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1 .  EXECUTIVE SUMMARY 

r 

The o b j e c t i v e  of t h i s  work was t o  develop a range of cement-based 

blended dry s o l i d s  which, when mixed wi th  v a r i a b l e  phospha te / su l f a t e  

waste (PSW), produce g r o u t s  t h a t  are p r o c e s s i b l e  i n  t h e  Rockwell Halaford 

Opera t ions  (RHO) T ranspor t ab le  Grout F a c i l i t y  (TGF). The s e l e c t e d  

fo rmula ( s )  w i l l  a l s o  (1)  u t i l i z e  commercially a v a i l a b l e  materials 

r e q u i r i n g  no custom p rocess ing  and (2) meet a l l  cr i ter ia  as i d e n t i f i e d  

and q u a n t i f i e d  by M O ,  not  only f o r  g r o u t s  made w-lth t h e  r e f e r e n c e  

formula,  but  a l s o  f o r  those  g r o u t s  made wi th  reasonable  d e v l a t i o n s  from 

t h e  r e f e r e n c e  formula expected dur ing  r o u t i n e  TGF ope ra t ion .  This  

development s tudy  w a s  segmented i n t o  two phases:  (1 )  p re l imina ry  

fo rmula t ion  work, performed i n  FY 1986; and ( 2 )  f i n a l  fo rmula t ion  work, 

performed i n  MI 1987. 

T h i s  r epor t  p r e s e n t s  experimental  d a t a  f o r  p r o c e s s i b i l i t y  and s o l i d  

performance as w e l l  as g r a p h i c a l  r e p r e s e n t a t i o n s  of t h e  da t a .  Rased upon 

t h e  r e s u l t s  of t he  p re l imina ry  s tudy ,  s e v e r a l  g rou t  formulas  were found 

t h a t  produced a c c e p t a b l e  g rou t s .  One such formula,  composed of Type 1x1 

Por t l and  cement (50 w t  %>,  class F f l y  a s h  (28  w t  %), Attapulg i te -150  c l a y  

(14 w t  %), and Ind ian  Red p o t t e r y  c l a y  ( IRPC)  ( 8  w t  W), produced 

a c c e p t a b l e  g r o u t s  w i th  s e v e r a l  of t he  waste c o n c e n t r a t i o n s  s t u d i e d .  When 

mixed wi th  100% s u l f a t e  waste, t h i s  blend produced a c c e p t a b l e  g r o u t s  a t  

mix r a t i o s  of 8, 8.5, and 9 l b / g a l .  This  particular blend a lso produced 

a c c e p t a b l e  g rou t s  a t  waste concen t r a t ions  of 25/75  and 75/25 PSW. A t  a 

c o n c e n t r a t i o n  of 50 /50  PSW, t h e  amount of cement was lowered t o  45 w t  X, 
f l y  ash  was r a i s e d  t o  33 w t  %, and t h e  two c l a y  con ten t s  remained 

c o n s t a n t .  Th i s  blend produced accep tab le  g r o u t s  a t  mix r a t i o s  of 7 and 

8 lb /gaf  f o r  t h i s  waste concen t r a t ion .  Th i s  blend a l s o  produced 

a c c e p t a b l e  g r o u t s  u s ing  t h e  same mix r a t i o s  f o r  a waste concen t r a t ion  

of 75/25 PSW. 

The r e s u l t s  of t h e  p re l imina ry  s tudy  were analyzed and then  

inco rpora t ed  i n t o  the  f i n a l  formula t ion  des ign .  The purpose of t h i s  f i n a l  

des ign  w a s  t o  develop a r e fe rence  formula(s )  t h a t  would produce an 

a c c e p t a b l e  g rou t  f o r  vary ing  w a s t e  composi t ions even when d e v i a t i o n s  i n  

t h e  d ry - so l id s  blend and/or  mix r a t i o  occurred  du r ing  p l a n t  ope ra t ion ,  

1 
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TWO Eormulas were developed: one f o r  u s e  w i t h  100% s u l f a t e  waste and one 

f o r  use  w i t h  e i t h e r  100% s u l f a t e  waste o r  35/65 PSW, The f i r s t  formula 

c o n s i s t s  of 47 w t  X Type I I L  cement, 30 wt % class F f l y  a s h ,  8 wt % 

IKPC, and 15 wt X Attapulgi te-150 c l ay .  The second formula,  developed 

f o r  u s e  w i t h  both waste c o n c e n t r a t i o n s ,  c o n t a i n s  42.5 w t  2 Type 1 7 1  

cement, 35.5 wt X class P f l y  ash,  8 wt Z TRPC, 14 w t  % Attapulgite-.150 

c l a y ,  and 1 wt % aluminum phosphate (AIPO,). C u r r e n t l y ,  Rockwell does 

n o t  hilve t h e  f a c i l i t i e s  t o  add AlPO, ,  which Jls a s o l i d ,  t o  the waste feed 

tank. The c a p a b l l i t y  f o r  adding AIPQ, must be acqu i red  i f  it is t o  be 

used. Although t h e  Dry MaterIals Receiving and  Handling Facility (DFRHF) 

was t e s t e d  w i t h  Type I,II Por t l and  cemenr, the use of Type III ceiiient 

should p r e s e n t  no pro3lrm. Both reference formulas are t o  be used a t  a 

mix ratio of 8.5 Xb/gal. Data t o  support  compliance wfth performance 

c r i t e r i a  are p resen ted  i n  t h i s  r e p ~ ~ t .  

S ince  completion of t he  o r i g i n a l  work d i scussed  i n  t h i s  r e p o r t ,  the  

c o n c e n t r a t i o n s  of t h e  waste stream have changed. It appears t h a t  an 80/20 

PSW w i l l  be gcouted i n i t i a l l y  i n  t h e  TGF. Bassd on d a t a  obta ined  i n  t h i s  

development work, i t  appears  t h a t  a g rou t  formula c o n s i s t i n g  of 40 w t  % 

Type 111 cement, 38 wt % class P f l y  ash,  8 wt % I R P C ,  and 14 wt % 

A t t a p u l g i t c - ~ 1 5 0  c l a y  m y  be used. Th i s  is based on d a t a  f rom experiments  

us ing  25/75 PSW, and i10 v a r i a b i l i t y  i n  t he  dry-blend components has  been 

s t u d i e d .  The optirntim mix r a t i o  should be 7.5 l b / g a l .  Bowever, i t  Ps 

rccom.tnended t h a t  a more d e t a i l e d  experimental  des ign  be undertaken before  

us ing  t h i s  formula,  

The refesenee f o r m l a c  p resen ted  i n  t h i s  r e p o r t  produce g r o u t s  t h a t  

a r t  processible and environmental ly  s a f e .  T h i s  s tudy  demonstrates  t h e  

v e r s a t i l i t y  of grout as a l i l E m S  of waste d i s p o s a l .  

2 INTRODUCTION 

The i n i t i a l  waste streim t o  be processed by the T r a n s p o r t a b l e  Grout  

F a c i l i t y  (TGF) i s  a two-componeni stream gene ra t ed  by UNC Nuclear 

l n d u s t r i e s  i n  t h e  100 N area. The stream w i l l  be a mixture of 100 N reactor 

decontaminat ion waste (phosphate)  and 100 N f u e l  basln i o n  exchange 

regeneration w a s t e  ( s u l f a t e  and sand f i l t e r  s ludge ) .  E a r l i e r  f o r m i l a t i o n  





s u l f a t e  waste  stream c o n c e n t r a t i o n  

mix r a t i o  

d ry - so l id s  blend components 

25-100 vol  % 

7-9 l b / g d  

-t-5 t o  = 20% 

These ranges are based on e v a l u a t i o n  of prev ious  d a t a  (Mi les tone  140)  and 

were de r ived  u s i n g  an a lgo r i thm f o r  extreme v e r t l c e s  design.2 The 

prel imir iary des ign  genera ted  extreme v e r t i c e s  by Forming t ~ 7 0  small groups 

of p o i n t s .  These p o i n t s  borinded the  parameters of i n t e r e s t  and genera ted  

c a d 3  d a t e  p o i n t s  of i n t e r e s t .  

The r e s u l t s  of t h e  s c o u t i n g  s tudy  genera ted  v a r i a b l e  e f f e c t s  arid were 

used as a guide toward f i n a l  formula t ion .  The des ign  for f i n a l  

fo rmula t ion  w a s  such t h a t  the r e f e r e n c e  formula was s u b j e c t e d  t o  a t  least  

a 25% v a r i a t i o n  i n  v a r i a b l e s .  Data t o  supporr compliance w f t h  the 

c r i t e r i a  are supp l i ed .  

4 .  PERFORMANCE CHARBCTEKTSTICS FOR AN ACCEPTABLE GROUT 

A s u c c e s s f u l  grout  formula t ion  f o r  v a r i a b l e  PSW is de f ined  as one 

t h a t  meets a l l  fo rmula t ion  c h a r a c t e r i s t i c s  as o u t l i n e d  below. 

1. Waste load ings  w i l l  be opt imized,  with minimum waste d i sposa l  

volume i n c r e a s e s .  

2 Commercially a v a i l a b l e  materials w i l l  be u t i l i z e d ,  r e q u i r i n g  

l i t t l e  or no custom process ing ,  

3 .  The grout  w i l l  ach ieve  t u r b u l e n t  f low at pumping rates ( 6 0  gpm. 

4 .  Defined c r i t e r i a  w i l l  he m e t ,  not  only by g r o u t s  made w i t h  the 

r e f e r e n c e  formula, but  a l s o  by those g r o u t s  made with 

r easonab le  d e v i a t i o n s  from t h e  recommended r e f e r e n c e  formula 

expec ted  durfng r o u t i n e  TGF opera t ion .  

S p e c i f i c  cr i ter ia  have been developed and r e v i s e d  t o  r e f l e c t  changes 

i n  both r e g u l a t o r y  and p rocess ing   issue^.^ A t  t h e  t i m e  of thPs 

development s tudy ,  the fo l lowing  c r i t e r i a  were applicable: 

D N o  more than four  dry-blend coiuponents can be used, 

The r e f e r e n c e  formula mus t  be a b l e  t o  pass  all c r i t e r l a  

f o r  a ?5% r e l a t i v e  v a r i a t i o n  f o r  all dry-blend marerials. 

Q Reference formula Orpx r a t i o  must be G8.5  l b l g a l .  
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Reference formula must be a b l e  t o  pass  a l l  c r i t e r i a  f o r  a 

k0.5 l b / g a l  v a r i a t i o n  i n  mix r a t i o *  

No more than  t h r e e  a d d i t i v e s  can  be used i n  the r e € e r e n c e  

formula.  

Maximum a d d i t i v e  f low ra te  must be G0.5 ga l /min .  

F r i c t i o n a l  p r e s s u r e  drop must be 611.2 p s i / l O O  f t  o f  2-in. 

schedu le  40 pipe .  

The g r o u t  must be a b l e  t o  ach ieve  t u r b u l e n t  f low a t  rates 6 0  

gal /min. 

Maximum 10-min g e l  s t r e n g t h  <lo0 lbf/1Q0 f t  . 
Compressive s t r e n g t h  260 p s i  u s i n g  ASTM T e s t  ClO9-80. 

Dta inable  l i q u i d  volume must be C 5  v o l  % a f t e r  28 d i n  a 

c l o s e d  l a b o r a t o r y  tes t  v e s s e l .  

ANS 16.1  L e a c h a b i l i t y  Index 26 f o r  s e l e c t e d  r a d i o n u c l i d e s .  

2 

Data t o  suppor t  compliance wi th  t h e s e  c r i te r ia  are p resen ted  i n  t h i s  

r e p o r t  .. 
4 . 1  CRITERIA FQR MATERIALS USED I N  GROUT DEVELOPMENT 

The t a r g e t  o b j e c t i v e s  of t h e s e  cr i ter ia  w e r e  w a s t e  ( s o l i d s  and 

l i q u i d s )  l oad ing  >50 w t  % and volume i n c r e a s e s  (ove r  t h e  o r i g i n a l  waste) 

$30 v o l  %. 

(d ry - so l id s  blend t o  waste r a t i o )  must be maintained a t  less than  t h e  

d e n s i t y  of t h e  waste ("9 l b / g a l ) .  However, t h i s  c r i t e r i o n  w a s  set t o  

8 .5  l b l g a l  t o  accommodate t h e  t0 .5  l b / g a l  mix r a t i o  v a r i a t i o n .  It i s  

based on t h e  DMRHF maximum c a p a c i t y  o f  30,OOQ l b / h  (500 lb/m€n), t h e  

Transpor t ab le  Grout Equipment (TGE) maximum des ign  f e e d  c a p a c i t y  of 55-gal 

l i q u i d  waste p e r  minute ,  and the d e s i r e  t o  o p e r a t e  t h e  TGF a t  t h e  maximum 

flow r a t e  on a cont inuous b a s i s .  

I n  o r d e r  t o  ach ieve  a waste load ing  250 w t  %, t h e  mix r a t i o  

The d ry - so l id s  blend-to-waste mix r a t i o  i s  a key v a r i a b l e  I n  the 

fo rmula t ion  s t u d i e s .  Experience has  shown t h a t  -LE a l l  c r i t e r i a  are m e t  a t  

mix r a t i o s  A and B ,  then  a l l  mix-blend v a r i a t i o n s  between t h e  two w i l l  

a l s o  m e e t  a l l  c r i t e r i a .  Tes t ing  o f  t h e  DMRHF h a s  shown t h a t  mix r a t i o s  

can  be c o n t r o l l e d  t o  w i t h i n  10.5 l b / g a l .  Consequently,  t h e  increment i n  

t h e  mix r a t i o  w a s  1 l b / g a l  i n  t h e  i n i t i a l  fo rmula t ion  s tudj r : . ,  Also, t h e  
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The TRPC is added s o l e l y  as an ion-exchange medium p r i m a r i l y  t o  retadn 

1 3 7 ~ s ~  

l i t t l e  c l a y  should be needed.5$by7 However, expe r i ence  at the ORNL 

f a c i l i t y  has shown that the  p o t t e r y  c l a y  con ten t  of t h e  d ry - so l id s  blend 

needs t o  tw 8 w t  Z to  ensu re  i n t i m a t e  c o n t a c t  w i th  t h e  137Cse In  

a d d i t i o n ,  minor  v a r i a t i o n s  ( + 5 % )  i n  t h e  p o t t e r y  c lay con ten t  have been 

shown t o  have a n e g l i g i b l e  impact on t h e  g r o u t ' s  rheological properties. 

'With a n  exchange c a p a c i t y  of 0.1 meq 1 3 7 ~ s  p e r  gram of c l a y ,  

F l y  ash is a cement ex tende r ,  and i t s  u s e  should be maximized due t o  

i t s  POW c o s t .  The a d d i t i o n  of f l y  ash a l s o  improves t h e  f l u i d  p r o p e r t i e s  

of t h e  g r a u t  and t h e  a d s o r p t i o n  of water. Tbe use  of f l y  ash a l s o  

d e c r e a s e s  the  l e a c h a b i l i t y  of s t r o n t i u m  by i n c o r p o r a t i n g  i t  i n t o  t he  

cernent i t ious matr ix .  

A t t apu lg i t e -150  is added p r i m a r i l y  t o  reduce d r a i n a b l e  water from the 

product  I However, p rev ious  QRNL g r o u t  development expe r i ence  has shown 

that when p r e s e n t  at  or above 0.7 Pb/gal of water (waste) ,  i t  a l so  appea r s  

t o  reduce t h e  l e a c h a b i l i t y  of the  product.  Consequently,  BSW fo rmula t ion  

development s t u d i e s  a t tempted t o  ma tn ta in  t h e  Attapulgi te-150 content  at 

above this v a l u e ,  Attagel,  a tradename f o r  Attapulgi te-140,  w a s  used i n  

t h i s  s t u d y .  

4.1.2 A d i i i t l v e s  -- 
T r i b u t y l  phosphate (TBP) I s  added t n  the waste before  the a d d i t i o n  of 

t h e  dry-so l ids  blend. The TBP, a defoaming agent  which h e l p s  reduce t h e  

en t r a inmen t  of air i n  t h e  g rou t  d u r i n g  mixing, w a s  added a t  0.04 vo l  % of 

t h e  l i q u i d  waste. T h i s  is a max imr im f low rate of 0.2 gal lmin,  which 1s 

less than the critertoxi of 0.5 gal/min. 

Aluminum phosphate i s  added to the waste be fo re  the a d d i t i o n  of t h e  

d r y - s o i i d s  blend. I t s  r o l e  f s  t o  reduce t h e  amount ~f d r a i n a b l e  waCer by 

promotjng hydra t ion .  T h i s  r e s u l t s  i n  the c r y s t a l  l i n e  f i b e r s  growing more 

dense and possibly Longer, thus  seducing t h e  p e r m e a b i l i t y  of the  grout .  

T h i s  effect  shou ld  be b e n e f i c i a l  Pn the  r e t e n t i o n  of hazardous w a s t e  

c o n s t i t u e n t s  and r a d i o n u c l i d e s .  The TGF does not c u r r e n t l y  have t h e  

c a p a b i l i t y  t o  add the aluminum phosphate t o  t h e  waste, It  is recommended 

t h a t  t h e  c a p a b i l i t y  be acqu i red  i f  t h i s  a d d i t i v e  i s  t o  be used. 



4.7. PROCESSING CKITERIA BASED ON TGE CAPABILITIES 

The fo l lowing  c r i t e r i a  are based upon RHO performance c r i t e r i a  w i t h  

r e f e r e n c e  Lo the c a p a b i l i t i e s  of t h e  TGE.' 

1. The TGF is  designed t o  o p e r a t e  a t  a nominal c a p a c i t y  of 50 gpm 

but  w i l l  be capable  of o p e r a t i n g  at  r a t e s  G70 gpm. 

2. The g rou t  d i s t r i b u t i o n  pump w i l l  be capable  of supplying a 

cont inuous output  p r e s s u r e  o f  350 p s i  

3. The ~ T Q U ~  w i l l  be pumpable through 3000 f t  of 2-in.-ID 

d i s t r i  but  Ion  pipe.  

4 .  The max i in i lm  p r e s s u r e  a v a i l a b l e  t o  overcoine ge l  s t r e n g t h  is 

l i m i t e d  t o  500 p s i .  

I n  o r d ~ r  t o  comply w-bth t h e  f i r s t  t h r e e  c r i t e r i a ,  t h e  g r o u t ' s  

r h e o l o g i c a l  p r o p e r t i e s  inust be t a i l o r e d  Lo r e s u l t  i n  a p res su re  drop of 

~ 3 3 5  p s i  through 3000 f t  of 7=-in.-ID pipe at a nominal f l o w  ra te  of 

50 gpm. The  grcmC's compliance i s  determined by app ly ing  the  fo l lowing  

series of equat ions.4  he. f i r s t  equa t ion  i s  the power-law model of t he  

r e l a t i o n s h i p  between s h e a r  stress and s h c a r  rate:  

s, = K y S r p V ,  (1) 

where 

S, = shear s t ress  f o r  non-Newtonian f l u i d s ,  l b f / f t 2 ,  

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

Sr = shear rate,  5-1, 

n '  = f low behavior index (O<n'<1.0), dimensionless .  

From Eq. ( I ) ,  t h e  v i s c o s i t y  i n  the  laminar  flow regime can be c a l c u l a t e d  

by 

where 

p = v i s c o s i t y  i n  the laminar  flow regime, cy. 

T h e  Reynolds number is then c a l c u l a t e d  by 
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whe re 

= Reynolds number, d imens ionless  , %e 

V = f l u i d  v e l o c i t y ,  f t / s  (5.1 f t / s  at RHO des ign  c o n d i t i o n s  nominal 

pumping r a t e  of 50 gpm), 

d i  = i n s i d e  p i p e  diam, in .  (2.067 i n .  a t  RHO d e s i g n  c o n d i t i o n s ) ,  

p = f l u i d  d e n s i t y ,  l b / g a l .  

From Eq.  (31, f r i c t i o n a l  p r e s s u r e  drop can then  be c a l c u l a t e d :  

0.039 I, p V2€, 
1- APf 

d i  

where 

A\P€ = f r i c t i o n a l  p r e s s u r e  drop through a s t r a i g h t  p ipe ,  p s i  

( l i m i t e d  t o  ~ 3 3 5  p s i  at RHO des ign  c o n d i t i o n s ) ,  

L = p ipe  l e n g t h ,  f t  (3000 f t  a t  RHO des ign  c o n d i t i o n s ) ,  

€ = f ann ing  f r i c t i o n  f a c t o r ,  d imens ionless  (f i s  a f u n c t i o n  of 

Reynolds number; 0.008 was  used i n  t h i s  s tudy) .  

In o r d e r  t o  demonst ra te  compliance wi th  t h e  f o u r t h  c r i t e r i o n ,  t h e  

pump head p r e s s u r e  necessary  t o  overcome t h e  gel s t r e n g t h  of a grout  

which has  been s t a t i c  fo r  10 min i n  the d i s t r i b u t i o n  p i p e  is 

c a l c u l a t e d  by: 

( 4 )  

where 

PH = pump head p r e s s u r e ,  p s i  ( l i m i t e d  t o  6500 p s i  at RHO des ign  

c o n d i t i o n s  1, 
G = 10-ruin g e l  s t r e n g t h ,  l b f /100  f t 2 ,  

AW = p l p e  i n s i d e  s u r f a c e  area, i n . 2 ,  

Ap = i n s i d e  p i p e  c r o s s - s e c t i o n a l  area, i n .2  (3.35 i n . 2 ) .  

These c a l c u l a t i o n s  were performed assuming a p i p e  diameter  of 2.067-in. TD 

and a l e n g t h  of  3000 f t .  Thus, an a c c e p t a b l e  g rou t  would be t a i l o r e d  t o  

r e s u l t  i n  

G G 100 lbf/lOO f t 2 .  
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Turbt i lcnt  fl07~7 i s  npcessary t o  i i~fn i r i i i z~  stagraarrt volumes i n  t h e  p i p e  

t h a t  can cventuaP1y lead t o  excess ive  p r e s s u r e  bui ldups.  T h i s  c r i t e r i o n  i s  

intended t o  ,Tinimize this p r o h i e a n ,  and t h e r e f o r e  che g r o u t  mis: obta in  a 

Xeynolds nlrmbzr ,2100 i n  the  TGF d i s t r i b u t i o n  p i p e  at a pump ra te  G40 gpw. 

Turbulent  Ilow m ~ s f  be ,-shleved by the  grout  I n  t h e  TGF so that  i t s  

periormance i s  not hindered.  The critical f low   ate oE each g r o u t ,  as 

c a l c u l a t e d ,  w f l l  determine w b t h g r  or not t h i s  c r i t e r i o n  i s  met .  Thr 

eqlratisn fox c a l c u l a t i n g  cr-i tJcal  f l o w  r a t e  is ob ta ined  by rearrdligeaent 

of Kq. (3) and sctting N R ~  - 2100. Th i s  va lue  of T(e:~fiolds number is 

geoeral ly  acrepced as the t t a n s i t i o n  point f r o a  laminar  t o  t u r b u l e n t  flow. 

b e y q l  Detgrmination o f  G r w r  Phys ica l  Propertf~s - 
I ___.._ -__11-___ --I 

Dry s o l i d s  are  blended i n  5-kg l o t s  fol 23 h a t  30 ipiii i n  a 7.6-7. 

Fa~te~soa-KeIly m-ln shell V-blender p r i o r  t o  groat  p r e p a r a t i o n .  14Pxing 

o f  the dry-solids bPend and simulatzd r*ras^ie i s  p e r f o r i w ~ l  i n  a Hsbaxt ~ o d e l  

N-50 d x s r  wfih a wire loop \+hip rdxer blade. !-fixing is accomplished by 

adding s o l i d s  t o  l i q u i d  d t i ~ i n g  an E! t o  1 5 s  i n t e r v a l  while  stirring a t  low 

speed f o r  a t o t a l  o f  30 s. Mixing i s  then c o n t i n r i d  ac medium speed an 

n d a i t i o n a l  30 s f a r  a t o t a l  n r t ~ i n g  time 05 60 9 .  The E o l l o ~ i n g  

measuremenis a n d / o r  c a l c u l a t i o c a  are then perf ormed t o  determine w l ~ r h e s  

p rocess  c r i t e r i a  are net.  

c BSUPrm?ntS 4.2.1.1 Rheological  ~ _I_ M a  
1____1_1 

Rheological  neasurpmsnts are made using a s t a n d a r d  oi  I wll 

cement-slurry upthod sd;h a Node1 35A/SK-:2 Fann viscomc?ter. Shear stress 

readings arc t aken  as a f u n c t i o n  of shea r  rate, going from h'igh t o  l o w  

shear razes. 
Readings i n  l b f /100  f t '  are taken i n  12 st-epa aranglng E t o m  500 rpiri t o  

0 , 9  r p ,  The RPMs arc converted t o  r ec ip roca l  seconds ( t h e  s t anda rd  shear 

r a t t  u n i t )  by multiplying by an i i i s t n m r r a t  conversion factor. Shea r  

s t r e s s  readings from 51 t o  100 s-l are uscd t o  determine t h e  f l01 .7  

parameters ,  f l u i d  cons i s t ency  index ( K ' )  and iPow behavior  index  ( n ' ) ,  

which, w i t h  d e n s i t y ,  are rcquired f o r  flow c a l c u l a t i o n s .  The (wtthod 

of d a t a  rpduc t lon  is d e s c r i b e d  i n  QRNL Mi:estone 30 and is based nn the  

~stairald-de ~ a c ~ r  model, more commcrrly s e f e r ~ e d  t o  as the pawes-:aw model .'+ 



4.2.1.2 P l o w  Consisbewcy Index,  K’ ,  atid Plow Behavior  Endex, ng 
I __I_p 

For non-Newtonian grouts ,  shear stress is ependent  on shear rate and 

is represented by the power-law model, 

where 

Values of XI’ and K B  are determined froin the power-law madel f o r  a g iven  

a t a  on viscometer shear stress vs shear rate,  The ualnes were t h e n  

used  in t h e  ca l cu la t ion  of Reynolds riumbers and i n  ‘che caPculation uf con- 

d f t i o n s  for tu rbulene  f l o w  o f  the grouts. 

3 

4 e 2 e 1 . 4  Apparent Viscosity 

V issos - l t y  in a non-Newfanfan grout  varies w i t h  shear rate. The 

a p p a r e n t  v i s c o s i t y  in thefie tests was measured at 511 s-1 1300 rpm on 

the ~ a n w  viscometer), w h i c h  fs a camm~n practice,!+ 

grout caw be calculated using E q .  (2). 

 he v~scosity of t he  

TIM. ICa-rnin gel strength is a masure of the force  requi red  to r e s t a r t  

%:he flow of grout. i n  a p ipe  after the flow has been stopped for 10 min,  

The measurement is made Pn the Fann viscometer wSth the same grout  sample 

that was used for the  other sheologfcal measurements, The g r o u t  is 

allowed t o  stand i n  the viscometer f o r  10 n wlthout stfrrrCng, a f t e r  
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which t h e  ins t rument  is turned  on with the shear pate s e t  a t  3.0 rpm. 'I'Z1e 

10-nin ge l  s t r e n g t h  i n  lbf/100 f t 2  i s  read d i r e c t l y  from t h e  v iscometer  as 

t h e  maximum d e f l e c t i o n  on t h e  shear stress scale. 

4 ,3  CRITERIA BASED ON REGULATORY ISSUES 

The ma jo r i ty  of crPterla based on r e g u l a t o r y  i s s u e s  are de r ived  from 

10CFR61.56, ""Waste C h a r a c t e r i s t i c s S a '  and are i n t ended  t o  ensu re  t h e  

s t a b i l i t y  of t h e  s o l i d  waste form. The a s s impt ion  is made t h a t  t h e  waste 

form w i l l  not  e x h i b i t  any of t h e  cr i ter ia  l i s t e d  i n  10CFR61.56(a) 

( i . e . ,  pyrophor ic ,  exp los ive ,  r e a c t i v e  w f t k  water), T h i s  assumption may 

have t o  be proven at a la ter  d a t e .  

4,3.1 Unconfined Compressive I__ S t r e n g t h  

The compressive strength masurement  procedure is  r e p r e s e n t a t i v e  of 

t h p  procedures  set f o r t h  i n  ASTM C10?-80. Th i s  procedure uses 2-in. cubes,  

which 1s c o n s f s k i i t  with  t h e  methods used i n  t h i s  s tudy.  Using ASTM 

C109-80 meant t h a t  t he  compressive s t rength  c r i t e r i o n  had t o  be r a i s e d  t o  

>60 p s i  a f te r  28 d.  The use of c y l i n d r i c a l  samples, as r e q u i r e d  i n  ASTM 

C39-81, i s  not  only more expensive but  c o n s i s t e n t l y  gave va lues  t h a t  are 

20% lower than  the va lues  obtained us ing  ASTM C104-80. Therefore ,  t h i s  

c r i t e r i o n  was a d j u s t e d  t o  >60 p s i .  Compressive s t r e n g t h  i s  measured w i n g  

a Model 60,000 Super "Lon T i n i u s  O l s e n  T e s t i n g  Machine. 

4 . 3 - 2  D r a i n a b l e  Water 
1.-1__1 

Dra inab le  water refers t o  a s e p a r a t e  l i q u i d  OK water phase t h a t  

c o l l e c t s  at t h e  top  of f r e s h l y  &xed grou t .  The volume of d r a i n a b l e  

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

a f t e r  t h e  grout  I s  mixed, about 1 d ,  and then  t o  dec rease  w i t h  f u r t h e r  cu re  

t i m e .  The i n c r e a s r  dur ing  t h e  f i r s t  day i s  e s s e n t i a l l y  a sed imen ta t ion  

phenomenon caused by the s o l i d s  s e t t l i n g  i n  t h e  p l a s t i c  mass. The 

dec rease  w i t h  f u r t h e r  CUR t i m e  is be l i eved  t o  be due t o  hydra t ion  and/or  

water adso rp t ion  i n  the grout  pore s t r u c t u r e ,  

The s t a n d a r d  recommended test  f o r  de t e rmina t ion  of d r a i n a b l e  w a t ~ r  i s  

the American Nuclear Soc ie ty  (ANS) 55.1 tes t .  T h i s  procedure had t o  be 

modif ied f o r  l a b o r a t o r y  work, since it r e q u i r e d  t h e  use  o f  a 55-gal drum, 

whjich was obvious ly  not  s u i t a b l e  f o r  t h i s  experimental study.  The 



13 

d r a i n a b l e  water w a s  thus determined by pouring f r e s h  g rou t  i n t o  a 0.5-L 

c a l i b r a t e d  p l a s t i c  con ta ine r ,  s e a l i n g  t h e  c o n t a i n e r ,  and a l lowing  t h e  

g rou t  t o  remain s t a t i o n a r y  f o r  28 d. Data were taken  a t  s p e c i f i c  t i m e  

i n t e r v a l s ,  as r epor t ed  l a t e r  i n  t h i s  r e p o r t .  Percent  d r a i n a b l e  water was 

determined as 100 x volume of w a t e r l o r i g i n a l  grout  volume. Attainment  of 

t 5 X  d r a i n a b l e  water in 28 d w a s  def ined  t o  be necessary  f o r  a g rou t  t o  

meet performance c r i t e r i a .  

4 . 3 . 3  L e a c h a b i l i t y  Index 

The l e a c h a b i l i t y  index w a s  determined f o r  t h e  r e f e r e n c e  formula f o r  

So l50  €FW (Milestone 140). The American Nuclear Soc ie ty  (ANS) 16.1 and 

t h e  EP-Toxicity tests were performed; t h e  resul ts  are p resen ted  later i n  

t h i s  r e p o r t .  The EP-Toxicity test w a s  a l s o  performed on t h e  r e f e r e n c e  

formula and the r e s u l t s  p re sen ted  i n  Appendix L. 

4.3.4 N o n c r i t e r i a  Test 

The p e n e t r a t i o n  r e s i s t a n c e  of t h e  grout  sample, which is determined 

as a f u n c t i o n  of t i m e ,  is r o u t i n e l y  measured and recorded.  The 

measurement of p e n e t r a t i o n  r e s i s t a n c e  i s  a mod i f i ca t ion  of ASTM 6403-80 

and i s  done us ing  an Acme Penetrometer ,  Model CT-426. Fresh  g rou t  i s  

poured i n t o  2-inm-1D c i r c u l a r  molds and allowed t o  a r e .  Measurements 

are taken a t  s p e c i f i c  t i m e  i n t e r v a l s  and g ive  an i n d i c a t i o n  of t h e  

g r o u t ' s  set t i m e ,  This  tes t  is not a requirement ,  and, t h e r e f o r e ,  t he  

ASTM procedure was modified so  as t o  f a c i l i t a t e  l a b o r a t o r y  measurement and 

minimize equipment and material c o s t s ,  

5. DEVELOPMENT STUDIES AND WSULTS 

This  s e c t  i on  d e s c r i b e s  the  methdology used i n  development of g r o u t s  

t o  be used wi th  v a r i a b l e  PSW. The r a t i o n a l e  f o r  each step, a long  wi th  t h e  

r e s u l t s ,  i s  d iscussed .  

5.1 REFERENCE F O W L A S  lJSED I N  DEVELOPMENT WORK 

Miles tone  140 d e s c r i b e s  a r e fe rence  blend to be used i n  t h e  d i s p o s a l  

of 50/50 p h o s p h a t e l s u l f a t e  HFW. S ince  it  I s  optimal  t o  use  fewer formulas  

i n  t h e  TGP ( l e s s  unused r a w  m a t e r i a l s ,  i n f r equen t  c l ean ing  of s t o r a g e  
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s $ l o s ,  etc.) ,  the  use of a prevlornsiy def i ired r e f e r e n c e  formula is 

r ia ta ra l ly  the s t a r t i n g  p a i n t  f o r  Fur ther  developmen? m r k .  The same l og ic  

i s  a p p l i e d  f o r  t e s t i n g  oE the rclfesence f o r m l a  fo r  d i s p o s a l  of 

neutralized e l a d d i  ng-reumval waste (NCRW) 

5.1.1 Reference Formula f o r  5SJ50  WF& 
I-. 

T h e  reference blend f o r  50/50 HFM (HIzazd VI), ar  we11 as a variat loi l  

of i t  (Blend V 3 ) ,  was tes ted.  Both b l ends  proddced grouLs wl th  acceptable 

p r o p e r t i e s ,  except for dra inab le  water. ?lip w a s t e  used  for both b l ends  m s  

1002 sulfate, which represects a worst-crise scenario. S u l f a t e  1s a knowz 

s e ~  i e ta rder  and can cause expanstve damage due t o  t 1 i t - a  excessive forination 

of ettringite. The amorant of t l ra lnable  water was significantly reduced 

when Type TI1 Portland ceffiene was used. A l a r g e r  Rlainc f i n e m s s  and 

h igher  amounts of f e r r i c  oxide could account f o r  the  d c c r ~ a s e  i n  

d r a i n a b l e  water. Solipces i n  the l i t e s a t u r e 5  tend to pofnt  t o  t h i s  

phcnommn.  S i n c e  a l l  o t h e r  g iout  p r o p e r t l e s  w r c  a c c e p t a b l e  w l ~ h - f n  

s p e c i f i e d  l i m i t s ,  the d r a i n a b l p  water c r i t e r i o n  was the focus o€ t h e  next 

experimentzl  s e r i e s .  Table 1 presents  t h c  d i f f e r e n t  variations a5 well as 

the reference blend used i n  t h i s  i n i t i a l  ~ q e s i m e n t a l  s ~ r I e s ,  

Table 1. Exploratory s t u d i e s  

cement, 41a 41 50” 50 50 50 4 1  (20 
Type 1 x 1  

P l y  ash,  4 c! 40 31 31 28 62 27 52 
class F 

I 14 - A t t a p u l g i t e  11 11 11 11 14 

IKPCb 8 8 8 8 8 8 8 8 



cement, Type T I E  45 4 7 , s  47.4 47.5 

F l y  ;Ish, c lass  F 35 32.5 32.5 3 2 " 5  

IRPC" 6 10 8 6 

5 - 2  ~~~~~~~~~~ ~ X ~ ~ ~ ~ l ~ ~ ' ~ ~ ~  DESIGR USING TYPE 111 Cf~ZMEN'JI 

As discussed i n  tbt? prev ious  see t ion ,  the use of Type PI1 cement i n  

grout  f o r ~ n r ~ I a t i o n  significantly reduces the  amount of d r a i n a b l e  water, An 

experimental  design was implemented t o  s tudy t h e  effects  o f  dry-solids 
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blend v a r i a t i o n s ,  mix r a t i o ,  and s u l f a t e  concen t r a l ion .  The s tudy ,  

d e t a i l e d  i n  Table 3 ,  was designed i n  such a way t h a t  c r e d i b l e  l i m i t s  on 

each of t h e  v a r i a b l e s  were encompassed. The dry-so l ids  blend components 

were v a r i e d  from a minimum of 1 1 %  f o r  cement t o  a maximum of 25% f o r  

I R P C  ( r e l a t i v e  Z ) .  The waste concen t r a t ion  w a s  va r i ed  from 100% s u l f a t e  

waste to  a minimum of 25/75  phospha te / su l f a t e .  N i x  r a t i o s  s t u d i e d  were 

3 ,  8, and 9 l b / g a l ,  

Table  3. Dry-solids blend v a r i a t i o n s  f o r  v a r i a b l e  
phospha te / su l f a t e  waste (PSW)ay 

Amount ( w t  %) by blend No. 
9 -  

-. 
Mat e r i  a 1  1 2 3 4 5 6 7 8 

Cement, Type III 40 40 40 45 45 45  50 50 50 

F l y  ash, class F 38 38 38 33 33 33 2 8  28 28 

A t t a p u l g i t e  16 14 12 16 14 12 16 14 12 

IRPCC 6 8 10 6 8 10 6 8 10 

%ix ratios s tud ied :  7, 8, 9 Xb/gal. 
bPSW concen t r a t ions  s t u d i e d  (vol X): 0/100, 25/75, 

CIRPC = Ind ian  Red P o t t e r y  c l ay .  
5 0 / 5 0 ,  and 75/25, 

5.3 PREPARATION OF SIMULATED WASTE 

The s imula ted  waste used i n  a l l  experiments  w a s  p repared  according t o  

the  fo l lowing  r ec ipe :  l 1  

Prepare s e p a r a t e  ba tches  of phosphate  and s u l f a t e  waste 

- Preparation of s imula ted  phosphate  waste (1-L bas i s )  

280 mZ, d i s t i l l e d  water  

25.5 .JiL TUP-co 4521A-17 (wi thout  i n h i b i t o r )  

0.12 g d i e t h y l t h i o u r e a  

1 9  M NaOH s o l u t i o n  u n t i l  pH = 12.0 *0,1 

Balance i s  d i s t i l l e d  water 
- 



17 

- P r e p a r a t i o n  of s imula ted  s u l f a t e  waste (1 L-basis) 

4.5 g Na2SO4 

1 9  M NaOH s o l u t i o n  u n t i l  pH = 12.0 kO.1 

Balance is d i s t i l l e d  water 
..,+. 

0 N i x  them i n  c o r r e c t  volumes t o  o b t a l n  t h e  r equ i r ed  mixture  

5.4 TEST RESULTS AND ANALYSIS 

This  s e c t i o n  summarizes the  r e s u l t s  ob ta ined  from t h e  experiment 

d i scussed  i n  Sect. 5.2. A l l  d a t a  f o r  t h e s e  experiments  are conta ined  i n  

Appendix E. Appendix F con ta ins  p l o t s  of responses  studled as a f u n c t i o n  

of mix r a t i o  f o r  t h e  va r ious  blends.  

5.4.1 Summary of Acceptable  Grouts 

An a c c e p t a b l e  grout  i s  de f ined  as one t h a t  passes  a l l  performance 

c r i t e r i a  as desc r ibed  i n  Sect .  4 .  A t  t h e  time of t h i s  work, t h e  d r a i n a b l e  

water c r i t e r i o n  w a s  under e v a l u a t i o n  t o  raise t h e  s t anda rd  t o  4 5  vol  % 

from 0 vol %. The assumption was made t h a t  t h i s  would be t h e  case and w a s  

subsequent ly  app l i ed  dur ing  t h i s  s tudy.  During t h e  f i n a l  fo rmula t ion  

work, t h e  d r a i n a b l e  water c r i t e r i o n  w a s  r a i s e d  t o  G 5  vol X. A t t a g e l ,  a 

t r a d e  name f o r  At tapulg i te -150  c l a y ,  was used f o r  t h i s  study and is 

inc luded  i n  t h e  legends f o r  a l l  f i g u r e s  and graphs.  

5.4.1.1 Acceptable  Grouts Using 100% S u l f a t e  Waste 

The use of 100% s u l f a t e  waste has p rev ious ly  been desc r ibed  ips a 

wors  t-case scena r io .  N a t u r a l l y  , df s cuss  i o n  of accept ab1 1 i t y should begin 

w i t h  t h i s  aspect of the  exper imenta l  des ign ,  A s  wi th  a91 g r o u t s ,  t h e  

measure of a c c e p t a b i l i t y  is based on adherence t o  t h e  performance 

c r i t e r i o n .  The compressive s t r e n g t h  c r i t e r i o n  w a s  passed by a l l  grouts 

produced du r ing  t h e  s c o u t i n g  s t u d i e s  and t h e  exper imenta l  des ign ,  Since 

t h i s  c r i t e r i o n  p resen ted  no problem t o  fo rmula t ion ,  further d i s c u s s i o n  is 

r e s t r i c t e d .  The d a t a  f o r  t h i s  c r i t e r i o n  are presented  .in Appendix A. I t  

should  be poin ted  out  t h a t  only g r o u t s  t h a t  pass a l l  c r i t e r i a  are 

d i scussed  i n  this  s e c t i o n .  

Based on t h e  c o n s t r a i n t s  of t he  TGF, t h e  next c r i t e r i a  of concern 

would be t h e  f l u i d  p r o p e r t i e s  of the  g r o u t s ,  such as t h e  c r i t i c a l  flow 

ra te ,  10-min gel s t r e n g t h ,  and f r i c t i o n a l  p r e s s u r e  drop. These c r i t e r i a  
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vi11 be discussed i n  relationship to t h e  c f l g s t  t h a t  vaf - ia t ions  i n  t h e  

dry-solids hleiid components h a w  0x1 them. 

F X ” Q ~ S  a f f e r t i n g  c r i t i c a l  f l o w  ra te  
_l__l-_ ~ - 1  I___ 

‘ihe f i r s t  o f  these c r i t e r i a ,  c r i t i ca l  f l o w  rate, is t h e  rate at wLicb  

t h e  g rou t  must be purnpez t o  achicvr? t u r b d c n t  f l o w .  F i g u r e  1 i l l u s t r a t e s  

t h e  e f fec t  earh dry-  s o l i d s  blend coliiponcnt has 011 t h e  c r i t i c a l  flour 

ra te .  T h e  amcurnt of each dry s o l i d s  b l e d  component i s  given i n  porinds nf 

n a t ~ r i a l / g a l l o n  of waste. This  d e s i g n a t i o n  takes inLo account. both t h e  

mix rals’o and the wt % of each component i n  t h e  b l ~ ~ i d .  F i g u r e  1 i s  used 

p r i m a l i l y  as a t o o l  t o  q u a l i t a t i v e l y  d e s c r f l ~  the r-zsponsr-.. 

As ran be spen  f rom t h e  graph i n  Fag. 1, earh blend component a f f e c t s  

t h e  r c~sponse  I n  va ry ing  degrees  2nd d i x e c t i a n .  Genera l ly ,  i n c r e a s i n g  t h e  

anoui i t  of cement or a t t a p u l g i L e  resul ts  i n  an i n c r e a s e  lln t he  c r i t i ca l  

flow rate.  The cement appears  t o  have the  I e proaouneed e f f e c t .  T h e  

ainoiint of f l y  a s h  has jasi t h e  o p p o s i t e  rffect. The c r i t i c a l  f low ra te  

tends t o  i n c r e a s e  as t h e  amount of f l y  ash ~ ~ C K P ~ S ~ S ,  T h i s  response 

i s  c o n s i s t e n t  wdch t h e  fact that f l y  a s h  can improve t h e  f l u i d i t y  of the  

g r o u t .  The a i d i t i o n  of IRPC appea r s  to  have the least  e f f e c t  on ciltieal 

f1o.r r a t e .  

Viscosity s?aould a l s o  \k d i scussed  i n  t h i s  s e c t i o n  even ti-ioilgh there 

i s  no performance c r i t e r i o n  per ta lni-ng t o  i t +  Mowever, the c r i t i c a l  flow 

r a t e  i s  dependent on t h i s  parameter ,  and, therefore,  a br i e f  d e s c r i p t i o n  of 

t h e  e f f e c t s  015 coiiiponent v a r i a t i o n  on v i s c o s i t y  i s  given.  S ince  c r i t i c a l  

f low rate  f.s d i r e c t l y  p r o p o r t i o n a l  t o  t h e  v i s c o s i t y ,  the s.me general  

t r e n d s  should he p r e s e n t .  ‘The same e f f e c t s  seen as a r e s u l t  of 

component v a r i a t i o n .  F igu re  2 d e p i c t s  t he  same g e n e r a l  t r e n d s  as could be 

seen i n  F ig .  1. 

Fac tors  aff c c t i i i g  10-1111 n gel  s t re i igth -. . . . . . ... . - ..._. -_C_II_- 

The 1O-mPn ge l  s t r e n g t h  is a i w a s ~ p ~ e  of t h e  f o r s c  necessa ry  t o  

res ta r t  grouc f low a f te “ i  a s t a g n a n t  p r i e d  of  t i m e .  The  w j o r i t y  of  

g r o u t s  produced du r ing  this expcrimentzl  des ign  passed t h i s  c r i t e r i o n .  A s  

cas be seen  i n  F i g ,  3 ,  t h e  p r i n c i p a l  c o n t r o l l i n g  component appea r s  t o  be 

the cement. I n c r e a s i n g  t h e  an0l:nt of cenaent g e n e r a l l y  i n c r e a s e s  the 

l O - . m i n  gel s t r e n g t h .  Th i s  would be expected, since *,he cement i s  
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uardzrgoing hydr&.;ion d u r i n g  t h i s  tiinex. The athe; three cornpoiients appnar 

t o  havc only a s l i g h t  ~ f f e c t  on t h i s  p a r t i c u l a r  i r s p n s e .  Both f l y  ash 

and A t t a p u l g i t e  content  appear  t o  have a s l i g h t  i n v e r s e  e f fec t  sn t h e  

10-min ge l  s t r e n g t h .  

Fac to r s  a f f e c t i n g  d r a i n a b l e  watrz-r ___ .. ~ 

The dsaina5lc war-r c r i t e r i o n  was t he  m ? s t  troublesome standard f o r  

t h i s  devrlopn:ent stisdy. A s  me?tioned ear l ie r ,  t h e  assumpelon w a s  made 

t h a t  t h e  c r i t e r i o n  w i l l  be ralsed t o  accominodatc some f r ee - s t and ing  

l i q u i d  on the mono l i th ’ s  s u r f a c e  after t he  cu r tng  per lod,  Using t h i s  

assumption,  F4g. 4 presents d a t a  ~ L U ~ U  grou t s  t h a t  would p a s s  this 

C T P ~ P T O Q ~ I .  l t  appears chat tl-i~re zre two c o n t r o l l i n g  components f o r  t h i s  

K ~ S ~ O ~ S C ,  cement and fly ash. I Iowevt~r ,  their  effect6 are i n  opposing 

d i r e c t i o n s .  AII i n c r e a s e  i n  cemwt content  appears  t o  decreilse t h e  amount 

of d r a i n a b l e  watei, whereas an  i n c r e a s e  i n  f l y  ash eonteut appears t o  

i n c r e a s e  rhc sffiouat of dLalnable water. Upcreasing the amourit of 

A t t a p u l g i t e  has a s l i g h t  e f f e c t  on i n c r e a s i n g  the m o u n t  of d r a i n a b l e  

water. The I R P C  appears t o  have aa I n s i g n i f i c a n t  effect on the drainable 

water. These t r e n d s  are genera? i n  n a t u r e  and vwre i n v e s t i g a t e d  f u r t h ~ r  

i n  t h e  f i na l  devclopnent w r k .  

5.4.1.3. Acceptable .. . .- Grouts Using 252 PhasphatelT5X .. . .._ S u l f a t e  - Waste 

Yreviods work at  ORNL (KPlestocae 140) has defined paraiitetrrs f o r  

groutlng 50/50 sulf atc/phosphate HFX. T h e  referenee formu?a f o r  53/50  

s u l € a t e / p h o s p k a t e  IiPV VKiS B n i  Cially tes ted  f o r  11se w i t h  100% sa l f a t e  

waste and found to he unseeeptablc due t o  ex~.t-ssive d r a i n a b l e  water. 

klcthough the  experimental  desdgn encoapassed a wllde v a r i a t i o n  in - a s t ~  

composi t ion (Table 3 ) ,  t h f s  s e c t i o n  disciisses i n  d e t a i l  on ly  g r o u t s  made 

~~-k:h eitht3-f 1007; sr;Bfate waste or  75% pbosphate / l5% s u l f a t e  waste. Thcse 

ianlges appeared  ?a bc the more c red ib l e  fo r  a c ~ z i w l  grou t ing .  i n  :he f i n a l  

form11 ntlon desigii ,  these ranges w t t e  s u b s r q w n t l y  changed? us ing  

c o n c e n t r a t i o n s  t h a t  TnTeTe based CXI i n fo rma t ion  f r o =  RHO. 

Factors  a€fecLiiig, c r i t i c a l  flow r a t r  -_- - - - ~  
Fig1it-e 5 dspicts accep tab le  r r s . i l t~  from th i s  exper imenta l  des ign .  

As can he r e a d i l y  seen, t he re  a r e  Eewer acceptable grouts, and therefore,  

on ly  very gene ra l  trends appear.  The amounts of cenent and f l y  ash 
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appear  t o  have t h e  most s i g n i f i c a n t  e f f e c t s  on t h e  c r i t i c a l  f low rate.  

These e f f e c t s  are b a s i c a l l y  t h e  same as w i t h  g r o u t s  produced us ing  100% 

s u l f a t e  waste. An i n c r e a s e  i n  cement conten t  r e s u l t s  i n  an apparent  

i n c r e a s e  i n  t h e  c r i t i ca l  f l o w  rate, whi le  a dec rease  i n  f l y  a sh  r e s u l t s  i n  

a n  apparent  I n c r e a s e  Pn t h e  c r i t i ca l  f low rate. The two c l a y s  used, 

A t t a p u l g i t e  and I R P C ,  appear  to impact t h e  c r i t i ca l  flow ra te  t o  a lesser 

degree.  

The same gene ra l  t r e n d s  are ev iden t  when v i s c o s i t y  is s tud ied .  These 

t r e n d s ,  i l l u s t r a t e d  i n  Fig.  6 ,  are s imilar  t o  t h e  ones f o r  c r i t l c a l  f low 

rate and f o l l o w  t h e  same p a t t e r n  as g r o u t s  produced us ing  100% s u l f a t e  

waste. D e t a i l e d  s t u d i e s  of t h e s e  e f f e c t s  were undertaken i n  t h e  f i n a l  

fo rmula t ion  work. 

F a c t o r s  a f f e c t i n g  10-min gel  s t r e n g t h  

The most pronounced f a c t o r s  a f f e c t i n g  the IO-min g e l  s t r e n g t h  are 

t h e  cement and f l y  a sh  con ten t s .  A s  w a s  s een  wi th  g r o u t s  produced u s i n g  

100% s u l f a t e  waste, an 1nc.rease i n  cement con ten t  and a dec rease  i n  f l y  

a s h  con ten t  r e s u l t s  i n  an i n c r e a s e  i n  t h e  10-rnin g e l  s t r e n g t h ,  as 

i l l u s t r a t e d  i n  Pigl 7. These e f f e c t s  appear  t o  be more s i g n i f i c a n t  t han  

t h e  ones seen  wi th  t h e  100% s u l f a t e  g r o u t s .  The A t t a p u l g i r e  and IRPC 

con ten t  appear  t o  have very  minimal e f f e c t s  on t h e  10-min g e l  s t r e n g t h .  

T t  should  he noted t h a t  very  few g r o u t s  produced du r ing  t h e  e n t i r e  

expe r imen ta l  des-lgn f a i l e d  t h i s  c r i t e r i o n .  

F a c t o r s  a f f e c t i n g  d r a i n a b l e  water 

For t h i s  block of experiments ,  few g r o u t s  passed t h e  d r a i n a b l e  water 

c r i t e r i o n .  However, t h e  d a t a  were p l o t t e d  and are shown i n  Fig.  8. Since  

so few d a t a  p o i n t s  are used, any t r e n d s  are very g e n e r a l .  The same basic 

t r e n d s  are e v i d e n t :  d e c r e a s i n g  t h e  cement con ten t  and i n c r e a s i n g  t h e  f l y  

a s h  conten t  r e s u l t  i n  an  i n c r e a s e  i n  t h e  amount of d r a i n a b l e  water. 

L e s s e r  e f f e c t s  are seen f o r  vary ing  t h e  amount of I R P C  and A t t a p u l g i t e .  

N o  a c c e p t a b l e  g r o u t s  were produced us ing  75% s u l f a t e j 2 5 Z  phosphate  waste 

t h a t  had 0 vo l  % d r a i n a b l e  water, Th i s  problem area was i n v e s t i g a t e d  i n  

d e t a i l  during f i n a l  fo rmula t ion  work. 

5.4.2 E f f e c t  of S u l f a t e  Concent rat  i o n  - 

The s u l f a t e  c o n c e n t r a t i o n  i n  t h e  waste s t r eam has  a measurable e f f e c t  

on all t h e  responses .  Blend No. 7 from t h e  exper imenta l  des ign  was chosen 
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t o  i l l u s t r a t e  t h e  e f f e c t s  of s u l f a t e  concen t r a t ion .  F igu res  9 and 10 show 

t h a t  as t h e  s u l f a t e  concen t r a t ion  dec reases ,  t h e  cor responding  parameters ,  

c r i t i c a l  f low rate and compressive s t r e n g t h ,  r e s p e c t i v e l y ,  i n c r e a s e .  

T h i s  e f f e c t  w a s  t h e  same f o r  all mix r a t i o s  s tud ied .  The two o t h e r  

responsess  10-min gel s t r e n g t h  and d r a i n a b l e  water (Figs .  11 and 1 2 ,  

r e s p e c t i v e l y ) ,  were a f f e c t e d  by t h e  s u l f a t e  concen t r a t ion  but w i th  no 

d i s c e r n i b l e  p a t t e r n .  The causes  of t hese  anomalies were i n v e s t i g a t e d  

du r ing  l a t e r  work. These anomalies are more preva len t  a t  t h e  75% 

s u l f a t e f 2 5 %  phosphate range. This  p a r t i c u l a r  waste concen t r a t ion  has  

c o n s i s t e n t l y  been troublesome dur ing  t h i s  i n i t i a l  fo rmula t ion  s tudy .  A s  

d i scussed  ear l ier ,  the  most d i f f i c u l t  c r i t e r i o n  has  been t h e  d r a i n a b l e  

water. The l a r g e s t  volume of d r a i n a b l e  water has  been seen  when u s i n g  t h e  

75% s u l f a t e / 2 5 %  phosphate waste. 

5.5 LEACHABILITY OF GROUTS PREPARED USING 50/50 PHOSPHATE/SULFATE NFW 

Grouts  w e r e  prepared us ing  a 50f50  phospha te / su l f a t e  HFW. Th i s  w a s t e  

w a s  prepared accord ing  t o  t h e  p rev ious ly  descr ibed  procedure,  except  t h a t  

a l l  trace e l e m e n t s l l  were added at concen t r a t ions  of 100 t i m e s  t h o s e  

s p e c i f i e d .  A f t e r  t h e  g r o u t s  were cured f o r  28 d,  they w e r e  t aken  t o  a 

CERCLA-approved l a b o r a t o r y  where an EP-Toxicity l e a c h  test was performed. 

The test w a s  performed i n  t r i p l i c a t e ,  and t h e  r e s u l t s  are presented  i n  

Table  4. The grout  formula used f o r  t hese  samples  is t h e  one i d e n t i f i e d  

i n  Milestone 140. The concen t r a t ions  of trace elements  used are given i n  

Table  5. The r e s u l t s  show t h a t  t h e  grout  samples pass t h e  EP-Toxicity 

l e a c h  tes t  . 
5.6 SUMMARY OF ACCEPTABLE GROUTS 

An accep tab le  grout  i s  one t h a t  passes a l l  performance cri teria.  

For t h e  development s t u d i e s  r epor t ed ,  t he  assumption w a s  made t h a t  t h e  

d r a i n a b l e  water c r i t e r i o n  would he r e l axed  t o  C5 vol  %. Based on t h i s  

assumption,  s e v e r a l  d i f f e r e n t  grout  formulas are deemed accep tab le .  The 

f i r s t  of t hese  p re l lmina ry  formulas ,  which w a s  developed f o r  use wi th  100% 

s u l f a t e  waste, is  as follows: Type 111 Por t land  cement (50 w t  41, class F 

f l y  ash (28 w t  X), A t t a p u l g i t e  c Iay  (14 w t  X ) ,  and IRPC (8 wt %), This  



3
0

 





3
2

 



3
3

 



0.20 
0.19 
0.16 
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0.0030 
0.0030 

0.010 
0.010 
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0.0060 
0.0060 
0.0060 
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0.014 
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0.033 
0.010 

0.006 
0.006 
0.008 

0.0018 
0.001 a 
0.0023 
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5 
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1 

0.2 

1 .oo 

0.01 

0.05 

0.05 

0.05 

0.05 

0.01 

0.002 

"Type 1,II cement .- 41 w t  X ;  class F f l y  ash - 40 w t  %; 
Attapu4glte-150 - 11 wt X ;  I n d i a n  R e d  P o t t e r y  clay - 8 wt %; mix rat io  - 
7.5 l h / g a l .  

50 / 5 0 phos pha t e / su 1 fat e W ~ S  1: e 
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Tab le  5. Simulated waste concen t r a t ion  f o r  l each  study 

Fo mm 

Reference waste Simulated waste used 
(g/L x 102) f o r  l each  s t u d i e s  (g/L) 

S u l f a t e  Phos D ha t e S u l f a t e  Phosnha t e 

5.3 x lo16 

5.4 x IO+ 

1.5 x 10-4 

7.3 x 1 r 2  

1.3 1 r 3  

2.7 10-5 

5.5 x 10-2 

1.3 10-4 

1.2 x 

9.7 x 1(r2 

1.6 

1.0 x 10-2 

1.7 x 10"' 

1.5 x 10-1 

2.4 x loa2 

2.0 x 10-2 

4.0 x lo"& 

7.4 x 1 0 - 5  

6.6 x 10rs 

1.1 x 10-2 

7.1 10-5 

9.8 x l c T b  

4,216 x 1T2 

1.9 10-5 

2.7 x 1 T 4  

1.0 

1.3 x l cT1 

8.7 x 

3.1 x 1 r 3  

9.2 x 1 0 - 3  

None 

None 

None 

0.05431 

0.01445 

0.07675 

0.01293 

0.027 12 

0.05624 

0.01315 

0.01265 

0.10056 

1.60800 

0.01000 

0.17004 

0.01764 

0.24217 

0.0209 

0.39993 

0.07422 

0.06635 

0.01 107 

0.07159 

0.09884 

0.04222 

0.01880 

0.02738 

1.0010 

0.13516 

0.08720 

0,03268 

0.09315 

None 

No ne 

6.8  x 10r2 None 0.06811 None 

8.8 x 2.6 x 10-2 0.08826 0.02622 

6.6  x 1T2 3.6  x 10-2 0.066 15 0.03675 

None 1.3 x 10-2 None 0.01536 
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b lend  was run at mix r a t i o s  sf 8, 8.5, and 9 l b / g a l ,  with a l l  c r i t e r i a ,  

i n c l u d i n g  d r a i n a b l e  water ((1.8 vol XI, having been [net, 

The same f o r m d a  was a c c e p t a b l e  f o r  257: phosphate/75% s u l f a t e  waste. 

However, a &EX r a t l o  of 9 lh/gaP was necessa ry  t o  briiig drainable water 

l e v e l s  t o  45 vol %. For  t h i s  waste concen t r a t ion ,  t h e  only a c c e p t a b l e  

grouts  produced were at  9 Ib lga l ,  whereas, with  the 100% s u l f a t e  waste, 

m3x r a t i o s  sf 8, 8.5, and 9 Iblgal were a c c e p t a b l e  wi th  t h i s  p r e l i m i n a r y  

formula. Other grou t  formulas were a c c e p t a b l e  for use w l t h  100% s u l f a t e  

'saste but on.ly at  mix r a t i o s  of 8.5 and 9 l b / g a l .  The d a t a  f o r  a11 runs 

are inc luded  i n  Appendix A. 

The aex t  waste c o n c e n t r a t i o n  studied, 58/50 phospl.iate/sulfate, w a s  

p - rev ious ly  s t u d i e d  and a reference formula developed atid r e p o r t e d  i n  

Milestone 140. The p re l imina ry  forrnula p re sen ted  h e r e  uses  Type T I T .  

cement i n s t e a d  of t h e  Type T , P I  cement used f n  Milestone 14Q. A t  mlx 

r a t i o s  of 7 and 8 l b / g a l ,  the fo l lowing  p r e l i m i n a r y  formula p r o h c e d  

acceptable grouts having (2.5 vol  % drajlnable water: Type I11 P o r t l a n d  

cement (45 wt %>, class F fly ash (33  w t  %I ,  A t t a p u l g l t e  c l a y  (14 wt X), 
arid I R P C  (8  w t  X). Again, only a t o t a l  of t h r e e  a c c e p t a b l e  g r o u t s  were 

produced wi t h t h 1 s con ce ip t ra t  i on. 

The las t  waste c o n c e n t r a t i o n  s t u d i e d  w a s  75/25 phsspkate/sulfate. 

T h i s  p a r t i c u l a r  c o n c e n t r a t t o n  had more a c c e p t a b l e  grouts  than any of the  

otlieles. Two blends produced a c c e p t a b l e  g r o u t s  at mfx ratios of 7 ,  8, and 

9 i h / g d .  ~ l l  of these aeceptalsle grOl.lts had 0 v01 X drainable water. 

'Blend No. 3 conta ined  Type L I T  P o r t l a n d  cement (40  wt 21, class F f l y  ash 

(38  w t  % I ,  A t t a p u l g d t e  clay (12 w t  %>, and I R P C  (10 wt X ) .  Blend No. 9, 

the? o ther  a c c e p t a b l e  blend, con ta ined  Type I11 P o r t l a n d  cement ( S O  w% X), 
class F f l y  a sh  ( 2 8  wt XI, AttapuPgPte c l a y  (12 wt %>, and I R P C  ( l o % > ,  

Seve ra l  o t h e r  blends p a s s e d  a l l  c r i t e r i a  but a t  fewer mix ratios. A S 1  of 

the  data are found i n  Apperidix A ,  w M l e  Table  6 sununatizes some of the 

a c c e p t a b l e  b l ends  - 
6 .  FINAL POKI4ULATION EXPERIMENTAL DESIGN 

The r e s u l t s  of the scont-ting s tudies  were u t i l i z e d  i n  developfng the  

nex t  series of experiments.  The final formiidation dcsign was se t  up to  
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Table 6. Summary of acceptable grouts 
for preliminary work 

Blend No. - 
Par ame t e r v5 V7 v5 5 3 9 

Cement, Type III (wt %> 50 41 50 45 40 50 

F l y  ash, class F (wt %> 28 37 38 33 38 2 8  

Attapulgite (wt % >  14 14 14 14 12 12 

IRPC (wt %) a 8 8 8 18 10 

Waste concentrat ion 0 /  100 0/100 25/75 50 /50  75/25 75/25 
(phosphate/sulfate) 

develop a grout formula(s) that could be used for all antleipated waste 

Concentrations expected to be processed in the TGF. Such a formula was 

developed along with separate formulas specific t o  certain waste stream 

concentrations. 

6.1 INVESTIGATION OF ALE WASTE CONCENTRATIONS 

The first step was to investigate the effects of various waste 

concentrations on grout performance. A serles of experiments (Table 7) 

w a s  set up to study concentration effects over a range of dry-solids 

blend compositions. The results of these experiments are contained in 

Appendix I. 

Waste concentrations of 100% sulfate and 75/25 phosphate/sulfate 

produced the largest number of acceptable grouts over the range of 

blend compositions. The drainable water criterion proved t o  be 

the most troublesome to pass. Since the reference formula for 50/50 

phosphate/sulfate waste should work on a waste Concentration of 75/25 

phosphate/sulfate, the decision was made to formulate f o r  100% sulfate 

waste. 



3% 

Table 7. I n i t i a l  experimental  design f o r  PSWa formulationb9 
-.- -- Amount (wt %> by b-leud No. 

M a t  e? ri a l  1 2 4 5 6 7 8 3 

__1_-1 - 

9 
.-yl .... - 

Cement 9 40 40 40 45 45 45 59 50 50 
Type 111 

P l y  ash, 
class F 

3% 38 38 33 33 33 28 28 28 

Attapolg l te -150  16 14 12 16 14 12 15 14 12 

IBPCd 6 8 10 6 8 10 6 a i o  

aPSGd =: p h o s p h a t e / s u l f a t e  waste. 
bMix r a t i o s  = 7, t3> 9 l b / g a l .  
CPRosphate/sulfate  concen t r a t ion  = 0/100, 25/75, 50/50, and 75/25, 
~ T R P C  = ?milan ~ e d  ~ottery clay. 

6.2 FORMULATION RESULTS FOR 100% SULFATE WASTE 

The r e s u l t s  of t h e  previously discussed experimental  matrix indicated 

t h a t  an a c c e p t a b l e  grout could be produced a t  cement c o n t e n t s  of 45 t o  50 

wit %. 

A m t r i x  of experiments was then set up t o  develop a reference 

forrnula for l O O Z  s u l f a t e  waste. This  matrix (Table 8) was performed i n  

P l y  ash, 
Class F 

44.5 47.0 4 9 . 5  

34 - 5  30 25.5 

Attapi i lg i  t e- 150 14 15 16 

_.-_. .- 7 8 9 
D 

IRPC' 
I .̂- I_. 

%fix r a t i o s  = 8, 8.5, 9 lb/gal. 
b P h e s p h a t r / s u l f a t e  concentration = 39/70 and 0/100. 
C I R P C  -. Indian Red Pottery clay. 



t r i p l t c a t e  and used wast-e c o n c e n t r a t i o n s  of 100% s u l f a t e  and 30/70 

p h o s p h a t e / s u l f a t e *  The la t te r  c o n c e n t r a t i o n  was chosen based on precli c t e d  

a v a i l a b f l i t y  of waste streams. The r e s u l t s  of t h e s e  tests are i n c l u d e d  i n  

Appendix I. 

Drainable water w a s  a problem area jrist as i t  w a s  i n  t h e  ~ K ~ V ~ O U S  

matrix, However, t h e  g r o u t s  produced us ing  10q% s u l f a t e  waste w e r e  

a c e e p t a b l e  throughout  t h e  matrix.  As such,  t h e  d a t a  were analyzed and a 

r e f e r e n c e  formula developed as fo l lows:  

P o r t l a n d  cement, Type 111 

Class P f l y  ash, Cent ran ia ,  Washington 

At t apu lgZte  -150 clay 

LRPC 

Mix r a t i o  

Waste c o n c e n t r a t i o n  

( 4 7  9 2.5) wt x 

(15 * 4 . 5 )  wt P/ ;  

( 8  1- 1) w t  % 

(8.5 -t- 0 ,5 )  l b / g a l  

(30  f 2,5) w t  X 

100% s u l f a t e  

The mix r a t i o  from the  t h r e e  bletids (10, 11, and 12) was treated as a 

single independent v a r i a b l e ,  w i t h  t h e  var ia t tons  i n  blend components 

t r e a t e d  as unknown. For example, at a rdx r a t i o  of 8 I b / g a l ,  t o r  blends 

10, 11, and 12 ,  t h e  nXne mixes (each mix performed i n  tripljcate) were 

combined and t h e  m a n  w a s  determined. The mean f o r  the 8 l$/gaP mixes w a s  

t hen  p l o t t e d ,  a long  with t he  954 conf idence  i n t e r v a l ,  T h i s  method assiinies 

t h a t  i f  t he  r e f e r e n c e  fo rmula  3s being used,  then  u n c o n t r o l l a b l e  v a r i a t i o n s  

fn t h e  blend composition are taken  i n t o  c o n s i d e r a t i o n  f o r  p roduc t ion  o f  an 

a c c e p t a b l e  grout .  F i g u r e s  13 t~ 27 d e p i c t  the r e s u l t s  of t h i s  m a t r i x  of 

experiments 

The r e s u l t s  of  t h i s  s e r i ~ s  of experiments  were somewhat promising f o r  

product ion  of an a c c e p t a b l e  g rou t  u s i n g  30170 PSW. B u t  j u s t  as i n  thc  

prev ious  sets of experiments ,  t h e  d r a i n a b l e  water p re sen ted  a problem. 

F igure  18 d e p i c t s  the r e s u l t s  o f  t h i s  series of exper iments ,  using the 

same t r ea tmen t  a l r e a d y  d i scussed ,  f o r  the d r a i n a b l e  w a t e r  c r i t e r i o n .  

Acceptable  grouCs were produced u s i n g  a high-cement con ten t  (>47 wt %) and 

h igh  mix r a t i o s  (>8.5 lb/gal), E f f o r t s  were then turned  toward so lv ing  

t h e  drainable water problem. 
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5.3 EXPERIMENTAL RESUETS FOR 33/90 AND 25/7S PSW 

A s  prev ious ly  d i scussed ,  a grout formula was developed f o r  use with 

100% s u l f a t e  waste. S ince  t h e  dradnable water c r i t e r i o n  p resen ted  t h e  most 

problems, e f f o r t s  focused OP s o l v i n g  t h i s  area dur ing  flnal 

for iuulat ion f o r  30/70 FSW. The 25 /75  PSW c o n c e n t r a t i o n  w a s  used i n  one 

se r ies  of experiments  t o  see what e f f e c t s  a change i n  waste would have on 

t h e  grout  performance, 

6.3.1 Formulat ion Resu l t s  f o r  30/70 PSW 
I...- 

The r e s u l t s  of the previous  series of tests i n d i c a t e d  t h a t  a lower 

cement conten t  might have b e n e f i c i a l  e f f e c t s  on reductfon of d r a f n a b l e  

water. The series of experiments  shown i n  Tables 9 and 10 were performed. 

These experiments were see up t o  s tudy  t h e  effects of lower cement, 'nfghemr 

h t t apu lg i t e -150 ,  and I R P C  contents, Two of t h e  b lends ,  13 and 16, 

produced accep tab le  g r o u t s  a t  mix r a t i o s  >8.5 lb /ga l .  Although 35/75 

PSW was u s ~ d  f o r  Blend No. 16, t he  results were s d r n f l a r  t o  Blend No. 13. 

T h i s  confirmed t h e  need f o r  h ighe r  cement content .  Regression a n a l y s i s  

demonstrated that PKPC has l i t t l e  e f f e c t  on t h e  r h e o l o g i c a l  propertles o f  

t h e  grout  (Figs .  5 t o  7) .  Higher a t t a p u l g i t e  conten t  tended t o  decrease 

the  volume of d r a i n a b l e  l i q u i d ;  however, a h ighe r  cement conten t  was a l s o  

needed. Because of t h e  delivery capacity of t h e *  IMRHF and t h e  economics 

involved  with us ing  h ighe r  q u a t i t i t l e s  of t h e s e  two components, a t t e n t i o n  

was then rurned  t o  s o l v i n g  t h e  d r a i n a b l e  water problem by tlir w e  of o t h e r  

materials. 

The series of experiments  shown in Tab le  11 w a s  set up t o  e v a l u a t e  

the US@ of  Type I, I1 Por t l and  cement, The Qriginal i n t e n t  was to use  a 

Type I, I T  cement t h a t  had been grsund to  a Blaine  f i n e n e s s  c o ~ ~ p ~ a b l e  t o  

a Type 111. However, t h e  mt-er iol  was not  r e a d i l y  a v a l l a b l e ,  so the 

expelrjliiiarars were done us ing  a r e g u l a r  g r i n d  of Type I, TI. The blends 

were used at  mix r a t i o s  of  7, 8, and 9 l b /ga l  with both the 30/70 PSW 

and 100% s u l f a t e  wnsle, 

Type 1 , I T  cement except there W ~ S  8ap i n c r e a s e  i n  drainable wat~r, This  

reaffirmed the  use of a Type I11 cement f f  an aeeeptable grout formula was 

t o  be developed. 

The resul ts  were s i m i l a r  t o  p rev ious  ones u s i n g  



47 

Table 9. Experimental design for 30/70 PSWa formulationb, 

Amount (wt %> by blend No. 
H a t  er i a 1 13 14 15 

Cement, 
Type 111 

F l y  ash, 
Class F 

47 44 41 

31 34 37 

Attapulgite-150 14 15 16 

IRPCd 8 7 6 

aPSW = phosphate/sulfate waste. 
bMix ratios = 8, 8.5, 9 l b / g a l .  
CPhosphate/sulEate  concentration = 30/70 .  
dIRPC = Indian Red Pottery clay. 

Table 10, Experimental design for 2 5 / 7 5  PSWa formulationb$ 

Amount (wt X) by blend No. 
Mate rial 16 17 18 

Cement, 
Type III 

Fly ash9 
Class F 

46 43 41 

30 32 32 

Attapulgite-150 16 17 19 

IRPCd 8 8 8 

aPSW = phosphate/sulfate waste. 
hMix ratios = 8, 8.5, 9 lb /ga l .  
CPhosphate/sulfate concentration = 25/75. 
dZRPC = Indian Ked Pottery clay. 
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Table 11. Experimental  des ign  f o r  30/70 and O / l O O  PSW" fo rmula t ion  
u s i n g  ~ y p e  I ,  LI cementh,c 

Amount ( w t  %> blend No. 
1 9  20 21 22 --._ Material 

Cement, 
Type I,TT 

F l y  ash,  
Class F 

45 50 45 50 

33 28 31 26 

At t apu lg i t e -150  1 4 14 16 16 

aPSW = p h o s p h a t e / s u l f a t e  waste. 
h i x  r a t i o s  = 9, 8, 
cPhosphate/sulfate c o n c e n t r a t i o n  = 30/70 and 0/100. 
a m P C  = Ind ian  Red P o t t e r y  c l a y ,  

9 l b / g a l ,  

Developme-nt s t u d i e s  were d i r e c t e d  toward u t i l i z a t i o n  o f  hydra t ed  

l i m e  [Ca(OH)2], i n s t e a d  o f  XRPC c l a y ,  as a dry-blend component. Table  12  

shows t h e  ser i e s  of experfments set up t o  determine i f  t h f s  was a viable 

o p t l o n .  The d r a i n a b l e  water c r i t e r i o n  was a g a i n  t h e  one t h a t  posed 

problems: none of t h e  g r o u t s  produced i n  t h i s  series passed t h i s  

c r i t e r i o n .  A l l  other c r i t e r i a  were passed by these g r o u t s .  

6.4 UTILIZATION OF ALUMINUM PHOSPKATE FOR REDUCTION OF DRAINABLE WATER 

A l l  p r i o r  development work i n d i c a t e d  t h e  need f o r  an a d d i t i v e  for 

r e d u c t i o n  of d r a i n a b l e  water. A r e f e r e n c e  formula had a l r e a d y  been 

developed fo r  u s e  wi th  100% sulfate w a s t e  (Sect .  6.21, but one needed 

t o  be developed f o r  use  w i t h  a l l  expected waste c o n c e n t r a t i o n s ,  A t  t h i s  

p o i n t  i n  t h e  work, t he  d e c i s i o n  w a s  made t o  use 35/65 PSW as w e l l  as 100% 

s u l f a t e  waste. Based on a v a i l a b l e  d a t a ,  t h e s e  c o n c e n t r a t i o n s  appeared t o  

be the m o s t  c r e d i b l e  f o r  use i n  a c t u a l  grout ing o p e r a t i o n .  

P rev ious  work at  8r(NL12 (Milestone 173) had shown that the use of 

aluminum compounds could reduce t h e  amount of d r a i n a b l e  water. The 

d e c i s i o n  w a s  made t o  u s e  aluminum phosphate i n s t e a d  of aluminum n i t r a t e  

because the  waste a l r e a d y  c o n t a i n s  phosphate. The p o s s i b l e  leacliing of 

n i t r a t e  from the grout  was a l s o  a c o n s i d e r a t i o n .  The aluminum phosphate 
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Table  12. Experimental  des ign  f o r  30/70 PSW” fo rmula t ion  
u s i n g  hydra ted  l i r n e h s C  

-_-. 
Amount (wt %) by blend No. 

I 

Mat e r ial  23 24 25 

Cement, 
Type 111 

F l y  ash,  
Class F 

40 40 40 

40 40 40 

Attapulg i te -150  a 10 12 

Hydrated l i m e  1 2  10 8 

aPSW = phospha te / su l f a t e  waste. 
bMix r a t i o s  = 8, 8.5, 9 l b / g a l .  
CPhospha te / su l f a t e  concen t r a t ion  = 301‘70. 

admixture  appears  t o  dec rease  t h e  amount of d r a i n a b l e  water by i n c r e a s i n g  

t h e  growth rate of t h e  hydra t ion  products .  This i nc reased  growth of 

hydra t ion  product dec reases  t h e  s e t t l i n g  ve loc l  t y ,  thus decreasPng the 

volume of d r a i n a b l e  water. The inc reased  growth a lso lncreaf ies  t h e  uptake 

of f r e e  water and thus  reduces t h e  d r a i n a b l e  water. These i d e a s  have not  

been proven, but  work has shown t h e  b e n e f i t s  from using aluminum compound 

admixtures  l 2  

Data from a l l  prev ious  work performed us ing  PSW were analyzed t~ 

determine  t h e  s t a r t i n g  matrix of experiments .  Table 13 w a s  developed, and 

work w a s  i n i t i a t e d  us ing  1 w t  % of aluminum phosphate  added t o  t h e  waste 

p r i o r  t o  mixing wfth the  dry-so l ids  blend.  The amount of af~lrniraurn 

phosphate  admixture  i s  based on t h e  amount of d ry - so l id s  blend used i n  the. 

g rout .  Appendix J c o n t a i n s  g r a p h i c a l  r e p r e s e n t a t i o n s  of t h e  e f f e c t s  of 

mix r a t i o  and cement con ten t  on t h e  va r ious  grout p r o p e r t i e s ,  

I n s p e c t i o n  of the d a t a  and response a n a l y s i s  I n d i c a t e d  t h a t  

d e c r e a s i n g  t h e  cement conten t  would be b e n e f i c i a l ,  p a r t i c u l a r l y  in 

reducing  t h e  volume of d r a i n a b l e  water. The amount of attapwlgfte needed 

t o  be a d j u s t e d  t o  ensure  a c c e p t a b i l i t y  of t h e  grout .  These concepts  

formed t h e  b a s i s  f o r  Table  13. The b lends  shown were developed t o  s t u d y  

t h e  e f f e c t s  of component v a r i a t i o n  of t h e  g rou t  p r o p e r t i e s .  An accep tab le  

g rou t  formula must be a b l e  t o  t o l e r a t e  blend v a r i a t i o n s  as w e l l  as mlx 
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r a t i o  v a r i a t i o n s .  Blends 2 8  and 5 w e r e  a l s o  used i n  t h i s  f i n a l  

fo rmula t ion  des ign  s i n c e  t h e  ma t r ix  bounded t h e s e  p a r t i c u l a r  blends.  

A f t e r  a l l  t h e  experiments  had k e n  performed, t h e  r e s u l t s  w e r e  

analyzed.  

fo l lowing  b lends :  5 ,  27,  28, 35, 3 6 ,  38, 4 0 ,  41, and 3 0 .  These blends 

encompass v a r i a t i o n s  of at least  55% f o r  each of t h e  dry-blend components. 

The d a t a  from t h e s e  blends are rep resen ted  i n  Figs .  19  t o  24. 

The r e fe rence  formula was developed based on d a t a  from t h e  

The same d a t a  t rea tment  was used f o r  t h i s  a n a l y s i s  as was used i n  

development of t h e  100% s u l f a t e  waste r e f e r e n c e  formula (Sec t .  6.2). 

The d a t a  from a l l  n ine  b lends ,  a t  a p a r t i c u l a r  mix r a t i o  (i.e., 8 l b / g a l ) ,  

were used t o  g e n e r a t e  a mean va lue  and a s t anda rd  d e v i a t i o n .  These va lues  

formed t h e  basis f o r  t h e  fo l lowing  r e f e r e n c e  formula: 

Type 1x1, Por t l and  cement ( 4 3  f 2.5) w t  X 
Class F f l y  ash ,  C e n t r a l i a ,  WA (36  2 2 3 )  w t  X 
A t  t a p u l g i  t e- 150 c l a y  (13 k 1.0) w t  X 
IRPC (8  * 1.0) w t  % 
Mix r a t i o  (8.5 -f 0.5) l b / g a l  

Waste concen t r a t ion  3 5 / 6 5  and/or  0/100 PSW 
Aluminum phosphate 1.0 w t  % 

As can be seen  i n  F igs .  1 9  t o  24,  t h i s  r e f e r e n c e  formula produced g r o u t s  

w i th  a c c e p t a b l e  p r o p e r t i e s  even when v a r i a t i o n s  i n  t h e  dry-blend 

components w e r e  f a c t o r e d  in .  

100% s u l f a t e  waste and 35/65 PSW. The s t anda rd  d e v i a t i o n s  shown i n  t h e  

graphs  r ep resen t  expected ranges f o r  each of t h e  responses  dep ic t ed .  

The r e f e r e n c e  formula can be used f o r  both 

6.4.1 E f f e c t  of Waste Concent ra t ion  

The e f f e c t s  of va r ious  waste c o n c e n t r a t i o n s  were s t u d i e d  us ing  Blend 

28  at 9 l b / g a l .  This  blend was chosen because of t h e  s i m i l a r i t y  between 

i t  and t h e  r e f e r e n c e  formula,  whi le  t h e  h igh  mix r a t i o  w a s  chosen because 

i t  r e p r e s e n t s  t h e  worst  case f o r  r h e o l o g i c a l  p r o p e r t i e s .  The p l o t s  (Figs .  

25 t o  27) i l l u s t r a t e  t h e  e f f e c t  of i n c r e a s i n g  s u l f a t e  c o n c e n t r a t i o n  and 

d e c r e a s i n g  phosphate concen t r a t ion .  Regress ion  a n a l y s i s  y i e l d s  the  

fo l lowing  responses  as a f u n c t i o n  of i n c r e a s i n g  t h e  s u l f a t e  concen t r a t ion :  

(1) decreased  c r i t i ca l  f low rate,  

( 2 )  i nc reased  g e l  s t r e n g t h ,  and 

(3) decreased  d r a i n a b l e  water. 
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These expected responses  are wi th in  exper imenta l  e r r o r  and t h e  range of 

a c c e p t a b i l i t y  f o r  t he  g rou t  p r o p e r t i e s .  

7. CONCLUSIONS 

T h i s  r e p o r t  p r e s e n t s  a l l  d a t a  t h a t  were accumulated d u r i n g  both  the  

p re l imina ry  and t h e  f i n a l  formula t ion  development work f o r  t h e  immobiliza- 

t i o n  of v a r i a b l e  PSW. Severa l  problem areas were encountered  d u r i n g  t h i s  

s tudy ,  but s o l u t i o n s  were found. The use of aluminum phosphate  as an 

a d d i t i v e  proved t o  be a v i a b l e  s o l u t i o n  t o  t h e  d r a i n a b l e  water problem. 

Acceptable  g r o u t s  were produced a t  p rev ious ly  expected w a s t e  

c o n c e n t r a t i o n s  of 100% s u l f a t e  and 35/65 PSW. A r e f e r e n c e  

formula w a s  developed f o r  use wi th  t h e s e  c o n c e n t r a t i o n s ,  and a s e p a r a t e  

formula was developed f o r  100% s u l f a t e  waste. These formulas  are as 

fo l lows :  

Was t e 35/65 PSW and/or  100% s u l f a t e  

Type 111 Por t l and  cement ( 4 3  2 2.5) w t  X 
Class F f l y  ash,  C e n t r a l i a ,  WA (36 5 2.5)  w t  X 
Attapulg i te -150  c l a y  (13 k 1.0) w t  % 
IRPC (8  * 1.0) w t  X 
Mix r a t i o  (8.5 0.5) l b / g a l  
Aluminum phosphate ( a d d i t i v e )  1.0 w t  W 

Waste 100% S u l f a t e  

Type 111 Por t l and  cement (47 .0  ? 2.5) w t  X 

A t  t apu lg i  t e- 150 c l a y  (15 k 1.0) w t  X 
I R P C  (8  2 1.0) w t  % 
Mix r a t i o  (8.5 t 0.5) lb/gal 

Class F f l y  ash,  C e n t r a l i a ,  WA (30 * 4.5) w t  % 

If a large degree of confidence can be p laced  on t h e  c o n t r o l  of t h e  

dry-blend component mixing, then t h e  d a t a  i n d i c a t e  t h a t  t h e  fo l lowing  

v a r i a t f o n  i n  t h e  above r e fe rence  formula f o r  100% s u l f a t e  w i l l  work f o r  

3 0 / 7 0  PSW. The t o l e r a n c e s  are very narrow f o r  t h i s  p a r t i c u l a r  blend: 

cement (47.5-49.5 w t  X), f l y  ash (25.5-31 w t  X ) ,  Attapulg i te -150  

(14-16 w t  X), IRPC (8 -9  w t  X), and mix r a t i o  (8.5-9 I b / g a l ) .  A s  can be 

seen ,  t h e r e  i s  not a 25% v a r i a t i o n  i n  a l l  t h e  components, nor i s  t h e r e  a 

k 0 . 5  l b / g a l  v a r i a t i o n  i n  t h e  m i x  r a t i o .  However, t h e  d a t a  i n d i c a t e  t h a t  

t h i s  blend w i l l  work i f  t h e  c l o s e  variations are maintained.  
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The work described in this report  was based on waste stream 

concentrations that were expected to occur before startup of the TGF. 

No~ever, it appears that: ixn N / 2 0  PSW will be the i n i t i a l  stream g r ~ u t e d .  

Di-iring the preliminary phase of thPs work, a 25/75 PSW was investigated, 

Based on tkPs preliminary work, a grout formula consisting of 40 wt 2 

Type PIT ceoaent, 38 wt 2' class P fly ash, 8 wt % TKPC, and 14 wt W 

Attapulgite-150 clay may be a vfab le  sp t lon .  The optimum ndx ratPo 

appears to be 7.5 lb /ga l .  However, it is recommended that f u r t h e r  work be 

undertaken before a final decision t o  use this formula i s  mde. A 

detailed experimental design should be developed in order t o  ensure that 

this formula is acceptable. The data for t he  25/75 PSW stream are 

eontafned 1r1 Appendix A. 

T h i s  formulation development work encompassed a variety of possible 

waste concentrations The results of t h i s  study produced reference 

formulas for i isc in the immobilizatlon of PSW. A l l  expected waste 

concentrations were studied as well as a brief study on various other 

concentrations, The reference formulas, as presented, wall produce 

acceptable grouts that are processible, durable, and environmentally safe. 

The reference formulas are such that valriatfons in the dry-solids blend 

components will not adversely affect the grout  properties. The data were 

treated in such a manner as to  verify this statement. Grouts were 

subjected to t h e  EP-Toxicity test and were found to be nontoxic  as 

defined by the t e s t .  T h i s  development study f o r  the immobilization of 

variable PSW demonstrates the versatility of cement-based grouts. 
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APPENDIX A 

RESULTS OF PREL lMINARY FORMULATION DEVELOPMENT W O M  

This appendix con ta ins  a l l  t h e  d a t a  genera ted  du r ing  t h i s  development 

s tudy .  The d a t a  are segmented into s e v e r a l  areas. 

i n t o  accep tab le  and unacceptab le  g r o u t s ,  wi th  each of t hese  segments 

d iv ided  i n  terms of waste d i l u t i o n .  A l l  a p p l i c a b l e  v a r i a b l e s  and responses  

are p resen ted .  

The d a t a  are d iv ided  

Nomenclature used i n  t h i s  appendix is given below. 

BLEND# = blend number 

CEMENT = amount of Type I11 Por t l and  cement, wt % 

FLYASH = amount of class F f l y  ash,  w t  % 

I R P C  = amount of Ind ian  Red p o t t e r y  c l a y ,  w t  % 

ATTAG = amount of A t t a p u l g i t e  c l a y ,  w t  % 

LIME = amount of hydrated l i m e ,  w t  % 

SULF = amount of s u l f a t e  waste, vol  % 

PHOSP = amount of phosphate waste, vo l  % 

MIXRAT = mix r a t i o ,  l b / g a l  

VISC = v i s c o s i t y ,  CP 

GELST = 10-tnin ge l  s t r e n g t h ,  l b f /100  f t  

DENSITY = d e n s i t y ,  l b / g a l  

KINDEX = f l u i d  cons i s t ency  index,  1b.s"' / f  t * 
NPRIME = flow behavior  index 

PHASE = amount of d r a i n a b l e  water, vo l  % 

CONST = compressive s t r e n g t h ,  l b f / i n .  

REYNUM = Reynolds number 

FPRES = f r i c t i o n a l  p r e s s u r e  drop p e r  100 f t ,  l b f / i n . 2  

CRTFW = c r i t i c a l  f low rate, gal/mfn 

PHPRES = pump head p res su re ,  I b f / i n . 2  
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Blend FLY 
ASH IXPC ATTAG MIXRAT VISC GELST ___._ .-I--..I....._ ~ 

No e SULF /PHO SP CEm NT 

3 
2 
3 
2 
3 
6 
4 
5 
ti 
9 
9 
5 
7 
1 
8 

v5 
us 
v7 
U 4 
v2 

8 
v2 

25/75 
251 75 
25/75 
251 75 
25/75 
25/75 
25/75 
25/75 
25 / 75 
25/75 
25/75 
25/75 
25 / 75 
25/75 
25/75 
25/75 
251 75 
25/75 
25/75 
25/75 
25/75 
25/75 

40.0 
40.0 
40 .O 
40.0 
40.0 
45.0 
45 .O 
45.0 
45.0 
50.0 
50.0 
45 -0  
50.0 
40.0 
50.0 
50.0 
50.0 
41 .O 
50.0 
41 - 0  
50.0 
41 -0  

38.0 
38.0 
38.0 
38.0 
38.0 
33.0 
33.0 
33.0 
33.0 
28.0 
28.0 
33.0 
28.0 
38.0 
28.0 
28.0 
28.0 
37.0 
31 .O 
40.0 
28.0 
40.0 

10.0 
8.0 

10.0 
8.0 

10.0 
10.0 

6.0 
8.0 

10.0 
10.0 
10.0 

6.0 
6.0 
8.0 
8.0 
8,O 
8.0 

8.0 
8.0 
8.0 

8.0 

a. o 

12 .o 
14.0 
12 .o 
14.0 
12,o 
12.0 
16.0 
14 .O 
12.0 
12.0 
12.0 
14.0 
16.0 
16.0 
14.0 
14.0 
14.0 
14.0 
11 .o 
11 .o 
16.0 
11.0 

9.0 
9.0 
9.0 
8.0 
8.0 
7.0 
8.0 
8.0 

7.0 

7.0 
8.0 
7.0 
8.0 
9.0 
8.5 
9.0 
9.0 
9.0 
7.0 
8.5 

8.0 

a. o 

i a  
1 9  
50 
37 
27  
15 
41 
42 
28 
18 
29 
21 
4 5 
23 
40 
28 
22 
27 
20 
18 
20 
15 

11 
23 
40 
36 
23 
23 
32 
32 
24 
11 
24 
23 
17 
31 
1 9  
12 
12 
10 
14 
11 
1 2  

9 
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Blend FLY 
No. SULF/PHOSP CEMENT ASH I R P C  ATTAG MIXRAT VISC GELST 

26 
26 
26 

5 
5 

27 
27 
27 
28 
28 
28 
2 9  
2 9  
30 
30 
30 

5 
5 
5 

31 
33 
34 
35 
35 
35 
36 
36 
37 
37 
40 
41 
41 
38 
38 
3 9  
3 9  

6 5 / 3 5  
65 /35  
65 /35  
65 /35  
6 5 / 3 5  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
6 5 / 3 5  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
65 /35  
6 5 / 3 5  
6 5 / 3 5  
65 /35  
65 /35  
65 /35  
65 /35  

43 .O 
43.0 
43.0 
45 .O 
45 .O 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
45 .O 
45.0 
45.0 
45.0 
45 .O 
45.0 
45.0 
47.5 
47.5 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
45.0 
45.0 
45.0 
42.5 
42,5 
42.5 
42.5 

38.0 8.0 
38.0 8.0 
38.0 8.0 
33.0 8.0 
33.0 8.0 
38.5 7.0 
38.5 7.0 
38.5 7.0 
35.5 8.0 
35.5  8.0 
35.5 8.0 
32.5 9.0 
32.5 9.0 
36.0 7.0 
36.0 7.0 
36.0 7.0 
33.0 8.0 
33.0 8.0 
33,O 8.0 
30.0 9.0 
30.5 8.0 
27.5 9.0 
40.0 7.0 
40.0 7.0 
40.0 7.0 
38.0 8.0 
38.0 8.0 
36.0 9.0 
36.0 9.0 
35.0 7.0 
31.0 9.0 
31.0 9.0 
37.5 7.0 
37.5 7.0 
33.5 9.0 
33.5 9.0 

11.0 
11 .0 
11 .o 
14.0 
14.0 
12.0 
12.0 
12 .o 
14.0 
14.0 
14.0 
16.0 
16.0 
12.0 
12.0 
12.0 
14 .0 
14.0 
14 ,o 
16.0 
14.0 
16.0 
13.0 
13.0 
13.0 
14 .O 
14.0 
15 .O 
15 .0 
13 .O 
15.0 
15.0 
13 .0 
1.3.0 
15.0 
15.0 

7.0 
8.0 
9.0 
8.0 
9.0 
8.0 
8.5 
9.0 
8.0 
8.5 
9.0 
8.0 
8.5 
8.0 
8.5 
9.0 
8.0 
8.5 
9.0 
8.0 
9.0 
8*5  
8.0 
8.5 
9.0 
8.0 
8.5 
8.0 
8.5 
9.0 
8.0 
8.5 
8.5 
9.0 
8.0 
8.5 

13 
1 9  
29  
23 
39  
22 
25 
34 
26 
32 
47 
32 
46 
20 
25 
2 9  
25 
32 
45 
36 
47 
43 
23 
2 9  
38 
28 
37 
31 
40 
39  
31 
42 
33 
49  
32 
43 

7 
8 

13 
9 

12 
8 

11 
13 
11 
12 
15 
1 3 
16 

9 
10 
12 
10 
12 
14 

9 
11 
11 

7 
10 
12 
11 
12 
13 
12 
11 
10 
12 
13 
14 
13 
14 
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5 50/50 
5 50 /50  
1 50 /50  
2 50 /50  
7 50 /50  
3 50/50 

FLY 
CEMENT ASH IRPC ATTAG MZXKAT V I S C  GELST 

45 .O 33.0 8.0 14 .O 7.0 20 13 
45.0 33.0 8,O 14.0 8.0 40 17 
40.0 38.0 6.0 16.0 7.0 21 14 
40.0 38.0 8.0 14 .O 8.0 34 9 
50.0 28.0 6.0 16.0 8.0 43 16 
40.0 38.0 10.0 12 .o 8.0 29  13 

m e n d  FLY 
No. SULF/PHOSP CEMENT ASH ZRPC ATTAG MIXRAT VIS@ GELST 

11 70 /30  47.0 30.0 8.0 15.0 8.5 4 4 24 
11 70/30 47.0 30.0 8.0 15.0 9.0 40 10 
12 70 /30  49.5 25.5 9.0 16.0 8.5 38 10 
12 70 /30  49.5 25.5 9.0 16.0 9.0 47 11 
13 70 /30  47.0 31.0 8.0 14 .o 8.5 35 12 
13 70 /30  47.0 31.0 8.0 14.0 9.0 47 11 
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Blend FLY 
No. SULF/PHOSP CEMENT ASH I R P C  

7 
v5 
V7 
'(14 
V 5  
v 7  

8 
16 

75 /25  
75 /25  
75 /25  
75 /25  
7 5 / 2 5  
7 5 / 2 5  
7 5 / 2 5  
75 /25  

50.0 28.0 
50.0 28.0 
41 .0 37.0 
50.0 31 .O 
50.0 28.0 
41 .O 37.0 
50.0 28.0 
46 " 0  30.0 

6.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 

ATTAG 

16.0 
14.0 
14.0 
11.0 
14.0 
14.0 
14.0 
16.0 

mXRAT VISC 

9.0 42 
9.0 22  
9.0 20 
9.0 21 
8.5 1 9  
8.5  16 
9.0 42 
8.5 41 

G E L S T  

16 
17 
14 
13 
14 
I 1  
10 
1 1  

Blend FLY 
No. SULF/PHOSP CEMENT ASH I R P C  ATTAG MIXKAT VISC GELST 

2 8  80120 42.5 35.5 8.0 14.0 9*0 28 11 

Blend FLY 
No. SULF/PHOSP CEMENT ASH I R P C  ATTAG MIXRAT V I S C  GELST 

28 90/10 42.5 35.5 8.0 14.0 9.0 22 14 
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Blend FLY 
No. SULF/YBGSP CEIGFIT ASH IRPC ATTAG MIXRaT VISC GELST _._I.. __-. 

4 
v5 
v5 

8 
6 

V 7  
v5 
v4 
V7 
v4 

1 
5 

V2 
7 

40 
9 
6 
3 

v4 
v5 
40 
41 
43 
10 
10 
10 
11 
11 
11 
1 2  
12  
12 
10 
10 
10 
11 
11 
11 
12 
12 
12 
10 
10 
10 
11 
11 
11 
12 
12 

100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
l O O / O  
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 

45.0 
50.0 
50.0 
50.0 
45 .O 
41 .o 
50.0 
50.0 
41 .o 
50.0 
40.0 
45.0 
41 .o 
50.0 
45.0 
50.0 
45 .O 
40.0 
50.0 
50.0 
45.0 
47.5 
47.5 
44.5 
44.5 
44.5 
47.0 
47.0 
47.0 
49.5 
49.5 
49.5 
44.5 
4 4 - 5  
44 * 5 
47.0 
47.0 
47.0 
49.5 
49.5 
49.5 
44,s 
44.5 
44,5  
47.0 
47.0 
47.0 
49.5 
49.5 

33.0 
28.0 
28.0 
28.0 

28.0 

33.0 
37.0 

31 .O 
37.0 
31 .O 
38.0 
33.0 
40.0 

35 .O 
28.0 
33.0 
38.0 
31 .O 

35.0 
32.5 
32-5 
34,5 
34*5 
34,5 
30.0 
30.0 
30.0 
25.5 
25.5 
25.5 
34-5 
34,s  
34.5 
30.0 
30.0 
30.0 
25.5 
25.5 
25.5 
34.5 
34-5 
34.5 
30.0 
30.0 
30.0 
25.5 
25.5 

28.0 

28.0 

6.0 

8.0 

10.0 

8.0 

8.0 

a. o 

a. o 

a. o 
8.0 

a. o 
a. o 

8.0 
6.0 

6.0 
6.0 
0.0 
0.0 
0.0 
a. o 
a. o 
6.0 
0.0 
8.0 
7.0 
7.0 
7.0 
8,O 
8.0 
8.0 
9.0 
9.0 
9.0 
7.0 
7.0 
7.0 

8.0 
8.0 
9.0 
9.0 
9.0 
7.0 
7.0 
7.0 

8.0 
8.0 
9.0 
9.0 

a. o 

a. o 

16 .O 
14.0 
14 .O 
14.0 
12 .o 
14.0 
14.0 
11 .o 
14.0 
11 .o 
16.0 
14.0 
11 .o 
16.0 
0.0 

12.0 
10.0 
12.0 
11 .o 
14.0 
0.0 
0.0 
0.0 

14.0 
14.0 
14 .o 
15.0 
15 .O 
15.0 
16.0 
16.0 
16.0 
14.0 
14 .O 
14 .O 
15.0 
15.0 
15.0 
16.0 
16.0 
16.0 
14.0 
14.0 
14.0 
15.0 
15 .O 
15 .O 
16.0 
16.0 

9.0 
9.0 

9.0 
9.0 
9.0 

8.5 

a. o 
a. 5 
a. 5 
9.0 
9.8 
9.0 

9.0 
9.0 
9.0 
8.0 
9.0 

7.0 
9.0 
9.0 
9.0 
8.0 

9.0 

8.5 
9.0 

8.5 
9.0 
8.0 

9.0 

8.5 
9.0 
8.0 
8.5 
9.0 
8.0 
8" 5 
9.0 

8.5 
9.0 
8.0 

a. 5 

a. o 

a. 5 

8.0 

a. o 

8.5 

8.0 

a. o 

8.5 

31 
38 
29 
30 
27 
27  
23 
22 
15 
28 
31 
29  
20 
35 
17 
27  
19  
25 
19  
15 
18 
16 
18 
20 
24 
31 
23 

35 
24 
30 
40 
19  
23 
29  
21 
26 
2 9  
25 
32 
42 
30 
33 
37 
32 
34 
42 
36 
4 1 

2 8  

5 
17 
14 
1 9  
19  
12 
12 
16 
11 
17 
20 
18 
12 
15 
21 
20 
17 
16 
1 2  

9 
20 
19  
23 
17 
16 
15 
14 

20 
1 7  
20 
21 
16 
20 
22 
16 
20 
23 
20 
22 
28 

9 
13 
26 
23 
23 
22 
18 
31 

i a  
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Blend FLY 
No. SULF/PHOSP CEMENT ASH TRPC ATTAG MIXRAT VISC GELST 

12 
26 
26 

5 
5 

27 
2 7  
27 
28 
28 
28 
2 9  
29 
29 
30 
30 

5 
5 

31 
31 
31 
32 
32 
33 
33 
33 
34 
34 
34 
35 
35 
35 
36 
36 
36 
37 
37 
37 
40 
40 
40 
41 
41 
41  
38 
38 
3 8 
2 8  
28 
28 
39  
3 9  
3 9  

100/0 
100/0 
l O O / O  
100/0 
l O O / O  
100/0 
lO0/0 
100/0 
l00/0 
100/0 
l O O / O  
100/0 
100/0 
100/0 
100/0 
l O O / O  
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
roo/o 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
l O O / O  
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/o 
100/0 

49.5 
43.0 
43.0 
45.0 
45.0 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
45.0 
45 .0 
45 .0 
4.5 . 0 
45.0 
45 .O 
45 .O 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
40.0 
40.0 
40 .O 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
45.0 
45.0 
45.0 
45.0 
45 .O 
45 .00 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 

25.5 
38.0 
38.0 
33 .O 
33.0 
38.5 
38.5 
38.5 
35.5 
35.5 
35.5 
32.5 
32.5 
32.5 
36.0 
36.0 
33.0 
33.0 
30.0 
30.0 
30.0 
33.5 
33.5 
30.5 
30.5 
30.5 
27.5 
27.5 
27.5 
40.0 
40.0 
40.0 
38.0 
38.0 
38.0 
36.0 
36.0 
36.0 
35.0 
35.0 
35.0 
31 .O 
31 .O 
31 .o 
37.5 
37.5 
37.5 
35.5 
35.5 
35.5 
33.5 
33.5 
33.5 

9.0 
8.0 
8.0 
8.0 
8.0 
7.0 
7.0 
7.0 
a. 0 
8,0 
8.0 
9.0 
9.0 
9.0 
7.0 
7.0 
8.0 
8.0 
9.0 
9.0 
9.0 
7.0 
7.0 
8.0 
8.0 
8.0 
9.0 
9-0 
9.0 
7.0 
7.0 
7.0 
8 , O  
8.0 
8.0 
9.0 
9.0 
9,0 
7.0 
7.0 
7.0 
9.0 
9.0 
9.0 
7.0 
7.0 
7.0 
8.0 
8.0 
8.0 
9.0 
9.0 
9.0 

16.0 
11 .o 
11 .0 
14.0 
14.0 
12 .o 
12.0 
12.0 
14 .0 
14.0 
14 .O 
16.0 
16.0 
16 .0 
12.0 
12.0 
14 .O 
14.0 
16 .o 
16 .o 
16.0 
12.0 
12 .o 
14.0 
14.0 
14 -0 
16 " 0  
16.0 
16.0 
1.3 .0 
13 .O 
13.0 
14 .0 
14.0 
14.0 
15 .O 
15 .O 
15.0 
13.0 
13.0 
13 -0 
15.0 
15 " 0  
15.0 
13.0 
13.0 
13 .o 
14 .0 
54.0 
14 .O 
15.0 
15.0 
ls.o 

9.0 
8.0 
9.0 
8.0 
9.0 
8.0 
8.5 
9.0 
8.0 
8.5 
9.0 
8.0 
8.5 
9.0 
8.5 
9.0 
8.5 
9.0 
8.0 
8.5 
9.0 
8.5 
9.0 
8.0 
8.5 
9.0 
8.0 
8.5 
9.0 
8.0 
8.5 
9.0 
8.0 
8.5 
9.0 

8.5 
9.0 
8.0 
8.5 
9.0 
8.0 
8.5 
9.0 

8.5 
9.0 
8.0 
8.5 
9.0 
8.0 
8.5 
9.0 

19 

a. 11 

46 
15 
21 
18 
2 %  
14 
18 
22 
1 7  
21 
26 
20 
25 
33 
16 
20 
22 
27 
20 
26 
33 
19  
22 
18 
22 
28 
20 
25 
32 
15 
19  
23 
19 
22 
27 
16 
24 
31 
16 
19  
24 
20 
24 
30 
17 
21 
26 
18 
23 
2 9  
1 9  
24 
31 

31 
20 
27  
24 
33 
20 
25 
31 
20 
25 
26 
25 
27 
32 
24 
32 
26 
29 
17 
18 
22 
15 
18 
17 
19 
22 
18 
20 
33 
Id  
19 
23 
11 
21 
25 

18 
23 
15 
18 
23 
15 
22 
27 
16 
20 
22 
24 
32 
43 
22 
26 
33 
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APPENDIX B 

EFFECTS OF M I X  RATIO ON GROUT PROPERTIES USING TYPE 1911 CEMENT 

T h i s  appendix c o n t a i n s  plots of var ious  responses  vs mix r a t l o  u s i n g  

Type 1,II cement and the  r e fe rence  formula for 50/50 sulfate/phssphate 

HFW. The tendency is that an increase in mix s a t l o  resi-ilts i n  an I n c r e a s e  

i n  c r i t l c a l  f l o w  rate and 10-min gel  s t r e n g t h .  There is IIQ discernible 

p a t t e r n  as t o  t he  e f f e c t s  of mix r a t i o  on eompressive s t r e n g t h  or 

d r a i n a b l e  water. 



BLEND V 1  
100% SULFATE 

18 MIN GEL STRENGTH (lb/100ftA2) 
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APPENDIX C 

EFFECTS OF MIX RATIO ON GROUT PROPERTIES FOR 100% SULFATE 
WASTE USING TYPE I11 CEMENT 

T h i s  appendix c o n t a i n s  p l o t s  of va r ious  responses  as a f u n c t i o n  of 

mix r a t i o  f o r  v a r i o u s  blends used dur ing  t h e  i n i t i a l  e x p l o r a t o r y  study. 

The fo l lowing  gene ra l  t r e n d s  were n o t i c e d  as a r e s u l t  of i n c r e a s i n g  t h e  

mix r a t i o :  

1 .  d r a i n a b l e  water - dec reases  

2. cr i t ical  f low rate - i n c r e a s e s  

3 ,  compressive s t r e n g t h  - i n c r e a s e s  

4 .  10-min gel s t r e n g t h  - i n c r e a s e s  

A l l  of t h e  blends r ep resen ted  i n  t h i s  appendix were prepared  u s i n g  

type  111 Por t l and  cement. 
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183 

APPENDIX D 

EFFECTS OF M I X  RATIO ON GROUT PROPERTIES FOR NCRW WFERENCE BLEND 

This  appendix con ta ins  p l o t s  of va r ious  responses  as a f u n c t i o n  of 

mix r a t i o  fo r  g r o u t s  prepared wi th  v a r i a t i o n s  of t h e  NCRW r e f e r e n c e  blend. 

Only those  g r o u t s  prepared at  a mix r a t i o  of 9 Ib/gal passed performance 

cri teria.  Even a t  t h i s  mix r a t i o ,  t h e  d r a i n a b l e  water w a s  c o n s i s t e n t l y  i n  

t h e  range of 2.5 vol  %. These experiments  were performed t o  determine t h e  

f e a s i b i l i t y  of u t i l i z i n g  t h e  NCRW r e fe rence  blend f o r  d i s p o s a l  of 100% 

s u l f a t e  waste. A s  wi th  t h e  50l50 s u l f a t e l p h o s p h a t e  HFW r e f e r e n c e  blend,  

s e v e r a l  mod i f i ca t ions  i n  the  formula are needed i n  o r d e r  eo make 

accep tab le  g rou t s .  
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APPENDIX E 

EFFECT OF BLEND COMPOSITION QN GROUT PROPERTIES FOR 
50/50 AND 25/75 SUEFATE/BHQSPHATE WASTE 

T h i s  appendix con ta ins  p l o t s  of the  e f f e c t s  of blend composi t ion on 

v a r i o u s  responses. 

sulfaeelphosphate waste c o n c e n t r a t i o n s  are p resen ted .  

Only accep tab le  g r o u t s  fop. 50 /50  and 25/75 
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APPENDIX F 

EFFECT OF BLEND COMPOSITION ON GROUT PROPERTIES FOR 
100 AND 75/25 SULFATE/PHOSPHATE WASTE 

This  appendix con ta ins  p l o t s  of t h e  e f f e c t s  of blend composi t ion on 

v a r i o u s  responses  f o r  g rou t s  produced us ing  100% s u l f a t e  and 75/25 

s u l f a t e / p h o s p h a t e  HFW. Only unacceptab le  g r o u t s  are p resen ted  because 

accep tab le  g rou t s  were d iscussed  i n  t h e  main body of t h i s  r e p o r t .  

However, i t  should be noted t h a t  t h e  same genera l  t r e n d s  are ev iden t  as 

d i scussed  i n  t h e  main r e p o r t  body. 
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EFFECTS OF BLEND COMPOSITION ON DM'ENABLE wArm 

T h i s  appendix c o n t a i n s  p l o t s  of t h e  e f f e c t s  of blend composition on 

d r a i n a b l e  water, The p l o t s  r e p r e s e n t  a l l  grou t s  prepared u s i n g  each of 

t h e  f o u r  waste c o n c e n t r a t i o n s  studied.  Since  the most d i l ' f i c u l t  c r i t e r l a  

was t h e  d r a i n a b l e  water, it is  important t o  s tudy t h e  e f f e c t  of each b l m d  

component on t h e  amount of draitnable water. The d ra inab le  water response 

i s  d i f f i c u l t  t o  handle because some of t h e  components have va r ious  e f f e c t s  

a t  d i f f e r e n t  waste concentrat ioi is .  These e f f e c t s  are c u r r e n t l y  under 

i n v e s t i g a t i o n  and w i l l  be inc luded  i n  a l a te r  r e p o r t .  



1
1

7
 

Z
 

Q
 

f- 
H

 

w
 

0.- 
E

 
a
 
0
 

7
 

w
 

_
I 

oa 
In
, 
0
 

t- 

In
, 

L
L

 
w

 

n
 

E
 

W
 

t- 9
 

3
 

W
 

_
I 

6
 

7
 

4
 

E
 
0
 

7
 

Q
 

m
 

H
 

0
 

a 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 0

 
0

 

0
 

0
0

 

0
 

0
 0
 

0
 

8 0
 

a 
e 

e 
e e a 

m 

: I'. 
a e g; e 1

 
m

 
m
 

N
 

d
 

Q
 



118 

Q
 

0
 

6
 

0
 

0
 

8 3 

l 

0
 

a 
ea 

0
 



119 

0
 

0
 

0
 

0
 

Ln 
P

 
d

 
0

 



1
2

0
 

I 
I 

I 
I 

I 
1 

-
_
1
 



1
2

1
 

0
 

W
 

x
 

L
 

0
 

LL 
Ln 

w
 

t- 
z
 

w
 

I, 
W

 
0
 

J
 

w
 

L3 
a
 

u
 

a
 

0
 

0
 

0
 0
 

0
 

In 
9
 

m
 

(te6
/sr) 

NOIiISOdW03 
CIN318 



1
2

2
 

-
 

I I 
I I 

I I 
I I 
-
 



1
2

3
 

-I 
I- 

W
 

z
 

C) 
W

 
6
 

E
 

t- 
W

 
t- 

c1 
Q

 
0

 
e 

(Ie6/qT) 
NOIlISOdW03 

O
N

318 



1
2

4
 

0
 

z
 

w
 

_
1
 

a4 

b
- 
o
 

w
 

L1. 
LL 
l4-J 

w
 

I- <
 

K
 

3
 

0
 

_
I 

LL 

_
1
 
6
.
 

c3 
H

 
t- 
k-I 
ac 
u
 
z
 

8
 

a
 

W
 

E
 

\
 

W
 

I- a: 
1E 

I- b-4 
a
 

u
 

0
 

cu 



1
2

5
 

... . 

o
b
 

0
 

0
 0
 

0
 

t 
1 

I I 
I I 

m
 

P
 

m 
cu 

d
 

0
 



1
2

6
 

a
 
z
 

w
 

J
 

m
 

LL 
Q

 

t
-
 

u
 

LLI 
LL 
LL 
w

 

>- 
I- n

 
>

 



127 

'7
 

Q
 
"
I
 

+
I
-
 

"
C

3
W

 
*

Z
t

-
 

O
w

en 
n

E
Q

 
=

t
-
3

 

W
 

Q
u

3
 

0
 

E
 
8
.
 

LL 
O

O
O

 

LL 
W

 

0
 

m 

0
 

0
 

0
 

Q
 

I I 
I 

I 
t 

0
 

m Ln 
cu 0
 

N
 

m
 

d
 

0
 

d
 

m
 

0
 



1
2

8
 

LL 
W

 

0
 

Q
 

6
 

8
8

 

8
 

0
 0
 

0
 



129 

0
 

0
 

0
 

0
 

0
0

 0
 

O
Q

 

0
 

0
 

0
0

 

0
 

I 
I 

I I 
I I 

lo
 

Ln 
v
 

m 
cu 

*-JI 
0

 



1.30 

0
 

0
 

Q
 6
 8

 

B
 

0
 

0
 

lJ-3 
P

 
=
A
 

a
 



1
3

1
 

u
/
 

W
Q

X
 

Is
 

Ln 
LL 

I'- 
w

 

0
 

0
 

0
 

1 0
 

0
 

0
 

0
 

0
 

0
 

a, 

0
 

L
-
1

 
Ln 

-3 
m

 
N
 

r
l
 

Q
 



1
3

2
 



1
3

3
 

7
 

0
 

u
 

H
 

I-- 
I- 

4
 

H
 
1
 

m
 

u. 
0

 
t3-l 

6
 

=
L

L
 

0
 
-5

 

W
 

x
 

LL 
rn 

LL 
r- 

W
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 0
 

0
 

0
0

 

0
 

0
 

0
 

0
 

---t--------t 
1 1 

1 

v
 

n
 

car 
d

 
0
 

0
 

co 

0
 

r-. 

0
 

u
) 

0
 

111 
h

 

a
 

u
 

v
 

>
 

0
 

I- 
P

 
H

 

0
 

tu 0
 

d
 

8
 



134 

0
 

b%o 
P

 
m

 
p

.B
 



135 

APPENDIX H 

RESULTS OF T-TEST 

This  appendix con ta ins  s e v e r a l  items. A p l o t  of shea r  stress vs 

shear rate shows t h e  e f f e c t  of i n c r e a s i n g  mix r a t i o .  Also inc luded  i s  a 

t a b l e  of t h e  r e s u l t s  of t h e  t-test performed on d a t a  for a c c e p t a b l e  

g rou t s .  This  in format ion  will be u s e f u l  when p lanning  f u t u r e  formula t ion  

work and is inc luded  f o r  in format ion  purposes  only.  



1
3

6
 



RESULTS O F  T-TEST+ FOR ACCEPTA5LE GROUT 

CEMENT 
FLY ASH 
ATTAP U LG I TE 
IRPC 
MIX RATIO 

SULFATE/PHOSPHATE CONCENTRATION 
100 75/25 50/50 2 5 / 7 5  

46.O-k-3.4 47 .O + - 24.3 45.04- -0.0 45.2+- 2.6 
32.7+-3.4 3 1  .O+--24.3 33.04-0.0 31.8+--3.7 
13.!3+- 1.4 7 4.7+-5.4 14.7-C-5.4 13.5+--3 .o 
7.9+-0.8 7.3+-5.4 7.34-5.4 a.5+-0.9 

7.74-2.7 8.0+-0.5 8.8-t-0.3 9.o-k-0.0 

GEL STRENGTH 
DWIiNABLE WATER 
COMPRESSIVE STRENGTH 
CRITICAL FLOW RATE 
FRICTIONAL PRES. DROP 

14,0+-.L!!i 15.7+-7.2 18.3C-28.6 24.6+-6.7 
f .5+--0.9 1.7+---8.8 1.7-t-6.9 0.5-t--0.5 
51 3+-123 565+- 1236 530+-320 599+- 109 
42+-4 41 +--55 5O-t-64 444.--8 
3.6+-0.6 3.5-k-7.3 4.8+-9.7 4.7+-1.1 

* 99% CONFIDENCE INTERVAL 
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APPENDIX I 

RESULTS FROM EXPERIMENTS PERFORMED TO STUDY THE EFFECTS OF WASTE 
CONCENTRATION ON GROUT PERFORMANCE 

This  appendix con ta ins  the r e s u l t s  from experiments performed to s t u d y  

t h e  e f f e c t s  of waste concent ra t ion  on grout  performance. This  s e r i e s  of 

b lends  w a s  set  up t o  encompass a wide variety of blend compositions. A l l  

d a t a  from the formulat ion s tudy are included i n  t h i s  appendix. 



BLEND# 

4 
v5 
V5 
8 
6 
v7 
V5 
v4 
V7 
V4 
1 
5 
v2 
7 
v5 
v-7 
5 
5 
4 
3 
2 
1 
3 
2 
3 
6 
4 
5 
6 
6 
9 
9 
9 
5 
7 
1 
8 
v4 
V5 
v5 
7 
40 
9 
6 
3 
Q4 
Q5 
v7 
v2 
7 
2 
4 
v2 

SULF/ P m s  

100/0 
1oo/o 
100/0 
100/0 
100/0 
100/0 
1 0 O / O  

1 0 O / O  
100/0 
aoo/o 
1c)o/o 
100/0 
75/25 
75/25 

l Q O / O  

75/25 
50/50 
50/56 

25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 

25/75 

25/75 
25/75 
25/75 

25/75 
25/75 
75/25 

25/75 

50/50 

25/75 

25/75 

25/75 

2 5/7 5 

100/0 
100/0 
1oo/o 

100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
aoo/o 
100/0 
1oo/o 

1 O O / Q  

CEMENT 

45.0 
50.0 
50.0 
50.0 
45.0 
41.0 
50.0 
50.0 
41.0 
50.0 
40.0 
45-0 
41.0 
5 0 - 0  
50.0 
41.0 
45.0 
45.0 
45,O 
40.0 
40.0 
40.0 
40.0 
40.0 
48.0 
4 5 , O  
45.0 
45.0 
45.0 
45.0 
50-0 
50.0 
50,Q 
45.0 
50.0 
4 0 . 0  
50.0 
50.0 
50.0 
50.0 
50.0 
45.0 
50.0 
45.0 
40.0 
50.0 
50.0 
41.0 
41.0 
50.0 
40.0 
45.0 
41.0 

1-42 

FLY ASH 

33.0 
28.0 
28.0 
28.0 
33.0 
37.0 
23.0 
31.0 
37.0 
31.0 
38.0 
33.0 
40.0 

28.0 
37.0 
33.0 
33.0 
33.0 

38.0 
38.0 
38.0 
3 8 , Q  
38.0 
33.0 
33.0 
33.0 
33.0 
33.0 
28.0 
28.0 
28.0 
3 3 , o  
28.0 
38.0 
28.0 
31.0 
28.0 
28.0 
28.0 
35.0 
28.0 
33.0 
38.0 
31.0 
28.0 
37.0 
40.0 
28.0 
38.0 
33.0 
40.0 

28.0 

38.0 

IRPC 

5.0 
8.0 
8.0 
8.0 

10,o 
8.0 
8.0 
3.0 
8.0 

6.0 
8.0 
8 - 0  
6.0 
8 - 0  
8.0 
8.0 
8.0 
6.0 
10.0 
8.0 
6.0 

10.0 
8.0 
10.0 
10,o 
6.0 
8.0 
10.0 
10.0 
10,o 
10.0 
10.0 

6.0 
6.0 
8 , O  
8.0 
8.0 
8.0 
6.0 
6.0 

10.0 
10.0 
10.0 
8.0 
8.0 
8,O 
8.0 
6.0 
8.0 
6.0 
8.0 

a , o  

a,o 

ATTAG 

15.0 
14*0 
14.0 
14.0 
12 0 0 
14.0 
14.0 
11.0 
14,O 
1 k " O  
16.0 
14 ,o  
11.0 
16.0 
14.0 
14.0 
14 0 
14.0 
16.0 
12.0 
14.0 
16.0 
12.0 
14,O 
12.0 
12.0 
16.0 
14.0 
12.0 
12.0 
12.0 
12.0 
12.0 
14.0 
16.0 
16.0 
14*0 
11.0 
14.0 
14 6 
16.0 
0.0 

12-0 
10.0 
12.0 
11.0 
14.0 
1 4  m 0 
11.0 
16.0 
14-Q 
16-0 
1.1. 0 

MIXRAT 

9.0 
9.0 
8.5 
9.0 

9.Q 
8.0 
8.5 
8.5 
9.0 
9.0 
9.0 
8.5 
9.0 
9.0 
9.0 
7.0 
8.0 
8.0 
7.0 
9 . 0  
8.0 
9.0 
8.0 
8.0 
7.0 
8.0 
8.0 
9.0 
8.0 
9.0 
7.0 
8.0 
7.0 
8.0 
7.0 
8.0 
9.0 
9.0 
8.5 
9.0 
9.0 
9.0 
8.0 
9.0 
8.0 
7.0 
8.0 
8.0 
8.0 
9.0 
8.0 
7.5 

9.0 

V I S C  

3s 
38 
29 
30 
27 
27 
23 
22 
15 
28 
31 
29 
20 
42 
22 
20 
20 
40 
49 
18 
19 
51 
50 
37 
27 
15 
41 
42 
53 

52 
18 
29 
21 
45 
23 
40 
21 

22 
35 
1 7 
27 
19 
25 
19 
1 5 
17 
18 
22 
26 
19 
15 

2 8  

28 

GEEST 

5 
17 
14 
19 
19 
12 
12 
16 
11 
17 
20 
18 
12 
16 
17 
14 
13 
17 
25 
11 
23 
52 
40 
36 
23 
23 
32 
32 
20 
24 
39 
11 
24 
23 
17 
31 
19 
13 
12 
12 
15 
21 
20 
17 
16 
12 
9 
9 
10 
14 
12 
4 
8 
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41 
1 
9 
v4 
8 
3 
5 
9 
2 
40 
Q3 
8 
v3 
1 
4 
6 
v2 
vFj 

v7 
V8 
2 
7 
v3 
41 
3 
v1 
40 
v1 
V6 
5 
V8 
41 
v3 
V1 
V8 
v1 
V6 
V6 
V8 
1 
4 
v5 
5 
v7 
2 
v5 
4 
9 
1 
v7 
8 
5 
3 
2 
6 
7 

1 
a 

100/0 
100/0 
100/0 
100/0 
1 0 O / O  
100/0 
100/0 
1oo /o  
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
1oo/o 
100/0 
roo/o 
100/0 
l O O / O  
100/0 
100/0 
100/0 
l00/0 
100/0 
100/0 
100/0 
100/0 
10o/o 
100/0 
100/0 
100/0 
100/0 
100/0 
100/0 
75/25 
75/25 
75/25 
75/25 
75/25 
75/25 

75/25 
75/25 
75/25 
75/25 
75/25 
75/25 

75/25 
75/25 
7 5/2 5 
75/25 
75/25 

75/25 

75/25 

47.5 
40.0 
50.0 
50.0 
50.0 
40.0 
45.0 
50.0 
40.0 
45.0 
50.0 
50.0 
50.0 
40.0 
45.0 
45.0 
41.0 
50.0 
41.0 
40.0 
40.0 
50.0 
50.0 
47.5 
40.0 
41.0 
45.0 
41.0 
50.0 
45.0 
40.0 
47.5 
50.0 
41.0 
40.0 
41.0 
50.0 
50.0 
40.0 
40.0 
45.0 
50.0 
45.0 
41.0 
40.0 
50.0 
45.0 
50.0 
40.0 
41.0 
50.0 
45.0 
40.0 
40.0 
45.0 
50.0 
50.0 
40.0 

32.5 
38.0 
28.0 
31.0 
28.0 
38.0 
33.0 
28.0 
38.0 
35.0 
31.0 
28.0 
31.0 
38.0 
33.0 
33.0 
40.0 
42.0 
37.0 
52.0 
38.0 
28.0 
31.0 
32.5 
38.0 
40.0 
35.0 
40.0 
42.0 
33.0 
52.0 
32.5 
31.0 
40.0 
52.0 
40.0 
42.0 
42.0 
52.0 
38.0 
33.0 
28.0 
33.0 
37.0 
38.0 
28.0 
33.0 
28.0 
38.0 
37.0 
28.0 
33.0 
38.0 
38.0 
33.0 
28.0 
28.0 
38.0 

10.0 
6.0 
10.0 
8.0 
8.0 
10.0 
8.0 
10.0 
8.0 
6.0 
8.0 
8.0 
8.0 
6.0 
6.0 

10.0 
8.0 
8.0 
8.0 
8.0 
8.0 
6.0 
8.0 

10.0 
10.0 
8.0 
6.0 
8.0 
8.0 
8.0 
8.0 
10.0 
8.0 
8.0 
8.0 
8 . 0  
8.0 
8.0 
8.0 
6.0 
6.0 
8.0 
8.0 
8.0 
8.0 
8.0 
6.0 
10.0 
6.0 
8.0 
8.0 
8.0 
10.0 
8.0 
10.0 
6.0 
8.0 
6.0 

0.0 
16.0 
12.0 
11.0 
14.0 
12.0 
14.0 
12.0 
14.0 
0.0 

11.0 
14.0 
11.0 
16.0 
16.0 
12.0 
11.0 
0.0 

14.0 
0.0 
14.0 
16.0 
11.0 
0.0 

12.0 
11.0 
0.0 
11.0 
0.0 

14.0 
0.0 
0.0 

11.0 
11.0 
0.0 

11,o 
0.0 
0.0 
0.0 
16.0 
16.0 
14.0 
14.0 
14.0 
14.0 
14.0 
16.0 
12.0 
16.0 
14.0 
14.0 
14.0 
12.0 
14.0 
12.0 
16.0 
14.0 
16.0 

9.a 

7.a 
8.0 

8.0 

8.0 

8.0 
8.0 

8.0 

7.0 
8.0 

9.0 
7.0 
8.5 
7.0 
7.0 
7.0 
7.0 
9.0 
7.0 
9.0 
7.0 
7.Q 
8.0 
7.0 
7.0 
8.5 
7.0 

8.0 
7.0 
8 - 0  
8.0 
7.0 
7.0 
7.0 
7.5 
7.0 
6.0 
6.0 
9.0 
9.0 
8.5 
9.0 
8.5 
9.0 
8.0 
8.0 
9.0 
8.0 
8.0 
9.0 
8-0 
9.0 
8.0 
9.0 
8.0 
8.0 
7.0 

8 . 0  

18 
22 
17 
13 
19 
16 
19 
13 
18 
13 
19 
14 
16 
12 
11 
10 
12 
13 
12 
11 
11 
13 
13 
10 
12 
15 
10 
13 
10 
13 
9 

12 
10 
9 
6 

11 
9 
7 
6 
70 
56 
19 
58 
16 
44 
16 
32 
33 
39 
13 
35 
34 
35 
29 
36 
24 
24 
22 

26 
15 
15 
10 
16 
13 
13 
12 
14 
17 
10 
11 
9 
12 
9 
10 

8 
12 
7 
10 
10 
12 

13 
11 
8 

12 
6 

11 
10 
7 

12 
4 
2 
3 
3 
7 
4 
2 

17 
15 
14 
12 
11 
14 
11 
9 
11 
12 
9 
5 

10 
11 
7 
12 
11 
8 
8 

a 
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3 
V5 
v7 
9 
4 
2 
5 
6 
7 
3 
8 
6 
9 
1 
1 
2 
5 
4 
7 
1 
2 
7 
8 
3 
4 
6 
3 
9 
2 
8 
3 
9 
6 
9 
7 
8 
6 
1 
2 
4 
5 
8 
7 
v7 
v4 
v2 
8 
v2 
v4 
v4 
v7 
v5 
v2 
v4 
V2 
v7 
v2 
7 

75/25 
75/25 
35/25 

75/25 
95/25 
75/25 
75/25 
75/25 
75/25 
75/25 

75/25 
5 0 / 5 0  
50/50 
50/50 
5 0 / 5 0  
58/50 
50/50 
50/50 
5'0/50 
50/50 
50/50 
50/50 
50/5Q 
50/50 
5 0 / 5 0  
50/50 
50/50 
50/50 

5 0 / 5 0  
50/50 
5 0 / 5 0  
50/50 
50/50 
50/50 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
75/25 
25/75 
25/75 
25/75 
75/25 
25/75 
25/75 
25/75 
75/25 
25/75 

75/25 

75/25 

50/50 

40.0 
50.0 
41.0 
50.0 
45.0 
40.0 
45.0 
45.0 
50.0 
40.0 
50.0 
45.0 
50*0 
40,O 
40.0 
40.0 
45.0 
45.0 
50.Q 
40.0 
40.0 
50.0 
50.0 
40.0 
4 5 - 0  
45-0 
40.0 
50.0 
4 0 . 0  
5 O " O  
40.0 
50.0 
45.0 
50.0 
50,O 
50.0 
45.0 
40.0 
40.0 
4 5 . 0  
4 5 . 0  
50.0 
5 0 . 0  
41.0 
50.0 
4 b , Q  
50,o 
4 1 . 8  
5 0 , o  
50.0 
41.0 
50.0 
41.0 
50.0 
41.0 
41*0 
41.0 
50.0 

38.0 
28.0 
37.0 
28.0 
33.0 
38,O 
33.0 
33.0 
28"O 

28.0 
33"0 
28.0 
38.0 
38.0 
38,O 
33.0 
33.0 
28.0 
38.0 
38.0 
28.0 
28.0 
38.0 
33.0 
33.0 
38.0 
28.0 
38.0 
28.0 
38.0 
28,O 
33.0 
28.0 
28.0 

33.0 
38.0 
38.0 
33-0 
33.0 
28.0 
28.0 
37.0 
31.0 
40.0 
28.0 
40.0 
31.0 
31.0 
37.0 
28.Q 
40.0 
31.0 
40.0 
37.0 
40.0 
28.0 

38.0 

28.0 

10.0 
8.0 
8.0 
18.0 
6 - 0  
8.0 
8.0 
10.0 
6.0 

10-8 
8.0 
10.0 
10.0 
6.0 
6.0 
8,O 
8.0 
6.0 
6.0 
6.9 
8.0 
6.0 
8.0 

10.0 
6.0 
10.0 
10.0 
10.0 
8.0 
8.0 
10.0 
10.0 
10.0 
10.0 
6.0 
8.0 

10.0 
6,O 
8.0 
6.0 
8.0 
8.0 
6.0 
8.0 
8.0 
8.0 
8.0 
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100/0 
90/10 

65/35 
65/35 

65/35 

90/10 
85/15 
85/15 
80/20 
80/20 
65/35 
65/35 
65/35 
100/0 
100/0 
100/0 
65/35 

65/35 
aoo/o 

65/35 

4'7.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47,s 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
4 7 . 5  
47.5 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40,O 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
45.0 
45-0 
45.0 
45.0 
45-0 
45.0 
42.5 
42-5 
42.5 
4 2 , 5  
42.5 
42.5 
45,o 
45.0 
45,O 
45.0 
45 I O  

45.0 
42.5 
42.5 
4 2 . 5  
42.5 

33.5 
33.5 
33.5 
33.5 
33.5 
33.5 
30.5 
3 0 , s  
30.5 
30.5 
30 , s  
30.5 
27.5 
27.5 
27.5 
27.5 
2 7 . 5  
27.5 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
38.0 
38.0 
38.Q 
38.0 
38.0 
38,9 
36.0 
36.0 
36.0 
36.0 
36.0 
36.0 
35.0 
35.5 
35* 0 
35.0 
35.0 
35,6 
33.5 
35.5 
35.5 
35.5 
35.5 
35"5 
31.0 
31.0 
31.0 
31.0 
31.0 
31"Q 
37.5 
37.5 
37.5 
37.5 

7.0 12.6 
7.0 12.0 
7.0 12.0 
7.0 12.0 
7.0 12.0 
7.0 12.0 
8.0 14.0 
8.0 14.0 
8.0 14.0 
8.0 14.0 
8.0 14.0 
8.0 14,O 
9.0 16.0 
9.0 16.0 
9.0 16.0 
9.0 16.0 
9.0 16.0 
9.0 15.0 
7 .0  13.0 
7.0 13.0 
7.0 13.0 
7.0 13.0 
"9.0 13.0 
7.0 13.0 
8.0 14.0 
8.0 14.0 
8.0 '14-0 
8.0 14.0 
8.0 14.0 
8.0 14.0 
9.0 15.0 
9.0 15.0 
9.0 15.0 
9.0 15.0 
9.0 15.0 
9.0 15.0 
7.0 13.0 
7.0 13.0 
9 . 0  13.0 
7.0 13.0 
7.0 13.0 
7.0 13.0 
8.0 14.0 
8.0 14.0 
8.0 14.0 
8.0 14.0 
8.0 14*0 
8.9 14-0 
9.0 15.0 
9.0 15.0 
9.0 15.0 
9.0 15.0 
9.0 15.0 
9.0 15.0 
7.0 13.0 
7.0 13.0 
7.0 13.0 
9 . 0  13.0 

8.0 19 
8.5 25 
9.0 30 
8.0 16 
8.5 19 
9.0 22 
8.0 24 
8 * 5  34 
9.0 47 
8.0 18 
8.5 22 
9.0 2% 
8 . 0  32 
8.5 43 
9.0 61 
8.0 20 
8.5 25 
9.0 32 
8 . 0  23 
8.5 29 
9.0 38 
8.0 15 
8.5 19 
9.0 23 
8.0 28 
8.5 37 
9.0 56 
8.0 19 
8.5 22 
9 . 0  27 
8.0 31 
8.5 40 
9.0 61 
8.0 19 
8.5 24 
9.0 31 
8.0 23 
8.5 29 
9.0 39 
8.0 1 6  
8.5 19 
9.0 24 
8.0 18 
9.0 22 
8.0 19 
9.0 24 
8.0 23 
9.0 28 
8.0 31 
8.5 42 
9.0 57 
8.0 20 
%.5 24 
9.0 30 
8.0 23 
8.5 33 
9.0 49 
8.0 17 

8 
9 
9 
14 
15 
18 

9 
10 
11 
17 
19 
22 
9 
11 
13 
18 
20 
23 
7 
10 
12 
16 
19 
23 
11 
12 
15 
11 
21 
25 
13 
12 
15 
16 
18 
23 
10 
10 
11 
15 
18 
23 
13 
14 
11 
13 
9 

11 
10 
12 
15 
15 
22 
27 
11 
13 
14 
16 



1.43 

38 100/0 
38 100/0 
2 8  65/35 
28 65/35 
28 65/35 
28 100/0 
28 100/0 
28 100/0 
39 65/35 
39 65/3 5 
39 65/35 
39 aoo/o 
39 100/0 
39 100/0 
23 65/35 
28 65\35 
28 100 % 

Sulfate  
28 100 8 

Sulfate 

42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
4 2 . 5  
42.5 
42.5 
4 2 . 5  
42.5 
42.5 

42.5 

0.0 

37.5 7.0 13.0 
37.5 7.0 13.0 
35.5 8.0 1 4 . 0  
35.5 8 . 0  14.0 
35.5 8.0 14.0 
35.5 8.0 14.0 
35.5 8.0 14.0 
35.5 8.0 14.0 
33.5 9.0 15.0 
33.5 9.0 15.0 
33.5 9.0 15.0 
33.5 9.0 15.0 
33.5 9.0 15.0 
33.5 9.0 15.0 
35.5 8-0 14.0 
35.5 8.0 14.0 
35.5 8.0 14.0 

35.5 8.0 14.0 

0.0 0.0 0.0 

8.5 21 
9.0 26 
8.0 29 
8.5 40 
9 - 0  56 
8.0 18 
8.5 23 
9.0 29 
8.0 32 
8.5 43 
9.0 58 
8.0 19 
8.5 24  
'3.0 31 
8.0 33 
9.0 47 
8.0 19 

9.0 23 

0.0 0 

20 
22 
12 
14 
16 
24 
32 
43 
13 
14 
16 
21 
26 
33 
15 
2 0  
3 1. 

3 4  

0 
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BLEND# DENSITY KINDEX NPRIME PHASE CQMPST REYNUN F r m s  CXTFW HPRES 

4 14.00 0.024 
v5 12.10 0.038 
v5 11.95 0.024 
8 12.16 0,023 
6 12.21 0.022 
v7 12-00 0.013 
V5 11.98 0.016 
v4 11.98 0.017 
v7 11.90 0.010 
v4 12.18 0.025 
1 12.12 0.024 
5 12.13 0.019 
v2 11.85 0.015 
7 12-23 0.021 
v5 12.26 0.011 
v7 12.15 0.008 
5 11.62 0.009 
5 11.92 0.033 
4 11.92 0.043 
3 11.55 0.004 
2 11.65 0.007 
1 11.95 0.051 
3 12-30 0.032 
2 11.90 0.020 
3 11.95 0.009 
6 11.7Q 0.004 
4 11.95 0.028 
5 11.95 0.035 
6 12-32 0.041 
6 12,05 0.011 
9 12.38 0.046 
9 11,76 0.004 
9 12.12 0.814 
5 11.61 0.006 
7 11.93 0.042 
1 11.62 0.011 
8 11.94 0.029 
V4 12.16 0.011 
V5 12.15 0.013 
v5 12-02 0.009 
7 12.18 0.039 
40 12.15 0.007 
9 12.30 0.025 

3 12.18 0.016 
V4 11-82 0.012 
V 5  11.50 0.008 
V7 11,75 0,006 
V2 1b,75 0.010 
7 11.88 0.014 
2 12.17 0.019 
4 16.00 0.012 
v2 11.55 0.006 

6 11.92 0.~12 

0.42 
0.38 
0.41 
0.42 
0.41 
0.49 
0.43 
0.43 
6.45 
0.40 
0.42 
0.45 
0.43 
0.49 
0.49 
0.53 
0.51 
0.41 
0.40 
0.61 
0.54 
0.38 
0.44 
0.48 
0.55 
0.59 
0.44 
0.411 
0.42 
0,53 
0.40 
0.62 
0.50 
0.58 
0.39 
0.50 
0.43 
0.48 
0.50 
0.52 
0.36 
0.52 
0.39 
0.45 
0.44 
0.44 
0.48 
0.55 
0.46 
0.45 
0.43 
8.45 
0.51 

0.0 
0.0 
0,O 
0. Q 
1.3 
1.8 
1.8 
1.8 
2.1 
2.2 
2.4 
2.5 
2.9 
1.6 
1.6 
1.9 
0.0 
2.5 
2.6 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0 * 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.0 
1.1 
1.2 
1.4 
1.7 
2.0 
2 , 3  
1.4 
3.3 
3.5 
4.3 
4.3 
4.5 
4.9 
5.2 
5.3 
5.3 
5.3 
6.5 
6.9 

524 
64 2 
551 
655 
351 
644 
516 
595 
547 
TOES 
182 
403 
352 
620 
798 
278 
467 
603 
522 
3 54  
412 
626 
823 
565 
380 
430 
72% 
602 
9 17 
625 
928 
456 
654 
355 
615 
324 
698 
732 
7 14 
64 6 
478 

653 
287 
3 17 
547 
370 
567 
240 
303 
278 
351 
292 

588 

2500 
1933 
2560 
2583 
2849 
2932 
3249 
3294 
3729 

2356 
2698 
3689 
1894 
3430 
4052 
3613 
1798 
1529 
5144 
4040 
1408 
1639 
2132 
3158 
5061 
1836 
1729 
1458 
2841 
1426 
4859 
2719 
3750 
1598 
3115 
1910 
3900 
2794 
3641 
2044 

2785 
4142 
3180 
4005 

4652 
4383 
3524 
2860 
3990 
54 19 

2658 

4808 

5 0 7 0  

4.0 
5.1 

3.8 
3.5 
3.3 
2.9 
3.0 
2.6 
3.7 
4.2 
3.7 
2.6 
5.3 
2.9 
2.4 
2.6 
5.5 
6.3 
1.8 
2.3 
6.9 
6.1 
4.5 
3.1 
1.9 
5.3 
5.6 
6.9 
3.4 
'7 . 1 
2.0 
3.6 
2.5 
6.1 
3.0 
5.1 
2.5 
3.5 
2.7 
4.8 
2.1 
3"6 
2.3 
3.1 
2.4 
1.8 
2.1 
2.2 
2.7 
3.5 
2.4 
1.7 

3 . 8  

45 2.3 
53 2.8 
44 2.3 
44 3.2 
41 3.2 
40 2.0 
38 2.0 
38 2 . '7 
34 1.8 
43 2.8 
46 3.3 
43 3.0 
35 2.0 
54 2.7 
36 2.8 
32 2.3 
35 2.2 
55 2.8 
6 1  4.2 
26 1 . 8  
32 3.8 
64 8.7 
59 6.7 
50 6.0 
38 3.8 
27 3.8 
55 5.3 
5 6  5.3 
63 3.3 
40 4.0 
64 6.5 
27 1.8 
42 4.0 
33 3.8 
59 2.8 
38 5.2 
53 3.2 
33 2.2 
41 2.0 
34 2.0 
51 2.5 
29 3.5 
42 3.3 
32 2.8 
38 2 . 7 
33 2.0 
28 1.5 
29 1.5 
31 1 . 7 
36 2.3 
41 2.0 
33 1.7 
26 1.3 
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41 
1 
9 
v4 
8 
3 
5 
9 
2 
40 
v3 
8 
v3 
1 
4 
6 
v2 
V6 
v7 
va 
2 
7 
v3 
41 
3 
VI 
40 
v1 
V6 
5 
V8 
41 
V3 
VI 
V8 
V1 
V6 
V6 
V8 
1 
4 
V5 
5 
v7 
2 
v5 
4 
9 
1 
v7 
8 
5 
3 
2 
6 
7 
8 
1 

12.50 
11.80 
11.95 

11.85 

11.86 
11.60 

11.58 

11. a2 

11-86 
1 1 - 8 0  
12.20 
11 - 60 
12 e 02 
11.45 
11.95 
11.56 
11 - 38 
12.17 
11.45 
12.02 
11.50 
11.56 
11.86 
11.50 
11.53 
11.96 
11.48 

11.86 
11.50 
11.75 

11.52 
11.48 
11.35 

11.48 
11.10 
11 e 02 
12.15 
12 10 
12.08 
12.20 
11.92 
12.16 
11.90 
11.80 
12.35 

11-80 
12.15 
11-90 
12 20 
11.86 
12.22 
11.92 
11.95 
11.50 

11.80 

11.82 

11.68 

11. a2 

0.007 
0.011 
0.012 
0.007 
0.011 
0 - 010 
0.009 
0.006 
0.007 
0.006 
0.008 
0 e 006 
0.006 
0.005 
0.004 
0.004 
0.004 
0.007 
0.004 
0.005 
0 "  002 
0.005 
0 e 005 
0.004 
0.003 
0.005 
0.004 
0.003 
0.005 
0.006 
0.003 
0.004 
0.003 
0.003 
0.002 
0.002 
0.003 
0.003 
0.002 
0.043 
0.028 
0.007 
0.040 
0.005 
0 e 022 
0 e 006 
0.015 
0.013 
0.020 
0.004 
0.014 
0 017 
0.013 
0.009 
0.014 
0.009 
0.007 
0.007 

0.53 
0.49 
0.44 
0.49 
0.47 
0.45 
0.50 
0.50 
0.53 
0.50 
0.52 
0.51 
0.53 
0.52 
0.54 
0.53 
0.54 
0.49 
0.57 
0.51 
0.66 
0.53 
0.54 
0.52 
0.58 
0.55 
0.53 
0.59 

0.50 
0.53 
0.55 
0.59 
0.58 
0.61 
0.63 
0.55 
0.48 
0.54 
0.45 
0.49 
0.54 
0.44 
0.57 
0.49 
0.54 
0.50 
0.53 
0.48 
0.57 
0.52 
0.49 
0.53 
0.57 
0.53 
0.54 
8.57 
0.55 

0.48 

7.3 535 
7.5 13 3 
7.5 452 
a.8 386 
8.9 446 
9.1 245 
9.2 335 
9.4 385 
9.4 177 
9.5 4 69 

10.0 701 
10.0 294 
10.3 522 
10.7 114 
10.8 287 
11.2 261 
11.4 2 55 
11.5 937 
11.7 527 
12.2 1097 
12.6 146 
13.4 219 
14.1 345 
14.4 421 
14.4 14 0 
15.1 262 
15.8 347 
16.3 483 
16.8 800 
17*4 224 
18.7 964 
19.1 446 
29.8 305 
20.7 3 55 
24.3 991 
25.8 239 
27.7 59 2 
30.9 447 
32.2 608 
1.9 299 
3.2 588 
3.3 532 
3.9 540 
4.6 271 
5.6 434 
6.5 450 
6.6 4 69 
6.8 707 
7.0 234 
7.5 241 
7.9 634 
9.1 3 82 
9.4 493 
9.8 348 
10.0 591 
11.1 455 
11.9 422 
12.9 160 

4873 
3755 
4126 
5945 
3952 
4674 
4180 
6015 
4623 
5998 
4246 
5661 
5050 
5923 
7130 
6769 
6790 
6137 
6668 
7420 
7373 
5700 
5943 
8944 
7036 
5648 
8016 
6571 
7552 
6327 
9055 
6780 
8295 

11485 
8937 

8180 
8552 

11108 
12721 
1167 
1444 
4326 
1290 
4925 
1752 
5148 
2424 
2598 
2063 
5887 
2450 
2297 
2443 
2878 
2355 
3152 
3643 
3725 

2.1 
2.6 
2.4 
1.6 
2.4 
2.1 
2.3 
1.6 
2 * .I. 
1.6 
2.3 
1.7 
1.9 
1.6 
1.4 
1.4 
1.4 
1.6 
1.4 
1.3 
1.3 
1.6 
1.6 
1.0 
1.3 
1.7 
1.2 
1.5 
1.3 
1.5 
1.1 
1.4 
1.1 
1.0 
0.8 
1.2 
1.1 
0.8 
0.7 
8.5 
6.8 
2.3 
7.7 
2.0 
5.6 
1.9 
4.0 
3.9 
4.7 
1.6 
4.0 
4.2 
4.1 
3.4 
4.2 
3.1 
2 - 7  
2.5 

2a 4 3 
34 2.5 
32 2.5 
25 1.7 
33 2.7 
30 2.2 
32 2.2 
25 2.0 
2 9  2.3 
25 2.8 
31 1.7 
26 1.8 
27 1.5 
25 2.0 
22 1.5 
23 1.7 
22 1.3 
25 2.0 
22 1.2 
21 1.7 
20 1.7 
25 2.0 
25 1.3 
19 2.2 
21 1.8 
25 1.3 
20 2.0 
22 1.0 
22 1.8 
24 1"7 
18 1.2 
22 2.0 
19 0.7 
i a  0.3 
15 0.5 
19 0.5 
19 1.2 
17 0.7 
15 0 , 3  
73 2.8 
64 2.5 
30 2.1 
68 2.0 
28 1.8 
56 2.3 
27 1.8 
45 1.5 
43 1.8 
51 2.0 
24 1.5 
45 0.8 
47 1.7 
45 1.8 
40 1.2 
46 2.0 

34 1.3 
34 1.3 

3 8  3. . a 



1 5 2  

3 11.90 0.006 0 .59  12.9 463 
V 5  11.52 0.004 0.54 13.1 340 
v7 lla46 0.002 0.60 13.5 152 
9 12.00 0.005 0.60 13.5 635 
4 11-00 0.006 0.58 13-6 329 
2 11.52 0.005 0 , 5 7  15.7 225 
5 11-60 0.008 0.52 16.8 323 
5 11.90 0.006 0.60 16,8 5 0 0  
7 11.58 0.005 8.57 17.1 370 
3 ll,46 0.003 0.62 20.9 334 
8 9.55 0,003 0.62 20.9 385 
6 11.56 0.004 0.57 22.6 404 
9 11.65 0.003 0.63 23.1 536 
1 11.90 0.064 0.35 0.0 426 
1 12.22 0.126 0-36 0.0 603 
2 12.23 0.074 0.36 0 - 0  604 
5 12.25 0.111 0.34 0.0 787 
4 12.18 0.102 0.36 0.0 751 
7 12.25 0.097 0.35 0.0 765 
1 11.58 0.014 0.45 3.5 311 
2 11.92 0,022 0.45 4.0 465 
7 11-90 0.028 0.45 4.2 53 1 
8 12.25 0.070 0.38 4.6 672 
3 11.98 0.012 0.52 4.7 432 
4 11.46 0.011 0.51 5.1 438 

3 12.22 0.025) 0.46 7.2 575 
9 12.45 0.027 0.47 8.0 8 13 
2 11.62 0.007 0.53 8.6 378 
8 11.92 0.014 0-51 9.6 59 1 
3 11.56 0.004 0-60 9.7 3 69 
9 12.05 0.011 0.53 12.1 657 
6 12.01 0,014 0.50 12.5 558 
9 11.71 0.004 0-59 14.2 628 
7 11.60 0,008 0.54 14,3 4 68 
8 11.65 0.005 0.58 18.3 476 
6 11.70 0.004 0.61 19.3 444 
1 12.25 0.184 0.31 0.0 785 
2 12.22 0.106 0.32 0 , O  986 
4 12.25 0.115 0.33 0.0 961 
5 12,30 0.138 0.31 0,O 805 
8 12.25 0,094 0.34 0.0 824 
T 12.22 8.114 0.34 0.0 733 
v7 12.10 0,012 0.51 3 , o  340 
V4 12.20 0.008 0.53 3.3 797 
v2 12.10 0.008 0.51 3.9 387 
8 11.62 0.008 0.53 4.0 350 
v2 11.92 0-006 0.53 4.8 332 
V4 12.02 0,807 0.52 5.4 573 
v4 12.05 8.006 6.54 5.6 734 
797 11.85 0.009 0.53 5.9 286) 
v5 11.85 a-007 0.54 6.0 584 
vz 12.12 0.007 0.56 6.6 385 
v4 11.85 0.005 0.56 8 - 0  567 
v2 11.72 0.00.5 0.54 8.3 2 65 
v7 11.77 0.006 0.55 8.6 308 
v2 11.95 0.005 0.57 9.0 388 
7 11.60 0.011 0.51 9.0 510 

6 12.25 0.036 0.44 7.1 710 

4013 
7446 
8308 
4221 
3822 
47913 
4119 
3691 
5185 
6050 

5677 
6306 
1334 
653 
1095 
839 
795 
914 

3140 
2119 
1772 
1057 
2870 
3112 
1487 
1687 
1656 

4 
2441 
5043 
2979 
2706 
4970 
3416 
4246 
4855 
579 
971 
839 

956 
8 19 

2952 
3856 
4251 
3931 
5123 
4894 
4773 
3577 
4394 
3955 
5717 
6008 
4651 
4349 
3210 

4805 

784 

2.4 32 1.5 
1.3 21 1.2 
1.1 19 1.0 
2.3 30 1.3 
2.3 33 1.2 
2.0 28 1.2 
2.3 32 2.2 
2.6 33 1.3 
1.8 27 1.3 
1.5 23 1.0 
1-6 27 1.2 
1.7 2 5  1.0 
1.5 32 1.0 
7.3 66 5.3 
15.2 102 8.3 
9.1 74 5.5 

11.9 87 4.8 
12.5 90 6.5 
10.9 83 3.0 
3.0 38 2.3 
4.6 5 0  1.5 
5,s 56 2.7 
9.4 76 3.3 
3.4 41 2.2 
3 * 0  33 2.2 
6 . ’7 62 3.7 
5.9 58  2.5 
6.1 58 3.8 
2.3 32 1 . 7 
3”9 45 2.2 
1.9 27 1.2 
3.3 39 1.8 
3.6 42 1 . 7 
1.9 27 1.3 
2.8 36 2.3 
2.2 30 1.8 
2,o 27 1.7 

17.2 107 9.3 
10.2 79 7.2 
11.9 87 11.3 
12.8 90 12.2 
ia.4 80 4.8 
12.1 88 5.3 
3.3 40 1.7 
2.6 33 2.3 
2.3 31 1.8 
2.4 33 2.0 
1.9 27 1.5 
2-0 28 1.8 
2.1 28 1.8 
2.7 35 1.7 
2.2 30 1 . ‘7 
2.5 32 1.8 
1.9 25 1.3 
1.6 24 1.3 
2.1 29 1.5 
2.0 27 1.5 
2.9 38 2.0 
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4 
v5 
v4 
v2 
v2 
v7 
v4 
v4 
v2 
40 
41 
43 
40 
43 
41 
41 
40 
43 
10 
10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 
12 
10 
10 
10 
11 
11 
11 
12 
12 
12 
10 
10 
10 
11 
11 
11 
12 
12 
12 
13 
13 
13 
13 

11.65 
11.50 
11.82 
11.75 
11.38 
11.40 
11.52 
11.50 
11.36 
12 06 
12.15 
12 a 15 
11.65 
11.85 
11.85 
11.52 
11.46 
11.47 
11.88 
12.10 
12.18 
11.90 
12 s 02 
12 e 15 
11.88 
12.08 
12.22 
11.90 
12 * 12 
12.20 
12.00 
12.18 
12.32 
11.98 
12.15 
12.21 
11.92 
12 e 04 
12.20 
11.92 
12.05 
12.17 
11.92 
12.12 
12.22 
11.90 
12 e 03 
12.18 
11.90 
12.10 
12.22 
11.92 
12.11 
12 .) 22 
11.92 
12.10 
12.22 
12,37 

0.009 
0.004 
0.005 
0.004 
0.003 
0.003 
0.003 
0.003 
0.003 
0.007 
0.007 
0.008 
0.006 
0.006 
0.005 
0.003 
0.003 
0.004 
0.015 
0.025 
0.037 
0.007 
0.011 
0.015 
0.019 
0 e 028 
0.036 
0.008 
0.029 
0.016 
0.021 
0.028 
0.043 
0.010 
0.017 
0.023 
0.012 
0.016 
0.024 
0.014 
0.021 
0.024 
0.018 
0.029 
0.049 
0.009 
0.020 
0.041 
0.016 
0.022 
0.042 
0.035 
0.040 
0.064 
0.010 
0.016 
0.023 
0.036 

0.53 
0.58 
0.53 
0.58 
0.58 
0.62 
0.56 
0.61 
0.61 
0.53 
0.51 
0.51 
0.49 
0.52 
0.54 
0.55 
0.55 
0.53 
0.42 
0.38 
0.35 
0.58 
0.55 
0.53 
0.41 
0.38 
0.37 
0.56 
0.45 
0.52 
0.40 
0.39 
0.37 
0.55 
0.51 
0.49 
0.46 
0.44 
0.41 
0.45 
0.41 
0 . 4 1  
0.43 
0.39 
0.35 
0.57 
0.46 
0.36 
0.49 
0.45 
0.38 
0.38 
0.38 
0.33 
0.53 
0.51 
0.49 
0.46 

9.2 
10.4 
10.4 
11.3 
12.2 
14.4 
15.5 
16.8 
17.5 
2.3 
2.4 
2.4 
6.9 
8.2 
9.2 
12.4 
15.2 
18.5 
1.7 
1.3 
0.6 

11.8 
12.1 
7.0 
1.5 
0.4 
0.4 

11.9 
0.0 
5.0 
1.7 
1.7 
0.0 
6.6 
4.1 
2.6 
3.4 
0.7 
0.2 
1.8 
1.2 
0.0 
1,4 
0.5 
0.0 
2.9 
1.2 
0.0 
3.9 
0.6 
0.0 
0.0 
0.0 
0.0 

20.0 
4.9 
5.0 
1.2 

479 
4 17 
554 
3 60 
242 
174 
3 14 
528 
192 
420 
458 
390 
288 
303 
374 
332 
273 
2-77 
272  
403 
403 
485 
515 
580 
437 
369 
423 
413 
373 
678 
354 
445 
574 
488 
547 
618 
245 
358 
424 
3 19 
381 
479 
356 
437 
533 
3 12 
387 
4 53 
330 
409 
520 
394 
486 
527 
562 
627 
650 
759 

3606 
6565 
5871 

8200 
6772 
7941 
7812 
7608 
4444 
4632 
4127 
6079 
5694 
6529 
8582 
8537 
7427 
3738 
3013 
2279 
3427 
2606 
2248 
3206 
2600 
2113 
3174 
1728 
2028 
3045 
2429 
1817 
2853 
2109 
1706 
3959 
3243 
2542 
3593 
2853 
2535 
2999 
2305 
1718 
2780 
2331 
1932 
2459 
2247 
1755 
2022 
1775 
1545 
2966 
2262 
1709 
1321 

5783 

2.6 
1.4 
1.6 
1.7 
1.1 
1.4 
1.2 
1.2 
1.2 
2.2 
2.1 
2.4 
1.6 
1.7 
1.5 
1.1 
1.1 
1.3 
2.6 
3.3 
4.4 
2.8 
3.8 
4.4 
3.0 
3.8 
4.7 
3.1 
5.7 
4.9 
3.2 
4.1 
5.5 
3.4 
4.7 

2.5 
3.0 
3.9 
2.7 
3.4 
3.9 
3.2 
4.3 
5.8 
3.5 
4.2 
5.1 
3.9 
4.4 
5.7 

5.6 
6.4 
3.3 
4.4 
5.8 
7.6 

5.8 

4.8 

35 3.3 
22 1.0 
25 1.5 
24 1.3 
19 1.2 
21 1.0 
20 1.2 
19 1.0 
20 0.8 
30 3.3 
29 3.2 

25 2.5 
25 2.7 
23 2.3 
19 1.5 
19 1.5 
21 1.5 

40 2.7 
48 2.5 
35 1.5 
43 1.7 
48 1.7 
38 2.3 
44 3.0 
50 3.3 
38 1.7 
57 4.0 
51 1.7 
40 2.8 
46 3.3 
55 3.5 
41 1.5 
50 1.7 
57 1.8 
33 2.7 
38 3.3 
44 3.7 
35 2.7 
41 3.3 
44 3.8 
40 3.3 
47 3.7 
57 4.7 
41 1.4 
47 2.2 
53 4.3 
45 3.9 
48 3.8 
56 3.6 
51 2.9 
55 5.1 
60 5.2 
40 1.5 
48 2.0 
57 1.8 
68 2.3 

32 3.8 

35 2.8 
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14 
14 
14 
14 
15 
15 
15 
15 
8 
8 
8 
16 
16 
16 
17 
17 
17 
18 
18 
18 
19 
19 
19 
19 
19 
19 
20 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 
22 
23 
23 
23 
24 
24 
24 
25 
25 
25 
26 
26 
26 
26 
26 

11-90 
12 ._ 02 
12 * 09 
12" 28 
11 e 86 
12.02 
12.14 
12 32 
11.99 
12.13 
12.25 
11.98 
12 07 
12.25 
11.88 
12 - 03 
12 I 13 
11.85 
12.10 
12 16 
11.56 
12.00 
12.25 
11 I 65 
11 e 96 
12.26 
11.66 
12" 01 
12.33 
11 65 
11.98 
12.23 
11.50 
11.92 
12.25 
11.58 
11.98 
12.20 
11.60 
12 * 00 
12.30 
11.65 
12.00 
12.30 
11.50 
11.82 
12.15 
11.48 
11.80 
12. 11 
11.54 
11.80 
12.10 
11.42 
11.85 
12.15 
11.62 
11.92 

0.015 
0.021 
0.033 
0.052 
0.019 
Q I 032 
0.042 
0.065 
0.007 
0.010 
0.017 
0.010 
0.017 
0.023 
0.018 
0.028 
0.046 
0.026 
0.044 
0.084 
0.002 
0.003 
0.006 
0.002 
0.005 
0 017 
0.002 
0.004 
0.018 
0.002 
0.003 
0.006 
0.003 
0.004 
0.010 
0.005 
0.016 
0.059 
0.002 
0,004 
0.008 
0.003 
0.010 
0.048 
0.002 
0.003 
0.005 
0.002 
0 - 003 
0.005 
0.002 
0,003 
0.004 
0.002 
0.002 
0.003 
0.002 
0.003 

0,51 
0.49 
0.46 
0.44 
0.49 
0.45 
0.44 
0.42  
0.58 
0>56 
0.53 
0.56 
0.52 
0.51 
0.51 
0.48 
0.45 
0.49 
0.44 
0.40 
0.62 
0.61 
0.58 
0.66 
0.62 
0.50 
0.71 
0.65 
0.50 
0.63 
0.64 
0.58 
0.61 
0.59 
0.53 
0.59 
0.49 
0.38 
0.64 
0.58 
0.55 
0.63 
0.54 
0.40 

0.60 
0.59 
0.62 
0.59 
0.58 
0.64 
0.62 
0.62 
0.67 
0.65 
0.63 
0.69 
0.66 

0.64 

6.8 
5.9 
5.4 
1.2 
5.1 
4.2 
2.5 
0.0 
9.5 
5.7 
2.4 
5.9 
3.9 
2.5 
9.6 
6.9 
2.3 
5.1 
4.1 
0.4 

22.6 
15-2 
10.5 
20.9 
15.3 
8.2 

21,9 
15-5 

8 , 5  
23.1 
18.0 
14.1 
17.3 
12.1 
7.0 

16,0 
8 , O  
1.9 

21.9 
15.3 
12.3 
17.7 
11.5 
5.2 

18.9 
14 2 
7.7 

16.5 
12.8 
8.6 
15.2 
11.6 
7.9 

19.4 
15.7 
9.8 
4.3 
1.1 

326 
449 
530 
567 
287 
372 
4 07 
524 
642 
687 
700 
417 
488 
528 
323 
396 
487 
282 
350 

176 
238 
284 
303 
261 
371 
351 
389 
486 
3 00 
3 69 
490 
185 
223 
249 
2 06 
263 
353 
310 
382 
461 
345 
3 65 
462 
372 
516 
642 
355 
479 
S14 
3 65 
419 
602 

562 
618 
306 
391 

353 

508 

2453 
1891. 
1378 
1004 
2079 
1521 
1226 
925 

3271 
254.7 
1937 
2680 
2950 
1582 
1953 
151.6 
1095 
1543 
1'1.46 
7 8 2 

841Q 
6087 
4159 
6210 
3915 
2233 
659% 
4045 
2162 
833'7 
6327 
4225 
7431 
5230 
3291 
4 7 0 3  
2484 
1215 
7637 
5431 
3526 
5184 
2914 
1394 
8547 
6607 
4953 
8176 
6329 
4775 
8049 
6153 
4573 
8734 
6944 
5512 

4660 
6730 

3.9 
5.2 
7.1 
9.9 
4.6 
6,4 
8.1 

10.8 
3 - 0  
3.9 
5.1 
3.6 
5.0 
6.3 
4 - 9  
6.5 
9.0 
6.3 
8.6 

12.7 
1.1 
1.6 
2.4 
1.5 
2.5 
4.5 
1.4 
2.4 
4.6 
1.1 
1.5 
2.4 
1.3 
1.9 
3.0 
2,o 
3.9 
8.2 
1.2 
1.8 
2.8 
1.8 
3.4 
7.2 
1.1 
1.5 
2.0 
1.1 
1.5 
2.1 
1.2 
1.6 
2.2 
1.1 
1.4 
1.8 
1.4 
2.1 

45 
54 
66 
80 
50 
62 
71 
84 
37 
44 
53 
42 
53 
61 
53 
62 
76 
61 
74 
93 
18 
23 
31 
22 
32 
48 
21 
31 
49 

22 
31 
20 
26 
37 
28 
4 5 
70 
19 
26 
35 
26 
40 
65 
18 
22 
27 
19 
23 

19 
23 
29 
17 
21 
25 
20 
28 

18 

2 8  

1.7 
1.8 
2.2 
5.3 
1.8 
2.2 
2.3 
3.3 
1.5 
1.7 
1.7 
1.8 
1.8 

1.7 
2.3 
2.5 
2.0 
2.3 
3.5 
0.5 
1.0 
1.3 
1.0 
1.5 
2.2 
1.2 
1.5 
2.3 
0.5 
1.0 
1.3 
0.7 
1.0 
1.5 
1.7 
2.0 
3.3 
0.7 
1.0 
1.3 
1.5 
1.8 
2.5 
1.2 
1.8 
1.8 
1.2 
1.5 
2.3 
1.2 
1.5 
1.8 
1.0 
1.3 
1.8 
1.2 
1.3 

1.8 



26 
26 
26 
26 
5 
5 
5 
5 
5 
5 
26 
26 
26 
26 
26 
26 
5 
5 
5 
5 
5 
5 
27 
27 
27 
27 
27 
27 
28 
28 
28 
28 
28 
28 
29 
29 
29 
29 
29 
29 
30 
30 
30 
30 
30 
30 
5 
5 
5 
5 
5 
5 
31 
31 
31 
31 
31 
31 

12.23 
11.60 
11.92 
12.22 
11.63 
11.95 
12.30 
11.50 
11.95 
12.25 
11.60 
11.90 
12.21 
11.50 
11.88 
12.18 
11.60 
11.93 
12.23 
11.55 
11.90 

11.93 
12.11 
12.22 
11.92 
12.10 
12.26 
11.92 
12.11 
12.20 
11.93 
12.11 
12.25 
11.93 
12.10 
12.22 
11.92 
12 * 05 
12.25 
11.95 
12.11 
12.30 
11.94 
12.12 
12.26 
11.95 
12.13 
12.28 
11.97 
12.15 
12.27 
11.92 
12.11 
12.26 
11.99 
12.10 
12.26 

12.28 

0.008 
0.003 
0.006 
0.013 
0 - 002 
0.005 
0.017 
0.005 
0.010 
0.021 
0.001 
0.001 
0.002 
0.001 
0.002 
0.003 
0 * 001 
0.002 
0.004 
0.001 
0 - 003 
0.004 
0.005 
0.007 
0.013 
0.006 
0.007 
0.010 
0.007 
0.011 
0.029 
0.007 
0.012 
0.015 
0.013 
0.029 
0.054 
0.010 
0.013 
0.022 
0.004 
0.005 
0.007 
0.005 
0.007 
0.009 
0.007 
0.011 
0.023 
0.009 
0.013 
0.020 
0.017 
0.037 
0.057 
0.010 
0.015 
0 "  024 

0.58 
0.58 
0.51 
0.46 
0.67 
0.61 
0.51 
0.53 
0.47 
0.43 
0.77 
0.77 
0.76 
0.68 
0.64 
0.64 
0.74 
0.75 
0.71 
0.68 
0.62 
0.61 
0.61 
0.58 
0.53 
0.52 
0.52 
0.51 
0.59 
0.55 
0.46 
0.52 
0.48 
0.46 
0.53 
0.45 
0.42 
0.50 

0.44 
0.64 
0.62 
0.61 
0.55 
0.52 
0.52 

0.55 
0.49 
0.48 
0.46 
0.43 
0.50 
0.45 
0.42 
0.49 
0.47 
0.43 

0.48 

0.58 
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0.0 
5.4 
2.5 
0.4 
5.8 
1.5 
0.5 
7.4 
2.7 
0.0 

22.8 
15.5 
11.9 
16.7 
1.1 I 8 
6.6 

17.7 
13.2 
8.0 
14.7 
10.9 
6.4 
3.3 
0.6 
0.0 
3.2 
0.6 
0.0 
3.2 
0.6 
0.0 
3.3 
2.4 
0.0 
0.2 
0.0 
0.0 
0.6 
0.0 
0.0 
3.1 
1.7 
1.5 
5.1 
2.1 
0.6 
3.5 
1.1 
0.0 
5.2 
1.7 
0.0 
3.7 
1.0 
0.4 
2.3 
0.4 
0.0 

511 
163 
209 
308 

340 
528 
163 
230 
324 

0 
0 
0 

2 19 
298 
252 

0 
0 
0 

2 17 
224 
276 
368 
374 
498 
2 12 
251 
326 
249 
265 
383 
203 
256 
3 10 
152 
221 
376 
161 
216 
285 
298 
478 
511 
354 
353 
376 
2 14 
361 
470 
246 
292 
4 15 
311 
4 54 
544 

336 
425 

288  

278 

2965 

5433 
3636 
5868 
3709 
2089 
6358 
4197 
2740 
8852 
6538 
4465 
11536 
8307 
6128 
7183 
4956 
2987 
10180 

5319 
3901 
3372 
2400 
5516 
4564 
3744 
3243 
2557 
1647 
4720 
3658 
3066 
2474 
1662 
1117 

3146 
2359 
4405 
3533 
301 5 
5877 
4929 
3984 
3310 
2581 
1772 
4381 
3500 
2826 
2174 
1352 

3850 
3012 
23 17 

7845 

7281 

3885 

i o i a  

3.4 
1.2 
1.8 
2.7 
1.6 
2.6 
4.8 
1.5 
2.3 
3.6 
1.1 
1.5 
2.2 

1.2 
1.6 
1.3 
2.0 
3.3 
0.9 
1.3 
1.9 
2.5 
2.9 
4.1 
1.8 
2.2 
2.7 
3.0 
3.9 
6.0 
2.1 
2.7 
3.3 
3.9 
5.9 
8.9 
2.5 
3.1 
4.2 
2.2 
2.8 
3.3 
1.7 
2.0 
2.5 
2.9 
3.8 
5.6 
2.2 
2.8 
3.5 
4.5 
7.3 
9.8 
2.5 
3.3 
4.3 

0 . 8  

39 2.2 
20 2.3 
26 3.3 
35 4.5 
23 1.2 
33 1.5 
50 2.0 
23 2.7 
32 4.0 
42 5.5 
16 0.5 
20 0.5 
27 1.0 
14 1.8 
18 2.3 
23 3.0 
19 1.0 
25 0.8 
38 1.2 
15 2.2 

26 4.8 
32 1.3 
35 1.8 
46 2.2 
26 3.3 
30 4.2 
34 5.2 
37 1.8 
44 2.0 
59 2.5 
29 3.3 
35 4.2 
39 4.3 
45 2.2 
58 2.7 
75 2.3 
33 4.2 
38 4.5 
46 5.3 
29 1.5 
34 1.7 
39 2.0 
25 3.2 
28 4.0 
32 5.3 
36 1.7 
43 2.0 
56 2.3 
31 4.0 
36 4.3 
41 4.8 
49 1.5 
56 2.0 
79 2.3 
34 2.8 
40 3.0 
47 3.7 

20 2 . 8  
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32 
32 
3 2  
3 2  
3 2  
3 2  
33  
3 3  
33 
3 3  
3 3  
3 3  
34  
34 
34 
34  
34 
34 
3 5  
35 
3 5  
35 
3 5  
3 5  
3 6  
3 6  
3 6  
3 6  
3 6  
3 6  
37 
37 
3 7  
3 7  
3 7  
3 7 
4 0  
4 0  
4 0  
4 0  
40  
40  
2 8  
2 8  
2 8  
2 8  
2 8  
2 8  
4 1  
4 1  
4 1  
4 1  
4 1  
4 1  
38 
3 8  
3 8  
38 

1 2 . 0 0  
1 2 . 1 2  
1 2 . 3 5  
1 1 . 9 5  
1 2  e 18 
1 2 . 3 0  
1 2 . 1 0  
1 2  18 
1 2 . 2 9  
11 * 9 9  
1 2 . 1 2  
1 2  " 2 9  
1 2 . 0 0  
1 2 . 1 5  
1 2  30  
1 2 . 0 2  
1 2 . 1 0  
1 2 . 3 0  
1 1 . 9 0  
1 2 . 0 6  
1 2 . 2 1  
1 1 . 9 1  

1 2 . 2 3  
1 1 . 9 0  
1 2 . 0 4  
1 2 . 2 0  
1 1 . 9 0  
1 2 . 1 0  
1 2 . 2 2  
1 1 . 9 1  
1 2 . 1 0  
1 2 . 1 9  
11. 90 
1 2 . 0 0  
1 2 . 2 0  
1 2 . 0 0  
1 2 . 1 5  
1 2 . 2 4  
1 2 . 0 0  
1 2 . 1 0  
1 2 . 2 2  
1 2 . 0 0  
1 2 . 1 2  
1 1 . 9 4  
1 2 . 0 9  
11.. 9 3  
1 2 . 0 9  
1 1 . 9 5  
1 2 . 1 0  
1 2 . 2 6  
1 1 . 9 6  
1 2 . 1 5  
1 2 . 2 6  
1 1 . 9 5  

1 2 . 2 4  
1 1 . 9 3  

1 2 . 0 8  

1 2 . 0 8  

0 . 0 0 4  
0 .007  
0.009 
Q. 007  
0 0 009 
0 . 0 1 2  
0 . 0 0 8  
0 .014  
0 .024  
0 009 
0 . 0 1 2  
0 . 0 1 7  
0 , 0 1 3  
0 . 0 2 0  
0 . 0 3 6  
0 . 0 1 0  
0 . 0 1 6  
0 . 0 2 1  
0 . 0 0 4  
0 .009  
0 . 0 7 7  
0.006 
0 . 0 0 6  
0 . 0 0 9  
0 . 0 1 1  
0 . 0 2 1  
0 , 0 4 6  
0 . 0 0 8  
0 . 0 0 9  
0 . 0 1 3  
0 . 0 1 3  
0 . 0 2 3  
0.05'7 
0 . 0 0 8  
0 * 017. 
0 . 0 1 4  
0 . 0 0 8  
0 . 0 1 3  
0 . 0 2 0  
0.007 
0.0054 
0 . 0 1 2  
0 . 0 0 5  
0 . 0 0 6  
0 . 0 0 6  
0 . 0 0 7  
0 . 0 0 6  
0 . 0 1 1  
0.015 
0 . 0 2 1  
0 . 0 3 5  
0 .009  
0 . 0 1 3  
0 .020  
0.007 
0 . 0 1 7  
0 . 0 3 2  
0 . 0 0 7  

0 . 6 3  
0 . 5 7  
0.5% 
0 . 5 2  
0 . 5 0  
0 .47  
0 . 5 7  
0 . 5 2  
0 . 4 9  
0 . 4 9  
0.48 
0 . 4 5  
0.52 
0 . 5 0  
0 . 4 6  
0 . 4 9  
0 . 4 6  
0 . 4 4  
0 . 6 4  
0 . 5 7  
0 . 5 1  
0 . 5 4  
0.56 
0.53 
0 . 5 3  
0 . 4 7  
0 . 4 1  
0 . 5 2  
0 . 5 3  
0 . 4 9  
0 .51 
0 . 4 7  
0 . 3 9  
0 .51  
0 .50  
0.51 
0.55 
0.51 
0 . 4 9  
0 . 5 0  
0 . 4 9  
0 . 4 9  
0 . 5 8  
0 . 5 8  
0 . 5 6  
0.57 
0 . 6 0  
0 . 5 2  
Q,50 
0 . 4 9  
0 . 4 6  
0 . 5 1  
0 . 4 8  
0 . 4 5  
0 - 5 6  

0 . 4 5  
0.53 

0 . 4 8  

6 . 5  
5.5 
5 .9  
5 .5  
3 . 6  
1 .5  
7 . 2  
5 . 0  
3 . 6  
1 . 7  
1 . 9  
0 . 3  
6 . 8  
4 . 7  

2 . 7  
1 . 6  
0.0 

2 . 6  
1 . 2  
2 . 9  
2 . 4  
0.0  
2 . 6  
1 .6  
0 - 0  
2 . 4  
b * 4  
0 . 0  
2 . 5  
0 . 8  
0 .0  
3.6 
1 .9  
0,3 
5 . 6  
4 . 6  
3 . 5  
4 . 9  
3 . 6  
2 . 0  
6 . 0  
2 . 9  
6 . 6  
5 ,4  
8 . 2  
5 . 0  
3 . 0  
3 . 2  
1 . 4  
2 . 0  
1 . 0  
0 .0  
5 * 9  
4 . 8  
2 . 1  
4 . 8  

2 . 8  

3 , a  

428  
5 2 3  
5 5 0  
2 6 6  
3 18 
3 8 2  
5 7 4  
6 6 6  
6 8 2  
3 8 7  
4 5 5  
5 2  1. 
3 8 7  
5 2 8  
6 1 1  
4 0 5  
346  
4 0 5  
2 9 5  
377  

1 9 1  
2 2 0  
2 6 0  
2 3 6  
302  
357  
1 7 7  
1 8 6  
233  
278 
288  
380 
155 
1 8 9  
2 1 6  
2 9 1  
3 8 0  
480 
2 4 1  
2 6 7  
3 2 9  
1 9  5 
2 1 2  
188 
243 
236  
2 6 9  
444 
404 
535 
2 3 1  
278  
3 5 3  
2 9 1  
3 4 7  

193 

4 2 8  

438  

4498  
3 3 9 9  
2 8 6 9  
4899  
4245  
3 5 5 1  
3416  
2 3 9 1  
1 7 0 8  
4 3 5 6  
3492  
2 8 2 3  
2 5 2 6  
1 8 6 6  
1 2 9 4  
2 4 4 0  
3043  
2 4 4 0  

2907  
2 1 1 6  

4296  
3547  
2869  
2068  
1 3 4 4  
4 0 7 5  
3634  
2933  
2588  
1 9 4 9  
1 2 1 6  
4243  
3 3 4 7  
2 5 7 9  
3634  
2797  
2027 
4 9 5 5  
4114  
3 2 9 7  
4 5 9 3  
3 8 1 6  
4246  
3473  
3662  
2 9 1 0  
2548  
1 8 7 4  
1 3 6 1  
4044 
3 2 5 1  
2564 
3509  
2407  
1 5 8 6  

3 8 0 3  

5 2 8 4  

4839  

2 . 2  
2 . 9  
3 - .5 
2.?0 
2 . 3  
2 . 8  
2.9 
4 . 1  
5 . 9  
2*2 
2 . 8  
3 . 5  
3 . 9  
5 . 3  
7.7 
4 . 1  
3 . 2  
4 . 1  
2 . 6  
3 . 4  
4 - 7  
1.8 
2.3 
2 . 8  
3 , 4  
4 . 7  
7 . 4  
2 . 4  
2 . 7  
3 . 4  
3.7 
5 .1  
8 . 2  
2,3 
2 . 9  
3 .9  
2 . '7 
3 . 5  
4 . 9  
2 . 0  
2 . 4  
3 . 0  
2.1 
2 . 6  
2 . 3  
2 . 8  
2 . 7  
3 . 4  
3 . 8  
5 . 3  
7 . 3  
2 .4  
3 .0  
3 . 9  
2 . 8  
4.1 
6 . 3  
2 . 0  

29  
3 6  
40 

3 1  
3 5  
3 6  
4 6  
5 7  
3 1  
3 6  
4 1  
44 
5 4  
68 
4 5  
3 9  
4 5  
32 
4 0  
5 0  
27  
30  
35 
4 0  
51 
6 6  
3 2  
34 
40  
4 3  
5 3  
7 0  
31 
37 
44 
34 
41 
51 
2 8  
32 
37 
29  
3 3  
31 
3 5  
34 
40  
44 
5 4  
6 6  
32 
37 
4 4  
35 
4 6  
60  
28 

2 8  

1 . 3  
1.5 
1.5 
2 . 3  
2 . 5  
3 . 0  
1 . 5  
1 . 7  
1 .8  
2 . 8  
3 . 2  
3 . 7  
1 . 5  
1 . 8  
2 .2  
3 . 8  
3 . 3  
3 . 8  
1 . 2  
1 . 7  
2 . 0  
2 . 7  
3 . 2  
3 . 8  
1 . 8  
2 . 0  
2 . 5  

3 . 5  
4 . 2  
2 . 2  
2 " 0  
2 . 5  
2 . 7  
3.0 
3 . 8  
1 . 7  
1 . -7 
1 . 8  
2 . 5  
3 . 0  
3,8 
2 . 2  
2 . 3  
1 . 8  
2 . 2  
1 . 5  

1 . 7  
2 .0  
2 . 5  
2 . 5  
3 . 7  
4 . 5  
1 .8  
2 . 2  
2 . 3  
2 . 7  

1 .8  

1.8 
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38 12.17 
38 12.19 
2% 11.98 
28 12.03 
28 12 20 
28 11.95 
28 12.07 
28 12.20 
39 11.91 
39 12.11 
39 12.21 
39 11.91 
39 12.09 
39 12.25 
28 11.92 
28 12.11 
28 11.93 
28 12.10 

0.00 

0,008 
0.014 
0.013 
0.015 
0.039 
0.009 
0.010 
0.015 
0.015 
0.024 
0.037 
0.010 
0.014 
0.020 
0.020 
0.052 
0.008 
0 * 012 
0.000 

0.53 4.1 
0.48 1.3 
0.51 8.3 
0.54 6.1 
0.44 2.5 
0.50 1.7 
0.50 0.8 
0.49 0.2 
0.49 4.3 
0.47 3.4 
0.45 0.9 
0.49 3.5 
0.46 0.7 
0.45 0.0 
0.46 0.9 
0.36 0.0 
0.51 1.1 
0.48 0.0 
0.00 0.0 

2 15 
240 
591 
507 
515 
220 
240 
354 
313 
393 
395 

303 
350 
402 
476 
256 
327 

8 

248 

3973 
3064 
2707 
2037 
1365 
4290 
3526 
2765 
2459 
1824 
1335 
4024 
3235 
2520 
2348 
1543 
4126 
3521 

0 

2.5 
3.2 
3.6 
4.8 
7.3 
2.3 
2.8 
3.6 
3.9 
5.4 
7.4 
2.4 
3.0 
4.0 
4.1 
6.4 
2.4 
2.8 
0.0 

32 3.3 
39 3.7 
42 2.0 
51 2.3 
66 2.7 
31 4.0 
35 5.3 
42 7.2 
45 2.2 
55 2-3 
67 2.7 
33 3.5 
38 4.3 
44 5.5 
46 2.5 
60 3.3 
32 5.2 
36 5.7 
0 0.0 
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APPENDIX J 

This  appendix conta ins  graphica l  r ep resen ta t ions  of the  r e s u l t s  from 

experiments performed using aluminum phosphate (Table 13) .  The p l o t s  

i l l u s t r a t e  t he  effect of mix r a t l o  and cement content  on t h e  var ious  grout  

p rope r t i e s .  
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APPENDIX K 

RESULTS OF ACCEPTABLE GROUTS PRODUCED WITHOUT THE USE OF AN ADMIXTURE 

T h i s  appendix  c o n t a i n s  t h e  r e s u l t s  of a c c e p t a b l e  g r o u t s  produced 

w i t h o u t  the use  af an admixture.  A c c e p t a b i l i t y  i s  based on t h e  new 

c r i t e r i a  of G 5  V a l  2 d r a i n a b l e  water and a c r i t i ca l  flow rate (60  gpm. 

r 
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BLEND# 

4 
V5 
v5 
8 
6 
v '7 
v5  
v4 
V7 
v4 
1 
5 
v2 
7 
v5 
v7 
3 
5 
3 
2 
3 
2 
3 
6 
a 
5 
6 
9 
9 
5 
7 
1 
8 
V4 
v5 
v5 
7 
9 
6 
3 
v4 
V5 
V5 
v7 
1 
2 
7 
3 
v '7 
V 4  
v2 
8 
v2 

SULF/PMOS 

100/0 
1oo/o 
100/0 
100/0 
100/0 
10o/o 
100/0 
100/0 
100/0 
100/0 
i o a / o  
100/0 
100/0 
75/25 
75/25 
75/25 
50/50 
50/50 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
25/75 
2 5/7 5 
25/75 
25/75 
75/25 
25/75 
25/75 
100/0 
100/0 
100/0 
100/0 
100/0 
loop0 

5 6 / 5 0  

75/25 
75/2 5 

50/50 
55/50 
50/50 
25/75 
25 /75  
25/75 
25/75 
25/75 

CEMENT 

45.0 
50 .0  
50.0 
50.0 
45.0 
41.0 
50.0 
50.0 
41,O 
50.0 
40.0 
4 5 . 6  
41.0 
50.0 
50.0 
41.0 
45,O 
45.0 
40.0 
4 0 . 0  
4 0 . 0  
4 0 - 0  
4 0 . 0  
4 5 . 0  
4 5 - 8  
4 5 , o  
45.0 
50.0 
50.0 
45,O 
50.0 
40.0 
50.0 
50.9 
50.0 
50.0 
50.0 
50.0 
45 .0  
40.0 
50.0 
50.0 
50.0 
4 1 . 0  
40 .0  
40.0 
50.0 
40.0 
41.0 
50 .0  
41.0 
50.0 
41-0  

FLY ASH 

33-0  
28.0 
28.0 
2 8 - 0  
33.0 
37.0 
28.0 
31.0 
37.0 
31.0 
38.0 
33.0 
40.0 
28.0 
28.0 
37.0 
33.0 
33.0 
38.0 
38.0 
38.0 
38.0 
38.0 
33.0 
3 3 . 0  
33.0 
3 3 - 0  
28.0 
28.0 
33.0 
28.0 
38.0 
28.0 
31.0 
28.0 
28.0 
28.0 
28.0 
33.0 
38.0 
31.0 
28.0 
28.0 
3 7 . 0  
38.0 
38.0 
28.0 
38.0 
37.0 

40.0 
20.0 
40.0 

31.9 

IRPC 

6.0 
8.0 
8.0 
8 . 0  
10.0 

8.0 
8.0 
8.0 
8 .0  
8 .0  
6.0 
8.0 
8.0 
6 . 0  
8 . 0  
8 .0  
8.0 
8.0 
10.0 

8 . 0  
18.0 

8.0 

10.0 
6.0 
8.0 
10.0 
10.0 
10.0 

8 . 0  
6.0  
6 .0  
8.0 
8.0 
8.0 
8 . 0  
6 . 0  
10.0 
10.0 

8 .0  
8 .0  
8.0 
8 . 0  
6.Q 
8 . 0  
6 . 0  

10.0 
8 . 0  
8 - 0  
8,O 
8.0 
8 . 0  

19.0 

10.9 

ATTAG 

16 .0  
14-0 
1 4 . 0  
14.0 
12.0 
14.0 
14,O 
11.0 

11.0 
16 .0  
1.4 0 
1 b " O  
16.0 
14.0 
1 4 . 0  
1 4 . 0  
1 4 . 0  
12.0 
14.0 
12.0  
14 .0  
12.0 
12.0 
16.0 
14.0 
1 2 . 0  
12 .0  
12.0 
14 c 0 
15.0 
16.0 
14.0 
11.0  
1 4 . 0  
14.0 
16.0 
L a , .  0 
1 0 . 0  
12.0 
11.0 
1 4 . 0  
1 4 . 0  
14.0 
16,O 
1 4 . 0  
1 6 . 0  
12.0 
14.0 
11.0 
11.0 
16.0 
11.0 

14.9 

MIXRAT 

9 . 0  
9.0 
8 .5  
9.0 
9 . 0  
9 .0  
8.0 
8 . 5  
8 .5  
9.0 
9 .0  
9 . 0  
8 . 5  
9.0 
9.0 
9 .0  
7 . 0  
8 . 0  
7.0 
7 .0  
9 . 0  
8.0 
8 . 0  
7 .0  
8 . 0  
8 . 0  
8 .0  
7.0 
8.0 
7.0 
8 . 0  
7 .0  
8.0 
9 . 0  
9 .0  
8 . 5  
9 .0  
9 .0  
8.0 
9 . 0  
8 . 0  
7 . 0  
8 . 5  
8 . 5  
7.0 
8.0 
8.0 
8 . 0  
9 . 0  

9 .0  
7 .0  
8 . 5  

9 .9  

V I S C  

31 
38 
29 
30 
27 
27 
23 
2 2  
15 
28 
31 
29 
2 0  
4 2  
22 
2 0  
2 0  
4 0  
18 
1 9  
50 
37  
27 
15  
41 
4 2  
28 
18 
23 
2 1  
4 5  
23 
40 
2 1  
2 8  
2 2  
35 
27 
19 
2 5  
1 9  
15  
19 
1 6  
2 1  
3 4  
43 
29 
27 
2 0  
18 
2 0  
15 

GELST 

5 
1 '7 
1 4  
19  
1 9  
1 2  
1 2  
1 6  
11 
1 7  
20 
18 
1 2  
16 
1.7 
14 
13 
17 
11 
2 3  
4 0  
36 
23 
23 
32 
32 
24 
11 
2 4  
2 3  
1 7  
3 1  
1 9  
1 3  
1 2  
1 2  
15 
2 0  
1 7  
16 
1 2  
9 

1 4  
11 
14 

9 
16 
13 
10 
14 
11 
1 2  

9 



10 
10 
10 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 
10 
10 
10 
11 
11 
11 
12 
12 
12 
10 
10 
PO 
11 
11 
11 
12 
12 
12 
13 
13 
8 
16 

100/0 44.5 
100/0 44.5 
100/0 44.5 
100/0 47.0 
100/0 47.0 
100/0 47.0 
70/30 47.0 
70/30 47.0 
100/0 49.5 
100/0 49.5 
100/0 49.5 
70/30 49.5 
70/30 49.5 
100/0 44.5 
100/0 44.5 
100/0 44.5 
100/0 47.0 
100/0 47.0 
100/0 47.0 
100/0 49.5 
100/0 49.5 
100/0 49.5 
100/0 44.5 
100/0 44.5 
100/0 44.5 
100/0 47.0 
lOO/O 47.0 
100/0 47.0 
100/0 49.5 
100/0 49.5 
100/0 49.5 
70/30 47.0 
70/30 47.0 
75/25 50.0 
75/25 46.0 

34.5 
34.5 
34.5 
30.0 
30.0 
30.0 
30.0 
30.0 
25.5 
25.5 
25.5 
25.5 
25.5 
34.5 
34.5 
34.5 
30.0 
30.0 
30.0 
25.5 
25.5 
25.5 
34.5 
34.5 
34.5 
30.0 
30.0 
30.0 
25.5 
25.5 
25.5 
31.0 
31.0 
28.0 
30.0 

7.0 
7.0 
7.0 
8.0 
8.0 
8.0 
8.0 
8.0 
9.0 
9.0 
9.0 
9.0 
9.0 
7.0 
7.0 
7-0 
8.0 
8.0 
8.0 
9.0 
9.0 
9.0 
7.0 
7.0 
7.0 
8.0 
8.0 
8.0 
9.0 
9.0 
9.0 
8.0 

8.0 
8.0 

8.0 

14.0 
14.0 
14.0 
15.0 
15.0 
15.0 
15.0 
15.0 
16.0 
16.0 
16.0 
16.0 
16.0 
14.0 
14.0 
14.0 
15.0 
15.0 
15.0 
16.0 
16.0 
16.0 
14.0 
14.0 
14.0 
15.0 
15.0 
15.0 
16.0 
16.0 
16.0 
14.0 
14.0 
14.0 
16.0 

8.0 20 
8.5 24 
9.0 31 
8.0 23 
8.5 28 
9.0 35 
8.5 44 
9.0 40 
8.0 24 
8.5 30 
9.0 40 
8.5 38 
9.0 47 
8.0 19 
8.5 23 
9.0 29 
8.0 21 
8.5 26 
9.0 29 
8.0 25 
8.5 32 
9.0 42 
8.0 30 
8.5 33 
9.0 37 
8.0 32 
8.5 34 
9.0 42 
8.0 36 
8.5 41 
9.0 46 
8.5 35 
9.0 47 
9.0 42 
8.5 41 

17 
16 
15 
14 
18 
20 
24 
10 
17 
20 
21 
10 
11 
16 
20 
22 
16 
20 
23 
20 
22 
28 
9 
13 
26 
23 
23 
22 
18 
31 
31 
12 
11 
10 
11 
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APPENDZX L 

RESULTS OF AGCEPTBWLE GROUTS PRODUCED WHEN AN ALUMINUM PHOSPHATE 
WAS lJSED 

T h i s  appendix contains t h e  results of a c c e p t a b l e  g rou t s  produced when 

an alimeinum phosphate  admixture  was used. The aclmfxture w a s  added t o  t h e  

waste p r i o r  t o  the a d d i t i o n  of t h e  dry  s o l i d s  b lend .  The amount of 

admixture is 1 W T X  of the amount of dry-solids blend .  



BLEND# 

26 
26 
26 
26 
26 
5 
5 
5 
5 
27 
27 
27 
27 
27 
27 
28 
28 
28 
28 
28 
28 
29 
29 
29 
29 
29 
30 
30 
30 
30 
30 
5 
5 
5 
5 
5 
31 
31 
31 
31 
32 
32 
33 
33 
33 
33 
34 
34 
34 
34 
35 
35 
35 

SULF/ PHOS 

65/35 
65/35 
65/35 
100/0 
100/0 

100/0 
lOO/O 

65/35 
65/35 

65/35 
65/35 
65/35 
100/0 
100/0 
100/0 
65/35 
65/35 
65/35 
1oo/o 
100/0 
100/0 

100/0 
100/0 
100/0 

65/35 
65/35 

65/35 
65/35 
65/35 
lOO/O 
100/0 

65/35 

100/0 

100/0 
1oo/o 
100/0 
100/0 
100/0 

100/0 
100/0 
100/0 
65/35 
100/0 
100/0 

65/35 
65/35 
65/35 

65/35 
65/35 

100/0 

65/35 

65/35 

100/0 

CEMENT 

43.0 
43.0 
43.0 
43.0 
43.0 
45.0 
45.0 
45.0 
45.0 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
42.5 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
47.5 
40.0 
40.0 
40.0 
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FLY ASH 

38.0 
38.0 
38.0 
38.0 
38.0 
33.0 
33.0 
33.0 
33.0 
38.5 
38.5 
38.5 
38.5 
38.5 
38.5 
35.5 
35.5 
35.5 
15.5 
35.5 
35.5 
32.5 
32.5 
32.5 
32.5 
32.5 
36.0 
36.0 
36.0 
36.0 
36.0 
33.0 
33.0 
33.0 
33.0 
33.0 
30.0 
30.0 
30.0 
30.0 
33.5 
33.5 
30.5 
30.5 
30.5 
30.5 
27.5 
27.5 
27.5 
27.5 
40.0 
40.0 
40.0 

IRPC 

8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
9.0 
9.0 
9.0 
9.0 
9.0 
7.0 
7.0 
7.0 
7.0 
7.0 
8.0 
8.0 
8.0 
8.0 
8.0 
9.0 
9.0 
9.0 
9.0 
7.0 
7.0 
8.0 
8.0 
8.0 

9.0 
9.0 
9.0 
9.0 
7.0 
7.0 
7.0 

8.0 

ATTAG 

11.0 
11.0 
11.0 
11.0 
11.0 
14.0 
14.0 
14.0 
14.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
16.0 
16.0 
16.0 
16,Q 
16.0 
12.0 
12.0 
12.0 
12.0 
12.0 
14.0 
14.0 
14.0 
14.0 
14.0 
16.0 
16.0 
16.0 
16.0 
12.0 
12.0 
14.0 
14.0 
14.0 
14.0 
16.0 
16,O 
16.0 
16.0 
13.0 
13.0 
13.0 

MIXRAT 

7.0 
8.0 
9.0 
8.0 
9.0 
8.0 
9.0 
8.0 
9.0 
8.0 
8.5 
9.0 
8.0 
8.5 
9.0 
8,o 
8.5 
9.0 
8.0 
8.5 
9.0 
8.0 
8.5 
8.0 
8.5 
9.0 
8.0 

9.0 
8.5 
9.0 
8 . 0  
8.5 
9.0 
8.5 
9.0 

8.0 
8,5 
9.0 
8.5 
9.0 
9.0 
8.0 
8.5 
9.0 
8.5 
8.0 
8.5 
9.0 
8.0 
8.5 
9.0 

8.5 

8.0  

VISC 

13 
19 
29 
15 
21 
23 
39 
18 
28 
22 
25 
34 
14 
18 
22 
26 
32 
47 
17 
21 
26 
32 
46 
20 
25 
33 
20 
25 
29 
16 
20 
25 
32 
45 
22 
27 
36 
20 
26 
33 
19 
22 
47 
18 
22 
28 
43 
20 
25 
32 
23 
29 
38 

GELST 

7 
8 

13 
2 0  
27 
9 

12 
24 
33 
8 

11 
13 
20 
25 
31 
11 
12 
15 
20 
25 
26 
13 
16 
25 
27 
32 
9 
10 
12 
24 
32 
10 
12 
14 
26 
29 
9 
17 
18 
22 
15 
18 
11 
17 
19 
22 
11 
18 
20 
23 
7 
10 
12 



184 

35 
35 
35 
3 s  
36 
36 
36 
36 
37 
37 
37 
37 
3 '7 
4 0  
40 
4 0  
4 0  
4 0  
28 
28 
4 1  
4 1  
4 1  
41 
41 
38 
38 
38 
38 
38 
28 
28 
28 
39 
39 
39 
39 
33 
28 
2% 
28 

loop0 
1oo/o 
l o o p 0  
65/35 
65/35 
100/0 
l00/0 
i o a / o  
65/35 
65/35 
l O O J 0  
100/0 
100/o 
65/35 

l O O / O  
100/0 
100/0 
90/lO 
sop20  

100/0 
100/0 
100/0 
65/35 

100/0 
100/0 
1oa/o 

100/0 
100/0 
65/35 

l O O / O  
100/0 
100/0 
65/35 

65/35 

65/35 
65/35 

65/35 

lQ0/8  

65/35 

65\3.5 
100 % 

Sul f a t e  
28 100 % 

S u l f a t e  

4 0 . 0  
40.0 
40 .0  
40.0 
48.0 
4 Q . Q  
40.0 
40.0 
40.0 
40.0 
4 0 . 0  
40.0 
40 .0  
45.0 
45.0 
4 5 . 0  
45.0 
45.0 
42.5 
42.5 
45.0 
45.0 
4 5 . 0  
4 5 . 0  
45.0 
42.5 
4 2 . 5  
4 2 . 5  
42.5 
42.5 
4 2 . 5  
42.5 
42.5 
42.5 
42.5 
4 2 . 5  
42.5 
4 2 . 5  
4 2 . 5  
42.5  
4 2 . 5  

4 2 * 5  

49.0 
40.0 
40.0 
38.0 
38.0 
38.0 
38.0 
38.0 
36.0 
36.0 
36.0 
36.0 
36.6 
35.0 
35.0 
35.0 
35.0 
35.0 
35.5 
35.5 
31.0 
31.0 
31.0 
31.0 
31.0 
37.5 
37.5 
37.5 
37.5 
37.5 
35.5 
35.5 
35.5 
33.5 
33.5 
33.5 
33.5 
33.5 
35.5 
35.5 
35.5 

35.5 

7.0 
7.0 
7 .0  
8 .0  
8 .0  
8.0 
8.0 
8 .0  
9.0 
9.0 
9.0 
9 .0  
9.0 
7.0 
7 .0  
7.0 
7.0 
9.0 
8 . 0  
8.0 
9.9 
9.0 
9.0 
9.0 
9 .0  
7.0 
7.0 
7 .0  
7.0 
7 . 0  
8 . 0  
8.0 
8 .0  
9.0 
9 .0  
9.0 
9 .0  
9 .0  
8 .0  
8,O 
8.0 

8.Q 

13.0 
13.0 
13.0 
14.0 
1 4 . 0  
1 4 . 8  
1 4 . 0  
1 4 . 0  
15.0 
15.0 
15.0 
15.0 
15 .0  
13.8 
13 .0  
13 .0  
13.0 
13 .0  
14,O 
14.0 
15.0 
15.0 
15.0 
1 5 . 0  
15.0 
13.0 
13 .0  
13.0 
13.0 
13.0 
14.0 
14.0 
14.0 
15.0 
15.0 
15.0 
15.0  
15.0 
14.0 
14 * 0 
14.0 

14.0 

8 . 0  
8 . 5  
9 .0  
8 .0  
8.5 
8 .0  
8 . 5  
9.0 
8 . 0  
8 . 5  
8.0 
8.5 

8 . 5  
9.0 

9 .0  
8 .0  
8 . 5  
9.0 
9.0 
9 . 0  
8 . 0  
8 .5  
8 .0  
8 . 5  
9.0 
8 . 5  
9 . 0  
8.0 
8 . 5  
9.0 
8.0 
8 .5  
9.0 
8.0 
8 . 5  
8.0 
8.5 
9 . 0  
8 . 0  
9.0 
8.0 

9.0 

15 
19  
23 
28 
37 
19 
2 2  
2 7  
3 1  
4 0  
19  
24 
3 1  
2 9  
39  
1 6  
19  
2 4  
22 
28 
3 1  
4 2  
2 0  
24  
30 
33 
4 9  
19 
2 1  
26 
18 
23 
29 
32 
43 
1 9  
24 
31 
33 
47 
19 

23 

1 6  
19 
23 
11 
1 2  
11 
21 
25 
13 
12 
16 
18 
23 
10 
11 
15 

23 
1 4  
11 
10 
1 2  
15 
22 
27 
13 
1 4  
1 6  
20 
22  
2 4  
32 
43 
13 
1 4  
2 1  
26  
33 
15 
20 
31 

34 

i a  



APPENDIX M 

This  appendix con ta ins  the  r e s u l t s  of EP Toxic i ty  leach  t e s t i n g  performed 

on t h e  fo l lowing  samples :  

28-L-65-35-E: Blend 28, mix r a t i o  of 9 I b / g a l ,  
65/35 su l f a t e /phospha te  waste 

28-L-100-E: Blend 28, mix r a t i o  of 9 l b / g a l ,  
100% s u l f a t e  waste 

35-L-65-35-E: Blend 35, mix r a t i o  of 9 l b /ga l ,  
6 5 / 35 SUP f at e/phos pha t e w a s  t e 

3FL-100-E: Blend 35, mix r a t i o  of 9 l b / g a l ,  
100% s u l f a t e  waste 

Dupl ica te  t e s t i n g  was  performed on each of the  samples. 
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EPh-7740 Selwricm (FP-TnY) 
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APPENDIX N 

T h i s  appendix  contains  three plots of g rou t s  p repa red  with 35/65 

phosphatelsulfate waste. These plots are on expanded trfangular 

coord ina tes  and may be useful as an engineering a i d e .  
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ORNL D W G  87-940 

GROUTS PREPARED WITH 35/65 
PHOSPHATE/SUtFATE WASTE AT 8.0 Ibs/gal 

c-- ATTAPULGITE AND INDIAN RED POTTERY CLAY (wt %I 
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O R N L  DWG 87-942 

GROUTS PREPARED WITH 35/65 
PHOSPHATEISULFATE WASTE AT 9.0 Ibs/gaJ 

- -- ATTAPULGlTE AND INDIAN RED POTTERY CLAY (wt %) 
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