r a v i m e t r i c a l l y  f e d  u s i n g  an auger t o  an 18-in. v i b r a t i n g  screen and i n t o  

t h e  g rou t  mixer.  

The s imu la ted  waste s o l u t i o n  was pumped f rom t h e  s torage tank  t o  t h e  g rou t  

mixer  us i ng  a  c e n t r i f u g a l  pump. The tank  conta ined a  r e c i r c u l a t i o n  loop  t o  

keep p r e c i p i t a t e s  suspended d u r i n g  t h e  run. The f l o w  r a t e  o f  t h e  waste was 

c o n t r o l l e d  w i t h  a  gate valve. To min imize foaming i n  t h e  g rou t  s l u r r y ,  t r i b u -  

t y l  phosphate was a l s o  added t o  t h e  mixer  a t  a  r a t e  equal t o  0.02 v o l %  o f  t h e  

waste. 

The m i  xe r  was a  Teledyne ~ e a d c o ( ~ )  5.25-i n. t w i  n - sha f t  cont inuous p roc -  

essor. The d ry  b lend  and waste en te red  t he  t o p  o f  t h e  mixer  and g rou t  s l u r r y  

d ischarged a t  t h e  oppos i te  end i n t o  a  surge tank  r i g h t  above t h e  pump i n l e t .  

M i  x i  ng was conducted a t  250 rpm. 

The g rou t  t r a n s f e r  system cons i s ted  o f  a  g rou t  pump and s t e e l  p i p i ng .  The 

g rou t  pump cons i s ted  o f  a  two-stage p rogress ive  c a v i t y  pump w i t h  an e thy lene-  

propylene-diene-monomer (EPDM) s t a t o r .  The pump speed was manual l y  c o n t r o l  l e d  

t o  ma in ta i n  a  constant  g rou t  l e v e l  i n  t h e  surge tank.  Grout was pumped through 

1- in.  Schedule 40 carbon s t e e l  p i p e  t o  t h e  t rench.  The t o t a l  l e n g t h  of t h e  

p i  p i  ng was approxi  mate ly  150 f e e t .  

A schematic r ep resen ta t i on  o f  t h e  t r e n c h  i s  shown i n  F i g u r e  2.2. The 

o v e r a l l  t op  dimension o f  t h e  t r e n c h  was 20 f t  by 60 f t .  The s ides  were s loped 

45" t o  a  t o t a l  depth o f  8  ft. The capac i t y  o f  t h e  t r e n c h  was 30,000 ga l lons .  

( a )  Teledyne Readco, York, PA. 
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FIGURE 2.1. Schematic o f  t h e  P i l o t -Sca le  Grout Process 



0 u 

10 ft 

0. 

Vent (Typ 6) 

Plan 

Grout Fill 

Side End 

FIGURE 2.2. Schematic o f  t h e  Pi l o t - S c a l e  Grout Trench 

The t r e n c h  was 1  i ned w i t h  60-mi 1  - t h i c k  h i  gh-densi t y  po lye thy lene .  A wooden- 

framed cover  was cons t ruc ted  over  t h e  t r e n c h  and covered w i t h  20-mi l  p o l y v i n y l  

c h l o r i d e  t o  a c t  a  vapor b a r r i e r .  The d ischarge nozz le  was l o c a t e d  a t  one end 

o f  t h e  t rench ,  r e s u l t i n g  i n  g rou t  f l o w i n g  50 f e e t  down t h e  t rench,  

2.3 OPERATION 

The p i l o t - s c a l e  t e s t  was conducted over  a 2-day p e r i o d  w i t h  about 

22,000 ga l l ons  o f  g rou t  produced. The t o t a l  p roduc t i on  t ime  was about 

25 hours. Dur ing  t h e  f i r s t  p a r t  o f  t h e  t e s t ,  problems w i t h  t h e  d r y  b lend  feed  

system caused f l o o d i n g  i n  t h e  mixer  and subsequent p l ugg ing  r e s u l t i n g  i n  a  down 



t ime  o f  about 7  hours. Throughout t h e  remainder of t h e  run, downtimes were 

l i m i t e d  t o  30 minutes o r  l e s s  (due t o  s o l i d s  feeding problems o r  changing d r y  

b l end  supply  t r a i  l e r s ) .  

A t  t h e  beg inn ing  o f  t h e  t e s t ,  t h e  r a t i o  of d r y  s o l i d s  b l end  t o  t h e  simu- 

1  a ted  PSW (mix r a t i o )  was 7.5 1  b/ga l  . Pre l  i m i  nary  rheo l  o g i c a l  eva l  u a t i  ons of 

t h e  i n i t i a l  g rou ts  i n d i c a t e d  t h a t  t h e  g rou t  s l u r r y  t h i ckened  as i t  was pumped 

t o  t h e  t r e n c h  (see Sec t ion  4.4.1). Because o f  t h e  t h i c k e n i n g ,  t h e  g rou t  s l u r r y  

was f l o w i n g  under laminar  c o n d i t i o n s  a t  some l o c a t i o n s  w i t h i n  t h e  p i pe ;  conse- 

quen t l y ,  a  d e c i s i o n  was made t o  decrease t h e  mix r a t i o  t o  7.0 I b / g a l .  A f t e r  a  

t o t a l  of s i x  hours o f  p roduc t ion ,  t h e  mix  r a t i o  was increased t o  7.2 l b / g a l  

where i t  remained f o r  t h e  remainder o f  t h e  t e s t .  

A t  t h e  conc lus ion  o f  t h e  t e s t ,  t h e  l e v e l  o f  g rou t  beneath t h e  d ischarge  

nozz le  was 6.3 f t ;  a t  t h e  f a r t h e s t  p o i n t  i n  t h e  t rench ,  t h e  l e v e l  was 5.2 f t. 

Th i s  d i f f e r e n c e  corresponded t o  an average f l o w  angle o f  1.5". Dra inab le  l i q -  

u i d ,  es t imated  t o  be 1600 ga l lons ,  was p resen t  over approx imate ly  h a l f  o f  t h e  

mono l i t h  su r f ace  area immediate ly  a f t e r  t h e  t e s t .  The l e v e l  of l i q u i d  

decreased w i t h  t ime,  and a f t e r  30 days a l l  t h e  l i q u i d  had readsorbed i n t o  t h e  

g rou t .  Dur ing  cu r i ng ,  t h e  temperature near  t h e  d ischarge  end of t h e  mono l i t h  

peaked a t  66OC a f t e r  3 days. A d d i t i o n a l  d e t a i  1s o f  t h e  t e s t  can be found i n  

Fow e t  a l .  (1987). 

2.4 SAMPLING 

Several  samples o f  g rou t  s l u r r y ,  d r y  blend, and s imu la ted  PSW were c o l -  

l e c t e d  d u r i n g  t h e  run t o  s t a t i s t i c a l l y  determine homogeneity o f  bo th  t h e  

s t a r t i n g  m a t e r i a l s  and t h e  r e s u l t a n t  grout .  Speci a1 l y  cons t ruc ted  sampl ing 

tubes were used t o  o b t a i n  samples o f  cured g rou t .  The tubes, shown schemat- 

i c a l  l y  i n  F igu re  2.3, were i n s e r t e d  i n t o  t h e  mono l i t h  p r i o r  t o  hardening o f  t h e  

g rou t  s l u r r y .  The sampler tubes cons i s ted  o f  schedule 40 PVC p i p e  w i t h i n  a  

carbon s t e e l  o u t e r  tube. The bot tom o f  t h e  assembly was sealed w i t h  O-r ings t o  

p reven t  g rou t  s l u r r y  f r om e n t e r i n g  t h e  annulus. As t h e  tubes were i n s e r t e d ,  

g rou t  s l u r r y  f lowed i n t o  t h e  i n n e r  tube. The tubes were p laced  a t  p r e d e t e r -  

mined l o c a t i o n s  w i t h i n  t h e  monol i th ,  as shown i n  F igu re  2.4. Ten tubes were 

i n s e r t e d  when t h e  g rou t  depth was about t h r e e  f e e t ;  t h e  remainder were i n s e r t e d  
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FIGURE 2.3. Schematic o f  t h e  P i l o t - S c a l e  Grout Sampler Tube 

a t  t h e  end o f  t h e  t e s t .  The g rou t  was a l lowed t o  cure i n  t h e  tubes f o r  

28 days. Removal was accomplished by t w i s t i n g  t h e  i n n e r  tube, thereby  b reak ing  

o f f  t h e  g rou t  a t  t h e  bottom, and removing t h e  samples. 

Samples o f  g rou t  s l u r r y ,  s imu la ted  PSW, and d r y  b lend  were c o l l e c t e d  

accord ing  t o  t h e  schedule shown i n  Table 2.3. I n  a d d i t i o n  t o  t h e  hou r l y  t imes  

l i s t e d  i n  t h e  t a b l e ,  samples were taken  a t  t i m e  per iods  t h a t  corresponded t o  

t h e  t ime  a t  which t h e  average inc rease  i n  grout  depth i n  t h e  t r e n c h  was 6 i n .  

The l a t t e r  t ime  pe r i ods  were c a l l e d  " c r i t i c a l  sampl ing t imes"  and a r e  denoted 
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FIGURE 2.4. L o c a t i o n  o f  Sampler Tubes W i t h i n  t h e  M o n o l i t h  



TABLE 2.3. Sampling Times f o r  t h e  P i l o t - S c a l e  Grout Test 

I n t e r v a l  Produc t ion  
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

2 0 

2 1 

22 

2 3 

2  4 

25 

26 

2 7 

Time, min. Comments 

24(a ) Mix r a t i o  7.5 l b l g a l  

78(a ) Mix r a t i o  7.0 l b / g a l  

480 

5 2 ~ ( ~  ) Mix  r a t i o  7.2 I b l g a l  

600 

6 6 0 ( ~  ) 

1020 Dupl i c a t e  sample c o l  1  ec ted  

1 1 4 0 ( ~  ) D u p l i c a t e  sample c o l l e c t e d  

( a )  Denotes t h e  c r i t i c a l  sampl ing t imes,  corresponding t o  
an average inc rease  i n  g rou t  depth i n  t h e  t r ench  o f  
6  i n .  



by an a s t e r i s k  i n  t h e  t ab le .  Dup l i ca te  samples were c o l l e c t e d  a t  two t ime  

pe r i ods  t o  es t ima te  exper imenta l  e r r o r  i n  t h e  subsequent t e s t i  ng. Rheol o g i c a l  

p r o p e r t y  measurements were conducted on a l l  t h e  g rou t  s l u r r y  samples c o l l e c t e d .  

Tests on cured g rou t  samples and c h a r a c t e r i z a t i o n  o f  t h e  d r y  b lend  and PSW sam- 

p l e s  were conducted o n l y  on those  samples c o l l e c t e d  a t  t h e  c r i t i c a l  sampl ing 

t imes. 

Grout s l u r r y  samples were-ob ta ined  f rom t h e  g rou t  surge tank  and a t  t h e  . - 
d ischarge  nozz le  t o  t h e  t rench .  The s l u r r y  was c o l l e c t e d  i n  p l a s t i c  p a i l s  and 

then  poured i n t o  a p p r o p r i a t e  sample con ta ine rs  f o r  determi  n i  ng d e n s i t y  , rheo- 

l o g i c a l  p r o p e r t i e s ,  compressive s t reng ths ,  d r a i  nab le  l i q u i d s ,  and p e n e t r a t i o n  

res is tance .  

Dry b lend  samples were c o l l e c t e d  a t  t h e  s to rage  b i n  o f  t h e  d r y  b lend  

t r a n s f e r  system. Simulated PSW was c o l l e c t e d  a t  t h e  mixer  i n l e t  f o r  use i n  pH 

de te rmina t ion ,  EP t o x i  c i t y  t e s t i n g ,  and chemical ana l ys i s .  Samples o f  d r y  

b lend and PSW, c o l l e c t e d  a t  t h e  c r i t i c a l  sampl ing t imes, were used t o  produce 

and t e s t  g rou ts  i n  t h e  l abo ra to r y .  



3.0 EXPERIMENTAL PROCEDURES 

Th is  chapter  descr ibes  t h e  exper imenta l  procedures used t o  t e s t  t h e  g rou t  

s l u r r y ,  t h e  s imu la ted  waste s o l u t i o n  and b leed  l i q u i d ,  t h e  d ry  s o l i d s  blend, 

and cured g rou t  samples. 

GROUT SLURRY 

Grout s l u r r y  samples were c o l  l e c t e d  a t  two l o c a t i o n s  d u r i n g  t h e  p i  l o t -  

s ca le  t e s t :  a t  t h e  surge tank  l e a d i n g  t o  t h e  pump and a t  t h e  d ischarge nozz le  

t o  t he  t rench.  I n  a d d i t i o n ,  g rou t  samples were a l s o  produced i n  t h e  l a b o r a t o r y  

w i t h  waste s o l u t i o n  and d r y  b lend  samples c o l l e c t e d  d u r i n g  t h e  t e s t .  The p rop-  

e r t i e s  o f  g rou t  s l u r r y  measured i nc l uded  t h e  r h e o l o g i c a l  p rope r t i es ,  d e n s i t y  , 
d r a i n a b l e  l i q u i d ,  and s e t  t ime. 

3.1.1 Rheologi  c a l  Proper ty  Measurements 

The r h e o l o g i c a l  p r o p e r t i e s  o f  g rou t  samples were determined w i t h  a  ~ a n n ( ~ )  

Model 35A viscometer.  The Fann viscometer employs s i x  p rese t  speeds (3, 6, 

100, 200, 300, and 600 rpm). Grout s l u r r y  i s  con ta ined  i n  t h e  annu la r  space 

between two c y l i n d e r s .  The ou te r  c y l i n d e r  ( o r  r o t o r )  i s  r o t a t e d  by means of a  

motor a t  cons tan t  v e l o c i t y  (shear r a t e ) .  The r o t a t i o n  o f  t h e  r o t o r  i n  t h e  

g rou t  produces a  t o rque  on t h e  i n n e r  c y l i n d e r  (bob).  A t o r s i o n  s p r i n g  a t tached 

t o  t h e  bob r e s t r a i n s  movement. The d i a l  a t tached  t o  t h e  s p r i n g  i n d i c a t e s  t h e  

t o rque  impar ted through t h e  g rou t  as t h e  r o t o r  i s  r o ta ted .  The d i a l  i s  c a l i  - 
2  b r a t e d  t o  read shear s t r e s s  d i  r e c t l y  i n  u n i t s  o f  lb f / lOO f t  . Rheolog ica l  

measurements on g rou t  a re  conducted us ing  t h e  h i ghes t  f o u r  speeds of t h e  

i nstrument, s t a r t i n g  a t  600 rpm and work ing  down t o  100 rpm. 

The shear r a t e l s h e a r  s t r e s s  values a re  used t o  c a l c u l a t e  f l o w  p r o p e r t i e s  

accord ing  t o  t h e  power law model descr ibed  by Smith (1976). I n  t h i s  ana lys is ,  

t u r b u l e n t  f l o w  i s  assumed t o  begin a t  a  Reynolds number of 2100. Grout i s  

r e q u i r e d  t o  be pumped i n  t u r b u l e n t  f l o w  t o  min imize p a r t i c l e  s e t t l i n g  t h a t  

cou ld  r e s u l t  i n  f l o w  r e s t r i c t i o n s .  The parameter used i n  t h i s  r e p o r t  t o  

descr ibe  t h e  f l o w  p r o p e r t i e s  o f  g rou t  s l u r r i e s  i s  t h e  c r i t i c a l  f l ow r a t e  (CFR). 

.. ( a )  Fann Inst rument  Corporat ion,  Houston, VX.  

3.1 



The CFR i s  de f i ned  as t he  minimum f l o w  r a t e  t h a t  must be ma in ta ined  through a  

g iven  p ipe  d iameter  such t h a t  t h e  c a l c u l a t e d  Reynolds number i s  2100. 

3.1.2 Dens i ty  and Dra i  nab1 e  L i q u i d  Measurements 

. . 
The d e n s i t y  o f  f r e s h l y  prepared g rou t  s l u r r y  was determined by pou r i ng  

approx imate ly  240 mL o f  g rou t  i n t o  a  250-mL graduated c y l i n d e r  and measuring 

t h e  we igh t  and t h e  ac tua l  volume poured. The same sample was used t o  determine 

volume o f  d r a i n a b l e  l i q u i d s  and shr inkage  as t h e  g rou t  s o l i d s  s e t t l e d  and t h e  
- 

s l u r r y  cured. The presence o f  d r a i n a b l e  l i q u i d s  i s  undes i rab le  because t h e  

l i q u i d  must be recyc led  back i n t o  t h e  g rou t  process. 

3.1.3 Pene t ra t i on  Resis tance 

Pene t ra t i on  r e s i s t a n c e  measurements were conducted on g rou t  samples t o  

determine t he  r e l a t i v e  r a t e  o f  s e t t i n g ,  o r  hardening. The t e s t s  f o l l o w e d  t h e  

method o u t l i n e d  i n  t h e  American Soc ie ty  o f  T e s t i n g  and M a t e r i a l s  (ASTM) proce-  

dure C403-85 (ASTM 1985). Grout s l u r r y  samples were c o l l e c t e d  and s t o r e d  i n  

p l a s t i c  con ta ine rs  6.5 i n .  i n  d iameter  and f i l l e d  t o  a  depth o f  g r e a t e r  than  

6 i n .  The samples were cured under ambient cond i t i ons .  An Acme Pene- 

t r o m e t e r ( a )  equipped w i t h  a  h y d r a u l i c  p ressure  gauge and s i x  removable needles 
2  was used. The needles have su r f ace  areas between 1 and 1/40 i n  . Pressure was 

a p p l i e d  g radua l l y  and u n i f o r m l y  as t h e  needle pene t ra ted  t h e  g rou t  t o  a  depth 

o f  1 i n c h  i n  10 seconds. The maximum pressure  was recorded and t h e  p e n e t r a t i o n  

r e s i s t a n c e  was c a l c u l a t e d  f r om t h e  p ressure  and t h e  su r f ace  area o f  t h e  needle. 

Several  measurements were taken  on each sample throughout  t h e  28-d p e r i o d  f o l -  

l o w i n g  t h e  t e s t .  

3.2 SIMULATED PHOSPHATE/SULFATE WASTE AND BLEED LIQUID 

Samples o f  s imu la ted  waste were c o l l e c t e d  accord ing  t o  t h e  sampl ing sched- 

u l e  d iscussed i n  Sec t i on  2.4. Samples o f  b leed  l i q u i d  f rom t h e  g rou t  t r e n c h  

were c o l l e c t e d  t h r e e  t imes p e r  week f o r  28 days a f t e r  t h e  p i l o t - s c a l e  t e s t .  

A l i q u o t s  of t h e  waste samples were immediate ly  measured f o r  pH and t h e  

( a )  Humboldt Manufac tu r ing  Company, Chicago, IL .  
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remainder s t o r e d  f o r  f u r t h e r  a n a l y s i s  o f  t o t a l  o rgan i c  carbon and e x t r a c t i o n  

procedure (EP)  t o x i  c i t y .  Bleed 1 i q u i d  samples were r e f r i g e r a t e d  u n t i l  t es ted .  

3.2.1 pH (Cor ros i  v i t y  ) 

Accordi  ng t o  t h e  U.S. Envi ronmental P r o t e c t i o n  Agency (U.S. €PA) gu ide-  

l i n e s  govern ing l i q u i d  wastes, a  waste i s  cons idered c o r r o s i v e  i f  i t  i s  aqueous 

and has a pH o f  l e s s  than  o r  equal t o  2  o r  g r e a t e r  than  o r  equal t o  12.5 (U.S. 

EPA 1982). The pH o f  samples o f  s imu la ted  waste was determined immediately 

a f t e r  sampl ing u s i n g  a Model 135 ~ o r n i  n g ( a )  pH/ ion meter. The pH meter was 

c a l i b r a t e d  w i t h  pH 7 and pH 10 b u f f e r  s o l u t i o n s .  The pH o f  t h e  b leed  l i q u i d  

samples were determined w i t h i n  one week a f t e r  c o l l e c t i o n  u s i n g  t h e  same i n s t r u -  

ment and procedures as f o r  t h e  waste. 

3.2.2 To ta l  Organic Carbon 

The o rgan i c  carbon con ten t  o f  s imu la ted  PSW and t h e  b leed  l i q u i d  was meas- 

u red  u s i n g  a ~ e r t e x - ~ o h r m a n n ( ~ )  Model DC-80 Analyzer.  Th is  ins t rument  empl oys 

u l t r av i o l e t - p romo ted ,  low-temperature o x i d a t i o n  w i t h  a  non-d ispers i  ve i n f r a r e d  

(NDIR) de tec to r .  Ten m i  1  li l i t e r s  o f  sample were p i  p e t t e d  i n t o  a  g lass v i a l ,  

a c i d i f i e d  w i t h  4 v o l %  U l t r e x  HC1 and r e f r i g e r a t e d  u n t i l  tes ted .  Reported v a l -  

ues a re  averages o f  a t  l e a s t  t h r e e  200 pL i n j e c t i o n s .  

3.2.3 E x t r a c t  i on Procedure Toxi  c i  t y  

The e x t r a c t i o n  procedure ( E P )  t o x i  c i t y  procedure i s  a  1  abora to ry  t e s t  

designed t o  s imu la te  t h e  l each ing  cond i t i ons  a waste may encounter i n  a  san i -  

t a r y  l a n d f i l l  (U.S. EPA 1982). I n  t h e  t e s t ,  a  r e p r e s e n t a t i v e  sample o f  waste 

i s  e x t r a c t e d  w i t h  a  s o l u t i o n  o f  de ion ized  water  and a c e t i c  a c i d  mainta ined a t  a  

pH o f  5. The procedure con ta ins  severa l  p r e p a r a t i o n  s teps t h a t  a re  dependent 

on t h e  na tu re  o f  t h e  waste. I f  t h e  waste i s  l i ' qu i d  and ' con ta ins  s o l i d  mater i  - 
a l s ,  t h e  waste i s  f i l t e r e d ;  i f  t h e  s o l  i d s  f r a c t i o n  i s  g rea te r  than  0.5 wt%, t h e  

s o l i d  phase i s  e x t r a c t e d  w i t h  t h e  pH 5 s o l u t i o n .  A f t e r  e x t r a c t i o n ,  t h e  f i l -  

t e r e d  e x t r a c t  i s  combined w i t h  t h e  i n i t i a l  f i l t r a t e  and submi t ted  f o r  ana lys is .  

I f  t h e  waste con ta ins  l e s s  than 0.5 w t %  s o l i d s ,  t h e  s o l i d s  are d iscarded  and 

( a )  Corn ing S c i e n t i f i c  Inst ruments,  Medf ie ld ,  MA. 
-. ( b )  Xertex Corpora t ion ,  Santa Clara,  CA. 



t h e  l i q u i d  phase i s  t r e a t e d  as t h e  e x t r a c t  and submi t ted  f o r  ana l ys i s .  Th is  

was t h e  case w i t h  t h e  s imu la ted  PSW and b leed  l i q u i d  (see Sec t ion  4.2.3). The 

e x t r a c t  was analyzed f o r  t h e  e i g h t  meta ls  l i s t e d  i n  Table 3.1. I n d u c t i v e l y  

coupled argon plasma spectroscopy was used t o  analyze f o r  As, Ba, Cd, C r ,  and - . 

Pb. Atomic adso rp t i on  spectroscopy was used f o r  As, Ag, Se, and Hg. 

3.3 CHARACTERIZATION OF DRY SOLIDS BLEND 

The d ry  s o l i d s  b lend  used i n  t h e  p i l o t - s c a l e  t e s t  was produced a t  t h e  

DMRHF a t  WHC. The samples t h a t  were c o l l e c t e d  d u r i n g  t h e  p i l o t - s c a l e  t e s t  were 

c h a r a c t e r i z e d  by X-ray d i  f f  r a c t i o n  (XRD) and g r a i n  s i z e  measurements t o  d e t e r -  

m i  ne homogenei t y  . 
3.3.1 X-Ray Di f f  r a c t i  on 

X-ray d i  f f  r a c t i  on was used t o  determi ne whether s i  gn i  f i cant  mi n e r a l  og i  c a l  

d i f f e r e n c e s  i n  t h e  d r y  b lend  occurred d u r i n g  t he  p i l o t - s c a l e  t e s t .  T h i r t e e n  

samples o f  d r y  b l end  c o l l e c t e d  a t  t h e  c r i t i c a l  sampl ing t imes  (see Sec t ion  2.4) 

were analyzed w i t h  a p h i  1 i p s ( a )  APD 3600 automated powder d i  f f  ractometer .  The 

powdered samples were packed i n  s tandard  X-ray powder mounts w i t h  reasonable 

TABLE 3.1. E x t r a c t i o n  Procedure Tox i  c i  t y  L i  mi t s  

Metal  

As 

Ba 

C d 

C r 

Pb 

H g 

S e 

A g 

Maxi mum 
Concent r a t i  on, mg/L 

5 

100 

( a )  Phi 1 i p s  E l e c t r o n i c s ,  Mahwah, NJ. 



care taken  t o  o b t a i n  u n i f o r m  dens i t y .  CuKa r a d i a t i o n  ob ta ined  w i t h  a  g r a p h i t e  

monochrometer was used a t  40 kV and 25 ma. The scan r a t e  was 1.1" 20/min over  

an i n t e r v a l  o f  5" t o  70" 20. 

.Grain S ize  

Samples o f  d r y  b lend  were cha rac te r i zed  f o r  g r a i n  s i z e  accord ing  t o  ASTM 

C786-76 (ASTM 1983). Approximately 10 g  o f  d r y  blend, weighed t o  t h e  nearest  

0.01 g, were p laced i n t o  a  3-in. d iameter  U.S.A. Standard 200 mesh s i e v e  w i t h  a  

w a l l  he i  ght o f  3.25 i n .  The sample was g e n t l y  wet ted w i t h  spray f rom a  nozz le  

and then  t h e  pressure was inc reased  t o  10 p s i .  The sample was sprayed c o n t i n u -  

ous l y  f o r  1.5 minutes w h i l e  moving t h e  screen under t h e  nozz le  i n  a  c i r c u l a r  

motion. The d i s tance  between t h e  screen and t h e  nozz le  t i p  was 2.5 i n .  A f t e r  

t h e  sample and s i eve  were r i n s e d  w i t h  d i s t i l l e d  water,  t he  s i eve  was d r i e d  i n  

an oven a t  105OC. The s i eve  was coo led  and t h e  res idue  c a r e f u l l y  removed w i t h  

a  p l a s t i c  brush. The res idue  was weighed t o  t h e  neares t  0.01 g. 

3.4 CURED GROUT TESTS 

P rope r t i es  o f  cured g rou t  samples were determined us ing  var ious  t e s t  meth- 

ods. Tests were conducted u s i n g  g rou t  samples c o l l e c t e d  d u r i n g  t h e  p i  l o t - s c a l e  

t e s t ,  sarr~ples f rom t h e  tubes t h a t  were i n s e r t e d  i n t o  t h e  monol i th ,  samples p r o -  

duced i n  t h e  l abo ra to r y ,  and on core  samples f rom t h e  monol i th .  

3.4.1 Compressi ve S t reng th  T e s t i n g  

Grout s l u r r y  c o l l e c t e d  d u r i n g  t h e  run and s l u r r y  produced i n  t h e  l abo ra -  

t o r y  were poured i n t o  2-in. d iameter  c y l i n d r i c a l  molds, capped, and a1 lowed t o  

cure f o r  a  s p e c i f i e d  t ime  per iod .  A f t e r  cu r ing ,  t h e  g rou t  samples were removed 

f rom t h e  molds and t h e  ends c u t  w i t h  an abras ive  saw t o  p rov ide  f l a t ,  p a r a l l e l  

faces. Samples of g rou t  f rom t h e  mono l i t h  were ob ta ined  by c u t t i n g  t h e  tubes 

con ta in i ng  grout,  removing t h e  g rou t  f rom t h e  tubes, and m i l l i n g  t h e  samples on 

a  l a t h e  t o  2-in. d iameter.  The leng th - to -d iameter  r a t i o  o f  a l l  t h e  samples was 

2. T e s t i n g  was conducted w i t h  an ~ n s t r o n ( ~ )  t e s t  machine a t  a  cons tan t  

cross -head speed o f  0.05 i n .  /mi n. The load- to - f  a i  1  u r e  was determi ned f rom t h e  

( a )  I n s t r o n  Corporat ion,  Canton, MA. 



maximum p o i n t  o f  a  load-deformat ion curve. Compressi ve s t r e n g t h  values were 

c a l c u l a t e d  by d i v i d i n g  t h e  maximum load  by t h e  c ross -sec t i ona l  su r f ace  area o f  

t h e  c y l  i nders. 

3.4.2 U l t r a s o n i c  Pulse V e l o c i t y  . .. 

The pu l se  v e l o c i t y  o f  p ropagat ion  o f  compressional waves th rough g rou t  

sampl es was determi  ned w i t h  a  James (a  ) Sonic Vel o c i  t y  Meter ( V-Meter ), 

Model 4902, accord ing  t o  t h e  t e s t  method o u t l i n e d  i n  ASTM C 597-83 (ASTM 1983). 

I n  t h i s  method, pu lses  o f  compressional waves, generated by an e l e c t r o -  

a c o u s t i c a l  t ransducer ,  t r a v e r s e  th rough a sample and a r e  rece i ved  by a second 

t ransducer .  The t r a n s i t  t ime  i s  measured e l e c t r o n i c a l l y  and t h e  v e l o c i t y  i s  

determined by t h e  knowledge o f  t h i s  t ime  and t h e  t r a n s i t  d is tance .  The p u l s e  

v e l o c i t i e s  o f  t h e  g r o u t  samples were measured on c y l i n d r i c a l  samples w i t h  saw- 

c u t  faces. The t ransducers  were p o s i t i o n e d  on t h e  faces u s i n g  wate r  as a cou- 

p l i  ng medium. The t r a n s i t  t ime  was read f r om t h e  V-meter and v e l o c i t y  was 

determined by d i v i d i n g  t h e  l e n g t h  o f  t h e  samples by t h e  t r a n s i t  t ime.  

3.4.3 C o r r o s i v i t y  

The c o r r o s i v i t y  o f  g rou t  samples f r om t h e  p i l o t - s c a l e  mono l i t h  was d e t e r -  

mined u s i n g  t h e  Washington Department o f  Ecology (WDOE) Method 83-13 (WDOE 

1984). F i f t y  grams g r o u t  were combined w i t h  an equa l  we igh t  o f  d i  s t i  1  l e d  wate r  

and a g i t a t e d  f o r  30 minutes. The pH o f  t h e  s o l u t i o n  was measured a f t e r  remov- 

i n g  t h e  s o l i d s  f r om t h e  mix tu re .  Accord ing t o  t h i s  procedure, a  s o l i d  i s  con- 

s i de red  c o r r o s i v e  i f  t h e  s o l u t i o n  has a pH o f  l e s s  than  o r  equal t o  2, o r  

g rea te r  than  o r  equal t o  12.5. 

3.4.4 American Nuclear  Soc ie ty  (ANS 16.1) Leach Test  

The ANS 16.1 l each  t e s t  (ANS 1984) was a p p l i e d  t o  22 g rou t  samples f r om 

t h e  sampler tubes t o  determine whether p o s i t i o n  w i t h i n  t h e  mono l i t h  had any 

e f f e c t  on t h e  l e a c h a b i l i t y .  The t e s t  i s  an i n t e r m i t t e n t  leacha te  exchange t e s t  

designed t o  s imu la te  a dynamic system. The leacha te  exchange i n t e r v a l s  a re  

shown i n  Table 3.2. 

( a )  James Inst ruments Incorpora ted ,  Chicago, IL .  
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TABLE 3.2. Leach I n t e r v a l s  f o r  t h e  ANS 16.1 Leach Test 

I n t e r v a l  
No. 

T i  me 
Between 

I n t e r v a l s  

2 h  

5 h  

Cumu 1 a t  i ve 
T i  me 

2 h  

A1 1  samples used i n  t h i s  t e s t  were r i g h t  c i  r c u l a r  c y l i n d e r s ,  mi 1  l e d  on a  

l a t h e  t o  dimensions o f  2  i n .  (5.08 cm) d iameter  by 1 i n .  (2.54 cm) h igh.  The 

samples, w i t h  a  su r f ace  area of approx imate ly  81 cm2, were suspended by a  Te f -  

l o n ( a )  suppor t  i n  810 mL o f  de ion ized  water w i t h i n  a  po lye thy lene  con ta iner .  

A f t e r  t h e  e lapsed t ime  per iods ,  t h e  samples were removed from t h e  l eacha te  and 

p laced  i n t o  con ta ine rs  c o n t a i n i n g  f r e s h  leachant .  The pH of t h e  leacha te  was 

measured immediate ly  a f t e r  removing t h e  sample. A1 i q u o t s  o f  leacha te  were 

a c i d i f i e d  w i t h  1 v o l %  n i t r i c  a c i d  and submi t ted  f o r  c a t i o n  ana l ys i s  by induc-  

t i  ve l y  coupled argon plasma atomic emi ss i on  spectroscopy (ICP). 

3.4.5 Toxi  c i t y  C h a r a c t e r i s t i c  Leachi ng Procedure (TCLP) 

The proposed TCLP (U.S. EPA 1986) was conducted on 22 p i  l o t - s c a l e  mono1 i t h  

samples. The g rou t  samples were crushed and s ieved  through a  screen w i t h  

318-in. openings. One hundred grams o f  g rou t  t h a t  had passed through t h e  

screen and 2000 grams o f  e x t r a c t i o n  f l u i d  were added t o  2-1 i t e r  g lass b o t t l e s .  

( a )  E. I. duPont deNemours & Co. Inc., Wi lmington, DE. 



The e x t r a c t i o n  f l u i d  was an a c e t i c  a c i d  s o l u t i o n  w i t h  a  pH o f  2.88. The ves- 

s e l s  were tumbled i n  a  r o t a r y  e x t r a c t o r  a t  30 rpm f o r  18 hours. Fo l l ow ing  t h e  

e x t r a c t i o n ,  t h e  s o l u t i o n  was f i l t e r e d  and a l i q u o t s  c o l l e c t e d  and submi t ted  f o r  

chemical ana l ys i s .  



RESULTS AND DISCUSSION 

This  s e c t i o n  p resen ts  r e s u l t s  o f  t e s t s  on p i l o t - s c a l e  g rou t  s l u r r y ,  simu- 

.- 1 ated waste s o l u t i o n ,  d r y  s o l  i d s  b lend  samples, and cured g rou t  samples. Grout 

s l u r r y  c o l l e c t e d  a t  two p o i n t s  d u r i n g  t h e  p i l o t - s c a l e  t e s t  and s l u r r y  produced 

i n  t h e  l a b o r a t o r y  were cha rac te r i zed  by measuring rheology, d r a i n a b l e  l i q u i d ,  

a -  

and p e n e t r a t i o n  res is tance .  Cured g rou t  samples i nc l uded  samples c o l l e c t e d  

d u r i n g  t h e  p i l o t - s c a l e  t e s t  and cured i n  t h e  l a b o r a t o r y ,  samples produced i n  

t h e  l abo ra to r y ,  samples ob ta ined  from t h e  tubes i n s e r t e d  i n t o  t h e  monol i th ,  and 

cored sec t i ons  of t h e  monol i th .  Tests conducted on t h e  cured samples i n c l u d e d  

compressive s t r eng th ,  dens i t y ,  son i c  v e l o c i t y  , leachabi  1  i ty,  and m i  c r o s t r u c -  

t u r a l  c h a r a c t e r i z a t i o n .  

4.1 GROUT SLURRY PROPERTIES 

Grouts t o  be processed i n  t h e  TGF a re  f o rmu la ted  t o  a l l o w  pumping up t o  

3000 f e e t  th rough  2-in. d iameter  p i pe  a t  f l o w  r a t e s  o f  up t o  70 gpm. The 

g rou ts  must be pumped i n  t u r b u l e n t  f l o w  t o  min imize p a r t i c l e  s e t t l i n g  and t h e  

p o t e n t i a l  f o r  p l ugg ing  t h e  pipe. M in im iz i ng  t h e  p a r t i c l e  s e t t l i n g  and t h e  sub- 

sequent sepa ra t i on  o f  a  l i q u i d  phase i s  a l s o  d e s i r a b l e  because any l i q u i d  p res -  

en t  on t h e  g rou t  su r face  must be recyc led.  The s e t t i n g  r a t e  o f  t h e  g rou t  

s l u r r y ,  a l though no t  a  major  c r i t e r i o n  of grouted waste d isposa l ,  i s  impor tan t  

i n  assu r i ng  t h a t  t he  g rou t  w i l l  s e t  i n  a  reasonable p e r i o d  o f  t ime. These 

parameters were addressed by measuring rheo log i  c a l  p rope r t i es ,  d r a i  nable 1  i q -  

u i ds ,  and p e n e t r a t i o n  res i s tance  on t h r e e  se ts  of g rou t  s l u r r y  samples. One 

s e t  o f  samples was produced i n  t h e  l a b o r a t o r y  w i t h  d r y  b lend  and s imu la ted  

waste samples c o l l e c t e d  d u r i n g  t h e  p i l o t - s c a l e  t e s t .  The remain ing two se ts  o f  

samples were ob ta ined  d u r i n g  t h e  p i  l o t - s c a l e  t e s t ,  one f rom t h e  surge tank j u s t  

above t h e  pump, and t h e  o the r  f rom t h e  p i pe  d ischarge  t o  t h e  t rench .  

4.1.1 Rheol o g i c a l  P rope r t i es  

To assure t h a t  t h e  g rou t  was be ing  pumped i n  t u r b u l e n t  f l ow ,  samples o f  

g rou t  s l u r r y  were sub jec ted  t o  r heo log i  c a l  p rope r t y  t e s t s  and d e n s i t y  measure- 

ments. The r e s u l t s  f rom s l u r r y  d e n s i t y  and shear r a t e l s h e a r  s t r e s s  measure- 

ments were used t o  c a l c u l a t e  t h e  c r i t i c a l  f l o w  r a t e  o f  t h e  var ious  g rou t  s l u r r y  



samples. C r i t i c a l  f l o w  r a t e s  were c a l c u l a t e d  u s i n g  t h e  equat ions g iven  by 

Smith (1976) and a  l a m i n a r - t o - t u r b u l e n t  t r a n s i t i o n  p o i n t  a t  a  Reynolds number 

o f  2100. 

F i g u r e  4.1 shows t h e  c r i t i c a l  f l o w  r a t e s  of g rou t  s l u r r y  samples c o l l e c t e d  
-- 

a t  t h e  va r i ous  t i m e  pe r i ods  o f  t h e  p i l o t - s c a l e  t e s t .  Dur ing  t h e  t e s t ,  t h e  mix 

r a t i o  was changed f rom 7.5 l b / g a l  a t  t h e  f i r s t  sampl ing t ime,  t o  7.0 l b / g a l  and 

f i n a l l y  t o  7.2 l b / g a l  as dep i c ted  i n  t h e  f i g u r e .  I n  genera l ,  i t  i s  e v i d e n t  
% 

t h a t  t h e  c r i t i c a l  f l o w  r a t e s  o f  t h e  nozz le  samples were h i g h e r  t han  t hose  o f  

t h e  surge tank  samples, i n d i c a t i n g  t h a t  t h e  g rou t  became t h i c k e r  as a  r e s u l t  o f  

t h e  pumping and f l o w  i n  t h e  p i p i ng .  The t h i c k e n i n g  was due t o  t h e  inc reased  
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FIGURE 4.1. C r i t i c a l  Flow Rates o f  P i l o t - S c a l e  Grout Samples 



shear t h a t  was impar ted on t h e  s l u r r y  which r e s u l t e d  i n  g rea te r  d i spe rs i on  o f  

t h e  a t t a p u l g i t e  c l a y  c r y s t a l s .  Th i s  phenomenon has been descr ibed  elsewhere 

(Lokken e t  a l .  1987). With t h e  excep t ion  of a  few da ta  po in t s ,  t h e  c r i t i c a l  

f l o w  r a t e  o f  t h e  p i l o t - s c a l e  g rou t  s l u r r y  was below t h e  ope ra t i ng  f l o w  r a t e  of  

15 gpm, i n d i c a t i n g  t u r b u l e n t  f l ow.  

Grouts were a l s o  prepared and t e s t e d  i n  t h e  l a b o r a t o r y  w i t h  d r y  b lend  and 

s imu la ted  waste s o l u t i o n  a f t e r  t h e  p i l o t - s c a l e  t e s t .  Dry b lend  and waste s o l u -  

t i o n  c o l l e c t e d  a t  t h e  c r i t i c a l  sampl ing t imes  (see Sec t ion  2.4) were used t o  

produce t h e  grouts .  The c r i t i c a l  f l o w  r a t e s  of t h e  laboratory-produced g rou t  

s l u r r i e s  a re  compared w i t h  t h e  p i l o t - s c a l e  samples i n  Table 4.1. The f i r s t  

column under each category summarizes a l l  t h e  da ta  c o l l e c t e d ,  w h i l e  t h e  numbers 

i n  parentheses exc lude t h e  o u t l i e r s  shown i n  F igu re  4.1. Even by e l i m i n a t i n g  

t h e  o u t l i e r s  from t h e  analyses, i t  i s  seen t h a t  t h e  r e l a t i v e  v a r i a t i o n  i n  t h e  

c r i t i c a l  f low r a t e  of t h e  p i l o t - s c a l e  g rou t  s l u r r y  was g rea te r  t han  t h a t  o f  t h e  

l a b o r a t o r y  g rou ts  because o f  process f l u c t u a t i o n s .  The re1 a t i  ve v a r i a t i o n  o f  

t h e  p i  l o t - s c a l e  grouts ,  measured as a  percentage (S.D./Mean*lOO), i s  l e s s  t han  

11%. Th i s  compares w i t h  3.4 and 1.1% f o r  t h e  l a b o r a t o r y  grouts  a t  7 and 

7.2 l b l g a l  , r e s p e c t i v e l y .  The average c r i t i c a l  f l o w  r a t e s  o f  t h e  l a b o r a t o r y  

g rou ts  were about 30% l e s s  than  those  o f  t h e  p i  l o t - s c a l e  grouts  because o f  

TABLE 4.1. Summary ( zf C r i t i c a l  Flow Rate (gpm) Data f o r  P i l o t - S c a l e  Grout 
Samp 1  es a t  Two M i  x Rat i os 

7.0 l b l g a l  7.2 1  b l g a l  

GST NOZ LAB GST NOZ LAB -- 
Number 10 (9) 10 ( 8  4 18 (17) 18 8 

Mean 9.35 (8.73) 11.39 (10.00) 5.95 9.87 (9.25) 10.24 6.23 

Median 8.75 (8.68) 10.26 (9.80) 5.89 9.26 (9.22) 10.16 6.23 

S.D. 2.10 (0.80) 3.21 (1.08) 0.20 2.71 (0.64) 0.57 0.07 

( a )  GST - Samples c o l l e c t e d  a t  t h e  surge tank  t o  t h e  pump. 
NOZ - Samples c o l l e c t e d  a t  t h e  d ischarge  nozz le  t o  t h e  t rench .  
LAB - Samples produced and cured i n  t h e  l a b o r a t o r y .  

( b )  Percent i s  c a l c u l a t e d  by: S.D./Mean t imes  100%. 



d i f f e r e n c e s  i n  shear impar ted  d u r i n g  m ix i ng  and because of t h e  l onge r  d r y  b l e n d  

s to rage  t ime  t h a t  reduces t h e  e f f ec t i veness  of t h e  a t t a p u l g i t e .  Each o f  t hese  

f a c t o r s  have been shown t o  a f f e c t  t h e  r h e o l o g i c a l  p r o p e r t i e s  o f  PSW g rou t s  

(Lokken e t  a1 . 1987). A1 1  g rou ts  a t  these  two mix r a t i o s  had c r i t i c a l  f 1  ow 

r a t e s  t h a t  were l e s s  than  t h e  o p e r a t i n g  f l o w  r a t e  o f  15 gpm, i n d i c a t i n g  t h a t  

t u r b u l e n t  f l o w  had been mainta ined th roughout  t h e  t e s t .  

The s l u r r y  d e n s i t i e s  o f  t h e  p i  l o t - s c a l e  and l a b o r a t o r y  g rou ts  a re  compared 

i n  Table 4.2. L i k e  t h e  c r i t i c a l  f l o w  ra tes ,  t h e  p i l o t - s c a l e  g rou t  d e n s i t i e s  

were more v a r i  a b l e  t han  t h e i  r 1  abo ra to r y  coun te rpa r t s  (even when n o t  consi  d-  

e r i  ng out1 i e r s ) .  Again, process f l u c t u a t i o n s ,  and p o s s i b l y  l e s s  c o n t r o l  l e d  

sampl ing and t e s t i n g  cond i t i ons ,  cou ld  be t h e  main reason f o r  t h e  h i g h e r  v a r i  - 
a b i l i t y .  The average s l u r r y  d e n s i t i e s  o f  t h e  p i l o t - s c a l e  g rou ts  were a l s o  l e s s  

than  t h e  l a b o r a t o r y  g rou ts  because of t h e  c l osed  m i x i n g  system t h a t  impeded t h e  

re1 ease of e n t  r a i  ned a i  r. 

4.1.2 Dra i  nab le  L i q u i d s  

Grouts a re  fo rmu la ted  t o  be eas i  l y  pumped and t o  maximize 1  i q u i d  waste 

1  oadi  ng. Because o f  these requ i  rements, p a r t i c l e  s e t t l  i ng occurs, r e s u l t i n g  i n 

d r a i n a b l e  l i q u i d s .  The m a j o r i t y  o f  t h e  volume change caused by p a r t i c l e  s e t -  

t l i n g  occurs w i t h i n  t h e  f i r s t  24 hours a f t e r  p roduc t ion .  Therea f te r ,  t h e  

TABLE 4.2. Summary o f  D e n s i t i e s  (1 b /ga l  ) f o r  P i  l o t - S c a l e  Grout 
a t  Two Mix R a t i  os 

7.0 1  b /ga l  7.2 1  b /ga l  

GST NOZ LAB GS T NOZ LAB -- 
Number 10 (9 )  10 (9 )  4  19 (18)  19 8  

Mean 11.26 (11.47) 11.43 (11.36) 11.86 11.56 (11.52) 11.46 11.90 

Median 11.47 (11.51) 11.36 (11.34) 11.86 11.52 (11.52) 11.49 11.90 

S.D. 0.66 (0.11) 0.28 (0.20) 0.03 0.20 (0.10) 0.15 0.03 

%(b 5.9 (1.0) 2.4 (1.8) 0.25 1.7 (0.87) 1.3 0.25 

( a )  GST - Samples c o l l e c t e d  a t  t h e  surge tank  t o  t h e  pump. 
NOZ - Samples c o l l e c t e d  a t  t h e  d ischarge  nozz le  t o  t h e  t rench .  
LAB - Samples produced and cured  i n  t h e  l a b o r a t o r y .  

(b )  Percent i s  c a l c u l a t e d  by: S.D./Mean t imes  100%. 



s o l i d s  volume does no t  change apprec i  ab ly ,  and some o f  t h e  1  i q u i  d  readsorbs 

i n t o  t he  grout .  A summary o f  t h e  amount o f  d r a i  nab le  1  i q u i d s  present  on t h e  

p i  l o t - s c a l e  g rou ts  i s  presented i n  Table 4.3. The average amount o f  l i q u i d s  on 

t h e  surge tank  samples i s  s l i g h t l y  h i ghe r  than  on t h e  samples c o l l e c t e d  a t  t h e  

nozzle. Th i s  i s  because o f  t h e  t h i c k e n i n g  t h a t  occur red  d u r i n g  pumping as d i s -  

cussed above. The laboratory-produced g rou ts  had t h e  g rea tes t  amount o f  d r a i n -  

a b l e  l i q u i d s .  These g rou ts  were produced about a  month a f t e r  t h e  p i l o t - s c a l e  - 
t e s t .  Previous s tud ies  (Lokken e t  a l .  1987) have shown t h a t  t h e  amount o f  

shear impar ted  d u r i n g  mixing, as w e l l  as t h e  amount o f  t ime d r y  b lend  con- 

t a i n i n g  a t t a p u l  g i t e  i s  s t o r e d  have a  s i g n i f i c a n t  impact on t he  r h e o l o g i c a l  

p rope r t i es ,  i .e., l onge r  s to rage  t imes  r e s u l t  i n  t h i n n e r  g rou ts  and more d r a i n -  

ab le  l i q u i d s .  

The d r a i  nab le  l i q u i d s  f rom t h e  p i  l o t - s c a l e  g rou ts  were h i g h l y  v a r i a b l e  as 

shown by t h e  l a r g e  s tandard d e v i a t i o n  o f  t h e  data. Th is  v a r i a b i l i t y  i s  due t o  

t h e  v a r i a t i o n s  i n  t h e  v i s c o s i t i e s ,  o r  c r i t i c a l  f l o w  r a t e s  between t h e  samples. 

I n  con t ras t ,  t h e  v a r i a t i o n  i n  t h e  amount o f  d r a i n a b l e  l i q u i d s  on t h e  l a b o r a t o r y  

g rou ts  was cons iderab ly  l e s s  because o f  t h e  more exac t  mix r a t i o  and c o n t r o l l e d  

m i  x i  ng condi ti ons. 

TABLE 4.3. Summary o f  Dr i a b l e  L i q u i d  Data ( ~ 0 1 % )  f o r  P i l o t - S c a l e  
Grout Sampl es ?a! 

7.0 l b / g a l  7.2 1  b /ga l  

GST NOZ LAB GST NOZ LAB - -- 
Number 8 9 4 13 13 8 

Mean 4.67 3.59 16.4 5.81 3.73 16.3 

Medi an 4.49 4.31 16.5 5.17 2.05 16.2 

S.D. 2.23 1.83 0.9 2.67 3.15 0.9 
%(b )  48 51 5.5 46 8 5 5.5 

( a )  GST = Grout c o l l e c t e d  a t  t h e  surge tank  t o  t h e  pump. 
NOZ = Grout c o l l e c t e d  a t  t h e  d ischarge  nozz le  t o  t h e  

t rench.  
LAB = Grout produced i n  t h e  l abo ra to r y .  

( b )  Percent i s  c a l c u l a t e d  by: S.D./Mean t imes 100%. 



Although t h e  average amount of d r a i n a b l e  l i q u i d s  on t h e  g rou t  samples c o l -  

l e c t e d  a t  t h e  d ischarge  nozz le  was g r e a t e r  than 3.5 v o l %  a f t e r  28 days, t h e  

l i q u i d  t h a t  c o l l e c t e d  on t h e  mono l i t h  was comple te ly  readsorbed w i t h i n  t h e  

f i r s t  30 days. It was es t imated  t h a t  approx imate ly  7 v o l %  was p resen t  on t h e  

mono1 i t h  immedi a t e l y  a f t e r  t h e  t e s t .  These r e s u l t s  i nd i  ca te  t h a t  t h e  i ncreased 

su r f ace  area o f  t h e  mono l i t h  and t h e  h i ghe r  c u r i n g  temperatures were b e n e f i c i a l  

f o r  1  i q u i d  readso rb t i  on. .- 
4.1.3 Pene t ra t i on  Resis tance 

S e t t i n g ,  o r  hardening, r a t e s  o f  t h e  p i l o t - s c a l e  g rou ts  were determined by 

p e n e t r a t i o n  res is tance .  Accord ing t o  ASTM C403-85, i n i t i a l  s e t  i s  ach ieved 

when t h e  p e n e t r a t i o n  res i s tance  reaches 500 p s i ,  and f i n a l  s e t  occurs a t  

4000 p s i .  Th i s  procedure and i t s  a p p l i c a t i o n  a re  in tended f o r  conven t iona l  

concre te  and mor ta r  uses, and a re  o n l y  a p p l i e d  t o  g rou ts  as an i n d i c a t i o n  o f  

t h e  r e l a t i v e  s e t t i n g  ra tes .  The development o f  p e n e t r a t i o n  r e s i s t a n c e  o f  a  

t y p i c a l  sample i s  shown i n  F i g u r e  4.2. Because o f  t h e  h i gh  l i q u i d  l o a d i  ngs 

(compared w.ith conven t iona l  concre te  and mor ta r ) ,  and t o  t h e  presence o f  s e t -  

r e t a r d i n g  chemica ls  i n  t h e  PSW g rou ts ,  s e t  t imes  a r e  r e l a t i v e l y  long ;  even 

a f t e r  28 days, t h e  p e n e t r a t i o n  r e s i s t a n c e  averaged on l y  3250 p s i  w i t h  a  s t a n -  

dard  d e v i a t i o n  o f  570 p s i  f o r  t h e  surge t ank  and nozz le  samples. By t h e  ASTM 

d e f i n i t i o n ,  most o f  t h e  samples f a i l e d  t o  reach a  f i n a l  s e t  (a p e n e t r a t i o n  

r e s i s t a n c e  o f  4000 p s i  ) w i t h i n  t h i s  t ime  frame. I n i t i a l  s e t  (500 p s i  ) was 

achieved between 2  and 3  days. 

4.2 CHARACTERIZATION OF SIMULATED PHOSPHATE/SULFATE WASTE AND BLEED LIQUID 

Samples o f  s imu la ted  PSW were c o l l e c t e d  d u r i n g  t h e  p i l o t - s c a l e  t e s t  a t  t h e  

i n l e t  t o  t h e  mixer  f o r  t he  measurement o f  pH ( c o r r o s i v i t y ) ,  EP t o x i c i t y ,  and 

chemical  ana lys is .  Samples o f  b leed  l i q u i d  were c o l l e c t e d  f r om t h e  t r e n c h  on 

Mondays, Wednesdays, and F r i days  f o r  28 days f o l l o w i n g  t h e  complet ion o f  t h e  

p i l o t - s c a l e  t e s t .  Th i s  s e c t i o n  descr ibes  t h e  r e s u l t s  o f  these t e s t s .  

4.2.1 pH (Cor ros i  v i  t y  ) 

Measurements o f  t h e  pH o f  t h e  PSW and b leed  l i q u i d  were conducted t o  

determi  ne re1 a t  i ve homogeneity o f  t h e  s i  mu1 a ted  waste du r i  ng t h e  p i  1  o t  -sca l  e  
. . 



Time, days 

FIGURE 4.2. Development o f  Pene t ra t i on  Resis tance of PSW Grout 

t e s t ,  and t o  determine whether t h e  waste and/or t h e  b leed  l i q u i d  would be c l a s -  

s i f i e d  as c o r r o s i v e  wastes. The pH o f  24 s imu la ted  PSW samples, measured imme- 

d i a t e l y  a f t e r  sampling, averaged 12.20 w i t h  a  s tandard d e v i a t i o n  o f  0.02 pH 

u n i t s .  At t h i s  value, t h e  waste would no t  be cons idered cor ros ive .  The smal l  

s tandard d e v i a t i o n  i n  t h e  pH measurements i n d i c a t e  t h a t  t h e  waste was homogene- 

ous, w i t h  respect  t o  hydrox ide  content ,  throughout  t h e  t e s t .  The change i n  pH 

o f  t h e  b leed  l i q u i d  samples as a f u n c t i o n  o f  t i m e  a f t e r  t h e  t e s t  i s  shown i n  

F igu re  4.3. The pH s t e a d i l y  inc reased  w i t h  t ime, s t a r t i n g  a t  about 13.1 and 

ending a t  13.25 a f t e r  28 days. The inc rease  i s  caused by t h e  con t inued  hydra- 

t i o n  o f  t h e  cement i t i ous  compounds i n  t h e  g rou t  and a subsequent i nc rease  i n  . 

concen t ra t i on  o f  hydrox ide  i n  s o l u t i o n .  At a l l  t ime  per iods,  t h e  b leed  l i q u i d  

would be cons idered c o r r o s i v e  because t h e  pH was g r e a t e r  than  12.5. 
-. - 



FIGURE 4.3. pH o f  P i l o t - S c a l e  Bleed L i q u i d  

4.2.2 E x t r a c t i o n  Procedure T o x i c i t y  

Samples o f  s imu la ted  PSW and b leed  l i q u i d  were sub jec ted  t o  t h e  EP Tox ic -  

i t y  t e s t  f o r  l i q u i d  wastes. I n  t h e  procedure, t h e  l i q u i d  samples a r e  f i r s t  

f i l t e r e d  t o  determine t h e  t o t a l  s o l i d s  content .  I f  t h e  va lue  i s  l e s s  t han  

0.5 wt%, t h e  s o l i d s  a re  d iscarded  and t h e  f i l t r a t e  i s  used as t h e  EP e x t r a c t .  

The average f i l t e r a b l e  s o l i d s  con ten t  i n  12 PSW samples was 0.045 w t %  w i t h  a  

s tandard d e v i a t i o n  o f  0.005. The smal l  s tandard d e v i a t i o n  i n  t h e  f i l t e r a b l e  

s o l  i d s  measurements i n d i c a t e s  t h a t  t h e  s imu la ted  waste s o l u t i o n  was s u f f i  - 
c i e n t l y  a g i t a t e d  i n  t h e  feed tank, r e s u l t i n g  i n  a  homogeneous feed  t o  t h e  

p i l o t - s c a l e  g rou t  process. The s o l i d s  i n  t h e  b leed l i q u i d  samples ranged f rom 

0 t o  0.05 wt%.  Since t h e  s o l i d s  con ten t  o f  bo th  t h e  waste and t h e  b l eed  l i q u i d  

samples was l e s s  than  0.5 w t%,  t h e  f i l t r a t e s  were a c i d i f i e d  and submi t ted  f o r  
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ana lys is .  The r e s u l t s  a re  summarized i n  Table 4.4. The " less - than"  values 

l i s t e d  i n  t h e  t a b l e  are t h e  a n a l y t i c a l  d e t e c t i o n  l i m i t s  f o r  t h e  p a r t i c u l a r  

method used. Based on these  r e s u l t s ,  s imu la ted  PSW and b leed  l i q u i d  do no t  

exhi  b i t  t h e  c h a r a c t e r i s t i c  o f  EP T o x i c i t y .  The on l y  two metals t h a t  were p res -  

e n t  i n  de tec tab le  q u a n t i t i e s  w i t h i n  t h e  PSW and b leed  l i q u i d  were a r sen i c  and 

chromium. The a rsen i c  was approx imate ly  t h e  same i n  bo th  l i q u i d s .  The chro -  

m i  urn content ,  however, was cons ide rab l y  h i ghe r  i n  t h e  b leed  l i q u i d ,  presumably 

because o f  d i s s o l u t i o n  o f  f l y  ash. 

Chemical Ana lys is  

I n  a d d i t i o n  t o  t h e  analyses f o r  t h e  EP t o x i c i t y  metals,  a d d i t i o n a l  ana ly -  

ses were conducted on t h e  PSW and t h e  b leed  l i q u i d s .  The r e s u l t s  f o r  PSW, sum- 

marized i n  Table 4.5, serve as another  i n d i c a t i o n  o f  t h e  homogeneity o f  t h e  

waste s o l u t i o n  chemist ry .  The concen t ra t i on  of t he  ca t i ons  was found t o  be 

very  constant ,  w i t h  t h e  percen t  d e v i a t i o n  f r om t h e  mean approx imat ing t h e  

p r e c i s i o n  of t h e  a n a l y t i  ca l  techn ique  used. 

F i g u r e  4.4 shows t h e  concen t ra t i on  o f  se lec ted  spec ies i n  t h e  b leed  l i q u i d  

as a  f u n c t i o n  o f  t i m e  f rom complet ion o f  t h e  t e s t .  I n  general ,  t h e  

TABLE 4.4. E x t r a c t i o n  Procedure T o x i c i t y  Resu l ts  f o r  S imulated PSW 
and Bleed L i q u i d  

Element 

As 

B  a  

Cd 

C r 

Pb 

H g  
Se 

A g  

Maxi mum 
Concent r a t i  on, 

mg/L 

5.0 

100.0 

1.0 

5.0 

5.0 

0.2 

PSW E x t r a c t  
Concent r a t  i on, 

mg/L 

1.1 .- 1.5 

<0.02(a ) 

B leed L i q u i d  
Concentrat ion,  

mg/L 
1.3 - 2.4 

<0.02 

( a )  Less-than values a re  t h e  a n a l y t i c a l  d e t e c t i o n  1  i m i  t s .  
( b )  Th i s  va lue i s  near t h e  d e t e c t i o n  l i m i t .  



TABLE 4.5. Summary o f  A n a l y t i c a l  Resu l ts  f o r  S imulated PSW 

Measurement ~ e a n ( ~ )  Dev ia t i on  Standar?b) Percent ( c )  

( a )  The mean was c a l c u l a t e d  f rom a n a l y s i s  o f  12 samples. 
( b )  Standard d e v i a t i o n  i s  one s tandard d e v i a t i o n  (S.D. ) 

f rom t h e  mean. 
( c )  Percent i s  c a l c u l a t e d  by: S.D./Mean t imes 100%. 
( d )  To ta l  o rgan ic  carbon. 

FIGURE 4.4. Changes i n  Bleed L i q u i d  Concentrat ion w i t h  Time 



concen t ra t i on  o f  most species increased w i t h  t ime.  However, t h e  r a t e  o f  

inc rease  does no t  correspond t o  t he  r a t e  t h a t  would be expected based on t h e  

decreas ing volume o f  t h e  b leed  l i q u i d  w i t h  t ime. If water  i s  l o s t  f r o m  t h e  

b leed  1  i qu i  d  s o l e l y  because o f  h y d r a t i o n  o r  evapo ra t i  on, t h e  n i t  r a t e  concentra - 
t i o n  a f t e r  15 days would be t w i c e  t h e  analyzed va lue (assuming unsa tu ra ted  con- 

d i  t i  ons ). Because o f  these d i f f e r e n c e s ,  i t  was concluded t h a t  t h e  decrease i n  

t h e  volume o f  b l eed  l i q u i d  was due t o  phys i ca l  adso rp t i on  o f  t h e  l i q u i d  i n t o  

t h e  g rou t  mono1 i t h  because o f  increased cap i  11 a r i  t y  r e s u l t i n g  f rom m i  c rocracks 

and an inc rease  i n  t h e  c a p i l l a r y  pores formed d u r i n g  hydra t ion .  The phosphate 

concen t ra t i on  decreased w i t h  t ime,  most 1  i k e l y  due t o  p r e c i p i t a t i o n  of ca l c i um 

phosphate. 

4.3 CHARACTERIZATION OF DRY SOLIDS BLEND 

Samples o f  d ry  b lend  were c o l l e c t e d  f rom t h e  s to rage  b i n  of t h e  d r y  s o l i d s  

feeder and cha rac te r i zed  by X-ray d i f f r a c t i o n  and g r a i n  s ize .  

4.3.1 X-Ray D i f f r a c t i o n  

X-ray d i f f r a c t i o n  a n a l y s i s  o f  t h e  d r y  b l end  samples was conducted t o  

determine whether s i  gn i  f i  cant  changes i n  t h e  m i  nera logy,  i n d i c a t i n g  segrega t ion  

o r  composi t ional  changes, occurred d u r i n g  t h e  p i  1 o t - s c a l e  t e s t .  The d r y  b lend  

c o n s i s t s  p r i m a r i l y  o f  Po r t l and  cement and f l y  ash. Po r t l and  cement i s  mos t l y  

c r y s t a l l i n e ,  c o n t a i n i n g  approx imate ly  60% t r i c a l c i u m  s i l i c a t e .  F l y  ash i s ,  

however, mos t l y  amorphous w i t h  smal l  amounts o f  quar tz .  The remain ing two 

m a t e r i a l s  i n  t h e  d r y  b lend  i n c l u d e  an i l l i t i c  c l a y  and a t t a p u l g i t e  c l ay ,  bo th  

of which con ta in  qua r t z  as an i m p u r i t y .  

The a p p l i c a t i o n  o f  XRD methods t o  determi ne t h e  amounts o f  i n d i v i d u a l  

c r y s t a l 1  i n e  phases i n  a  m u l t i  phase m ix tu re  re1 i e s  on accura te  measurements o f  

i n t e n s i t i e s  o f  d i  f f  r a c t i  on 1  i nes, t h e  use o f  s u i t a b l e  standards, and c o n s i s t e n t  

sample-mounting techniques. The accuracy i n  u s i n g  t h i s  technique on d r y  b l end  

samples i s  f u r t h e r  compl icated because n e a r l y  h a l f  of t h e  b lend  i s  amorphous, 

which i ncreases background no ise  and makes accura te  de te rmina t ion  of peak 

i n t e n s i t i e s  d i f f i c u l t .  



I n  o rde r  t o  es t ima te  t h e  degree o f  cons is tency  i n  t he  composi t ion o f  t h e  

d r y  blend, i n t e g r a t e d  r e l a t i v e  i n t e n s i t i e s  o f  t h e  major d i f f r a c t i o n  l i n e s  o f  

t r i c a l c i u m  s i l i c a t e ,  quar tz ,  and c l a y  were compared (Table 4.6). Based on t h e  

q u a r t z l t  r i  c a l  c i  um s i  1  i c a t e  r a t i  os, samples DB06 and DB22 appeared t o  be -. 
s l i g h t l y  en r i ched  i n  qua r t z  ( i  .e., l e s s  cement) compared w i t h  t h e  o the r  sam- 

p les .  However, w i t h i n  t h e  l i m i t a t i o n s  o f  XRD ana l ys i s ,  most o f  t h e  d r y  b lend  

samples appeared t o  be c o n s i s t e n t  i n  composit ion. 

4.3.2 Gra in  S ize  

Gra in  s i z e  de te rmina t ions  were made on t h i r t e e n  d r y  b lend  samples t o  

determi  ne re1  a t i  ve homogeneity o f  t h e  samples c o l  l e c t e d  d u r i  ng t h e  p i  1  o t - sca l  e  

t e s t .  The res idue  remain ing on a  200-mesh s i e v e  a f t e r  wet s i e v i n g  averaged 

TABLE 4.6. R e l a t i v e  X-Ray D i f f r a c t i o n  I n t e n s i t i e s  o f  T r i  ca l c i um S i l i c a t e ,  
Quar tz ,  and Clay D iagnos t i c  L ines  o f  Dry Blend Samples 

Sample 
No. 

DB 01 

DB 02 

DB 04 

DB 06 

DB 08 

DBlO 

DB 12 

DB 14 

DB 16 

DB 19 

DB 22 

DB23 

DB 26 

Quartz 
d=3.34 

79 

( a )  d  = d-spacing. 
( b )  C3S = T r i c a l c i u m  S i l i c a t e .  
( c )  Not a v a i l a b l e .  



4.0 w t %  w i t h  a  s tandard d e v i a t i o n  of  0.3 wt%. Based on these r e s u l t s ,  t h e  

g r a i n  s i z e  o f  t he  d r y  b lend  was determined t o  be c o n s i s t e n t  throughout  t h e  

p i l o t - s c a l e  t e s t .  

4.4 PROPERTIES OF CURED GROUT 

Several  cured g rou t  samples were t e s t e d  and cha rac te r i zed  f o r  phys i ca l ,  

mechanical , and chemi ca l  p r o p e r t i e s .  The samples i nc l uded  g rou ts  produced and 

cured  i n  t h e  l abo ra to r y ,  samples c o l l e c t e d  a t  t h e  surge tank and t r e n c h  d i s -  

charge nozz le  and cured under ambient cond i t i ons ,  samples ob ta ined  f rom t h e  

sampler tubes i n s e r t e d  i n t o  t h e  monol i th ,  and samples cored f rom t h e  monol i th .  

The sampler tube g rou ts  were cured under mono l i t h  c o n d i t i o n s  f o r  t h e  f i r s t  

28 days and then  under ambient c o n d i t i o n s  u n t i  1  t e s t i n g .  One o f  t h e  p r imary  

purposes o f  t h e  p i l o t - s c a l e  t e s t  was t o  determine t h e  homogeneity o f  g rou t  

w i t h i n  t h e  l a r g e  monol i th .  Th i s  s e c t i o n  descr ibes  t h e  r e s u l t s  o f  t e s t i n g  and 

c h a r a c t e r i z a t i o n  and addresses t h e  homogeneity. 

4.4.1 Dens i ty  

The geometr ic,  b u l k  d e n s i t i e s  o f  cured p i  l o t - s c a l e  g rou t  samples a r e  p re -  

sented i n  Table 4.7. The measurements were conducted on samples t h a t  were 

prepared f o r  compressive s t r e n g t h  t e s t i n g .  The d e n s i t i e s  of t h e  l a b o r a t o r y  

samples was about 4% h ighe r  than  t h e  surge tank and nozz le  samples, p r i m a r i l y  

TABLE 4.7. Dens i ty  (g/cm3) S t a t i s t i c s  f o r  P i  l o t  -Scale Grout samples ( a )  

S t a t i s t i c  GST NOZ LAB ST 1 ST2 Core 

Number 24 24 2 4 20 3 1 16 
Mean 1.482 1.478 1.541 1.433 1.421 1.402 
Medi an 1.481 1.482 1.540 1.435 1.422 1.401 

0.015 0.031 0.008 0.024 0.021 0.022 
1.0 2.1 0.52 1.7 1.5 1.6 

I 

( a )  GST - Samples c o l l e c t e d  a t  t h e  surge tank.  
NOZ - Samples c o l l e c t e d  a t  t h e  d ischarge  nozz le .  
LAB - Samples produced and cured  i n  t h e  l abo ra to r y .  
ST1 - Samples f rom t h e  g rou t  sampler tubes;  s e t  1. 
ST2 - Samples f rom t h e  g rou t  sampler tubes ; s e t  2. 

Core - Samples ob ta ined  f rom core  d r i l l i n g  t h e  mono1 i t h .  
( b )  Percent i s  c a l c u l a t e d  by: S.D./Mean t imes 100%. 



because of t he  g rea te r  amount o f  p a r t i c l e  s e t t l i n g  t h a t  occur red  i n  t h e  l a b o r a -  

t o r y  samples (see Sec t ion  4.1). The samples f rom t h e  mono l i t h  con ta ined  con- 
3 s i d e r a b l y  more p o r o s i t y ,  w i t h  average d e n s i t i e s  rang ing  from 1.4 g/cm f o r  t h e  

cores t o  1.43 g/cm3 f o r  t h e  sampler tube  samples. These measurements represen t  

an inc rease  i n  p o r o s i t y  o f  about 5.4 v o l %  over  t h e  samples t h a t  were cured i n  

t h e  l abo ra to r y .  

The d i f f e r e n c e s  i n  p o r o s i t y  were caused by t h e  procedures t h a t  were used . _ 

i n  sample hand l ing .  The nozz le  and surge t ank  samples were prepared by p o u r i n g  

f r e s h l y  c o l l e c t e d  g rou t  s l u r r y  i n t o  c y l i n d r i c a l  molds. Th i s  procedure caused 

det ra inment  o f  any l a r g e  a i r  bubbles t h a t  would have been i n c l u d e d  as p o r o s i t y .  

The d i f f e r e n c e s  i n  d e n s i t y  o f  t h e  sampler tube  samples and t h e  core  samples 

were 1 i k e l y  caused by t h e  d e t r a i  nment o f  a i r  bubbles as t h e  sampler tubes  were 

i n s e r t e d  i n t o  t h e  mono1 i th .  

4.4.2 Compressive S t reng th  

Unconf ined compressive s t r e n g t h  measurements were conducted on t h e  same 

samples t h a t  were d iscussed above. Tab le  4.8 summari zes t h e  compressi ve 

s t r e n g t h  data. The main purpose o f  conduc t ing  these  t e s t s  was t o  determine 

homogeneity o f  g rou ts  produced d u r i n g  t h e  p i l o t - s c a l e  t e s t ,  bo th  as a f u n c t i o n  

o f  p roduc t i on  t i m e  and l o c a t i o n  w i t h i n  t h e  monol i th .  As d iscussed above, t h e  

TABLE 4.8. Compressive S r ng th  ( p s i  ) S t a t i s t i c s  f o r  P i  l o t - S c a l e  
Grout Samples ?a7 

S t a t i s t i c  - GST - NOZ - LAB ST 1 - ST2 - Core 

Number 24 24 2 4 20 3 1 16 
Mean 382 440 39 7 258 333 402 
Medi an 375 419 395 257 344 381 

Zr 46 9 5 42 51 6 7 5 2 
12 22 11 2 0 20 13 

( a )  GST - Samples c o l l e c t e d  a t  t h e  surge tank 
NOZ - Samples c o l l e c t e d  a t  t h e  d ischarge nozz le  
LAB - Samples produced and cured i n  t h e  l a b o r a t o r y  
ST1 - Samples f r om t h e  g rou t  sampler tubes;  s e t  1 
ST2 - Samples f rom t h e  g rou t  sampler tubes ;  se t  2 

Core - Samples ob ta ined  f r om core  d r i  11 i n g  t h e  mono l i th .  
( b )  Percent i s  c a l c u l a t e d  by: S.D./Mean t imes  100%. 



p r o p e r t i e s  o f  t he  p i  1  o t - s c a l e  g rou t  s l u r r y  were more v a r i a b l e  than t h e  labora-  

t o r y  grouts  because o f  s l i g h t  v a r i a t i o n s  i n  t h e  mix r a t i o  du r i ng  processing. 

Consequently, t h e  phys ica l  p r o p e r t i e s  o f  t he  cured p i  1  o t  -sca l  e  grouts  were a1 so 

expected t o  be more v a r i a b l e  than those of t he  l a b o r a t o r y  samples. Th is  i s  

evidenced by t he  values i n  t h e  l a s t  row i n  t h e  t ab le .  

Several comparisons can be made from the  compressive s t r eng th  data 1  i s t e d  

i n  t he  t ab le .  The f i r s t  comparison i s  between t h e  data from the  samples c o l -  

l e c t e d  a t  t h e  surge tank and those c o l l e c t e d  a t  t h e  t r ench  d ischarge nozzle.  

These samples were c o l l e c t e d  a t  t h e  same t ime  per iods  du r i ng  t h e  p i l o t - s c a l e  

t e s t .  The average s t reng ths  o f  t h e  nozz le  g rou ts  were about 13% h ighe r  even 

though t h e  d e n s i t i e s  were about t h e  same. The on l y  major d i f f e r e n c e  between 

t he  two se ts  o f  samples was t h e  increased shear impar ted du r i ng  pumping t h a t  

may have r e s u l t e d  i n  more f avo rab le  m ic ros t ruc tu res .  

The p r imary  method o f  o b t a i n i n g  g rou t  samples f rom the  mono l i th  was u s i n g  

t h e  double-tube samplers descr ibed  i n  Sect ion 2.4. Th is  method, w h i l e  assur ing  

s u f f i c i e n t  samples f o r  ana lys is ,  r e s u l t e d  i n  upset of t h e  grout  s l u r r y  d u r i n g  

placement. The l e v e l  o f  g rou t  w i t h i n  t h e  tubes was, i n  some cases, 12 t o  

24 inches h ighe r  than t he  corresponding mono1 i t h  he igh t .  Th is  may have ac ted  

t o  s t r a t i f y  t h e  g rou t  a long t h e  f l o w  l i n e s  w i t h i n  t h e  tube, o r  conversely,  t o  

homogenize t he  g rou t  where s t r a t i f i c a t i o n s  had occurred du r i ng  f l ow  i n  t h e  

t rench.  Even though t h e  d e n s i t i e s  o f  t h e  cores were l e s s  than those o f  t he  

sample-tube grouts,  t h e  compressive s t r eng ths  o f  t he  cores were h igher .  The 

d i f f e r e n c e s  are be l i eved  t o  r e s u l t  f rom t h e  upset o f  s e m i - r i g i d  g rou t  r e s u l t i n g  

i n  l aye rs  o f  l e s s e r  s t r eng th  w i t h i n  t h e  samples. 

The sampling p l an  i d e n t i f i e d  samples f rom 22 l o c a t i o n s  w i t h i n  t h e  mono l i th  

f o r  compressive s t r e n g t h  t e s t i n g  t o  determine whether f l o w  d is tance  (x  and y  

d i  r e c t  i o n s )  and/or depth (z  d i  r e c t i  on) i n  t h e  t r ench  i n f  1  uenced g rou t  proper-  

t i e s .  F i gu re  4.5 i l l u s t r a t e s  t h e  apparent e f f e c t  o f  f l o w  d i s tance  on compres- 

s i v e  s t reng th .  The da ta  a re  p l o t t e d  as a  f u n c t i o n  o f  f l o w  d i s tance  a long t h e  

x  d i r e c t i o n .  Even though t h e  regress ion  l i n e  suggests a  s l i g h t  e f f e c t  o f  f l o w  

. distance,  t h e r e  was no s t a t i s t i c a l  l y  s i g n i f i c a n t  d i f f e r e n c e  ( a t  95% con f idence)  

i n  t he  s t r eng ths  o f  g rou ts  f rom one end o f  t h e  t r ench  t o  t h e  other .  The 
9 



Distance, ft 

FIGURE 4.5. Compressi ve S t reng th  o f  P i  1  o t  -Scal e  Mono1 i t h  Sampl es as a  
Func t ion  o f  Flow Dis tance 

c o r r e l a t i o n  c o e f f i  c i e n t s  f o r  compressive s t r e n g t h  and f l o w  a long  ( x )  and ac ross  

( y )  t h e  t r e n c h  were -0.34 and -0.08, r e s p e c t i v e l y  ; t h e  c o e f f i c i e n t  was -0.37 

w i t h  depth ( z ) .  

4.4.3 St rength,  Densi ty ,  and Pulse V e l o c i t y  Re la t i onsh ips  

Measurements of t h e  u l t r a s o n i c  pu l  se ve l  o c i  t y  th rough  g rou t  samples were 

conducted t o  determine whether t h i s  nondes t ruc t i ve  technique cou ld  be used t o  

p r e d i c t  phys i ca l  p r o p e r t i e s ,  e. g., compressi ve s t reng th .  A summary o f  t h e  



u l t r a s o n i c  pu lse  v e l o c i t y  i s  shown i n  Table 4.9. The u l t r a s o n i c  pu lse  ve loc-  

i t y ,  V, i s  r e l a t e d  t o  t he  phys i ca l  p r o p e r t i e s  o f  m a t e r i a l s  by: 

E v2  = ( K )  

where K = a  cons tan t  

E  = modulus o f  e l a s t i c i t y ,  and 

D = dens i ty .  

It has been shown ( N e v i l l e  1981) t h a t  t h e  modulus of e l a s t i c i t y  and compressive 

s t r eng th  o f  concretes f o l l o w  a  s t r a i  ght-1 i n e  re1 a t i onsh ip .  I f  t h i s  re1 a t i o n -  

sh ip  i s  v a l i d  f o r  PSW grouts ,  then t h e  compressive s t reng ths ,  dens i t i es ,  and 

pu lse  v e l o c i t i e s  should have s t r ong  p o s i t i v e  c o r r e l a t i o n s .  The c o r r e l a t i o n  

c o e f f i c i e n t s  f o r  va r ious  se ts  o f  data o f  PSW grou ts  i s  shown i n  Table 4.10. I n  

general ,  t he  compressive s t r e n g t h  and pu lse v e l o c i t y  data c o r r e l a t e d  very we1 1  , 
w i t h  t h e  h ighes t  c o r r e l a t i o n  c o e f f i c i e n t  (0.93) f o r  t h e  nozz le  samples. Sepa- 

r a t e  c o r r e l a t i o n s  are g iven f o r  t he  d i f f e r e n t  se ts  o f  samples because o f  v a r i -  

ous c u r i n g  t imes and cond i t i ons  t h a t  can have an . e f f e c t  on t he  p rope r t i es .  The 

lowest c o r r e l a t i o n s  were seen between t h e  compressive s t r e n g t h  and dens i t y  f o r  

t h e  two sets  o f  samples obta ined from t h e  sampler tubes. As discussed above, 

t he  d e n s i t i e s  o f  these samples were g rea te r  than those o f  t he  cored samples, 

TABLE 4.9. U l t r a s o n i c  Pu V e l o c i t y  (m ls )  S t a t i s t i c s  f o r  P i l o t - S c a l e  
Grout Sampl es 

S t a t i s t i c  GST NOZ LAB ST 1 ST2 Core 

Number 24 24 24 2  0  31 16 
Mean 2180 2190 2240 1930 1990 2030 
Median 2180 2190 2240 1920 2000 2000 

1, 40 7 8  16 6 0  7 5 131 
% 1.8 3.6 0.71 3.1 3.8 6.5 

( a )  GST - Samples c o l l e c t e d  a t  t h e  surge tank 
NOZ - Samples c o l l e c t e d  a t  t he  d ischarge nozz le  
LAB - Samples produced and cured i n  t h e  l a b o r a t o r y  
ST1 - Samples from the  g rou t  sampler tubes; s e t  1 
ST2 - Samples from t h e  g rou t  sampler tubes; s e t  2  

Core - Samples ob ta ined  from core d r i l l i n g  t h e  monol i th .  
( b )  Percent i s  c a l c u l a t e d  by: S.D./Mean t imes 100%. 



TABLE 4.10. C o r r e l a t i o n  Coe f f i c i en t s  f o r  Compressive 
Densi ty ,  and Pulse V e l o c i t y  o f  PSW Grouts 

C o r r e l a t i o n  ( b )  GST NOZ LAB ST 1 ST2 Core 

CS/PV 0.75 0.93 0.60 0.66 0.78 0.73 
CSIDEN 0.81 0.87 0.46 0.42 0.23 0.68 
PV/DEN 0.76 0.95 0.84 0.73 0.49 0.67 

( a )  GST - Samples c o l l e c t e d  a t  t h e  surge tank 
NOZ - Samples c o l l e c t e d  a t  t h e  d ischarge nozz le  
LAB - Samples produced and cured i n  t h e  l a b o r a t o r y  
ST1 - Samples f rom the  g rou t  sampler tubes; s e t  1 
ST2 - Samples from t h e  g rou t  sampler tubes; s e t  2  

Core - Samples ob ta ined  f rom core d r i l l i n g  t he  mono1 i t h  
( b )  CS/PV = Compressive s t r e n g t h  versus pu lse  v e l o c i t y  

CSIDEN = Compressi ve s t r eng th  versus d e n s i t y  
PVIDEN = Pulse V e l o c i t y  versus dens i t y  

presumably because o f  t he  upset of t he  g rou t  and compression o r  re lease  o f  a i r  

bubbles as t h e  tubes were i n s e r t e d  i n t o  t h e  grouts.  The upset a l s o  r e s u l t e d  i n  

lower  compressi ve s t r eng ths  because o f  t he  d i s r u p t i o n  o f  t h e  p a r t i a l l y  s e t  

grout .  

4.4.4 C o r r o s i v i t y  

The c o r r o s i v i t y  p o t e n t i a l  o f  t he  p i l o t - s c a l e  g rou t  was determined by t h e  

WDOE 83-13 method. I n  t h i s  procedure, a  s o l i d  m a t e r i a l  i s  mixed w i t h  an equal 

we igh t  o f  d i s t i l l e d  de ion ized  water, and t h e  pH o f  t h e  r e s u l t i n g  s o l u t i o n  i s  

measured. An average pH f o r  each g rou t  sample was c a l c u l a t e d  us ing  t h e  loga-  

r i  t hm ic  average o f  pH's ob ta ined  from t h r e e  t r i a l s  f o r  each o f  22 samples from 

t h e  mono l i th .  The pH ranged from 11.7 t o  11.8. 

4.4.5 Leach Tests 

The American Nuclear Soc ie ty  (ANS) 16.1 leach t e s t  was conducted on 

22 samples o f  g rou t  ob ta ined  f rom t h e  sampler tubes. The g rou t  had cured 23 t o  

24 weeks p r i o r  t o  t h e  s t a r t  o f  t h e  leach t e s t s .  The t e s t s  cont inued through 

90 days. Al though t h i s  t e s t  i s  in tended f o r  use on r a d i o a c t i v e  low- leve l  waste 

forms, i t  was app l i ed  here t o  determine t h e  r e l a t i v e  l each ing  res i s tance  of 

major ca t i ons  and t o  determine homogeneity o f  t he  g rou t  w i t h i n  t he  mono l i th .  

The ANS 16.1 leach  t e s t  i s  designed t o  determine a " f i g u r e  o f  m e r i t "  parameter 



c a l l e d  t h e  l e a c h a b i l i t y  index (L ) .  The l e a c h a b i l i t y  index f o r  a  g iven species 
a i s  de f i ned  as the  negat ive l o g a r i t h m  (base 10) o f  t h e  e f f e c t i v e  d i f f u s i o n  coe f -  

f i c i e n t  (D) o f  t h a t  species. The e f f e c t i v e  d i f f u s i v i t y  i s  g iven by: 

* - .  

2  where D = e f f e c t i v e  d i f f u s i v i t y ,  cm I s ,  

an = concen t ra t ion  o f  i o n  re leased from t h e  specimen du r i ng  t h e  

l each ing  i n t e r v a l  n, 

A, = t o t a l  amount o f  species i n  t h e  specimen a t  t h e  beginn ing o f  t h e  

leach t e s t  

( a t ) n  = t n  - tn-1,  d u r a t i o n  of t he  n- th  l each ing  i n t e r v a l ,  s  

V = volume o f  specimen, cm 3 

S = geometr ic su r face  area o f  specimen, cm 2 

T = [ 1 / Z  ( tn1 I2  + tn-1112)]2, r ep resen t i ng  t he  "mean t ime"  o f  t h e  

l each ing  i n t e r v a l ,  s. 

The t rea tment  o f  t he  data f rom t h i s  t ype  o f  leach t e s t  assumes t h a t  t h e  

re lease o f  i ons  from t h e  waste form i s  c o n t r o l l e d  by d i f f u s i o n .  For pure d i f -  

f u s i o n a l  re lease,  t h e  cumulat ive amount o f  species re leased from t h e  sample 

p l o t t e d  as a  f u n c t i o n  o f  t he  square r o o t  o f  t ime  would y i e l d  a  s t r a i g h t  l i n e  

pass ing through t h e  o r i g i n  a t  t ime zero. Th is  t ype  o f  p l o t  i s  shown i n  F ig -  

u re  4.6 f o r  t he  average cumulat ive f r a c t i o n  sodium re leased from t h e  22 p i l o t -  

s ca le  grout  samples. The s lope  o f  t he  re lease  curve decreases between leach 

i n t e r v a l s ,  r ep resen t i ng  a  decrease i n  d i f f u s i o n  c o e f f i c i e n t s  w i t h  t ime. The 

average leach i nd i ces  f o r  t h e  var ious  t ime per iods  ranged from 7.7 du r i ng  t he  



Square Root of Time, days 

FIGURE 4.6. Cumulati ve F r a c t i o n  Sodi urn Leached f rom Pi 1 o t  -Scal e  Grout 

i n i t i a l  stage o f  t h e  t e s t  t o  9.1 a f t e r  90 days. According t o  t h e  ANS 16.1 p r o -  

cedure, r e p o r t i n g  o f  t h e  leach  index  must a l s o  i n c l u d e  a  r e l a t i v e  "b i as "  t e r m  

when : 

The average sodium leach  index  f o r  t h e  p i l o t - s c a l e  samples was 8.7 + 7%, i n d i  - 
c a t i n g  t h a t  t h e  leach  index  was g r e a t e r  ( i  .e., t h e  g rou ts  e x h i b i t e d  b e t t e r  

leach  r e s i s t a n c e )  a t  t h e  l a t t e r  stages o f  t h e  leach  t e s t .  

F u r t h e r  a n a l y s i s  o f  t h e  l each  da ta  i n d i c a t e s  t h a t  t h e  r e l a t i v e  l each  

res i s tance  o f  t h e  g rou t  samples f rom d i f f e r e n t  p a r t s  of t h e  t r e n c h  was very  

cons i s ten t ,  i l l u s t r a t e d  by t h e  e r r o r  bars  i n  t h e  f i g u r e .  The s tandard 



d e v i a t i o n s  were l e s s  than about 10% o f  t h e  mean values, which i s  t y p i c a l l y  
. w i t h i n  t he  p r e c i s i o n  o f  t h e  a n a l y t i c a l  methods. Therefore,  i t appears t h a t  no 

s i g n i f i c a n t  d i f f e r e n c e s  i n  leach behavior e x i s t e d  between samples from t h e  var-  

1. i ous  p laces i n  t h e  p i l o t - s c a l e  t rench.  

T o x i c i t y  C h a r a c t e r i s t i c  Leaching Procedure (TCLP) 

The r e s u l t s  o f  t es t i , ng  22 g rou t  samples from t h e  mono l i th  us ing  t h e  TCLP 
I 

are  presented i n  Table 4.11. Most o f  t he  regu la ted  elements were not  present  

i n  s o l u t i o n  above t h e  a n a l y t i c a l  de tec t i on  l i m i t s .  Barium and chromium were 

t h e  on ly  metals detectab le .  T h e i r  l e v e l s  were about 200 t imes l ess  than t h e  

r e g u l a t o r y  t h resho ld  values where t h e  PSW grou t  would be considered hazardous. 

4.4.7 M i c r o s t r u c t u r a l  Cha rac te r i za t i on  

Several samples o f  p i 1  o t - sca l  e  g rou t  and laboratory-produced g rou t  were 

examined us ing  scanning e l e c t r o n  microscopy. F i gu re  4.7 shows f r a c t u r e  sur-  

faces o f  g rou t  samples produced and cured i n  t he  labora to ry .  The t op  micro-  

graph represents  a  sample from t h e  t o p  112 i n .  o f  a  9- in.  long  cy l i nde r ;  t h e  

bottom i s  f rom t h e  bottom 112 i n .  The t op  o f  t he  sample was charac te r i zed  by a  

much more open s t r u c t u r e  w i t h  d i s t i n c t  i n d i v i d u a l  p a r t i c l e s .  More v i s i b l e  

vo ids were a l s o  present  i n  t h i s  sample. The sur face  o f  t h e  bottom sample was 

cons iderably  more dense and conta ined massive hyd ra t i on  products.  A1 though t h e  

TABLE 4.11. 

Element 

As 
Ba 
Cd 
C r 
Pb 
"g 
Se 
A  g  

TCLP Resul ts  f o r  P i  l o t - S c a l e  Grout 

Analyzed 
Average, m g / ~ ( a )  

Regulatory  
L i m i t ,  mg/L 

5.0 
100.0 

1.0 
5.0 
5.0 
0.2 
1.0 
5.0 

( a )  Average o f  22 samples. 
( b )  "Less than"  values a re  a n a l y t i c a l  

d e t e c t i o n  l i m i t s .  



Top of Sample 

u 
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FIGURE 4.7. Scanning E lec t ron  Micrographs o f  Fracture Surfaces o f  
Laboratory-Produced PSW Grouts 



morphology o f  t h e  i nd i  v i  dual  p a r t i c l e s  could s t i  11 be seen, t h e  p a r t i c l e s  were 

conta ined w i t h i n  t he  dense hyd ra t i on  products.  Several sma l le r  voids were a1 so 

present.  

' .  
F igu re  4.8 shows micrographs o f  f r a c t u r e  sur faces o f  p i  1 o t - sca le  g rou t  

samples. The t op  micrograph i s  f rom a  sample about 6 i n .  below the  mono1 i t h  

sur face;  t h e  bottom i s  f rom a  sample about 3 f t  below t h e  surface. Several 

d i f f e r e n c e s  were ev iden t  among these samples; however, t he  d i f f e rences  were no t  

as dramat ic  as those i n  t h e  l abo ra to r y  samples. The hyd ra t i on  products  

appeared more dense i n  the  bottom sample. I n d i v i d u a l  p a r t i c l e s  were more e v i -  

dent i n  t h e  t o p  sample, poss ib l y  i n d i c a t i n g  a  l e s s e r  degree o f  hydrat ion.  The 

t op  sample was subjected t o  cond i t i ons  c l o s e r  t o  ambient than the  bottom 

sample. 

Comparing m ic ros t ruc tu res  o f  t he  bottom sample o f  t h e  l abo ra to r y  g rou t  

w i t h  t h a t  o f  t he  p i l o t - s c a l e  samples reveals  l ess  no t i ceab le  voids and a  f i n e r  

m i c r o s t r u c t u r e  i n  t he  l a b  grout.  Fewer voids i n  t he  l a b  g rou t  were expected 

due t o  i t s  h i ghe r  dens i ty .  The f i n e r  m i c r o s t r u c t u r e  may have r e s u l t e d  from t h e  

d i f f e r e n c e s  i n  process ing and/or t h e  d i f f e rences  i n  c u r i n g  cond i t i ons  ( t h e  

p i l o t - s c a l e  grout  reached temperatures o f  up t o  65OC). 



u 
Top of Sample 13 pm 

- 
Bottom of Sample 13 pm 

FIGURE 4.8. Scanning E l e c t r o n  Micrographs of F rac tu re  Surfaces of 
P i  1 o t  -Scal e Grouts 



5.0 CONCLUSIONS 

4 

Based on t h e  r e s u l t s  presented i n  t h i s  r epo r t ,  t h e  f o l l o w i n g  conc lus ions 
1 can be made: 

n 
Minor process upsets r e s u l t e d  i n  va ry i ng  rheo log i ca l  p r o p e r t i e s  o f  

g rou t  s l u r r i e s .  

Pumping o f  g rou t  s l u r r y  through 150 ft of 1- in.  p i pe  increased v i s -  

c o s i t y  and r e s u l t e d  i n  l ess  d ra inab le  l i q u i d s  compared w i t h  g rou t  

s l u r r y  t h a t  had not  been pumped. 

C r i t i c a l  f l o w  ra tes  o f  laboratory-produced g rou t  s l u r r i e s  were l ess  

than t h e  p i l o t - s c a l e  g rou t  s l u r r i e s  because o f  d i f f e r e n c e s  i n  shear 

d u r i n g  mix ing  and because o f  d r y  b lend s torage t ime. 

Bleed l i q u i d  i n  t h e  p i l o t - s c a l e  t r ench  would be considered c o r r o s i v e  

because o f  pH values g rea te r  than 12.5. 

Grout f rom t h e  p i l o t - s c a l e  t e s t  would be cons idered noncor ros ive  

because o f  pH values o f  l e s s  than 12.5. 

Both t h e  s imu la ted  PSW and t h e  b leed  l i q u i d  passed t h e  EP t o x i c i t y  

t e s t ,  a l though t he  Cr content  o f  t he  b leed l i q u i d  e x t r a c t  was 80% o f  

t he  a l l owab le  l i m i t .  

Simulated PSW was un i f o rm  throughout  t he  t e s t ,  based on pH, s o l i d s  

content,  and chemical composit ion. 

The g r a i n  s i z e  o f  t h e  d r y  b lend was cons i s ten t  throughout  t h e  t e s t .  

Loca t ion  w i t h i n  t h e  mono1 i t h  d i d  no t  have an i n f l u e n c e  on t he  com- 

p ress i  ve s t r e n g t h  o f  t h e  grouts.  

Compressive s t reng ths  o f  t he  cored g rou t  samples were s l i g h t l y  h igher  

than those o f  grouts  f rom t h e  sampler tubes. 

Leach behavior  o f  t he  g rou t  mono l i th  samples was un i f o rm  throughout  

t h e  t rench.  R e l a t i v e  v a r i a t i o n  between samples was l e s s  than 10%. 

The leachabi  1  i t y  index f o r  sodium averaged 8.7. 
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