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DEVELOPMENT OF CEMENTITIOUS GROUTS FOR THE 
WASTES. PART 2: CONTINUATION OF CESIUM AND 

J. G. Moore 

Technicians : 
P. C. Arwood 
R. T. Jubin 

ABSTRACT 

INCORPORATION OF RADIOACTIVE 
STRONTTUM LEACH STUDIES 

Additional leach studies were completed on the leachability of cesium 
and strontium from simulated hydrofracture grout. These studies followed 
the test method proposed by the International Atomic Energy Agency or a 
modification which exposed smaller specimens with a higher surface-to- 
volume ratio to a larger volume of leachant. The results showed that the 
amount of-cesium-o-r strontium lea-ched from the Trout variFd-dlEZEl~i-th 
the degree of drying during curing and inversely with the time of curing. 
Teachability a l s o  depends on the--composition o f  .the leachant and 
varies in the order: dis-tilled water > tap water_-> grout water. The- total 
waste concentration had Ettle effect on the leachability of either cesium 
or strontium. 

- 

- - 
- _ _  - - - - _  - _ _ _  - 

The credibility of the laboratory results was substantiated by a 
short-term continuous leach test made on a fragment of a core sample of 
actual hydrofracture grout. The modified effective diffusivities 
ClO-11 to 10-10 cm2/sec) calculated from these limited data were comparable 
to those obtained from laboratory studies containing Grundite clay. 

These tests also confirmed the effect of vario,us-clays-on-the-leach- 
.ability of cesium and the importance of leachant renewal frequency on the - - _ _  . . . - _ _ _  -.- 
leach rate. -- 

1. INTRODUCTION 

This is the second report on studies made to determine the leachability 
of various radionuclides from cementitious grouts similar to those used in 
the Hydrofracture Facility at Oak Ridge National Laboratory (ORNL). This 

account will include results from studies which were continued as well as 

those from parametric studies which were initiated and completed since the 

last report. 

and some of the background or explanatory material previously used will be 

repeated as an aid to the reader. 

The format of the first report1 will be used whenever possible, 
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The Hydrofracture  f a c i l i t y  has  been used s i n c e  1966 f o r  t h e  d i s p o s a l  

of in te rmedia te - leve l  waste (ILW). Hydrofractur ing is  a procedure whereby 

t h e  rad ionucl ides  p re sen t  i n  ILW are f i x e d  i n  a cement matrix deep w i t h i n  

a Conasauga s h a l e  bed formation loca ted  w i t h i n  t h e  area. 2 ’ 3  

composed of a mixture  of a l l  t h e  l i q u i d  wastes, o t h e r  than  process  waste, 

t h a t  are produced i n  ho t - ce l l ,  p i lo t -p l an t ,  and r e a c t o r  ope ra t ions ,  

inc luding  r e l a t i v e l y  s m a l l  volumes of organic  r eagen t s  and s o l v e n t s .  The 

s o l u t i o n  a f t e r  concen t r a t ion  by evaporat ion may conta in  up t o  2 C i  of 

beta-gamma a c t i v i t y  pe r  ga l lon .  

whi le  i s  p resen t  a t  a level of only 0 .1  C i / g a l  o r  less. 

a lpha  a c t i v i t y  i s  244Cm wi th  a maximum concen t r a t ion  of about  1 mCi/gal. 

The waste is  formed i n t o  a grout  by blending i t  wi th  a mixture  of cementi- 

t i o u s  materials and s e l e c t e d  c l ays .  The grout  is immediately i n j e c t e d  

800 t o  1000 f t  underground i n t o  c racks  produced i n  t h e  s h a l e  formations by 

t h e  p re s su re  of t h e  i n j e c t e d  grout .  Here t h e  material s o l i d i f i e s ,  f i x i n g  

t h e  r ad ionuc l ides .  A s a f e t y  a n a l y s i s  based on t h e  development s t u d i e s  and 

a c t u a l  waste i n j e c t i o n  experience concluded t h a t  t h e  procedure i s  s a f e ,  

p re sen t ing  no s i g n i f i c a n t  hazard t o  t h e  p u b l i c  o r  environment. S ince  

1966, more than  one m i l l i o n  ga l lons  of waste s o l u t i o n  have been i n j e c t e d  

without  s e r i o u s  d i f f i c u l t y .  

# 

The ILW is  

The major rad ionucl ide  is  gene ra l ly  137Cs, 

The major 
4 

A proposal  w a s  made t o  b u i l d  a new f a c i l i t y  t h a t  would have t h e  

c a p a b i l i t y  of handl ing  s ludges  and wastes wi th  h ighe r  s p e c i f i c  ac t iv i t ies  

than  descr ibed  above, This proposal  l e d  t o  t h e  resumption of a develop- 

. 

ment program t o  r e so lve  

impact of t h e  f a c i l i t y .  

t h e  g rou t s  would r e t a i n  

i n  con tac t  wi th  water. 

ob ta in  such d a t a .  
\ 

ques t ions  concerning t h e  s a f e t y  and environmental  

One of t hese  ques t ions  concerned how e f f e c t i v e l y  

t h e  rad ionucl ides  i n  t h e  u n l i k e l y  event  they  come 

Consequently, l each  s t u d i e s  w e r e  undertaken t o  

The l e a c h a b i l i t y  of rad ionucl ides  from cement has  been s t u d i e d  using 

a wide v a r i e t y  of methods. 6’ 

from d i f f e r e n t  processes  o r  d i f f e r e n t  materials, t h e  IAEA has proposed a 

s tandard  method of measuring and r e p o r t i n g  t h e  leaching ,  by water, of t h e  

r a d i o a c t i v e  components i n  s o l i d  waste products .  I n s o f a r  as poss ib l e ,  t h i s  

method w a s  followed i n  t h e  i n i t i a l  tests; however, t h i s  procedure w a s  t i m e -  

consuming and sometimes gave mis leadingly  low l each  va lues .  Most of t h e  

To permi t  intercomparison of va r ious  products  

8 

k 
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s t u d i e s  presented  i n  t h i s  r e p o r t  were made us ing  s m a l l  r i g h t  c i r c u l a r  

cy l inde r s  (about 1 .6  cm diam and from about 2.0 t o  2.5 cm long) .  

have a h ighe r  surface-to-volume r a t i o  than t h e  IAEA specimens. 

a l l  su r faces  w e r e  exposed t o  t h e  leachant  (200 ml),which w a s  changed one 

t o  four  times a day. 

determine the  in f luence  of va r ious  parameters  on t h e  l e a c h a b i l i t y  of 

cesium and s t ron t ium from simulated hydro f rac tu re  g rou t ,  t h i s  method 

These 

I n  add i t ion ,  

Since t h e  primary purpose of t h e s e  tests w a s  t o  

allowed a r ap id  accumulation of d a t a  and quick ly  e s t a b l i s h e d  t h e  t rends  

of t h e  l each  e f f e c t s .  From t h e s e  r e s u l t s ,  f u t u r e  longer-term tests may 

be designed t o  o b t a i n  d a t a  s u i t a b l e  f o r  e x t r a p o l a t i o n  t o  very long t i m e  

per iods .  

2 .  EXPERIMENTAL METHODS AND MATERIALS 

2 . 1  T e s t  Materials 

The g rou t  used i n  t h e  hydrof rac ture  procedure i s  made by combining 

t h e  d e s i r e d  volume of waste s o l u t i o n  wi th  a predetermined weight of d ry  

s o l i d s .  The dry s o l i d s  c o n s i s t  of a mixture o f  t y p e  I Por t l and  Cement, 

f l y  ash ,  A t t a p u l g i t e - 1 5 0  c l a y ,  Grundi te  c l ay  o r  s u i t a b l e  s u b s t i t u t e ,  and 

a sugar .  The r e c i p e  f o r  t h e  s tandard  dry mixture  is  shown i n  Table 1. 

The f l y  ash ,  a pozzuolana, is  a p a r t i a l  s u b s t i t u t e  f o r  cement which can 

improve t h e  r e t e n t i o n  of s t ront ium.  Attapulgite-150 is  a d r i l l i n g  c l a y  

which suspends t h e  cement and sorbs  water , thus  reducing phase sepa ra t ion .  

Grundite is  an i l l i t e  c l a y  which has  a h igh  capac i ty  f o r  cesium. 

removed from t h e  market dur ing  t h e  e a r l y  p a r t  of t h i s  work,and o the r  

cesium sorbents  had t o  b e  s u b s t i t u t e d .  The sugar  ( d e l t a  gluconolactone 

o r  CFR-1) is  a r e t a r d e r  used t o  prevent  t h e  grout  from s e t t i n g  o r  s t i f f e n -  

ing  too  r ap id ly .  A simulated waste s o l u t t o n  CTable 2) was used t o  prepare  

t h e  g rou t s  used i n  these  leach  s t u d i e s .  The composition is  based on 

chemical ana lyses  of  a c t u a l  waste s o l u t i o n s  i n  ORNL s t o r a g e  tank  W7. 
Where more concent ra ted  waste s o l u t i o n s  were used, they  were simply 

prepared wi th  2 o r  4 t i m e s  t h e  concent ra t ions  of t h e  c o n s t i t u e n t s  i n  W-7. 
The s imulated waste contained no r a d i o a c t i v e  material o t h e r  than t h e  

tracer used t o  fol low t h e  i so tope  of i n t e r e s t  during a leach  test .  

equ iva len t  of about  0.01 C i /ga l  of e i t h e r  85Sr o r  137Cs was added t o  t h e  

9-12 

It was 

The 

8 
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Table 1. Composition of D r y  Mix Used i n  Cementit ious Grout P repa ra t ions  

a b Cons t i tuent  Recipe Compos i t  ion  
( p a r t s  by w t )  (wt %) 

2.5 38.5 Cement 

2.5 38.5 F ly  ash 

A t  t a p u l g i  te-150e 1.0 15.4 

0.5 7 .7  Grund i te  

C 

d 

f 

i 

a CFR-1 o r  d e l t a  gluconolactone,  a chemical t h a t  r e t a r d s  t h e  s e t t i n g  of 
cement, i s  added t o  t h i s  formulat ion t o  t h e  e x t e n t  of 0.003 p a r t  by 
weight.  

bCFR-l, added as a chemical r e t a r d e r  t o  s e t t i n g ,  amounts t o  about 
0.05 w t  %. 

Por t l and  Cement Type I (see r e f s .  9-12 and s i m i l a r  works on cement 
and concre te  products  f o r  a d e s c r i p t i o n  of chemical and phys ica l  

C 

p r o p e r t i e s ) .  

dFly ash ( a  pozzuolanic  
Steam P l a n t ,  Kingston, 

Attapulgi te-150 is t h e  
group of c l a y  minera ls  

e 

Jz 

material) obta ined  from t h e  coa l - f i r ed  Kingston 
Tenn. 

t r a d e  name of a c l a y  product  from t h e  po lygor sk i t e  
(with t h e  gene ra l  formula 5MgOo8Si02*9H20) . 

lGrundi te  i s  the  trade name of a c l a y  product  f r o m  the i l l i t e  group of 
c l a y  minera ls  [wi th  t h e  gene ra l  formula (OH)4&(Al4=Fe4*Mg4*Mg6) 
( S i g - x m A l  ) O  ] from Grundy County, Ill. x 20 
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. 

. Table 2 .  Composition and P r o p e r t i e s  of the Simulated Waste So lu t ion  
Used i n  Cement Grout P repa ra t ions  

Cons t i tuent  

1.78 

0.003 

+ N a  

4 
 AI^+ 0.0074. 

NO; 0.835 

OH- 0.18 

c1- 0.093 

c0;- 0.255 

so;- 0.094 

c0;- ' 0.255 

so;- 0.094 

Proper ty  

PH 11.52 

Densi ty ,  g/ml 1.085 

Each l i t e r  of s o l u t i o n  w a s  prepared wi th  68.85 g of NaNO3, 27.0 g of 
Na2C03,  13.35 g of Na2S04, 7.2 g of NaOH, 5.44 g of N a C 1 ,  2.78 g of 
Al(N03)3*9H20, and 0.24 g of NH4NO3. 

a 

. .  
; .. , ,  . .. 

. . .  . .  . . 

. . .  . .  

. .  . . .  
.- . .  I .  

. .  . . .  . . .. 
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simulated waste s o l u t i o n s  immediately be fo re  p repa ra t ion  of a grout .  I n  

some of t h e  parameter s t u d i e s ,  up t o  0.5 mg of nonradioac t ive  s t ron t ium 

o r  cesium per  cm3 of grout  was a l s o  added, 

tracer s o l u t i o n ,  a s u f f i c i e n t  q u a n t i t y  of t r i bu ty lphospha te  (TBP) w a s  

added t o  t h e  waste t o  g ive  a f i n a l  concen t r a t ion  of 400 ppm. The TBP, 

i n  conjunct ion wi th  t h e  CFR-1,results i n  a r e l a t i v e l y  f r e e  release of a i r  

from t h e  grout  dur ing  s t i r r i n g  and thus  prevents  foaming. 

P r i o r  t o  t h e  a d d i t i o n  of t h e  1 

The s imulated waste conta in ing  appropr i a t e  amounts of TBP and CFR-1 

w a s  placed i n  a Waring b lender .  

o r  without  nonradioac t ive  s t ron t ium o r  cesium), the b lender  w a s  tu rned  on 

A f t e r  a d d i t i o n  of t h e  d e s i r e d  tracer (with 

f o r  about 5 sec a t  1000 t o  2000 rpm, 

were then taken and were used as t h e  feed  i n  a l l  subsequent a c t i v i t y  

de te rmina t ions .  

per iod  of 15 sec whi l e  s t i r r i n g  a t  5000 rpm; then  t h e  r e s u l t i n g  s l u r r y  

w a s  s t i r r e d  f o r  a n  a d d i t i o n a l  15 sec a t  t h e  same speed. A l l  o f  t h e  l each  

specimens i n  t h e s e  s t u d i e s  were prepared a t  a dry  mix/waste s o l u t i o n  

r a t i o  of 6 l b / g a l .  

Samples of the r e s u l t i n g  s o l u t i o n  

Next , the blended dry m i x  w a s  added t o  t h e  waste over  a 

2.2 Leach Test Method 

The i n i t i a l  l each  tests' were made us ing  t h e  procedure proposed by 

t h e  IAEA.8 
used specimens wi th  smaller volumes and h ighe r  surface-to-volume r a t i o s .  

I n  a d d i t i o n , t h e  en t i re  s u r f a c e  area w a s  exposed t o  a l a r g e r  volume of 

leachant  than  used i n  t h e  IAEA procedure.  The specimens w e r e  made by 

To o b t a i n  f a s t e r  r e s u l t s ,  most of t h e  tests repor t ed  h e r e  

c a s t i n g  g rou t  i n  p l a s t i c  molds o r  p l a s t i c  test  tubes .  

specimens were 1.6 cm i n  diameter and e i t h e r  2 o r  2.5 cm long. These 

were "wet" cured by hold ing  them i n  a c losed  b o t t l e  ( s l i g h t l y  l a r g e r  

than t h e  specimens) submerged i n  water f o r  t h e  d e s i r e d  l eng th  of time. 

The "dry" cured specimens were allowed t o  s t and  i n  a l o o s e l y  c losed  

p l a s t i c  bag i n  a hood f o r  t h e  d e s i r e d  l eng th  of t i m e .  

The completed 

A f t e r  cur ing ,  each test  specimen was p laced  i n  a ho lde r  of s t a i n l e s s  

s teel  w i r e  mesh and immediately immersed i n  e i t h e r  150 o r  200 m l  of l eachan t  

i n  a 2 5 0 4 1  s t a i n l e s s  steel  beaker .  The beaker  w a s  enclosed i n  a p l a s t i c  

j a r  t o  minimize evapora t ion  (Fig. 1). Af te r  the  d e s i r e d  leach per iod ,  

t h e  l e a c h a t e  was removed, analyzed,and rep laced  w i t h  f r e s h  l eachan t .  I 
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Fig. 1. Schematic of N d i f i e d  IAE4 Leach T e s t  Setup. 
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The sixty-two leach  tests, which were c a r r i e d  ou t  a t  room temperature ,  

are b r i e f l y  descr ibed  i n  Table 3 .  

2.3 Ana ly t i ca l  Methods 

Samples of a l l  feed  and l e a c h a t e  s o l u t i o n s  conta in ing  85Sr o r  137Cs 

were analyzed wi th  a Nuclear Chicago Automatic Gamma Well System, 

model 8725. 

mode i n  which t h e  response from a s m a l l  s e c t i o n  of t h e  i s o t o p e ' s  

c h a r a c t e r i s t i c  energy spectrum is  measured. 

by t h e  base  s e t t i n g  of t h e  instrument .  

base  s e t t i n g  w a s  ad jus t ed  f o r  t h e  maximum output  ob ta ined  when count ing 

an  appropr i a t e  d i l u t i o n  of one of t h e  feed  s o l u t i o n s  used i n  t h e  g rou t  

p repa ra t ions .  Each l e a c h a t e  sample and i t s  corresponding feed  sample 

were then counted a t  t h i s  base  s e t t i n g  and the  f r a c t i o n  of t h e  element 

i n  ques t ion  t h a t  w a s  removed from t h e  g rou t  by t h e  l e a c h a t e  c a l c u l a t e d  

from t h e s e  d a t a .  

The samples were counted by u t i l i z i n g  t h e  narrow d i f f e r e n t i a l  

The s e c t i o n  is  determined 

Each time ana lyses  were made, t h e  

3. RESULTS AND DISCUSSION OF IAEA LEACH TESTS 

Three cesium l each  tests which used t h e  IAEA test  method were 

continued t o  determine the  e f f e c t  of long-term leaching  wi th  t a p  water. 

The complete d a t a  are loca ted  i n  Tables  A-1 and A-2 i n  the Appendix. 
r e s u l t s  i n  these  t a b l e s  and those  which fo l low (obtained us ing  t h e  ORNL 

tes t  method and d iscussed  i n  Sect ,  4 )  are presented  as incremental  f r a c t i o n  

leached (a /A ) during each l eachan t  renewal pe r iod  ( t  ) and as cumulative 

f r a c t i o n  leached (2 a /A ) vs cumulative leaching  time (C t ). The r e s u l t s  

are presented  i n  t h i s  and t h e  next  s e c t i o n  as p l o t s  of  t h e  product  of t h e  

cumulative f r a c t i o n  leached and t h e  volume-to-surface r a t i o  [.(C a /A ) 

(V/S>] vs cumulative leaching  t i m e ,  where V is  t h e  volume of t h e  specimen 

i n  cm3 and S i s  t h e  s u r f a c e  area exposed t o  l e a c h a t e  i n  cm2: The o r d i n a t e  

of each p l o t  i s  converted t o  f r a c t i o n  leached by mul t ip ly ing  by t h e  

exposed surface/volume r a t i o  l i s t e d  i n  t h e  corresponding d a t a  t a b l e s  i n  

t h e  Appendix. 

The 

n o  n 

n o  n 

n o  

3.1 E f f e c t  of Long-Term Curing 

Of t h e  IAEA l e a c h  tests t h a t  were cont inued,  one used a specimen 

(M74-12) t h a t  w a s  allowed t o  cu re  i n  h igh  humidity f o r  52 weeks p r i o r  t o  

leaching .  The l e a c h a t e  was changed d a i l y  (except  weekends) f o r  1 year  
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i! Table 3 .  (Continued) 
It 

Radioac t iv i ty  Nonradioact ive I 

Type of  i n  Specimen Carrier Added Curing T i m e  Nominal Frequency Type of Length 
Simulated . I n i t .  Conc. t o  Grout Before Leachinga of Leachate  ! Water of Run 

Grout No. Waste Iso tope  (wci /cm3) (mg/ cm3) (days) Removal pe r  'Day Leachate (days) Remarks 

M74-27B-4 

M74-27C-1 

M74-27C-2a 

M74-2 7C- 2b 

M74-27C-2c 

M74-27C-4 

M74-27D-1 

M74-2 7D-2 

M74-2 7D-4a 

M74-27D-4b 

M74-27D-4C 

M7 4- 2 9 - 1XA 

M74-29-1XB 

M 7  4- 29-2XA 

M74-29-2XB 

M74-29-4XA 

w-7 

w-7 

w- 7 

w- 7 

w-7 

w- 7 

w- 7 

w- 7 

w- 7 

w-7 

w- 7 

w- 7 

w- 7 

2XW- 7 

2XW- 7 

4xw- 7 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

5 

5 

5 

5 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

60 

28 

28 

28 

28 

28 

4 

1 

2 

2 

2 

4 

1 

2 

4 

4 

4 

1 

1 

1 

1 

1 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Longer cured specimen 22B. 

Longer cured specimen 22C. 

Longer cured specimen 22C. 

Longer cured specimen 22C. 

Longer cured specimen 22C. 

Longer cured specimen 22C. 

Longer cured specimen 22G. 

Longer cured specimen 22G. 

Longer cured specimen 22G. 

Longer cured specimen 22G. 

Longer cured specimen 22G. 

Amaco p o t t e r y  c l ay .  

Amaco p o t t e r y  c l ay .  

Amaco p o t t e r y  c l ay .  

Amaco p o t t e r y  c l ay .  

Amaco p o t t e r y  c l ay .  
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Table 3. (Continued) 

Rad ioac t iv i ty  Nonradioactive 
Type of i n  Specimen Carrier Added Curing T i m e  a Nominal Frequency Type of 
Simulated I n i t .  Conc. t o  Grout Before Leaching of Leachate  Water 

Grout No. Waste Iso tope  ( ~ p ~ i / c m 3 )  (mg / cm3) (days) Removal p e r  Day Leachate 

M74-29-4XB 

M75-3A 

M75-3B 

M75-4B 

M75-4C 

M75-5 

M75-6 

M75-7A 

M75-7B 

M75-7C 

M75-7D 

M75-8A 

M75-9A 

M75-9B 

M75-9C 

M75-10 

4XW- 7 

w-7 

w-7 

w- 7 

w- 7 

2XW-7 

w-7 

w-7 

w- 7 

w-7 

w-7 

w-7 

w-7 

w-7 

w- 7 

w- 7 

0 

0.5 

0.5 

28 

28 

28 

\, 
1 

Length 
of Run 
(days) Remarks 

10 

46 

25 

0.5 

0.5 

0.5 

0.5 

28  

28 

28 

28 

‘1 60 

53 

i 60 

1 144 

I 

I 

0.5 

0.5 

0.5 

0.5 

0.5 

0.35 

0.35 

0.35 

28 

28 

28 

28 

28 

28 

28 

28 

1 

1 

1 

1 

1 ,  

1 

1 

1 

t a p  

t a p  

t a p  

g rou t  

t a p  

t a p  

s t o r e d  t a p  

s t o r e d  d i s t i l l  

2 0 28 1 t a p  

1 

25 

95 

25 

53 

95 

25 

123 

d 123 

67 

Amaco p o t t e r y  c lay .  

Conasauga s h a l e  (0.5 p a r t ) .  d 

Same as 3A b u t  poor sample. 

Conasauga s h a l e  (1 p a r t ) .  d 

Same g rou t  as 4B.  
Conasauga s h a l e  (1 p a r t ) .  d 

Grundite (0.5 p a r t ) .  

Conasauga s h a l e  (0.5 p a r t )  . d 

Dupl ica te  of 7A. 

Dupl ica te  of 7A. 

Same grou t  as 7A. 

Conasauga s h a l e  (1 p a r t ) .  d 

Conasauga s h a l e  (0.5 p a r t ) .  d 

Same g rou t  as 9A. 

Same grou t  as 9A. 

Conasauga s h a l e  (0.5 p a r t )  . d 
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dur ing  t h e  leaching  process .  

from a specimen cured 4 weeks CM73-93C) shows t h a t  a f t e r  1 year ,  t h e  cumula- 

t ive  f r a c t i o n  of cesium leached is  less f o r  t h e  long cured specimen, but  

a f t e r  about 100 days t h e  l e a c h  rates f o r  t h e  two specimens are approximately 

t h e  same as ind ica t ed  by t h e  f a c t  t h a t  t h e  two sets of d a t a  are p a r a l l e l  

a f t e r  t h e  f i r s t  100 days (Fig. 2 ) .  The decrease  i n  l e a c h a b i l i t y  during 

t h e  e a r l y  p a r t  of t h e  l each  test  may be due t o  some su r face  change t h a t  i s  

not  as y e t  understood o r  t h e  continued cur ing  t h a t  occurred dur ing  leaching.  

It w i l l  be  shown la ter  i n  Sect .  4.7 t h a t  cur ing  p lays  a complicated r o l e  i n  

t h e  l e a c h a b i l i t y  of hydrof rac ture  grout .  

t h e  cur ing  t i m e  a f f e c t  t h e  amount of material leached from a specimen. 

A comparison of t h e s e  d a t a  wi th  d a t a  obtained 

The cur ing  condi t ions  as w e l l  as 

3.2 Comparison of Long-Term IAEA T e s t s  w i t h  

Previous r e s u l t s  showed t h a t  d a t a  f o r  the 

28-day-cured IAEA specimens could b e  f i t t e d  t o  

Theore t i ca l  Expressions 

leaching  of cesium from 

the fol lowing equat ion:  

w h e r e  C an/Ao i s  t h e  cumulative f r a c t i o d  of t h e  spec ie s  that has l e f t  t h e  

medium i n  t i m e  t (sec), D is a modified e f f e c t i v e  d i f f u s i v i t y  (cm /sec), 
3 e 

V is the volume of the specimen (cm ), and S is  the s u r f a c e  area exposed 
2 t o  t h e  leachate (cm ). A f t e r  144 days of  leaching ,  the f i t  w a s  e x c e l l e n t  

f o r  M73-93C.I 

2 

Longer-term l each  d a t a  show that this equat ion  cont inues  t o  

provide  a reasonably good explana t ion  of the leach behavior  of these 

specimens. In  this test, the leachate w a s  rep laced  t w i c e  dai ly  dur ing  the 

f i r s t  two months and a f t e r  tha t  d a i l y  except  dur ing  weekends. 

specimen has completed 550 days. 

days of l each ing  w a s  1.2 x 10 cmA/sec. Fig. 3 shows the d a t a  p o i n t s  f o r  

550 days of l each ing  compared w i t h  t h e  p red ic t ed  curve us ing  t h e  De va lue  

obta ined  from the f i r s t  144 days of da ta .  

a f t e r  550 days is  about  5% higher  than  the a c t u a l  va lue  obtained.  

c a l c u l a t e d  De us ing  a l l  the d a t a  is 1.09 x lo” c m 2 / s e c  and y i e l d s  p red ic t ed  

va lues  w i t h i n  0.5% of the actual va lue  a t  550 days (Fig. 4 ) .  T h e  s h i f t  t o  

the r i g h t  a t  around 360 days was  due t o  the leachate be ing  l e f t  i n  contac t  

The M73-93C 

The previous ly  r epor t ed  De’s  a f t e r  144 
-9 

The p red ic t ed  amount leached 

The 
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0. 

0. 
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0. 

0. 

16 

111 

12 

50 11 0.0 A0 ' ' ' ' ' ' ' ' 

Fig. 2. E f f e c t  of Long-Term "Wet" Curing on the L e a c h a b i l i t y  of 
C e s i u m  from Grundi te  Containing Grouts w i t h  Tap Water. 
4 weeks  and M74-12 was  cured 52 w e e k s  p r i o r  t o  leaching .  
are given  i n  A-1 and A-2 of Appendix A , ) .  

(M73-93C w a s  cured 
T h e  data p o i n t s  

. 
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Fig .  3. Comparison of the Cumulative Fraction of C e s i u m  Leached from 

[Theoretical curve calculated using Eq. (J-1 with De = 
Cementitious Grout M73-93C to That Predicted by an Equation Based on Trans- 
port Phenomena. 
1.2 x 10-9 cm2/sec.] 

. 
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0.28 

0.26 

L 

- 

- 

Fig. 4 .  Comparison of the Cumulative Brac t ion  of cesium Leached from 
Cementi t ious Grout M73-93C t o  T h a t  P r e d i c t e d  by a n  Equat ion Based on Trans- 
p o r t  Phenomena. 
1.09 x 10-9 cm2/sec.] 

[Theore t i ca l  curve c a l c u l a t e d  us ing  Eq. (1) w i t h  De = 

1 
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w i t h  the specimen 10  

previous r e p o r t  t h a t  
1 s h i f t  t o  the r i g h t .  

days p r i o r  t o  be ing  changed. 
longer  l each ing  pe r iods  cause the leach curve t o  

It w a s  Pointed ou t  i n  t h e  

4. RESULTS AND DISCUSSION OF STUDIES USING TJB ORNL LEACH TEST METHOD 

4.1 Rep l i ca t ion  of Results 

Rep l i ca t ion  of s t ron t ium and cesium l e a c h  r e s u l t s  using t h e  O W L  

l e a c h  test method w a s  excellent. The r e s u l t s  shown i n  Fig. 5 r e p r e s e n t s  

s t ron t ium leach d a t a  from two d i f f e r e n t  specimens made from the same grout .  

T h e s e  r e s u l t s  show the maximum d i f f e r e n c e  observed between any of the 

s t ron t ium d u p l i c a t e  specimens s tud ied .  

leached from M75-3B i n  25 days than from M75-3A. This may b e  due t o  the 

s l i g h t l y  h igher  s u r f a c e  area of 3B since a cursory  v i s u a l  examination 

p r i o r  t o  leaching  showed t h a t  t h e  s u r f a c e  of 3B w a s  ragged and contained 

several ho le s  1 t o  2 rn i n  diameter ,  wlereas the s u r f a c e  of 3A w a s  smooth 

and had few flaws. I n  most of  the s t ron t ium cases s t u d i e d ,  t h e  s u r f a c e s  

of d u p l i c a t e  samples were good and their corresponding leach d a t a  essen- 

t i a l l y  i d e n t i c a l  (Fig. 6). 

Only about  25% more s t ron t ium w a s  

The r e s u l t s  from cesium d u p l i c a t e  samples w e r e  as good o r  b e t t e r  than 

those  from the s t ron t ium tests. Fig. 7 shows the r e s u l t s  from 4 specimens, 

3 prepared from one ba tch  of grout  (M75-7AY M75-7B and M75-7C) and another  

d u p l i c a t e  specimen (M75-12A) made from a d i f f e r e n t  b a t c h  of grout .  There 

w a s  on ly  6 t o  8% d i f f e r e n c e  observed i n  the t o t a l  amount leached from 

each of the specimens. 

specimens show t h a t , w i t h  c a r e f u l  p repa ra t ion  and cur ing ,  r e s u l t s  from 

r e p l i c a t e  tests us ing  the ORNL test method should va ry  a maximum of only 

10 t o  25%. 

The d a t a  obta ined  from the s t ron t ium and cesium 

4.2 Evaluat ion of Cesium Sorbents  

Grundite,  an  i l l i t i c  c lay ,  w a s  used i n  the p a s t  t o  retain cesium i n  

J u s t  p r i o r  the g rou t s  u t i l i z e d  i n  the hydro f rac tu re  d i s p o s a l  procedure. 

t o  these s t u d i e s ,  Grundi te  w a s  removed from the market and i t  w a s  necessary 

t o  f i n d  o t h e r  materials that would retain cesium i n  the grouts .  Two of t h e  

materials examined, p o t t e r y  c l a y  and Conasauga shale, were much b e t t e r  

than  Grundite i n  r e t a i n i n g  cesium. Although the Conasauga s h a l e  had t h e  
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I 

I 

3 

Fig. 5. Comparison of Stront ium Leach R e s u l t s  from Specimens -de from 
the  Same Grout. 
Conasauga shale and W-7 simulated waste so lu t ion .  
28 days p r i o r  t o  leaching  wi th  t a p  water. 
Tables A-39 and A-40 of Appendix A . )  

(The grout  w a s  made from a d ry  m i x  con ta in ing  7.7 w t  % 

The d a t a  p o i n t s  are given i n  
The specimens were cured 
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. 
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Fig. 6. Comparison of Stront ium Leach R e s u l t s  from Specimens Made from 
the Same Grout. 
Conasauga shale and W-7 s imulated w a s t e  so lu t ion .  
1 1 2  days p r i o r  t o  l each ing  w i t h  t ap  water. 
A-65 and A-66 of Appendix A.) 

(The grout  w a s  made from a d ry  mix conta in ing  7.7 w t  % 
The specimens w e r e  cured 

The d a t a  p o i n t s  are given i n  Tables 
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0 

Fig. 7. Comparison of Cesium L o a c h  R e s u l t s  from Specimens Nade from the 
Same o r  S i m i l a r  Qrou t s .  
from a d r y  mix con ta in ing  7.7 w t  % Conasauga shale and W-7 s imula ted  waste 
so lu t ion .  The specimens were cured 28 days p r i o r  t o  l each ing  w i t h  t a p  water. 
T h e  d a t a  p o i n t s  are given i n  Tables A-45, A-46, A-47,and A-54 of Appendix A . )  

(Both ba tches  of g rou t  (M75-7 and M75-12) w e r e  made 
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b e t t e r  r e t e n t i o n  p r o p e r t i e s ,  the p o t t e r y  c l a y  i s  commercially a v a i l a b l e  

and w a s  used s u c c e s s f u l l y  i n  t h e  l a s t  two i n j e c t i o n s  a t  t h e  Hydrofracture  

F a c i l i t y .  

To screen  the new materials, g rou t s  were prepared using t h e  s tandard  

dry  m i x  (Table 1) conta in ing  7.7 w t  % of the s u b s t i t u t e  material i n s t e a d  

of Grundite. I n  add i t ion ,  a c o n t r o l  w a s  made without  Grundite o r  a 

s u b s t i t u t e  present .  Two sets of g rou t s  were made. The f i r s t  had so l id s -  

to - l iqu id  r a t i o s  of 5, 6 and 7 lb per  g a l  of either water o r  W-7 s imulated 

w a s t e .  They w e r e  mixed a t  2000 rpm t o  s imula t e  shear condi t ions  i n  t h e  tub 

at the i n j e c t i o n  site. The second set of grouts  had a so l ids - to- l iqu id  

r a t i o  of 6 l b  p e r  g a l  of W-7 s imulated waste. These were mixed a t  5000 

rpm t o  s imula te  t h e  shea r  condi t ions  a t  t h e  bottom of t h e  i n j e c t i o n  w e l l .  

The g rou t s  i n  both  sets which had about  t h e  same d e n s i t y ,  v i scos i ty , and  

phase s e p a r a t i o n  as g rou t s  conta in ing  Grundi te  were then  used i n  t h e  

fol lowing cesium r e t e n t i o n  screening  s t u d i e s .  Grouts conta in ing  tracer 

concent ra t ions  of 137Cs w e r e  mixed a t  5000 rpm. Immediately a f t e r  mixing, 

an a l i q u o t  of each grout  w a s  added t o  10  volumes of t a p  water, a g i t a t e d  

1 hr, and t h e  superna te  analyzed f o r  137Cs a f t e r  s e t t l i n g  1 h r  and 24 hr,  

There w e r e  e s s e n t i a l l y  no d i f f e r e n c e s  i n  t h e  results from t h e  two s e t t l i n g  

t i m e s .  Conasauga I shale and WCO p o t t e r y  c l ay  r e t a i n e d  t h e  most cesium. 

T h e  superna te  over  the Grundi te  contained more than  3 t i m e s  as much cesium 

than t h e  aqueous i n  the Conasauga I shale o r  Amaco p o t t e r y  c l ay  (Table 4 ) .  
Two expanded vermicul i tes ,  Zonol i te  Expanded No. 3 and No.  4 ,  had unsa t i s -  

f a c t o r y  phys ica l  p r o p e r t i e s  and w e r e  n o t  t e s t e d  w i t h  cesium. 
yere SO low that i t  w a s  n e a r l y  impossible  t o  o b t a i n  a homogeneous d ry  mix- 

Their d e n s i t i e s  

Short-term leach tests w e r e  made w i t h  g rou t  specimens inco rpora t ing  

t h e  b e t t e r  sorbents .  

10  days, then leached f o r  18 days w i t h  t a p  water. 

of cesium leached v a r i e d  as fol lows:  

Brick Co. Shale  Dust > > l o c a l  Pumpkin Val ley  Conasauga Shale  > Amaco 

P o t t e r y  Clay > l o c a l  Rutledge Conasauga Shale. 

The specimens w e r e  cured under "wet" cond i t ions  f o r  

The cumulative f r a c t i o n  

N o  g rund i t e  > Grundite > Richa rd ' s  

Longer-term leach tests were made wi th  specimens "wet" cured 28 days 

t o  compare Grundite w i th  Rutledge C6nasauga s h a l e  (Conshale). I n  tests 

us ing  g r o u t s  con ta in ing  7.7 w t  % of t h e  sorbent  i n  ques t ion ,  t h e  f r a c t i o n  



Table 4 .  Loss of Cesium from Uncured Grouts Containing Various Cesium Sorbents  i n t o  Tap Water 

a C s  i n  Supernate 
Sorhent (X of To ta l )  

Control  (No Sorbent )  16.6 

Grundi t e 4.6b 

Conasauga Shale  I (<200 mesh sample  of l o c a l  Rutledge Shale)  1.5 

Conasauga Shale  I1 (<40>200 mesh sample of l o c a l  Pumpkin Valley Shale)  5.6 

Conasauga Shale  I1 (<200 mesh sample of l o c a l  Pumpkin Val ley Shale  6.5 

Shale  Dust (-40 m e s h  from Richard's Brick Company) 6.4 

Amaco P o t t e r y  Clay CBatch 1) 3.4 

Amaco P o t t e r y  Clay (Batch 2 )  1 . 2  

Amaco P o t t e r y  Clay (Batch.2 w i t h  2.4 wt % i n  dry  mix r a t h e r  than  7.7%) 4.0 

Hydr i te  MP 1547 (kaol in  from Georgia Kaolin Company) 11.0 

Hydrf te  F l a t  01555 (kaol in  from Georgia Kaolin Company) 10.6 

a Grout con ta in ing  137Cs mixed f o r  1 h r  wi th  10 volumes of t a p  water, allowed t o  s e t t l e , a n d  supe rna te  

analyzed f o r  137Cs. 

I 
N 
10 
I 

Average of two runs.  b 

I t i 



-23- 

MINL DWG 76-6C 

5 

N O  GRUNDITE 

10-2 

5 

F i g .  8. Comparison of C e s i u m  LeachRa tes  from Specimens Containing 

The 
The d a t a  

D i f f e r e n t  Cesium Sorbents.(The specimens w e r e  made from a d ry  m i x  contain- 
i ng  7.7 w t  %. so rben t  as l i s t e d ,  and W-7 s imulated waste so lu t ion .  
specimens w e r e  cured 10 days p r i o r  t o  leaching  wi th  t a p  water. 
p o i n t s  are given i n  Table A-3 - A-8 of Appendix A.) 
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of cesium lost from Conshale specimen M75-7B after 70 days of leaching 

was about half that from the Grundite grout, M75-6 (Fig. 9). Doubling 
the amount of Conshale (M75-8A) decreased the cesium l o s s  by about a 

factor of 2 after 95 days of leaching (Fig. lo). In Figs. 9 and 10 it 
should be noted that there is an increase in the leach rate of M75-7B at 

. 105 days. This was caused by removing the specimen from the leachate, 

letting it air dry for 10 days, and then resuming leaching. 
leach rate again confirms the effect of surface drying (see Sect. 4.8). 

The increased 

4.3 Effect of Leachate Renewal Frequency 

Previous results indicated that, for a given leachate, the amount of 

a species removed from a specimen depends to some extent on the leachate 

replacement frequency.' 

leached by changing the tap water leachate either 1, 2, or 4 times a day. 
Although the evidence was slim (the differences noted are only slightly 

more than expected from experimental error), there was slightly more cesi- 

um leached from specimens when the leachate was changed more frequently 

than once a day. 
with three different cesium sorbents, Grundite, pottery clay, and Conasauga 

shale (Conshale). A control was run with a specimen containing no sorbent 

(no clay), and all specimens were leached for a total of 10 days. 
case of the control, the amount of cesium leached appeared to be independent 

of the leachate replacement. For the other three series there was slightly 

more leached in tests having more frequent leachate replacements than 
once a day (Figs. 11-14). Longer-term leach tests are needed to confirm 

the effect of leachate renewal frequency. 

To verify this effect , cesium specimens were 

Studies were made with 60-day-"wet1'-cured specimens made 

In the 

4.4 Effect of Curing Time 

The cumulative fraction of cesium leached from simulated hydrofracture 

grout decreased with increased curing time. Specimens prepared from a dry 

mix containing 7.7 wt % Conasauga shale were "wet" cured 28, 56, and 112 

days respectively. After 40 days of daily leachate changes, the amount of 
cesium lost to the leachate was 0.096, 0.072, and 0.058 fraction cm, 
respectively (Fig. 15). Similarly, specimens containing Grundite and "wet" 

cured either 28 or 56 days lost 0.184 and 0.128 fraction cm respectively 
(Fig. 16). Conasauga specimens that were "dry" cured showed comparatively 

little difference in the 28- and 56-day results, but at 112 days there was 
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Fig. 9. Comparison of Cesium Leach Rates from a Specimen Containing 
Grundi te  with One Containing Rutledge Conasauga Shale.  (The specimens 
were made with a d r y  mix con ta in ing  7.7 w t  % of t h e  clay i n  ques t ion  and 
W-7 s imula ted  waste and cured 28 days p r i o r  t o  leaching  wi th  t a p  w a t e r .  
The d a t a  p o i n t s  are given i n  Tables  A-44 and A-46 of Appendix A.) 
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Fig. 10. E f f e c t  of Conasauga Sha le  Concent ra t ion  on  the L e a c h a b i l i t y  
of Cesium from Cementi t ious Grouts.  
s imula ted  waste s o l u t i o n  and cured 28 days p r i o r  to l each ing  w i t h  t a p  
w a t e r .  

(Specimens w e r e  prepared w i t h  W-7 

The d a t a  p o i n t s  are given i n  Tables  A-46 and A-49 of Appendix A . )  
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Fig. 11. Ef fec t  of Leachate Renewal Frequency on the Leachabi l i ty  of 
Cesium from Grouts Containing No CP-sium Sorbent.  (Specimens w e r e  made 
with W-7 s imulated w a s t e  and cured 60 days p r i o r  t o  leaching  with t a p  
w a t e r .  The data p o i n t s  are given i n  Tables A-9 - A-11 of Appendix A . )  
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Fig. 12. E f f e c t  of Leachate Renewal Frequency on t h e  L e a c h a b i l i t y  
of Cesium from Grouts Containing Grundi te  Clay. (Specimens w e r e  made 
with W-7 s imulated waste and cured 60 days p r i o r  t o  l each ing  with t ap  
w a t e r .  The d a t a  p o i n t s  are given i n  Tables  A-12 - A-16 of the Appendix.) 
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Fig. 13. Effect of Leachate Renewal Frequency on the Leachability 
of Cesium from Grouts Containing Amaco Pottery Clay, 
made w i t h  W-7 simulated waste and cured 60 days prior to leaching with 
tap water. 
Appendix. ) 

(Specimens were 

The data points are given i n  Tables A-22 - A-26 of the 
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Fig. 14 .  E f f e c t  of Leachate Renewal Frequency on t h e  Leachab i l i t y  of 
(Specimens w e r e  Cesium from Grouts Containing Conasauga Shale  (Conshale). 

made withv-7 s imula ted  waste and cured 60 days p r i o r  t o  l each ing  w i t h  
t a p  water. 
Appendix.) 

The d a t a  p o i n t s  are given i n  Tables  A-17 - A-21 of the 
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Fig. 15. Effect of "Wet" Curing Time on the Leachability of Cesium 
(Specimens were prepared with a from Grouts Containing Conasauga Shale. 

dry mix containing 7.7 w t  % Conasauga shale and W-7 simulated waste. 
were leached with tap water after curing the desired time. The data 
points are given in Tables A-54, A-61, and A-67 of the Appendix.) 

They 
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from Grouts Containing Grundite Clay. 
dry mix containing 7.7 wt % Grundite clay and W-7 simulated waste. 
were leached with tap water after curing the desired time. 
points are given in Tables A-44 and A-58 of the Appendix.) 

(Specimens were prepared with a 
They 

The data 
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much less l o s t  t o  the leachate (Fig. 17) .  T h i s  aga in  demonstrated t h e  

e f f e c t  of s u r f a c e  drying on t h e  amount of cesium leached from t h e  sur face .  

R e s u l t s  i n  t h e  previous report '  i n d i c a t e d  that a f t e r  28 days t h e r e  w a s  

l i t t l e  e f f e c t  of cur ing.  T h o s e  r e s u l t s  may have been brought about by 

some u n i n t e n t i o n a l  s u r f a c e  drying. 

specimens t o  a s s u r e  that proper c u r i n g  had taken p l a c e  as des i red .  

Greater care w a s  taken i n  t h e s e  later 

I n  t h e  case of s t ront ium,  there w a s  very  l i t t l e  e f f e c t  of cur ing  t i m e  

on the amount leached by t a p  water (Fig. 18) .  However, i n  t h e  case of 

d i s t i l l e d  water, t h e  amount leached v a r i e d  i n v e r s e l y  w i t h  t h e  cur ing  t i m e .  

These specimens were "wet" cured, and unfor tuna te ly  leaching  of the 112-day 

cured grout  w a s  stopped by mistake af te r  25 days (Fig. 19) .  

4.5 E f f e c t  of Drying During Curing 

Normally specimens are cured the d e s i r e d  l e n g t h  of t i m e  i n  a humid 

atmosphere. To determine t h e  e f f e c t  of drying,  s e v e r a l  cesium specimens 

w e r e  prepared,and h a l f  w e r e  allowed t o  dry  during cur ing  whi le  the o t h e r s  

were maintained i n  the normal humid atmosphere. In every case, the "dry" 

specimens had a h igher  cumulative l o s s  than  specimens cured under humid, 

"wet" condi t ions  (Figs. 20-22). The specimens w e r e  a l l  prepared from 

t h e  same grout  and w e r e  cured 28 days (M75-12A and M75-12C), 56 days 

(M75-17A and M75-17B), and 1 1 2  days (M75-23A and M75-23B). The h igher  loss 

occurred from t h e  dry  cured specimens during t h e  f i r s t  10  t o  15 days of 

leaching.  Af te r  t h i s ,  cesium w a s  removed from both  types' of specimens 

a t  approximately t h e  same rate. The d i f f e r e n c e  i n  t h e  f r a c t i o n  leached 

from "dry" specimens versus "wet" specimens w a s  dependent on the length 

of t i m e  t h e  specimens were cured. The maximum d i f f e r e n c e  occurred wi th  

56-day cur ing  and the least a t  112 days. 

4.6 E f f e c t  of Waste Concentration 

Short-term leach tests i n d i c a t e d  t h a t  i n c r e a s i n g  t h e  o v e r a l l  w a s t e  

concent ra t ion ,  i.e., by f u r t h e r  evaporat ion of t h e  waste, may have l i t t l e  

e f f e c t  on t h e  l e a c h a b i l i t y  of cesium o r  s t ront ium from simulated hydro- 

f r a c t u r e  grout.  C e s i u m  tests w e r e  c a r r i e d  o u t  w i t h  28-day-eured grout  

specimens prepared from simulated waste s o l u t i o n s  t h a t  were 1, 2,and 4 
t i m e s  t h e  concent ra t ion  of W-7 waste. The tests were run 10 days w i t h  t h e  
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Fig. 17. Effect of "Dry" Curing Time on the Leachability of Cesium 
(Specimens were prepared with a from Grouts Containing Conasauga Shale. 

dry mix containing 7 . 7  wt % Conasauga shale and W-7 simulated waste. 
were leached with tap water after curing the desired time. The data 
points are given in Tables A-56,  A-62,  and A-68 of the Appendix.) 

They 
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Fig. 18. Effect of "Wet" Curing Time on the Leachability of Strontium 
into Tap Water from Grouts Containing Conasauga Shale. 
prepared with a dry mix containing 7.7 wt % Conasauga shale and W-7 simulated 
waste. 
Appendix.) 

(Specimens were 

The data points are given in Tables A-51, A-59,'and A-63 of the 
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Fig. 19. Effect of "Wet" Curing Time on the Leachability of Strontium 
into Tap Water from Grouts Containing Conasauga Shale. 
prepared with a dry mix containing 7.7 wt % Conasauga shale and W-7 simulated 
waste. 
Appendix. ) 

(Specimens were 

The data points are given in Tables A-52, A-60, and A-64 of the 
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Fig. 20. Effect of Surface Drying on the Leachability of Cesium 
into Tap Water from 28-day-cured.'.Grout. 
dry mixes containing 7.7 wt % Conasauga shale and W-7 simulated waste. 
data points are given in Tables A-54 and A-56 of the Appendix.) 

(The specimens were prepared with 
The 
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into Tap Water from 28-day-cured Grout. 
with dry mixes containing 7.7 wt % Conasauga shale and W-7 simulated waste. 
The data points are given in Tables A-61 and A-62 of the Appendix.) 

(The specimens were prepared 
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Fig. 22. Effect of Surface Drying on the Leachability of Cesium 
into Tap Water from 28-day-cured Grout. 
dry mixes containing 7.7 wt % Conasauga shale and W-7 simulated waste. 
data points are given in Tables A-67 and A-68 of the Appendix.) 

(The specimens were prepared with 
The 
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t a p  water leachate changed d a i l y  (Fig. 23).  During t h i s  s h o r t  t i m e  per iod ,  

the d i f f e r e n c e s  observed i n  the r e s u l t s  from these specimens w e r e  w i t h i n  

the r e p r o d u c i b i l i t y  of experiments u s ing  d i f f e r e n t  grouts .  Longer l e a c h  

tests are needed t o  confirm these observa t ions ,  

Sodium ana lyses  were made on the leachates from the same cesium 

experiments. 

the f i r s t  2 o r  3 days of  leaching , fo l lowed by a slower rate than  that 

ohserved with the more d i l u t e  w a s t e  samples. 

t o  warran t  any d i scuss ions  of p o s s i b l e  mechanisms o r  causes  of t h i s  

phenomenon (Fig. 24). 

The 4X w a s t e  specimens showed a much f a s t e r  leach rate i n  

There i s  n o t  enough evidence 

Two tests w e r e  run  w i t h  s t ron t ium,  one prepared w i t h  t h e  r e g u l a r  

concent ra t ion  of M-7 and the o t h e r  a t  t w i c e  the concent ra t ion .  These 

specimens w e r e  cured 28 days, then leached 60 days w i t h  t a p  w a t e r .  

leachates w e r e  changed d a i l y .  Although less s t ron t ium w a s  leached from 

the IXM-7 specimen, i t  amounted t o  only  about 10% a t  the end of 60 days, 

which i s  probably w i t h i n  experimental  r e p r o d u c i b i l i t y  (Fig. 25). 

T h e  

4.7 E f f e c t  of Cesium o r  Stront ium Concentrat ion 

Nonradioactive cesium o r  s t ron t ium w a s  added t o  many of the g rou t s  

t o  determine t h e  e f f e c t  on the l e a c h a b i l i t y  of t h e  r e s p e c t i v e  element. 

the case of  cesium, the  t o t a l  f r a c t i o n  of cesium leached from the specimens 

v a r i e d  d i r e c t l y  w i t h  the i n i t i a l  concen t r a t ion  02 cesium i n  the g rou t s  

(Fig. 26).  One specimen contained only  tracer concent ra t ions  (M75-13), 

which amounted t o  0.01 Ci/gal ,and the o the r  (M75-12A) had a cesium concen- 

t r a t i o n  of 0.5 mg/cm3 of grout  (equivalent  t o  about 200 C i / g a l , o r  100 

t i m e s  g r e a t e r  t han  the maximum of 2 c u r i e s  p e r  ga l lon  that is  c u r r e n t l y  

planned t o  b e  used i n  a c t u a l  i n j e c t i o n s  a t  the hydro f rac tu re  s i te ) . ,  Of 

cou r se , the  most probable  exp lana t ion  f o r  the inc reased  loss of cesium is  

that the c l a y  (Conasauga s h a l e )  simply could n o t  sorb  this q u a n t i t y  of 

cesium. 

I n  

Three tests w e r e  made w i t h  s t ront ium: M75-10 con ta in ing  only tracer 
grout ,  and 3 

There w a s  l i t t le ,  

amounts, M75-9B’with a s t ron t ium concen t r a t ion  of 0.35 mg/cm 

M 7 5 - 3 A w i t h  a s t ron t ium concen t r a t ion  of 0.5 mg/cm 

i f  any ,d i f f e rence  i n  the r e s u l t s  from the 0.5-mg and 0.35-mg specimens. 

3 grout .  
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Fig. 23. Effect of Waste Concentration on the Leachability of Cesium 
from Grouts Containing Amaco Pottery Clay. 
with dry mixes containing 7.7 wt % Amaco pottery clay and the desired 
concentration of W-7 simulated waste. 
leaching with tap water. The data points are given in Tables A-27 - 
A-32 of the Appendix.) 

(Specimens were prepared 

They were cured 28 days prior to 
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Effect of Waste Concentration on the Leachability of Sodium Fig. 24. 
from Grouts Containing Amaco Pottery Clay. 
dry mixes containing 7.7 wt % Amaco pottery clay and the desired concentra- 
tion of W-7 simulated waste. 
with tap water. 
Appendix. ) 

(Specimens were prepared with 

They were cured 28 days prior to leaching 
The data points are given in Tables A-33 - A-38 of the 
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Fig. 25. Effect of Waste Concentration on the Leachability of Stron- 
tium from Grouts Containing Conasauga Shale. (Specimens were prepared with 
dry mixes containing 14.3 % Conasauga shale and the desired concentration 
of W-7 simulated waste. They were cured 28 days prior to leaching with 
tap water. 
Appendix. 1 

The data points are given in Tables A-41 and A-43 of the 
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Fig. 26. Effect of Cesium Concentration on the Leachability of 
Cesium from Grouts Containing Conasauga Shale. (The specimens were 
prepared with dry mixes containing 7.7 wt % Conasauga shale and W-7 
simulated waste solution with the desired concentration of cesium. 
were cured 28 days prior to leaching with tap water. 
given in Tables A-57 and A-54 of the Appendix.) 

They 
The data points are 
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However, the fraction leached was much higher from the grout containing 
only tracer concentrations of strontium, showing that the amount of radio- 
active strontium leached from a specimen can be reduced by the addition of 

stable strontium to the waste solution (Fig. 27). 

4.8 Effect of] Leachant Composition 

The leachability of cesium and strontium from simulated hydrofracture 

grout is dependent on the composition of the leachate. Three different 

leachates were used in these tests: distilled water, tap water, and a 
solution designated grout water that consisted of the supernatant liquid 

obtained after mixing 1 volume of freshly prepared grout containing no 

cesium or strontium with 35 volumes of distilled water. In every case, 

there was a greater effect on strontium than cesium; however, with both 

isotopes the cumulative fraction leached was in the order: distilled water > 
tap water > grout water. After 60 days leaching there was over 3 times 

more strontium leached by distilled water than tap water (Fig. 28). In 
the case of cesium, about 30% more was leached by the distilled water (Fig. 
29). 
no effect as shown by results of leach tests made using water from a stored 

volume of tap water compared with a test made with water drawn daily from 

the tap (Fig. 28). 

Any daily fluctuations that may have been in the tap water produced 

The leach results obtained in tests using grout water followed a more 

complicated path than those obtained with tap or distilled water. 

both strontium and cesium, the leach rate for about the first 10 days was 
higher for grout water than with tap water, but then the rate decreased 

sharply with the overall effect that, after about 20 days, the cumulative 
fraction leached was greater with tap water than with grout water. 

effect was very marked in the strontium tests (Fig. 30), but only to a 
slight extent with cesium (Fig. 31). The increase in the leach rates 
shown after the 45th day (M75-4C and M75-7D) was due to the substitution 

of tap water for grout water. The increase observed with M75-7B of Fig. 31 
was brought about by allowing the specimen to dry out for several days 

before resuming the leach process. 

With 

The 
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of Strontium from Grouts Containing Conasauga Shale. (The specimens were 
prepared with dry mixes containing 7.7 wt % Conasauga shale and W-7 
simulated waste solution with the desired concentration of strontium. 
They were cured 28 days prior to leaching with tap water. The data points 
are given in Tables A-39, A-51, and A-53 of the Appendix.) 
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Fig. 28. Comparison of Strontium Leachability into Tap Water and 
Distilled Water from Cementitious Grouts Cured 28 Days. 
were made with dry mixes containing 7.7 wt % Conasauga.shale and W-7 
simulated waste solution. 
Data points are given in Tables A-50, A-51, and A-52 of the Appendix.) 

(The specimens 

The specimens were cured under humid conditions. 
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H 

Fig. 29. Comparison of Cesium Leachability into Tap Water and 
Distilled Water from Cementitious Grouts Cured 28 Days. 
were made with dry mixes containing 7.7 wt % Conasauga shale and W-7 
simulated waste solution. 
Data points are given in Tables A-54 and A-55 of the Appendix.) 

(The specimens 

The specimens were cured under humid conditions. 
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Grout Water from Cementitious Grouts Cured 28 Days. 
made with dry mixes containing 14.3 % Conasauga shale and W-7 simulated 
waste solution. The specimens were cured under humid conditions. Data, 
points are given in Tables A-41 and A-42 of the Appendix.) 

(The specimens were 
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Fig. 31. Comparison of Cesium Leachab i l i t y  i n t o  Tap Water and Grout 
Water from Cementit ious Grouts Cured 28 Days. 
wi th  d ry  mixes conta in ing  7.7 w t  % Conasauga s h a l e  and W-7 s imulated waste 
s o l u t i o n .  The specimens were cured under humid condi t ions .  Data p o i n t s  
are given i n  Tables  A-46 and A-48 of t h e  Appendix.) 

(The specimens were made 
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5, L E A C W L I T Y  OF' ACTUAL UXDROFWCTW GROUT 

A leach test vas run  w i t h  actual hydro f rac tu re  grout  and the d a t a  

used i n  p rev ious ly  descr ibed  t h e o r e t i c a l  express ions  

d i f f u s i v i t i e s  were c a l c u l a t e d  f o r  137Cs and 
-11 few d a t a  p o i n t s  ob ta ined  i n  the leach study.  

cm /sec and 5.8 x 10-l' c m  /sec f o r  cesium and s t ron t ium re spec t ive ly .  

This s tudy  was made i n  a modified Soxhlet  e x t r a c t o r ,  which w a s  cons t ruc ted  

so that  tests could b e  run w i t h  cont inuously changing leachant .  

of hydro f rac tu re  g rou t  w a s  a fragment of a c o r e  recovered from the ORNL 
i n j e c t i o n  site i n  a c o r e  d r i l l i n g  program of the late 1960's. 
specimen had a s u r f a c e  area of about  10 cm 

of 0.16. It was contac ted  w i t h  d i s t i l l e d  water a t  the rate of 40 ml/min 

f o r  s i x  w e e k s  and the leachate sampled each week. 

d a t a  p o i n t s  and they w e r e  somewhat erratic, the c a l c u l a t e d  D ' s  gave 

p red ic t ed  va lues  w i t h i n  2 3% of the a c t u a l  s t ront ium va lues  and w i t h i n  

+ 20% of the actual cesium va lues  (Tables 5 and 6).  

Modified e f f e c t i v e  

us ing  Equation (1) and t h e  

The D e ' s  were 8 . 3  x 10  
2 2 

The sample 

The 2.3-g 
2 and a volume-to-surface r a t i o  

Although t h e r e  were few 

e 

Comparisons of the d i f f  u s i v i t i e s  obtained from l abora to ry  s t u d i e s  

w i t h  s imulated g rou t  and those  obta ined  w i t h  d a t a  from the co re  fragment 

were most encouraging. T h e  550-day cesium l a b o r a t o r y  leach test (Sect. 3.2)  

i nd ica t ed  a d i f f u s i v i t y  of  1.1 x lo-', o r  about  10 t i m e s  g r e a t e r  than the 

D I n  t h e  case of s t ront ium,  

e s t ima tes  of e f f e c t i v e  d i f f u s i v i t i e s  from short-term t a p  water tests 

produced va lues  i n  the 10  range' o r  about  20 t i m e s  less than obta ined  

with the a c t u a l  samples.  

po in t s ,  t h e  d i f f e r e n c e  i n  manner and t i m e  of cur ing ,  and t h e  d i f f e r e n c e  

between t a p  and d i s t i l l e d  water leach rates, t h e  core  r e s u l t s  lend  much 

c r e d i b i l i t y  t o  those  obta ined  from l abora to ry  grouts .  

ob ta ined  with d a t a  from t h e  c o r e  fragment. e 

-11 

Considering the very  l i m i t e d  number of d a t a  

6. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE STUDIES 

1. T h e  OWL leach test method proved t o  b e  an  acceptab le  method f o r  

sc reening  and paramet r ic  s t u d i e s ,  g iv ing  reproducib le  l each  d a t a  i n  a 

s h o r t  per iod  of t i m e .  

The cumulative f r a c t i o n  of cesium and s t ront ium leached from hydro- 

f r a c t u r e  grout  depended on t h e  time and manner of cur ing.  

2. 

The amount 
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Table 5. Comparison of  the Cumulative F r a c t i o n  of Strontium Leached from 
a Hydrofracture  Grout Fragment t o  T h a t  Pred ic ted  by a De of 

5.8 x 10-10 cm2/sec 

Time Curqulative Plractton Leached Ccm) Di f fe rencea  
(day S 1 Data Calculated (%) 

14,O 3.08 x loe2 2.99 x -3 

21.0 3.61 x 3.66 x 1 

28.0 4.19 x 4.23 x 1 

35.0 4.79 x 4.73 x -1 

42.0 5.12 x lom2 5.18 x 1 

c a l c u l a t e d  - d a t a  
d a t a  

a % d i f f e r e n c e  = 

Table 6. Comparison of the Cumulative F r a c t i o n  of Cesium Leached from 
a Hydrofracture  Grout F r a  e n t  t o  That Predic ted  by a D of 8.3 x 1o-E crn2/sec e 

T i m e  Cumulative F r a c t i o n  Leached (cm) Differencea 

14.0 

21.0 1.24 x 1.38 x 11 

28.0 1.41 x 1.59 x 13 

35.0 1.84 x 1.78 x - 3.3 

(days) Data Calculated (%) 

, 9.41 1.13 x 20 
I 

42.0 2.26 x low2 1.96 x -13 

) x 100. c a l c u l a t e d  - d a t a  
d a t a  

a % d i f f e r e n c e  = 
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3. 

4 .  

5. 

6. 

7. 

8. 

decreased with increased  cur ing  t i m e  and increased  i f  the specimen 

d r i e d  dur ing  curing.  

T h e  amount of cesium and s t ron t ium leached depended on the composition 

of the leachant  and was  i n  the order :  d i s t i l l e d  water  > t a p  water > 

grout  water. 

Short-term leach tests ind ica t ed  that inc reas ing  the o v e r a l l  waste 

concent ra t ion  had l i t t l e  e f f e c t  on the l e a c h a b i l i t y  of s t ron t ium o r  

cesium. KOwever, t h e  a d d i t i o n  of s t a b l e  s t ront ium decreased t h e  

amount of r a d i o a c t i v e  s t ront ium leached from the specimen,while 

a d d i t i o n a l  s t a b l e  cesium increased  the l o s s  of  cesium. 

T h e  amount of cesium leached from a specimen depended on the amount 

and type  of c l a y  incorpora ted  i n  the grout  and v a r i e d  as fol lows:  

No  c l a y  > Grundite > Richard's Br ick  d u s t  > l o c a l  Pumpkin Val ley  

Conasauga Shale  > Amaco P o t t e r y  Clay > l o c a l  Rutledge Conasauga S h a l e .  

A short-term cont inuous leach test us ing  a fragment of a c t u a l  hydro- 

f r a c t u r e  grout  confirmed t h e  c r e d i b i l i t y  of the l abora to ry  tests 

us ing  s imulated grout .  

Long-term (550 days)  leach tests us ing  the IAEA test method confirmed 

the r e l i a b i l i t y  of the e x t r a p o l a t i o n s  of the shorter-term (140 days) 

data. 

There was  f u r t h e r  evidence that the cumulative f r a c t i o n  of a n  i s o t o p e  

leached from a specimen w a s  dependent on the frequency of  l eachan t  

renewal. 

Future  work on the l e a c h a b i l i t y  of cement i t ious  mixtures  w i l l  fo l low 

the recommendations d iscussed  i n  the previous report. '  

b e  on the formulat ion and t rea tment  of g rou t s  t o  produce t h e  p r o p e r t i e s  

r equ i r ed  f o r  the encapsula t ion  of s p e c i f i c  w a s t e  materials. 

method will be  used t o  determine the e f f e c t  any change i n  the grout  composi- 

t i o n  o r  t rea tment  has on the l e a c h a b i l i t y  of the r e s u l t i n g  material. 

b e t t e r  g rou t s  will then  be subjec ted  t o  long-term s t u d i e s  i n  which the 

l eachan t  i s  rep laced  cont inuously t o  confirm the r e l i a b i l i t y  of the ma t r ix  

f o r  t h e  f i x a t i o n  of  r a d i o a c t i v e  w a s t e .  

The emphasis w i l l  

The ORNL test 

The 
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APPENDIX: COMPILATION OF DATA ON LEACHING OF CEMENTITIOUS GROUTS 

T h e  data f o r  a l l  the grout  specimens d iscussed  i n  this r e p o r t  are 

A gene ra l  d e s c r i p t i o n  

The gene ra l  

l i s t e d  accord ing  t o  the specimen's experiment number. 

of each specimen and leach cond i t ions  i s  given i n  Table  3. 

composition of the d ry  mix and waste s o l u t i o n  used t o  p repa re  the specimens 

may b e  found i n  Tables  1 and 2 r e spec t ive ly .  

incrementa l  f r a c t i o n  leached w a s  determined by comparing, a t  the leach 

t i m e  i n  ques t ion ,  the amount of a c t i v i t y  i n  the leachate w i t h  a n  equ iva len t  

sample of the o r i g i n a l  waste feed s o l u t i o n  and tracer used t o  prepare  the 

specimen. To o b t a i n  the experimental  va lue  of the incremental  f r a c t i o n  

leached,  mu l t ip ly  the number i n  that column by t h e  r e c i p r o c a l  of t h e  power 

of 10  appearing i n  the column heading. 

"Incremental  F rac t ion  Leached" column of Table A-1 would be read as 

17.870 x loe4. 

I n  every case, the 

For example, the f i r s t  va lue  i n  the 



Table A-1. Experimental Results f o r  t he  Leaching of Cesium from Cementitious Grout No. M73-93C 

Specimen Solid-to-waste r a t i o :  6 l b  dry mix/gal W-7 w a s t e  (719 g / l i t e r )  

l37Cs a t  t i m e  to = 0.276 m C i  
Cesium added: s t a b l e  = 0 

Mass: 137 g ( a s  prepared) 
Volume: 98 cm3 

Exposed Surface Area: 19.6 cm2 

Curing T i m e  28 days 

Leachant 150 m l  t a p  water;  2 changes/day f o r  56 days,then d a i l y  ( i n i t i a l  pH = 7.75 - 8.48) 

I 

Leaching Time 
(days) F i n a l  Fraction Leached 

Incremental  Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo4 (Can/Ao) x 10' tn ' tn 

0.25 
0.75 
0.25 
0.75 
0.25 
Oi75 
0.25 
0.75 
0.25 
2.75 
0.25 
0.75 
0.25 
0.75 
0.25 
0.75 
0.25 
0.75 
0.25 
2.75 
0.25 
0.75 
0.25 
0.75 
0.25 
0.75 
0.25 
0.75 
0.25 

0.25 
1.00 
1.25 
2.00 
2.25 
3.00 
3.25 
4.00 
4.25 
7.00 

8.00 
8.25 
9 .oo 
9.25 

10.00 
10.25 
11.00 
11.25 
14.00 
14.25 
15.00 
15.25 
16.00 
16.25 
17 .OO 
17.25 
18.00 
18.25 

.7.25 

11.01 
11.29 
10.28 
10.73 
9.85 

10.55 
9.58 

10.26 
9.21 

11.15 
9.70 

10.02 
9.48 

10.05 
9.38 
9.92 
9.29 
9.81 
9.10 

10.76 
9.44 
9.71 
9.18 
9.61 
9.25 
9.51 
8.84 
9.48 
8.82 

17.870 
11.590 

3.300 
5.080 
2.190 
3.570 
1.520 
3.120 
1.330 
7.360 
1.450 
2.490 
1.160 
2.340 
1.130 
2 . loo 
1.030 
2.210 
1.090 
5.510 
1.290 
2.150 
1.030 
1.840 
1.520 
2.370 
0.817 
1.903 
1.093 

0.1787 
0.2946 
0.3276 
0.3784 
0.4003 
0.4360 
0.4512 
0.4824 
0.4957 
0.5693 
0.5838 
0.6087 
0.6203 
0.6437 
0.6550 
0.6760 
0.6863 
0.7084 
0.7193 
0.7744 
0.7873 
0.8088 
0.8191 
0.8375 
0.8527 
0.8764 
0.8846 
0.9036 
0.9145 

Leaching T i m e  
(days) F ina l  Frac t ion  Leached 

i c remen ta l  Cumulative pH of Incremental Cymulative 
Leachate (an/Ao) x l o 4  ( E a i / A o )  x lo2  tn Ctn 

2.75 
0.25 
0.75 
1.0 
0.25 
0.75 
0.25 
0.75 
0.25 
2.75 
0.25 
0.75 
1.0 
0.25 
0.75 
0.25 
0.75 
0.25 
2.75 
0.25 
0.75 
0.25 
0.75 
0.25 
0.75 
0.25 
0.75 
0.25 
3.75 

21.00 
21.25 
22 .oo 
23 .OO 
23.25 
24.00 
24.25 
25 .OO 
25.25 
28.00 
28.25 
29.00 
30.00 
30.25 
31.00 
31.25 
32.00 
32.25 
35.00 
35.25 
36 .OO 
36.25 
37.00 
37.25 
38.00 
38.25 
39 . O O  
39.25 
43.00 

10.36 
9.22 
9.47 
9.74 
9.15 
9.48 
8.70 
9.18 
8.62 

10.03 
8.96 
9.37 
9.38 
8.54 
9.07 
8.67 
8.92 
8.54 
9.81 
8.82 
9.29 
8.37 
9.91 
8.36 
8.77 
8.32 
8.75 
8.56 
9.94 

5.625 
1.208 
1.910 
2.247 
1.066 
1.788 
0.900 
2.211 
1.070 
4.658 
1.050 
2.293 
2.676 
0.947 
2.293 
1.196 
2.084 
0.934 
4.053 
0.872 
2.328 
0.922 
1.958 
0.930 
1.962 
0.803 
1.701 
0.860 
3.972 

0.9708 
0.9829 
1.0020 
1.0244 
1.0351 
1.0530 
1.0620 
1.0841 
1.0948 
1.1414 
1.1519 
1.1748 
1.2016 
1.2110 
1.2340 
1.2459 
1.2668 
1.2761 
1.3166 
1.3254 
1.3466 
1.3578 
1.3774 
1.3867 
1.4063 
1.4144 
1.4314 
1.4400 
1.4796 

1 cn 
m 
1 

, I . , 
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Table A-1 (Continued) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo4 (Can/Ao) x lo2 tn Ctn 

0.25 43.25 8.99 0.800 1.4877 
0.75 44 .OO 9.35 2.396 1.5117 
0.25 44.25 8.65 1.068 1.5223 
0.75 45.00 8.85 1.832 1.5407 
0.25 45.25 8.51 0.703 1.5480 
0.75 46.00 8.89 1.665 1.5643 
0.25 46.25 8.58 0.775 1.5721 
2.75 49 .OO 9.60 2.936 1.6014 
0.25 49.25 8.86 0.715 1.6086 
0.75 50.00 9.13 2.102 1.6296 
0.25 50.25 8.60 0.758 1.6372 
0.75 51.00 8.87 1.466 1.6519 
0.25 51.25 8.51 0.728 1.6591 
1.75 53.00 9.28 2.364 1.6828 
0.25 53.25 8.65 0.844 1.6912 
2.75 56.00 9.54 2.984 1.7211 
1.0 57 .O 9.20 1.220 1.7333 
1.0 58.0 9.25 2.076 1.1540 
1.0 59 .o 9.00 2.064 1.7747 
4.0 63.0 9.80 3.481 1.8095 
1.0 64.0 9.27 1.220 1.8217 
1.0 65.0 9.26 2.483 1.8465 
1.0 66.0 8.90 2.126 1.8678 
1.0 67.0 8.91 1.943 1.8872 
4.0 71.0 9.73 3.250 1.9197 
1.0 72.0 9.42 2.204 1.9417 
1.0 73.0 9.09 1.988 1.9616 
1.0 74.0 8.94 1.868 1.9803 
3.0 71 .O 9.52 2.968 2.0100 
1.0 78 .O 8.99 1.824 2.0282 
1.0 79 .O 8.89 1.876 2.0470 
1.0 80 .O 8.95 1.618 2.0632 
1.0 81 .O 8.88 1.575 2.0789 
3.0 84.0 9.40 2.519 2.1041 
1.0 85 .O 9.14 1.836 2.1224 
1.0 86.0 8.85 1.667 2.1391 
1.0 87.0 8.79 1.550 2.1546 
1.0 88.0 8.74 1.458 2.1692 
3.0 91.0 9.04 1.737 2.1866 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo4 (Ca,/Ao) x lo2 tn Ctn 

1.0 92.0 8.71 1.516 2.2017 
1.0 93.0 8.63 1.492 2.2167 
1.0 94 .O 8.62 1.400 2.2306 
4.0 98.0 9.23 2.294 2.2536 
1.0 99 .o 8.92 1.757 2.2712 2.2860 
1.0 100.0 8.66 1.418 
1.0 101.0 8.45 1.407 2.3000 
1.0 102 .o 8.59 1.240 2.3124 
3 .O 105.0 9.05 2.219 2.3346 
1.0 106.0 8.75 1.342 2.3480 
1.0 107 .O 8.63 1.303 2.3611 
1.0 108.0 8.54 1.143 2.3725 
1 .o 109 .o 8.54 1.249 2.3850 
3 .O 112.0 9.06 1.915 2.4041 
1.0 113.0 8.58 1.492 2.4190 
1.0 114 .O 8.57 1.216 2.4312 
1.0 115.0 8.43 1.116 2.4424 
1.0 116 .O 8.61 1.296 2.4553 
3.0 119 .o 8.98 1.921 2.4145 
1.0 120.0 8.70 1.303 2 -4816 
1.0 121.0 8.58 1.375 2 .SO13 
1.0 122.0 8.48 1.009 2.5114 
1.0 123.0 8.48 1.033 2.5211 
3 .O 126.0 8.78 1.601 2.5378 
1.0 127.0 8.58 1.115 2.5489 
1.0 128.0 8.52 1.063 2.5595 . 
1.0 129 .O 8.40 1.099 2.5705 
1.0 130.0 8.44 0.882 2.5793 
3.0 133.0 8.64 1.637 2.5951 
1.0 134 .O 8.20 1.144 2.6011 
1.0 135 .O 8.38 1.207 2.6192 
1.0 136.0 8.43 1.017 2 -6294 
1.0 137.0 8.45 1.021 2.6396 
4.0 141.0 8.81 1.838 2.6580 
1.0 142.0 8.75 1.253 2.6705 
1.0 143.0 8.46 1.164 2.6821 
1.0 144.0 8.40 0.995 2.6921 
3.0 147.0 8.64 1.654 2.7086 
1.0 148.0 8.54 1.169 2.1203 



Table A-1 (Continued) 

Leaching T ime  
(days) F i n a l  Frac t ion  Leached 

Incremental  Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x l o 4  (Can/Ao) x l o 2  tn ctn 

1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
2.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1 .o 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 

149.0 
150 .O 
151.0 
154.0 
155 .O 
156.0 
157 .O 
158.0 
161.0 
162.0 
163.0 
164.0 
165.0 
168.0 
169 .O 
170 .O 
171.0 
172 .O 
175.0 
176 .O 
177 .O 
179.0 
182.0 
183 .O 
184 .O 
185.0 
186.0 
189 .o 
190 .o 
191.0 
192.0 
193.0 
196.0 
197 .O 
198.0 
199 .o 
200.0 
203.0 
204.0 

8.41 
8.36 
8.35 
8.58 
8.34 
8.31 
8.41 
8 .21  
8.63 
8.42 
8.32 
8.43 
8.37 
8.56 
8.37 
8.34 
8.46 
8.33 
8.67 
8.31 
8.25 
8.32 
8.55 
8.22 
8.19 
8.30 
8.22 
8.58 
8.41 
8.26 
8.42 
8 .21  
8.50 
8.57 
8.37 
8.24 
8.26 
8.47 
8.32 

1.107 
1.076 
0.964 
1.647 
1.077 
1.042 
1.139 
0.903 
1.585 
1.062 
1.093 
0.896 
0.810 
1.651 
0.985 
0.973 
0.962 
0.969 
1.360 
0.895 
0.891 
1.279 
1.565 
1.071 
0.921 
0.948 
0.983 
1.856 
0.923 
0.906 
0.863 
0.792 
1.221 
0.896 
0.874 
0.815 
0.795 
1.382 
0.967 

2.7314 
2.7422 
2.7518 
2.7683 
2.7790 
2.7894 
2.8008 
2.8099 
2.8257 
2.8363 
2.8473 
2.8562 
2.8643 
2.8808 
2.8907 
2.9004 
2.9100 
2.9236 
2.9326 
2.9415 
2.9504 
2.9632 
2.9789 
2.9896 
2.9988 
3.0083 
3.0181 
3.0367 
3.0459 
3.0550 
3.0636 
3.0715 
3.0837 
3.0930 
3.1014 
3.1096 
3.1175 
3.1314 
3.1410 

Leaching Time 
(days) F i n a l  Frac t ion  Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao> x l o 4  (Xan/Ao) x 10 tn ' tn 

1.0 
1.0 
1 .o 
3.0 
1 .o 
1.0 
1.0 
1.0 
3 .O 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3 .O 
1.0 
1.0 
1.0 
1.0 
4.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3 .O 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 

205.0 
206 .O 
207.0 
210.0 
211.0 
212  .o 
213.0 
214.0 
217 .O 
218.0 
219.0 
220.0 
221.0 
224 .O 
225 .O 
226.0 
227.0 
228 .O 
231.0 
232.0 
233.0 
234.0 
235.0 
239 .O 
240.0 
241.0 
242.0 
245.0 
246 .O 
247.0 
248.0 
249.0 
252.0 
253.0 
254.0 
255.0 
256.0 
259.0 
260.0 

8.34 
8.40 
8.34 
8.58 
8.42 
8.34 
8.37 
8.33 
8.45 
8.36 
8.33 
8.42 
8.36 
8.43 
8.40 
8.41 
8.42 
8.33 
8.52 
8.38 
8.34 
8.35 
8.16 
8.42 
8.52 
8.23 
8.27 
8.32 
8.17 
7.96 
8.10 
8.12 
8.34 
8.23 
8.31 
8.23 
8.20 
8.42 
8.27 

0.922 
0.825 
0.692 
1 .171  
0.908 
0.729 
0.813 
0.958 
1.288 
0.939 
0.954 
0.997 
0.886 
1.476 
0.933 
0.892 
0.806 
0.745 
1.208 
0.888 
0.750 
0.725 
0.829 
1.461 
0.955 
0.780 
0.890 
1.281 
0.868 
0.911 
0.921 
0.910 
1.715 
0.941 
1.021 
0.928 
0.906 
1.248 
0.802 

3.1502 
3.1585 
3.1654 
3.1771 
3.1862 
3.1935 
3.2016 
3.2112 
3.2241 
3.2335 
3.2430 
3.2530 
3.2618 
3.2766 
3.2859 
3.2949 
3.3029 
3.3104 
3.3224 
3.3313 
3.3388 
3.3461 
3.3544 
3.3690 
3.3785 
3.3863 
3.3952 
3.4080 
3.4167 
3.4258 
3.4350 
3.4441 
3.4613 
3.4707 
3.4809 
3.4902 
3.4992 
3.5117 
3.5197 

I 

* 1 I , 



. 

Table A-1 (Continued) 

1.0 
1 .o 
1.0 
3.0 
1 .0  
1 .0  
1.0 
1 .0  
3 .O 
1.0 
1 .0  
1 .0  
1 .0  
3.0 
1 .0  
1 .0  
1.0 
1.0 
3.0 
1 .0  
1.0 
1 .0  
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 

261 .O 
262 .O 
263.0 
266 .O 
267 .O 
268 .O 
269 .O 
270.0 
273.0 
274 .O 
275 .O 
276 .O 
277 .O 
280.0 
281.0 
282 .O 
283.0 
284.0 
287 .O 
288.0 
289 .O 
290.0 
291.0 
294.0 
295.0 
296 .O 
297 .O 
298.0 
301.0 
302 .O 
303 .O 
304.0 
305.0 
308 .O 
309 .O 
310 .O 
311 .O 
312 .O 
315 .O 

8.29 
8.12 
8.17 
8.25 
8.21 
8.25 
8.30 
8.40 
8.46 
8.47 
8.14 
8.16 
8.10 
8.23 
8.11 
8.16 
8.16 
8.17 
8.34 
8.38 
8.21 
8.27 
8.24 
8.29 
8.28 
8.23 
8.20 
8.21 
8.44 
8.35 
8.29 
8.28 
8.24 
8.46 
8.28 
8.39 
8.28 
8.42 
8.39 

0.754 
0.918 
0.826 
1.3389 
1.0556 
1.0179 
0.8008 
0.8035 
1.4227 
0.8845 
0.8517 
0.8116 
0.7853 
1.1894 
0.8076 
0.7615 
0.7615 
0.7363 
1.3367 
0.9134 
0.7709 
0.8918 
0.7882 
1.0687 
0.9164 
0.8107 
0.8995 
0.6893 
1.5694 
0.9332 
0.8417 
0.8460 
0.6289 
1.2426 
1.2405 
0.7881 
0.7669 
0.8068 
1.1379 

Leaching T i m e  
( d a y 4  Fina l  Fraction Leached 

Incremental  Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo4  (Can/Ao) x l o 2  tn tn 

3.5273 
3.5364 
3.5447 
3.5581 
3.5687 
3.5788 
3.5868 
3.5949 
3.6091 
3.6180 
3.6265 
3.6346 
3.6424 
3.6543 
3.6624 
3.6700 
3.6776 
3.6850 
3.6984 
3,7075 
3.7152 
3.7241 
3.7320 
3.7427 
3.7519 
3.7600 
3.7690 
3.7759 
3.7916 
3.8009 
3.8093 
3.8178 
3.8241 
3.8365 
3.8489 
3.8568 
3.8644 
3.8725 
3.8839 

~~ ~~ 

-Leaching Time 
~ 

(days) F i n a l  Frac t ion  Leached 
tncremental Cumulative pH of Incremental Cumulative 

Leachate (an/Ao) x l o 4  (Can/Ao) x l o 2  tn Ctn 

1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
5.0 
1.0 
1 .o 
1.0 
1 .o 
3.0 
1.0 
1.0 
1.0 
1.0 
3 .O 
1.0 
1 .o 
1 .o 
1.0 

13 .O 
1 .o 
3.0 
1.0 
1 .o 
1 .o 
1 .o 
3.0 
1 .o 
1 .o 
1.0 
4 -0 
1.0 
1.0 
1.0 
1.0 
3.0 

316.0 
317 .O 
318.0 
319 .O 
322 .O 
323.0 
324.0 
329 .O 
330.0 
331.0 
332.0 
333.0 
336 .O 
337 .O 
338.0 
339 .O 
340.0 
343.0 
344.0 
345.0 
346.0 
347.0 
360.0 
361 .O 
364 .O 
365 .O 
366.0 
367 .O 
368.0 
371.0 
372.0 
373.0 
374.0 
378.0 
379.0 
380.0 
381.0 
382.0 
385.0 

8.31 
8.20 
8.10 
8.39 
8.55 
8.30 
8.15 
8.44 
8.26 
8.10 
8.23 
8.19 
8.29 
8.16 
8.14 
8.10 
8.06 
8.55 
8 .22  
8.47 
8.07 
8 .OO 
8.76 
8.42 
8.73 
8.17 
8.57 
8.20 
8.13 
8.45 
8.24 
8 . 2 1  
8.16 
8.53 
8.27 
8.35 
8.14 
8.15 
8.55 

0.7973 
0.7508 
0.7652 
0.7601 
1.1716 
0.7863 
0.8209 
1.6214 
0.9892 
0.8898 
0.8362 
0.8263 
1.2806 
0.9411 
0.8935 
0.7356 
0.7983 
1.1679 
0.7108 
0.7791 
0.6595 
0.7001 
2.3425 
0.7001 
1.5360 
0.8873 
0.7896 
0.8325 
0.8188 
1.4054 
0.9020 
0.7539 
0.8078 
1.4712 
0.8061 
0.7430 
0.7011 
0.7125 
1.2463 

3.8919 
3.8993 
3.9070 
3.9146 
3.9263 
3.9342 
3.9424 
3.9586 
3.9685 
3.9774 
3.9858 
3.9403 
4.0068 
4.0162 

1 4.0252 
4.0325 Q\ 

P 
1 4.0405 

4.0522 
4.0593 
4.0671 
4.0737 
4.0807 
4.0830 
4.0900 
4.1054 
4.1143 
4.1222 
4.1305 
4.1387 
4.1527 
4.1618 
4.1693 
4.1774 
4.1921 
4.2001 
4.2076 
4.2146 
4.2217 
4.2342 



Table A-1 (Continued) 

Leaching T i m e  
(days) F ina l  Frac t ion  Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo4  (Can/Ao) x l o 2  ‘n tn 

1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1 .o 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
4.0 
1.0 
1.0 
1.0 
3 .O 
1.0 
1.0 
1.0 
1.0 
3.0 . 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 

386 .O 
387.0 
388.0 
389 .O 
392 .O 
393.0 
394.0 
395.0 
396.0 
399.0 
400.0 
401.0 
402 .O 
403.0 
407.0 
408.0 
409.0 
410.0 
413.0 
414 .O 
415.0 
416.0 
417.0 
420.0 
421.0 
422 .O 
423.0 
424 .O 
427.0 
428.0 
429.0 
430.0 
431.0 
434.0 
435.0 
436 .O 
437.0 
438.0 
441.0 

8.16 
8.09 
8.12 
8.08 
8.46 
8.07 
8.27 
8.29 
8.25 
8.44 
8.21 
8.22 
8.24 
8.31 
8.45 
8.26 
8.35 
8.27 
8.47 
8.17 
8.28 
8.22 
8.20 
8.48 
8.27 
8.28 
8.29 
8.40 
8.23 
8.29 
8.40 
8.23 
8.26 
8.34 
8.23 
8.03 
8.04 
8.10 
8.45 

0.7207 
0.7745 
0.8377 
0.6070 
1.2292 
0.8212 
0.6765 
0.7143 
0.6681 
1.1735 
0.7227 
0.6715 
0.6715 
0.7020 
1.3206 
0.7837 
0.6989 
0.9584 
1.7635 
0.7480 
0.7921 
0.6735 
0.7388 
1.1130 
0.6353 
0.6508 
0.6491 
0.7312 
1.1178 
0.6555 
0.6120 
0.5811 
0.5824 
1.1165 
0.8050 
0.3995 
0.6979 
0.7311 
1.4563 

4.2414 
4.2491 
4.2575 
4.2636 
4.2759 
4.2841 
4.2908 
4.2980 
4.3047 
4.3164 
4.3236 
4.3303 
4.3371 
4.3441 
4.3573 
4.3651 
4.3721 
4.3817 
4.3993 
4.4068 
4.4147 
4.4215 
4.4289 
4.4400 
4.4463 
4.4528 
4.4593 
4.4666 
4.4778 
4.4844 
4.4905 
4.4963 
4.5021 
4.5133 
4.5214 
4.5253 
4.5323 
4.5396 
4.5542 

~ ~ 

Leaching Time 
(days) F ina l  Frac t ion  Leached 

l n c r m e n t a l  Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x l o 4  (Can/Ao) x l o 2  tn Ctn 

1 .o 
1.0 
1.0 
4.0 
1 .o 
1.0 
1.0 
1.0 
3.0 
1 .0  
1 .0  
1 .o 
1.0 
3 .O 
1.0 
1.0 
1.0 
1.0 
3.0 
1 . 0  
1 .o 
1 .o 
1.0 
3.0 
1 .o 
1.0  
1.0 
1.0 
3 .O 
1.0 
1.0 
1.0 
1.0 
3 .O 
1.0 
1 .o 
1.0 
1 .0  
3.0 

442.0 
443.0 
444.0 
448.0 
449 .o 
450.0 
451 .O 
452.0 
455.0 
456.0 
457.0 
458.0 
459.0 
462.0 
463.0 
464.0 
465.0 
466.0 
469.0 
470.0 
471.0 
472.0 
473.0 
476.0 
477.0 
478 .O 
479 .o 
480.0 
483.0 
484.0 
485 .O 
486.0 
487.0 
490.0 
491.0 
492.0 
493.0 
494 .O 
497.0 

8.26 
8.20 
8.38 
8.53 
8.39 
8.30 
8.34 
8.21 
7.83 
7.66 
7.74 
7.79 
7.91 
7.97 
8.06 
8.12 
8.04 
8.03 
8.11 
8.09 
8.24 
8.36 
8.30 
8.22 
7.67 
8.04 
8.04 
8.03 
8.20 
7.98 
8.03 
8.06 
8.16 
7.98 
7.97 
7.98 
8.03 
8.05 
8.14 

0.9262 
0.7472 
0.6837 
1.4940 
0.7396 
0.6680 
0.7440 
0.6215 
1.0828 
0.5935 
0.6792 
0.7167 
0.7100 
1.2785 
0.6959 
0.6099 
0.6782 
0.9102 
1.3440 
0.8031 
0.8625 
0.7187 
0.6384 
1.0448 
0.6536 
0.5844 
0.4940 
0.5635 
0.8349 
0.5701 
0.5429 
0.6412 
0.6246 
1.0394 
0.5744 
0.6608 
0.5397 
0.5481 
0.9758 

4.5635 
4.5709 
4.5778 
4.5927 
4.6001 
4.6068 
4.6142 
4.6204 
4.6313 
4.6372 
4.6440 
4.6512 
4.6583 
4.6710 
4.6780 
4.6841 
4.6909 
4.7000 
4.7134 
4.7215 
4.7301 
4.7373 
4.7437 
4.7541 
4.7606 
4.7665 
4.7714 
4.7771 
4.7854 
4.7911 
4.7965 
4.8030 
4.8092 
4.8196 
4.8253 
4.8319 
4.8373 
4.8428 
4.8526 

I a 
N 
I 

I 



. 
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Table A-1 (Continued) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ad x lo4 (Can/Ao) x lo2 tn tn 

1.0 526.0 8.06 0.5834 4.9862 
1 .o 527.0 8.01 0.6285 4.9925 
1.0 528.0 8.08 0.5738 4.9982 
1.0 529.0 8.03 0.5203 5.0034 
3.0 532 .O 8.16 0.9629 5.0130 
1.0 533.0 8.09 0.6239 5.0193 
1.0 534.0 8.07 0.5667 5.0249 
1.0 535.0 8.02 0.5709 5.0306 
1.0 536.0 8.12 0.5338 5.0360 
3.0 539.0 8.14 0.9066 5.0450 
1 .o 540.0 8.07 0.5605 5.0506 
1.0 541.0 8.13 0.5325 5.0560 
1.0 542.0 8.14 0.5571 5.0616 
4.0 546 .O 8.26 0.8880 5.0704 
1.0 547 .O 8.11 0.6200 5.0766 
1.0 548.0 8.08 0.6172 5.0828 
1.0 549.0 8.12 0.5447 5.0882 
1.0 550.0 8.20 0.5509 5.0938 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cmulat ive pH of Incremental Cumulative 
Leachate (an/Ao) x 104 (Can/Ao) x lo2 tn Ztn 

1.0 498.0 8.07 0.5742 4.8583 
1.0 499.0 8.13 0.6058 4.8644 
1.0 500.0 8.16 0.5001 4.8694 
1.0 501.0 8.19 0.6211 4.8756 
4.0 505.0 8.19 1.1052 4.8866 
1.0 506.0 8.12 0.6308 4.8930 
1 .o 507 .O 7.97 0.6300 4.8992 
1.0 508.0 8.08 0.6364 4.9056 
3.0 511 .O 8.17 1.0419 4.9160 
1.0 512.0 8.12 0.6313 4.9224 
1.0 513 .O 8.11 0.5134 4.9275 
1.0 514.0 8.04 0.5677 4.9332 
1 .o 515.0 8.11 0.5762 4.9389 
3.0 518.0 8.18 0.9253 4.9482 
1.0 519 -0 8.09 0.6060 4.9542 
1.0 520 .O 8.11 0.5836 4.9601 
1.0 521.0 8.10 0.5477 4.9656 
1.0 522.0 8.07 0.5565 4.9711 
3.0 525.0 8.16 0.9229 4.9803 

I rn 
w 
I 

s 



1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1 .o 
1.0 
1.0 
3.0 
1.0 
1 .o 
1.0 
1.0 
3.0 
1.0 
1.0 
2.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 

Table A-2. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-12 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal W-7 waste (719 g/liter) 
Cesium added: stable = 0 

137~s at time to = 0.10 mcj 
Mass: 137 g (as prepared) 

Volume: 98 cm3 
Exposed Surface Area: 19.6 cm2 

Curing Time 365 days 

Leachant 150 ml tap water, 1 change/day (initial pH = 7.59 - 8.48) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo5 (Can/Ao) x lo2 tn Ctn 

1.0 
2 .o 
3.0 
6.0 
7 .O 
8.0 
9.0 
10.0 
13.0 
14.0 
15.0 
16.0 
17 .O 
20.0 
21.0 
22 .o 
23.0 
24.0 
27 .O 
28.0 
29.0 
31.0 
34.0 
35.0 
36.0 
37.0 
38.0 
41.0 
42.0 

9.91 
10.02 
10.15 
10.57 
10.21 
10.14 
10.04 
9.95 
10.26 
9.87 
9.94 
9.77 
9.71 
10.04 
9.72 
9.68 
9.63 
9.53 
9.84 
9.58 
9.54 
9.73 
9.73 
9.33 
9.34 
9.33 
9.34 
9.48 
9.20 

249.4 
85.78 
39.62 
38.12 
14.79 
14.38 
10.96 

19.45 
10.71 

9.830 

8.720 
8.470 
8.060 

7.720 
6.490 
6.650 
7.390 

5.760 
5.760 
9.860 

6.850 
7.430 
7.020 
7.840 

6.150 

14.00 

13.40 

14.97 

10.55 

0.2494 
0.3352 
0.3748 
0.4129 
0.4277 
0.4421 
0.4531 
0.4629 
0.4823 
0.4930 
0.5018 
0.5102 
0.5183 
0.5323 
0.5400 
0.5465 
0.5532 
0.5606 
0.5740 
0.5797 
0.5855 
0.5953 
0.6103 
0.6172 
0.6246 
0.6316 
0.6394 
0.6500 
0.6561 

Leaching Time 
(days) Final Fraction Leached 

incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo5 (Can/Ao) x 10 tn tn 

1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3 .O 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1 .o 
1.0 
3.0 
1 .o 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 

43.0 
44.0 
45 .O 
48.0 
49 .O 
50.0 
51.0 
52 .O 
55.0 
56.0 
57.0 
58.0 
59.0 
62.0 
63.0 
64.0 
65.0 
66.0 
69 .O 
70.0 
71.0 
72.0 
73.0 
76.0 
77.0 
78.0 
79.0 
80.0 
83.0 

9.28 
9.24 
9.07 
9.27 
8.53 
8.88 
8.77 
8.84 
8.75 
8.58 
8.69 
8.69 
8.67 
8.46 
8.29 
8.57 
8.54 
8.49 
8.24 
8.10 
8.22 
8.29 
8.31 
8.19 
8.17 
8.25 
8.27 
8.24 
8.12 

6.900 

8.510 

6.090 
9.030 
8.790 

11.18 

12.24 

10.85 
16.28 
7.140 
6.930 
9.840 
7.500 

9.260 
9.420 
8.940 
9.390 
12.97 
10.250 
8.460 
9.910 

13.91 

10.28 
15.58 

12.20 

10.25 
15.78 

9.920 

8.980 

0.6630 
0.6742 
0.6827 
0.6950 
0.7011 
0.7101 
0.7189 
0.7297 
0.7460 
0.7532 
0.7601 
0.7699 
0.7774 
0.7913 
0.8006 
0.8100 
0.8190 
0.8283 
0.8413 
0.8516 
0.8600 
0.8699 
0.8802 
0.8958 
0.9057 
0.9179 
0.9269 
0.9371 
0.9529 

1 I 
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Table A-2 (Continued) 

Leaching T h e  
(days) Final Fraction Leached 

Incremental Cumulative pE of Incremental Cumulative 
Leachate (an/Ao) x 105 (Can/Ao) x 102 

t n Itn 
1.0 
1.0 
1.0 
1.0 
4.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 ' 

1.0 
1.0 
3.0 

84.0 
85.0 
86.0 
87.0 
91.0 
92.0 
93.0 
94.0 
97.0 
98.0 
99.0 
100.0 
101.0 
104.0 
105.0 
106.0 
107.0 
108.0 
111.0 
112.0 
113.0 
114.0 
115.0 
118.0 
119 .o 
120.0 
121.0 
122.0 
125.0 
126.0 
127.0 
128.0 
129.0 
132.0 
133.0 
134.0 
135.0 
136.0 
139.0 

8.15 
8.16 
8.17 
8.12 
8.12 
8.07 
7.99 
8.08 
7.84 
7.71 
7.72 
7.84 
7.84 
7.82 
7.82 
7.92 
7.95 
8.00 
7.95 
7.91 
7.91 
7.77 
7.91 
7.81 
7.92 
7.91 
7.93 
8.60 
8.05 
8.08 
7.91 
7.89 
7.92 
7.83 
7.88 
7.91 
7.84 
7.86 
7.83 

11.56 
11.16 
12.08 

16.76 
8.720 

8.890 
8.040 
8.460 
13.86 
10.32 
8.040 
9.740 
10.76 
16.73 
10.01 
13.14 
13.14 
11.30 
16.54 

10.08 
12.37 
12.28 
17.17 
14.45 

7.790 

9.318 
9.957 
9.132 
16.49 
10.23 
10.69 
9.415 
7.546 
14.88 . 
11.74 
8.694 
8.270 
9.373 
14.57 

0.9645 
0.9756 
0.9877 
0.9964 
1.0132 
1.0220 
1.0301 
1.0386 
1.0524 
1.0628 
1.0708 
1.0806 
1.0913 
1.1080 
1.1180 
1.1312 
1.1443 
1.1556 
1.1722 
1.1800 
1.1900 
1.2024 
1.2147 
1.2319 
I. 2463 
I. 2556 
1.2656 
1.2747 
1.2912 
1.3014 
1.3121 
1.3216 
1.3291 
1.3440 
1.3557 
1.3644 
1.3727 
1.3821 
1.3966 

Leaching Time 
(days) Final Fraction Leached 

Cncremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x 105 (Can/Ao) x 102 tn tn 

1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
5.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 

140.0 
141.0 
142.0 
143.0 
146.0 
147.0 
148.0 
149.0 
150.0 
153.0 
154.0 
155.0 
156.0 
157.0 
160.0 
161.0 
162.0 
163.0 
164.0 
167.0 
168.0 
169 .O 
170.0 
171.0 
174.0 
175.0 
176.0 
181.0 
182;O 
183.0 
184.0 
185.0 
188.0 
189.0 
190.0 
191.0 
192.0 
195.0 
196.0 

8.08 
7.83 
8.10 
7.81 
7.76 
8.01 
7.88 
7.93 
7.84 
7.86 
8.10 
7.90 
7.92 
8.00 
8.04 
7.96 
8.06 
8.03 
8.13 
8.07 
8.05 
8.04 
8.08 
8.20 
8.25 
8.24 
8.14 
8.08 
8.04 
7.98 
8.03 
8.05 
8.11 
8.02 
8.03 
7.98 
8.08 
8.17 
8.06 

8.973 
9.586 
10.72 
11.33 
13.68 
9.461 
8.512 
8.408 
7.667 

8.417 
8.861 
8.664 
7.512 

9:870 
9.444 
8.516 

13.64 

13.01 

10.17 
12.61 
7.725 
7.826 
8.342 
8.739 

8.973 
9.432 

8.534 

9.839 
9.882 

9.121 
9.714 
7.988 
7.787 

7.653 

12.32 

17.99 

10.01 

13.35 

12.76 

1.4056 
1.4152 
1.4259 
1.4373 
1.4510 
1.4604 
1.4689 
1.4773 
1.4850 
1.4986 
1.5071 
1.5159 
1.5246 1.5321 

1.555 Q\ 
1.5644 
1.5730 
1.5831 
1.5957 
1.6035 
1.6113 
1.6196 
1.6284 
1.6407 
1.6497 
1.6591 
1.6771 
1.6856 
1.6956 
1.7055 
1.7154 
1.7287 
1.7378 
1.7476 
1.7555 
1.7633 
1.7761 
1.7837 

1.5451 1 
cn 
.I 



Table A-2 (Continued) 

Leaching Time 
(days) F i n a l  Frac t ion  Leached 

Incremental  Cmula  t ive pH o f  Incremental Cumulative 
Leachate (an/Ao) x lo5 (Can/Ao) x lo2  Ctn 

1.0 
1.0 
1.0 

13.0 
1 .0  
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1 .0  
1.0 
4.0 
1.0 
1.0 
1.0 
1 .0  
3.0 
1 .0  
1 .0  
1.0 
1.0 
3.0 
1.0 
1 .0  
1 .0  
1 .0  
3.0 
1.0 
1 .0  
1.0 
1.0 
4.0 
1.0 
1.0 
1.0 
3.0 
1.0 

197.0 
198.0 
199.0 
212.0 
213.0 
216.0 
217.0 
218.0 
219.0 
220.0 
223.0 
224.0 
225.0 
226.0 
230.0 
231.0 
232.0 
233.0 
234.0 
237.0 
238.0 
239.0 
240.0 
241.0 
244.0 
245.0 
246.0 
247.0 
248.0 
251.0 
252.0 
253.0 
254.0 
255.0 
259 .O 
260.0 
261 .O 
262 .O 
265 .O 
266.0 

8.32 
7.99 
7.98 
8.02 
8.10 
8.35 
8.11 
8.39 
8.01 
7.89 
8.09 
8.05 
8.09 
8.06 
8.14 
8.10 
8.24 
8.07 
8.13 
8.18 
8.03 
8.11 
8.08 
8.05 
8.17 
7.95 
8.06 
8.18 
8.07 
8.28 
8.09 
8.08 
8.11 
8.15 
8.21 
8.15 
8.15 
8.16 
8.26 
8.17 

9.298 
8.345 
7.237 

6.917 

8.718 
9.021 
7.073 
7.454 

9.957 
7.713 
7.310 

8.231 
7.976 
7.336 
7.336 

9.669 

26.26 

13.19 

15.34 

16.40 

14.61 

10.46 
10.65 

12.61 
7.646 

7.626 
8.180 
7.952 
7.710 

8.508 
9.241 
8.273 
8.358 

9.272 
9.069 

13.36 

17.54 

10.84 
20.49 

8.097 

1.7930 
1.8014 
1.8086 
1.8349 
1.8418 
1.8550 
1.8637 
1.8727 
1.8798 
1.8873 
1.9026 
1.9126 
1.9203 
1.9276 
1.9440 
1.9522 
1.9602 
1.9676 
1.9749 
1.9895 
1.9992 
2.0096 
2.0203 
2.0279 
2.0406 
2.0482 
2.0564 
2.0643 
2.0720 
2.0854 
2.0939 
2.1031 
2.1114 
2.1198 
2.1373 
2.1466 
2.1556 
2.1665 
2.1870 
2.1951 

Leaching Time 
(days) F ina l  Frac t ion  Leached 

tn I t n  Leachate (an/Ao) x l o 5  (Can/Ao) x lo2  
Cncremental Cumulative pH of Incremental Cumulative 

1 .0  
1.0 
1 .0  
3.0 
1.0 
1.0 
1 .0  
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
4.0 
1.0 
1 .0  
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 

267.0 
268.0 
269 .O 
272.0 
273.0 
274.0 
275.0 
276.0 
279.0 
280.0 
281.0 
282.0 
283.0 
286.0 
287.0 
288.0 
289.0 ' 

290.0 
293.0 
294.0 
295.0 
296.0 
300.0 
301.0 
302.0 
303.0 
304.0 
307.0 
308.0 
309.0 
310.0 
311.0 
314.0 
315.0 
316 .O 
317 .O 
318.0 
321.0 
322 .O 
323.0 

8.14 
8.17 
8.10 
8.38 
8.16 
8.20 
8.20 
8.25 
8.30 
8.18 
8.21 
8.15 
8.13 
8 .21  
8.16 
8.03 
7.89 
7.89 
8.03 
7.90 
7.81 
8.06 
8.18 
8.14 
8.13 
8.22 
8.08 
7.83 
7.78 
7.91 
7.91 
7.85 
7.89 
7.96 
8.03 
8.00 
8.07 
8.05 
8.08 
8.08 

7.527 
6.627 
6.903 

7.958 
7.510 
7.334 
8.662 

5.543 
5.697 
5.271 
7.071 

9.296 
7.304 
8.393 

9.974 

8.918 
7.516 

7.181 
9.783 

6.987 

8.125 
8.009 
8.785 
9.816 

7.528 
9.022 
9.022 

13.04 

11.58 

11.26 

17.30 

12.20 

16.71 

10.12 

13.26 

14.54 

12.38 
16.54 
10.18 
10.28 

2.2026 
2.2092 
2.2161 
2.2292 
2.2372 
2.2447 
2.2520 
2.2607 
2.2722 
2.2778 
2.2835 
2.2888 
2.2958 
2.3071 

1 
cp\ 

2.3164 

2.3321 1 
2.3494 
2.3594 
2.3716 
2.3805 
2.3880 
2.4047 
2.4119 
2.4217 
2.4318 
2.4388 
2.4520 
2.4602 
2.4682 
2.4770 
2.4868 
2.5013 
2.5088 
2.5179 
2.5269 
2.5393 
2.5558 
2.5660 
2.5763 

2.3237 rn 

' . 
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Table A-2 (Continued) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo5 (Can/Ao) x lo2 tn Ctn 

1.0 324.0 8.13 9.878 2.5862 
1.0 325.0 8.02 7.964 2.5941 
3.0 328.0 8.05 13.67 2.6078 
1.0 329 .O 7.94 9.168 2.6170 
1.0 330.0 8.08 7.680 2.6246 
1.0 331.0 8.06 5.173 2.6298 
1.0 332.0 8.03 8.123 2.6380 
3.0 335.0 8.13 10.44 2.6484 
1.0 336.0 8.04 6.558 2.6550 
1.0 337.0 8.04 5.999 2.6610 
1.0 338.0 8.12 8.686 2.6696 
1.0 339.0 8.16 7.715 2.6774 
3.0 342 - 0  8.05 12.11 2.6895 
1.0 343.0 8.10 6.180 2.6956 
1.0 344.0 8.06 8.052 2.7037 
1.0 345.0 8.08 7.894 2.7116 

Leaching Time 
(days) Final Fraction Leached 

I 
Incremental Cumulative pH of Incremental Cumulative 

Leachate (an/Ao) x lo5 (Can/Ao) x lo2 tn tn 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
4.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 

346.0 
349 .O 
350.0 
351.0 
352.0 
353.0 
357.0 
358.0 
359.0 
360.0 
363.0 
364.0 
365.0 
366.0 
367.0 

8.05 
8.12 
8.05 
8.17 
8.13 
8.10 
8.19 
8.15 
8.05 
8.19 
8.27 
8.16 
8.07 
8.11 
8.20 

7.340 

7.280 
7.892 
7.445 
6.468 

7.874 
7.814 
7.788 

8.345 
6.007 
7.356 
7.511 

10.13 

12.99 

17.73 

2.7291 2.7189 

2.7364 
2.7442 
2.7517 
2.7582 
2.7712 
2.7790 
2.7868 
2.7946 
2.8124 
2.8207 
2.8267 
2.8341 
2.8416 
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Table A-3. Experimental Results f o r  the Leaching of  Cesium from Cementitious Grout No. M74-22A 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal W-7 waste (719 g/liter) 

137Cs at time to = 0.025 mCi 
Cesium added: stable = 0 

Mass: 5.7 g (as prepared) 
Volume: 4.1 cm3 

Exposed Surface Area: 14.2 cm2 

Curing Time 10 days 

Leachant 150 ml of tap water; 2 changes/day for 10 days,then daily (initial pH = 7.97 - 8.29) 

Leaching Time 
(days) Final Fraction Leached 

Cumulative Incremental Cumulative pu of Incremental 
Leachate (an/Ao) x lo3 (Can/Ao) x 10' tn tn 

0.33 0.33 11.73 139.18 1.3918 
0.67 1.00 11.53 55.50 1.9468 

0.67 2.00 10.22 9.342 2.1103 
0.33 2.33 9.27 3.096 2.1413 
0.67 3.00 9.77 6.110 2.2024 
0.33 3.33 8.92 2.356 2.2260 
0.67 4.00 9.37 4.391 2.2699 
0.33 4.33 8.79 1.571 2.2856 
2.67 7.00 9.53 8.118 2.3668 
0.33 7.33 0.43 1.030 2.3771 

0.33 8.33 8.58 0.552 2.3953 
0.67 9.00 8.89 1.082 , 2.4061 
1.0 10.0 8.94 1.408 2.4202 
1.0 11.0 8.92 1.386 2.4340 
3.0 14.0 9.17 3.445 2.4685 
1.0 15.0 8.81 1.003 2.4785 
1.0 16.0 8.70 0.692 2.4854 
1.0 17.0 8.70 0.562 2.4911 
1.0 18.0 8.61 0.627 2.49 73 

0.33 1.33 9.75 7.005 2.0168 

0.67 8.00 8.94 1.271 2.3898 
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Table A-4. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-22B 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal W-7 waste (719 g/liter) 
Cesium added: stable = 0 

137Cs at time to = 0.025 mCi 
Mass: 5.7 g (as prepared) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing Time 10 days 

Leachant 150 ml of tap water; 2 changes/day for 10 days,then daily (initial pH = 7.97 - 8.29) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo3 (Can/Ao) x lo2 tn tn 

0.33 
0.67 
0.33 
0.67 
0.33 
0.67 
0.33 
0.67 
0.33 
2.67 
0.33 
0.67 
0.33 
0.67 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 

0.33 
1.00 
1.33 
2.00 
2.33 
3.00 
3.33 
4.00 
4.33 
7.00 
7.33 
8.00 
8.33 
9.00 
10.0 
11.0 
14.0 
15.0 
16.0 
17.0 
18.0 

11.76 
11.53 
9.75 
10.15 
9.18 
9.62 
8.82 
8.72 
9.21 
9.36 
8.42 
8.95 
8.59 
8.90 
8.94 
8.94 
9.11 
8.78 
8.78 
8.73 
8.69 

30.088 
13.912 
1.795 
2.253 
0.678 
1.343 
0.508 
0.950 
0.298 
1.861 
0.154 
0.310 
0.104 
0.325 
0.409 
0.348 
0.993 
0.243 
0.255 
0.159 
0.176 

3.0088 
4.4000 
4.5795 
4.8048 
4.8726 
5.0069 
5.0577 
5.1527 
5.1825 
5.3686 
5.3840 
5.4150 
5.4254 
5.4579 
5.4988 
5.5336 
5.6329 
5.6572 
5.6827 
5.6986 
5.7162 
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Table A-5. Experimental Results for  the  Leaching of Cesium from Cementitious Grout No. M74-22C 

Specimen Solid-to-waste r a t i o :  6 l b  dry mix/gal W-7 waste (719 g / l i t e r )  
C e s i u m  added: s t a b l e  = 0 

137Cs a t  t i m e  t = 0.025 m C i  
Mass: 5.7 g (as  prepa8ed) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing T i m e  10 days 

Leachant 150 m l  of t a p  water; 2 changes/day f o r  10 days,then da i ly  ( i n i t i a l  pH = 7.97 - 8.29) 

~ ~~ 

Leaching Time 
(days) F ina l  Frac t ion  Leached 

Incremental Cumulative Incremental Cumulative pH of 
Leachate (an/Ao) x lo5  (zan/Ao) x l o 3  tn ' tn 

0.33 
0.67 
0.33 
0.67 
0.33 
0.67 
0.33 
0.67 
0.33 
2.67 
0.33 
0.67 
0.33 
0.67 
1.0 
4.0 
1 .0  
1.0 
1.0 
1.0 

0.33 
1.00 
1.33 
2.00 
2.33 
3.00 
3.33 
4.00 
4.33 
7.00 
7.33 
8.00 
8.33 
9.00 

10.0 
14.0 
15.0 
16.0 
17.0 
18.0 

11.76 
11.35 
9.67 

10.11 
9.15 
9.63 
8.84 
8.79 
9.32 
9.66 
8.49 
8.98 
8.60 
8.92 
8.96 
9.14 
8.82 

a 
a 

9.07 

53.547 
27.384 

6.034 
5.00 
3.663 
4.360 
1.228 
3.663 
1.941 
6.176 
0.904 
1.807 
3.072 
0.904 
1.180 
2.224 
1.552 
0.429 
2.012 
2.690 

0.5354 
0.8093 
0.8696 
0.9196 
0.9562 
0.9998 
1.0121 
1.0487 
1.0682 
1.1299 
1.1390 
1.1570 
1.1877 
1.1968 
1.2086 
1.2308 
1.2463 

a 
a 

1.2732 

aRemoved a l iquo t  of leacha te ,  counted i t , and  returned it  t o  the  specimen without measuring the  
PH. 
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Table A-6. Experimental Resul ts  f o r  the Leaching of  Cesium from Cementitious Grout No. M74-22E 

Specimen Solid-to-waste r a t i o :  6 l b  dry mix/gal W-7 waste (719 g / l i t e r )  
Cesium added: s t a b l e  = 0 

137Cs a t  t i m e  t = 0.025 m C i  
Mass: 5.7 g (as  prepaored) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing T i m e  10 days 

Leachant 150 m l  of tap water; 2 changes/day f o r  10 days,then d a i l y  ( i n i t i a l  pH = 7.97-8.29) 

Leaching T i m e  
(days) F ina l  Fract ion Leached 

Incremental Cumulative pH of Incremental Cumulative 
t Leachate (an/Ao) x l o 4  (Zan/Ao) x l o3  tn 

0.33 0.33 11.72 18.018 1.8018 
0.67 1.00 11.50 13.667 3.1685 
0.33 1.33 9.70 1.807 3.3492 
0.67 2.00 10.03 2.754 3.6246 
0.33 2.33 9.06 0.684 3.6930 
0.67 3.00 9.50 1.281 3.8211 
0.33 3.33 8.73 1.035 3.9246 
0.67 4.00 9.20 0.789 4.0035 
0.33 4.33 8.67 0.335 4.0370 
2.67 7.00 9.38 1.959 4.2329 
0.33 7.33 8.46 0.304 4.2633 

0.33 8.33 8.60 0.054 4.3633 
0.67 9.00 8.88 0.482 4.4115 
1.0 10.0 8.94 0.489 4.4604 
1.0 11.0 8.91 0.559 4.5163 
3.0 14.0 9.10 1.554 4.6717 
1.0 15.0 8.80 0.295 4.7012 
1.0 16.0 a 0.325 a 
1.0 17.0 8.97 0.510 4.7522 
1.0 18.0 8.72 0.473 4.7995 

0.67 8.00 8.91 0.946 4.3579 

%emoved a l iquot  of leachate ,  counted i t , and  returned i t  t o  the  specimen without measuring the  
PH . 



-72- 

Table A-7. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-22F 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal W-7 waste (719 g/liter) 
Cesium added: stable = 0 

137Cs at time t = 0.025 mCi 
Mass: 5.7 g (as prepaged) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing Time 10 days 

Leachant 150 ml of tap water; 2 changes/day for 10 days, then daily (initial pH = 7.97 - 8.29) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x IO4 (Can/Ao) x lo2 tn Ctn 

0.33 0.33 11.73 147.77 1.4777 
0.67 1.00 11.50 79.035 2.2680 
0.33 1.33 9.72 8.158 2.3496 
0.67 2.00 10.16 13.596 2.4856 
0.33 2.33 9.17 3.316 2.5187 
0.67 3.00 9.61 7.632 2.5950 
0.33 3.33 8.79 2.382 2.6189 
0.67 4.00 9.24 6.018 2.6790 
0.33 4.33 8.69 1.367 2.6927 
2.67 7.00 9.38 9.107 2.7838 
0.33 7.33 8.44 0.855 2.7923 
0.67 8.00 8.91 1.657 2.8089 
0.33 8.33 8.56 0.621 2.8151 
0.67 9.00 8.87 1.402 2.8291 
1.0 10.0 8.93 2.322 2.8523 
1.0 11.0 8.89 1.858 2.8709 
3.0 14.0 9.08 4.081 2.9117 
1.0 15.0 8.30 0.297 2.9147 
1.0 16.0 a 2.102 a 
1.0 17.0 9.07 3.704 2.9517 
1.0 18.0 8.76 0.786 2.9596 

%emoved aliquot of leachate, counted it,and returned it to the specimen without measuring the 
PH - 
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Table A-8. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-22G 

Specimen Solid-to-waste ratio: 6 l b  dry mix/gal W-7 waste (719 g/liter) 
Cesium added: stable = 0 

13’Cs at time t = 0.025 mCi 
Mass: 5.7 g (as prepaged) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing Time 10 days 

Leachant 150 ml of tap water; 2 changes/day for 10 days,then daily (initial pH = 7.97 - 8.29) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo4 (Can/Ao) x lo3 tn Ctn 

0.33 0.33 11.72 15.034 1.5034 
0.67 1.00 11.57 8.598 2.3632 
0.33 1.33 9.72 1.750 2.5382 
0.67 2.00 9.94 1.683 2.7065 
0.33 2.33 8.97 0.624 2.7689 
0.67 3.00 9.43 0.792 2.8481 
0.33 3.33 8.69 0.419 2.8900 
0.67 4.00 9.15 0.821 2.9721 
0.33 4.33 8.64 0.285 3.0006 
2.67 7.00 9.39 1.123 3.1129 
0.33 7.33 8.50 0.203 3.1332 
0.67 8.00 8.87 0.424 3.1756 
0.33 8.33 8.52 0.288 3.2044 
0.67 9.00 8.83 0.356 3.2400 
1.0 10.0 8.87 0.373 3.2773 
1.0 11.0 8.84 0.399 3.3172 
3.0 14.0 9.03 0.412 3.3584 
1.0 15.0 8.75 0.310 3.3894 
1.0 16.0 a 0.244 3.4138 
1.0 17.0 8.95 0.323 3.4461 
1.0 18.0 8.65 b 3.4461 

~ 

aDid not measure pH. 

bActivity was too low to measure. 
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Table A-9. Experiment.al Resul ts  f o r  t h e  Leaching of Cesium from Cementitious Grout No. M74-27A-1 

Specimen Solid-to-waste r a t i o :  6 lb dry mix/gal W-7 waste (719 g / l i t e r )  
Cesium added: s t a b l e  = 0 

137Cs a t  t i m e  t = 0.025 m C i  
Mass: 5.7 g (as  prepaored) 

Volume: 4 .1  cm3 
Exposed Surface Area: 14.2 a n 2  

Curing Time 60 days 

Leachant 200 m l  t a p  water; 1 change/day ( i n i t i a l  pH = 8.00 - 8.24) 

Leaching T i m e  

Incremental Cumulative 

tn I t n  

(days) F ina l  Frac t ion  Leached 
pH of Incremental Cumulative 

Leachate (an/Ao) x I O 3  (Can/Ao) x l o 2  

1.0 1.0 10.23 18.005 1.8005 
1.0 2.0 9.62 7.4582 2.5463 
1.0 3.0 9.37 5.8316 3.1295 
1.0 4.0 9.37 4.8531 3.6148 
1.0 5.0 9.20 3.7025 3.9930 
1.0 6.0 9.14 3.7281 4.3658 
1.0 7.0 9.14 3.5374 4.7196 
1.0 8.0 9.08 3.2994 5.0495 
1.0 9.0 9.06 3.0519 5.3547 
1.0 10.0 9.01 3.0181 5.6565 
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Table A-10. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-27A-2 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal W-7 waste (719 g/liter) 

Cesium added: stable = 0 
137Cs at time to = 0.025 mCi 

Mass: 5.7 g (as prepared) 
Volume: 4.1 cm3 

Exposed Surface Area: 14.2 cm2 

Curing Time 60 days 

Leachant 200 ml tap water; 2 changes/day (initial pH = 8.00 - 8.24) 

Leaching Time 
(days) Final Fraction Leached 
Incremental Cumulative pH of Incremental Cumulative 

tn Ctn (an/Ao) x lo3 (Zan/Ao) x 102 Leachate 

0.5 0.5 10.01 14.774 1.4774 
0.5 1.0 9.40 5.0016 1.9776 
0.5 1.5 9.20 3.8562 2.3632 
0.5 2.0 9.12 3.2331 2.6865 
0.5 2.5 8.99 2.9174 2.9782 
0.5 3.0 8.97 2.5990 3.2381 
0.5 3.5 8.92 2.3764 3.4758 
0.5 4.0 8.86 2.0383 3.6796 
0.5 4.5 8.84 1.8541 3.8650 
0.5 5.0 8.89 1.7865 4.0437 
0.5 5.5 8.82 1.7637 4.2200 
0.5 6.0 8.83 1.5149 4.3715 
0.5 6.5 8.81 1.6964 4.5412 
0.5 7.0 8.79 1.5412 4.6953 
0.5 7.5 8.70 1.6068 4.8560 
0.5 8.0 8.71 1.5276 5.0087 
0.5 8.5 8.63 1.5370 5.1624 
0.5 9.0 8.76 1.4263 5.3050 
0.5 9.5 8.72 1.5209 5.4571 
0.5 10.0 8.69 1.3179 5.5889 



-76- 

Table A-11. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-27A-4 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal W-7 waste (719 g/liter) 
Cesium added: stable = 0 

137Cs at time to = 0.025 mCi 
Mass: 5.7 g (as prepared) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing Time 60 days 

Leachant 200 ml tap water; 4 changeslday (initial pH = 8.00 - 8.24) 

Leaching Time 
(days) Final Fraction Leached 

tn Ctn Leachate (an/Ao> x lo4 (Can/Ao) x lo2 
Incremental Cumulative pH of Incremental Cumulative 

0.25 0.25 9.87 118.84 1.1884 
0.25 0.50 9.21 35.814 1.5465 
0.25 0.75 9.06 23.892 1.7855 
0.25 1.00 8.97 20.393 1.9894 
0.25 1.25 8.90 19.680 2.1862 
0.25 1.50 8.72 18.707 2.3733 
0.25 1.75 8.73 15.100 2.5243 
0.25 2.00 8.79 13.444 2.6587 
0.25 2.25 8.67 12.346 2.7822 
0.25 2.50 8.61 12.971 2.9119 
0.25 2.75 8.66 12.234 3.0342 
0.25 3.00 8.65 12.615 3.1604 
0.25 3.25 8.58 11.739 3.2778 
0.25 3.50 8.61 11.402 3.3918 
0.25 3.75 8.59 10.706 3.4988 
0.25 4.00 8.63 9.5353 3.5942 
0.25 4.25 8.54 9.8628 3.6928 
0.25 4.50 8.54 8.9662 3.7825 
0.25 4.75 8.62 8.5771 3.8682 
0.25 5.00 8.60 8.5094 3.9533 
0.25 5.25 8.52 8.5433 4.0388 
0.25 5.50 8.51 7.6297 4.1151 
0.25 5.75 8.58 7.7820 4.1929 
0.25 6.00 8.60 7.0038 4.2629 
0.25 6.25 8.50 8.5094 4.3480 
0.25 6.50 8.48 8.0984 4.4290 
0.25 6.75 8.42 7.5270 4.5043 
0.25 7.00 8.53 7.8327 4.5826 
0.25 7.25 8.37 7.5622 4.6582 
0.25 7.50 8.33 7.2590 4.7308 
0.25 7.75 8.29 7.7643 4.8085 
0.25 8.00 8.46 6.8716 4.8772 
0.25 8.25 8.39 7.7143 4.9543 
0.25 8.50 8.43 7.9512 5.0338 
0.25 8.75 8.46 7.0715 5.1045 
0.25 9.00 8.47 7.5113 5.1797 
0.25 9.25 8.41 7.6974 5.2566 
0.25 9.50 8.49 7.0376 5.3270 

5.3969 0.25 9.75 8.50 6.9869 
0.25 10.00 8.41 7.5113 5.4720 
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Table A-12. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-27B-la 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal W-7 waste (719 g/liter) 

137Cs at time t 
Cesium added: stable = 0 

= 0.025 mCi 
Mass: 5.7 g (as prepaged) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing Time 60 days 

Leachant 200 ml tap water; 1 change/day (initial pH = 8.00 - 8.24) 

Leaching Time 

Incremental Cumulative 
(days) Final Fraction Leached 

t n Ctn Leachate (an/Ao) x lo3 (Can/Ao) x lo2 
pH of Incremental Cumulative 

1.0 1.0 10.36 6.5805 0.6580 
1.0776 1.0 2.0 9.69 4.1956 

1.0 3.0 9.40 3.8214 1.4598 
2 .o 5.0 9.62 5.1644 1.9662 
1.0 6.0 9.15 2.2393 2.1901 
1.0 7.0 9.12 2.2084 2.4110 

2.6103 1.0 8.0 9.04 1.9932 
1.0 9.0 9.04 2.0343 2.8137 
1.0 10.0 9.01 2.0461 3.0183 
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Table  A-13. Experimental  R e s u l t s  f o r  t h e  Leaching of C e s i u m  from Cement i t ious  Grout No. 1.174-27B-lb 

Specimen Solid-to-waste r a t i o :  6 l b  d r y  mix /ga l  W-7 waste (719 g / l i t e r )  
C e s i u m  added: s t a b l e  = 0 

137Cs a t  time to = 0.025 m C i  
Mass: 5.7 g ( a s  p repa red )  

Volume: 4 .1  cm3 
Exposed Sur face  Area: 14.2 cm2 

Curing T i m e  60 days 

Leachant 200 m l  t a p  water; 1 changelday ( i n i t i a l  pH = 8.00 - 8.24) 

Leaching T i m e  
(days)  F i n a l  F r a c t i o n  Leached 

tn Ctn Leachat e (an/Ao) x l o 3  (Can/Ao) x l o 2  
Incrementa l  Cumulative pH of  Incrementa l  Cumulative 

1.0 
1 .0  
1.0 
1 .0  
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1 .0  
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 
10.0 

10.39 
9.73 
9.49 
9 .31  
9.22 
9.20 
9.19 
9.08 
9.08 
9.05 

7.1402 
4.4328 
3.7261 
3.2187 
2.6370 
2.4478 
2.3279 
2.1133 
2.0597 
2.0837 

0.7140 
1.1573 
1.5299 
1.8518 
2.1155 
2.3603 
2.5930 
2.8044 
3.0104 
3.2187 
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Table A-14. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-27B-lc 

Specimen Solid-to-waste ratio: 6 lb dry mixlgal W-7 waste (719 glliter) 
Cesium added: stable = 0 

137Cs at time to = 0.025 mCi 
Mass: 5.7 g (as prepared) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing Time 60 days 

Leachant 200 ml tap water; 1 changelday (initial pH = 8.00 - 8.24) 

Leaching Time 
(days) Final 

Incremental Cumulative pH of 
Leachate tn Ctn 

1.0 1.0 10.34 
1.0 2.0 9.66 
1.0 3.0 9.40 
1.0 4.0 9.30 
1.0 5.0 9.23 
1.0 6.0 9.13 
1.0 7.0 9.18 
1.0 8.0 9.08 
1.0 9.0 9.07 
1.0 10.0 9.03 

Fraction Leached 
Incremental Cumulative 
(an/Ao> x lo3 (Can/Ao) x 102 

6.5279 0.6528 
3.8613 1.0389 
3.3904 1.3780 
2.6891 1.6469 
2.2972 1.8766 
1.9197 2.0686 
1.8411 2.2527 
1.8766 2.4403 
1.6522 2.6056 

2.7880 1.8241 
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Table A-15. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-27B-2 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal W-7 waste (719 g/liter) 
Cesium added: stable = 0 

137C.s at time to = 0.025 mCi 
Mass: 5.7 g (as prepared) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing Time 60 days 

Leachant 200 ml tap water;' 2 changeslday (initial pH = 8.00 - 8.24) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x, lo3 (Can/Ao) x 102 tn Itn 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 
9.0 
9.5 
10.0 

9.95 
9.38 
9.21 
9.13 
9.04 
9.01 
8.98 
8.92 
8.86 
8.88 
8.84 

8.81 
8.77 
8.74 
8.68 
8.66 
8.74 
8.73 
8.74 

8.77 

4.0325 
2.3232 
2 .OS67 
1.8064 
1.6991 
1.6038 
1.4877 
1.4143 
1.1904 
1.1955 
1.1101 
1.0406 
1.0787 
1.0657 
1.1192 
0.9332 
0.9751 
0.9307 
0.9957 
0.9137 

0.4032 
0.6356 
0.8412 
1.0219 
1.1918 
1.3522 
1.5009 
1.6424 
1.7614 
1.8810 
1.9920 
2.0960 
2.2039 
2.3105 
2.4224 
2.5157 
2.6132 
2.7063 
2.8059 
2.8972 
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Table A-16. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-27B-4 

Specimen Solid-to-waste ratio: 6 lb dry mixlgal W-7 waste (719 g/liter) 

137Cs at time to = 0.025 mCi 
Cesium added: stable - 0 

Mass: 5.7 g (as prepared) 
Volume: 4.1 cm3 

Exposed Surface Area: 14.2 cm2 

Curing Time 60 days 

Leachant 200 ml tap water; 4 changes/day (initial pH = 8.00 - 8.24) 

Leaching Time 
(days) Final Fraction Leached 

tn Ctn Leachate (an/Ao) x lo4 (Ca,/Ao) x lo2 
Incremental Cumulative pH of Incremental Cumulative 

0.25 0.25 9.82 32.776 0.3278 
0.25 0.50 9.23 15.690 0.4847 
0.25 0.75 9.10 13.968 0.6243 
0.25 1.00 8.99 13.107 0.7554 
0.25 1.25 8.95 12.262 0.8780 
0.25 1.50 8.78 10.851 0.9865 
0.25 1.75 8.79 9.8469 1.0850 
0.25 2.00 8.85 9.7316 1.1823 
0.25 2.25 8.74 9.3365 1.2756 
0.25 2.50 8.67 9.6244 1.3719 
0.25 2.75 8.70 8.1112 1.4530 
0.25 3.00 8.73 9.2477 1.5455 
0.25 3.25 8.66 9.8056 1.6436 
0.25 3.50 8.66 8.1319 1.7249 
0.25 3.75 8.66 8.2767 1.8077 
0.25 4.00 8.67 7.2144 1.8798 
0.25 4.25 8.59 7.8906 1.9587 
0.25 4.50 8.63 6.6609 2.0253 
0.25 4.75 8.66 6.2169 2.0875' 
0.25 5 .OO 8.67 6.7634 2.1551 
0.25 5.25 8.56 6.4901 2.2200 

2.2863 0.25 5.50 8.59 
0.25 5.75 8.61 5.6361 2.3427 
0.25 6.00 8.63 6.0119 2.4028 

2.4696 0.25 6.25 8.56 
0.25 6.50 8.52 6.6315 2.5359 
0.25 6.75 8.51 6.6647 2.6025 
0.25 7.00 8.56 5.7386 2.6599 
0.25 7.25 8.44 7.0499 2.7304 
0.25 7.50 8.39 5.5790 2.7862 
0.25 7.75 8.36 5.9003 2.8452 
0.25 8.00 8.51 5.3254 2.8984 
0.25 8.25 8.44 5.6605 2.9551 
0.25 8.50 8.44 6.0410 3.0155 
0.25 8.75 8.44 5.7715 3.0732 
0.25 9 .oo 8.49 5.3751 3.1269 
0.25 9.25 8.44 5.9436 3.1864 
0.25 9.50 8.47 6.1998 3.2484 
0.25 9.75 8.48 6.0802 3.3092 
0.25 10.00 8.47 5.4995 3.3642 

6.6268 

6.6780 
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'Table A-17. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-27C-1 

Specimen Solid-to-waste ratio: 6 lb dry mixfgal W-7 waste (719 gfliter) 
Cesium added: stable = 0 

137Cs at time t = 0.025 mCi 
Mass: 5.7 g (as prepaped) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing Time 60 days 

Leachant 200 ml tap water; 1 changelday (initial pH = 8.00 - 8.24) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo4 (Can/Ao) x lo4 tn Ctn 

1.0 1.0 10.20 1.4632 1.4632 
1.0 2.0 9.62 1.0844 2.5476 
1.0 3.0 9.36 1.0991 3.6467 

4.7349 1.0 4.0 9.33 
1.0 5.0 9.21 1.0386 5.7735 

. 1.0 6.0 9.16 0.7867 6.5602 
1.0 7.0 9.14 0.8862 7.4464 

1.0 9.0 9.05 1.0233 9.3664 
1.0 10.0 9.03 0.8977 10.2641 

1.0882 

1.0 8.0 9.07 0.8967 a. 3437 



Table A-18. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-27C-2a 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal W-7 waste (719 g/liter) 
Cesium added: stable = 0 

137Cs at time to = 0.025 mCi 
Mass: 5.7 g prepared) 

Volume: 4.1 cm 
Exposed Surface Area: 14.2 cm2 

Curing Time 60 days 

Leachant 200 ml tap water; 2 changes/day (initial pH = 8.00 - 8.24) 

Leaching Time 
(days) Final Fraction Leached 

tn Leachate (an/Ao> x lo5 (Can/Ao) x lo4 
Incremental Cumulative pH of Incremental Cumulative 

0.5 0.5 10.08 11.015 1.1015 
0.5 1.0 9.26 6.2474 1.7262 
0.5 1.5 9.26 8.4720 2.5734 
0.5 2.0 9.17 7.6248 3.3359 
0.5 2.5 9.05 6.5311 3.9890 
0:5 3.0 9.04 11.310 5.1200 
0.5 3.5 9.01 5.8629 5.7063 
0.5 4.0 8.94 8.6084 6.5672 
0.5 4.5 8.88 5.6329 7.1304 
0.5 5.0 8.92 5.4569 7.6761 
0.5 5.5 8.87 5.2143 8.1976 
0.5 6.0 8.84 5.2857 8.7261 
0.5 6.5 8.85 5.1008 9.2362 
0.5 7.0 8.85 5.6329 9.7995 
0.5 7.5 8.76 6.3571 10.4352 
0.5 8.0 8.72 6.2078 11.0560 
0.5 8.5 8.74 6.3345 11.6892 
0.5 9.0 8.77 5.8571 12.2749 
0.5 9.5 8.73 4.9288 12 7678 
0.5 10.0 8.77 4.2143 13.1892 

. 
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Table A-19. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-27C-2b 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal W-7 waste (719 gjliter) 

I3’Cs at time to = 0.025 mCi 
Cesium added: st ble E 0 

Mass: 5.7 g (as prepared) 
Volume: 4.1 cm3 

Exposed Surface Area: 14.2 an2 

Curing Time 60 days 

Leachant 200 ml tap water; 2 changes/day (initial pH = 8.00 - 8.24) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao> x lo5 (Can/Ao) x lo4 tn Ctn 

0.5 0.5 8.34 0.8220 0.0822 
0.5 1.0 10.20 12.002 1.2824 
0.5 1.5 9.31 8,4720 2.1296 
0.5 2.0 9.1.5 7.4554 2.8751 
0.5 2.5 9.05 9.2389 3.7990 
0.5 3.0 9.07 8.4425 4.6433 
0.5 3.5 8.98 5.3456 5.1778 
0.5 4.0 9.00 6.3345 5.8113 
0.5 4.5 8.92 6.8650 6.4978 
0.5 5.0 8.94 8.9774 7.3955 

8.2170 0.5 5.5 8.89 8.2143 
0.5 6.0 8.86 5.9286 8.8098 
0.5 6.5 8.87 7.1412 9.5239 
0.5 7.0 8.90 6.4286 10.1670 
0.5 7.5 8.68 6.5000 10.8168 
0.5 8.0 8.72 6.3802 11.4550 
0.5 8.5 8.80 5.0351 11.9580 
0.5 9.0 8.78 5.1975 12.4780 
0.5 9.5 8.77 6.1610 13.0940 
0.5 10.0 8.83 6.5714 13.7513 

. 
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Table A-20. Experimental Results for the Leaching of Cesium from Cementitious Grout No. 1474-27C-2c 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal W-7 waste (719 g/liter) 
Cesium added: stable = 0 

137Cs at time to = 0.025 mCi 
Mass: 5.7 g (as prepared) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing Time 60 days 

Leachant 200 ml tap water; 2 changeslday (initial pH = 8.00 - 8.24) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao> x lo5 (Can/Ao) x lo4 tn Itn 

0.5 0.5 10.08 8.5491 0.8549 
0.5 1.0 9.45 5.7542 1.4303 
0.5 1.5 9.28 8.3026 2.2606 
0.5 2.0 9.14 8.8109 3.1417 
0.5 2.5 9.05 7.0090 3.8426 
0.5 3.0 9.04 8.2834 4.6709 
0.5 3.5 9.00 8.1046 5.4814 
0.5 4.0 8.97 3.1685 5.7982 
0.5 4.5 8.88 5.0351 6.3017 

0.5 5.5 8.89 6.4367 7.4911 
0.5 6.0 8.86 4.8571 7.9768 
0.5 6.5 8.83 7.6513 8.7419 
0.5 7.0 8.82 6.1610 9.3580 
0.5 7.5 8.74 7.5000 10.1080 
0.5 8.0 8.76 4.6558 10.5736 

11.1583 0.5 8.5 8.79 5.8472 
0.5 9.0 8.78 4.7102 11.6293 
0.5 9.5 8.77 5.4569 12.1750 
0.5 10.0 8.80 5.9849 12.7735 

0.5 5.0 8.92 5.4569 6.8474 
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Table A-21. Experimental Results f o r  the Leaching of Cesium from Cementitious Grout No. M74-27C-4 

Specimen Solid-to-waste ratio: 6 lb dry mixfgal W-7 waste (719 gfliter) 
Cesium added: stable = 0 

137Cs at tinie to = 0.025 mCi 
Mass: 5.7 g (as prepared) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing Time 60 days 

Leachant 200 ml tap water; 4 changesfday (initial pH = 8.00 - 8.24) 

Leaching Time 
(days) Final Fraction Leached 

tn Ctn Leachate (an/Ao> x lo5 (Can/Ao) x lo4 
Incremental Cumulative pH of Incremental Cumulative 

0.25 0.25 9.94 7.7683 0.7768 
0.25 0.50 9.23 3.2857 1.1054 
0.25 0.75 9.06 3.5000 1.4554 
0.25 1.00 8.97 3.5714 1.8125 
0.25 1.25 8.90 5.3571 2.3482 

2.6982 0.25 1.50 8.73 3.5000 
0.25 1.75 8.74 5.1046 3.2087 
0.25 2.00 8.79 2.9286 3.5016 
0.25 2.25 8.71 3.7857 3.8801 
0.25 2.50 8.69 2.9286 4.1730 
0.25 2.75 8.69 4.2143 4.5944 
0.25 3.00 8.74 4.0000 4,9944 
0.25 3.25 8.67 3.7143 5.3659 
0.25 3.50 8.68 3.6429 5.7302 
0.25 3.75 8.65 3.2857 6.0587 
0.25 4.00 8.64 3.0714 6.3659 
0.25 4.25 8.52 3.4286 6.7087 
0.25 4.50 8.64 2.2143 6.9302 
0.25 4.75 8.70 2.9286 . 7.2230 
0.25 5 .OO 8.62 3.2857 7.5516 
0.25 5.25 8.55 3.2143 7.8730 
0.25 5.50 8.57 2.9286 8.1659 
0.25 5.75 8.68 2.1429 8.3802 
0.25 6.00 8.65 2.7143 8.6516 
0.25 6.25 8.59 2.6429 8.9159 
0.25 6.50 8.55 2.4286 9.1587 
0.25 6.75 8.56 2.5714 9.4159 
0.25 7.00 8.61 2.2857 9.6444 
0.25 7.25 8.50 2.8571 9.9302 
0.25 7.50 8.45 2.9286 10.223 
0.25 7.75 8.40 3.4286 10.566 
0.25 8.00 8.52 3.1429 10.880 
0.25 8.25 8.49 2.6429 11.144 
0.25 8.50 8.49 2.7143 11.416 
0.25 8.75 8.48 2.9286 11.709 
0.25 9 .oo 8.52 2.2143 11.930 
0.25 9.25 8.46 2.6429 12.194 
0.25 9.50 8.50 2.0000 12.394 
0.25 9.75 8.56 2.8571 12.680 
0.25 10.00 8.49 3.2143 13.002 
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Table A-22. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-27D-1 

Specimen Solid-to-waste ratio: 6 lb dry mixlgal PJ-7 waste (719 glliter) 
Cesium added: stable = 0 

137Cs at time to = 0.025 mCi 
Mass: 5.7 g (as prepared) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing Time 60 days 

Leachant 200 ml tap water; 1 changelday (initial pH = 8.00 - 8.24) 

Leaching Time 
(days) Final Fraction Leached 

t* 
Ctn Leachate (an/Ao) x lo4 (Can/Ao) x lo3 

Incremental Cumulative pH of Incremental Cumulative 

1.0 1.0 9.98 3.2331 
1.0 2.0 9.61 2.8857 
1.0 3.0 9.34 3.5713 
1.0 4.0 9.32 5.2702 
1.0 5.0 9.20 2.8365 
1.0 6.0 9.14 3.0744 
1.0 , 7.0 9.15 2.8197 
1.0 8.0 9.08 3.0274 
1.0 9.0 9.04 2.8701 
1.0 10.0 9.06 2.7526 

0,3233 
0.6119 
0,9690 
1.4960 
1.7797 
2.0871 
2.3691 
2.6718 
2.9588 
3.2341 

. 
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Table A-23. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-27D-2 

Specimen Solid-to-waste ratio: 6 lb dry mixlgal W-7 waste (719 glliter) 

13?Cs at time to = 0.025 mCi 
Cesium added: stable = 0 

Mass: 5.7 g (as prepared) 
Volume: 4.1 cm3 

Exposed Surface Area: 14.2 cm2 

Curing Time 60 days 

Leachant 200 ml tap water; 2 changeslday (initial pH = 8.00 - 8.24) 

Leaching Time 
(days) Final Fraction Leached 

t n Itn Leachate (an/Ao> x 104 (Can/Ao) x lo3 
Incremental Cumulative pH of Incremental Cumulative 

0.5 0.5 9.98 2.3668 0.2367 
0.5 1.0 9.39 1.5624 0.3929 
0.5 1.5 9.22 1.8320 0.5761 
0.5 2.0 9.11 1.7995 0.7561 

0.8226 0.5 2.5 9.00 0.6658 
0.5 3.0 9.02 1.7705 0.9997 
0.5 3.5 8.95 1.8164 1.1813 
0.5 4.0 8.94 1.7772 1.3591 
0.5 4.5 8.89 1.7288 1.5319 
0.5 5.0 8.89 1.4434 1.6763 
0.5 5.5 8.86 1.8684 1.8631 
0.5 6.0 8.82 1.1890 1.9820 
0.5 6.5 8.84 1.9360 2.1756 
0.5 7.0 8.83 1.6616 2.3418 
0.5 7.5 8.74 2.1437 2.5562 
0.5 8.0 8.70 1.4073 2.6969 
0.5 8.5 8.72 1.5454 2.8514 
0.5 9.0 8.75 1.6535 3.0168 
0.5 9.5 8.72 1.5777 3.1745 
0.5 10.0 8.74 1.6113 3.3357 

. 
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Table A-24. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-27D-4a 

Specimen Solid-to-waste-ratio: 6 lb dry mix/gal W-7 waste (719 g/liter) 
Cesium added: stable = 0 

137Cs at time to = 0.025 mCi 
Mass: 5.7 g (as prepared) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing Time 60 days 

Leachant 200 ml tap water; 4 changesfday (initial pH = 8.00 - 8.24) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Increment a1 Cumulative 
Leachate (an/Ao) x lo4 (Can/Ao) x lo3 tn Ctn 

0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

0.25 
0.50 
0.75 
1.00 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 
3.25 
3.50 
3.75 
4.00 
4.25 
4.50 
4.75 
5.00 
5.25 
5.50 
5.75 
6.00 
6.25 
6.50 
6.75 
7.00 
7.25 
7.50 
7.75 
8.00 
8.25 
8.50 
8.75 
9.00 
9.25 
9.50 
9.75 
10.00 

9.84 
9.20 
9.04 
8.97 
8.90 
8.73 
8.75 
8.81 
8.72 
8.64 
8.67 
8.71 
8.62 
8.51 
8.62 
8.61 
8.55 
8.55 
8.63 
8.61 
8.50 
8.55 
8.64 
8.60 
8.57 
8.50 
8.55 
8.53 
8.45 
8.43 
8.45 
8.50 
8.47 
8.48 
8.44 

8.42 
8.48 
8.56 
8.46 

8.48 

2.3408 
1.2066 
1.2221 
1.2221 
1.0829 
1.1511 
1.1186 
0.9727 
0.9889 
1.1955 
1.0593 
1.2928 
1.1128 
1.2928 
1.2363 
1.1745 
0.9231 
0.8560 
0.6210 
0.9735 
1.1917 
0.7888 
0.8224 
1.0238 
1.1077 
0.8320 
0.8960 
1.0070 
1.0146 
0.7037 
0.8837 
0.9000 
0.9427 
0.8345 
0.9582 
0.6336 
0.7385 
0.8224 
1.2756 
0.6378 

0.2341 
0.3547 
0.4770 
0.5992 
0.7074 
0.8226 
0.9344 
1.0317 
1.1306 
1.2501 
1.3561 
1.4853 
1.5966 
1.7259 
1.8495 
1.9670 
2.0593 
2.1449 
2.2070 
2.3043 
2.4235 
2.5024 
2.5846 
2.6870 
2.7978 
2.8810 
2.9706 
3.0713 
3.1727 
3.2431 
3.3315 
3.4215 
3.5158 
3.5992 
3.6950 
3.7584 
3.8322 
3.9145 
4.0420 
4.1058 
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Table A-25. Experimental  R e s u l t s  f o r  the Leaching of C e s i u m  from Cement i t ious  Grout No. M74-27D-4b 

Specimen Solid-to-waste r a t i o :  6 l b  d r y  mix fga l  W-7 w a s t e  (719 g f l i t e r )  

137Cs a t  t i m e  to = 0.025 m C i  
Cesium added: s t a b l e  = 0 

Mass: 5 .7  g (as prepared)  
Volume: 4.1 cm3 

Exposed Sur face  Area: 14.2 cm2 

Curing T i m e  60 days 

Leachant 200 m l  t a p  water; 4 changesfday ( i n i t i a l  pH = 8.00 - 8.24) 

Leaching T i m e  
(days) F i n a l  F r a c t i o n  Leached 

Cumulative pH of Inc remen ta l  Cumulative Incrementa l  
Leachate  (an/Ao> x l o 5  (Can/Ao) x l o 3  

tn I t n  

0.25 0.25 9.92 23.100 0.2310 
0.25 0.50 9.14 11.293 0.3439 
0.25 0.75 9.07 9.1270 0.4352 
0.25 1.00 8.98 12.376 0.5590 
0.25 1.25 8.86 10.210 0.6611 
0.25 1.50 8.77 11.511 0.7762 
0.25 1.75 8.75 9.8893 0.8751 
0.25 2.00 8.83 12.483 0.9999 
0.25 2.25 8.72 9.5651 1.0955 
0.25 2.50 8.65 12.409 1.2196 
0.25 2.75 8.69 11.804 1.3377 
0.25 3.00 8.76 14.728 1.4850 
0.25 3.25 8.61 13.419 1.6191 
0.25 3.50 8.65 10.146 1.7206 
0.25 3.75 8.64 10.354 1.8241 
0.25 4.00 8.65 8.6543 1.9107 
0.25 4.25 8.55 8.0563 1.9912 
0.25 4.50 8.56 9.3991 2.0852 
0.25 4.75 8.62 6.8815 2.1541 
0.25 5.00 8.64 10.910 2.2632 
0.25 5.25 8.54 8.5599 2.3488 
0.25 5.50 8.54 7.5528 2.4243 
0.25 5.75 8.65 8.5599 2.5099 
0.25 6.00 8.62 8.0563 2.5904 
0.25 6.25 8.57 8.7277 2.6777 
0.25 6.50 8.63 9.1198 2.7689 
0.25 6.75 8.50 9.4398 2.8633 
0.25 7.00 8.56 9.9026 2.9623 
0.25 7.25 8.45 9.0003 3.0523 
0.25 7.50 8.42 9.1639 3.1440 
0.25 7.75 8.41 7.2002 3.2160 
0.25 8.00 8.49 8.3457 3.2994 
0.25 8.25 8.48 6.4907 3.3644 
0.25 8.50 8.44 8.3452 3.4478 
0.25 8.75 8.45 8.3452 3.5313 
0.25 9.00 8.46 8.8089 3.6193 
0.25 9.25 8.45 7.8885 3.6982 
0.25 9.50 8.46 8.8955 3.7872 
0.25 9.75 8.58 10.070 3.8879 
0.25 10.00 8.44 9.9026 3.9869 
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Table A-26. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-27D-4c 

Specimen Solid-to-waste ratio: 6 lb dry mixigal W-7 waste (719 elliter) 
Cesium added: stable = 0 

137Cs at time to = 0.025 mCi 
Mass: 5.7 g (as prepared) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing Time 60 days 

Leachant 200 ml tap water; 4 changes/day (initial pH = 8.00 - 8.24) 

(days) Final Fraction Leached 

tn Ctn Leachate (an/Ao> x lo5 (Can/Ao> x lo3 
Incremental Cumulative pH of Incremental Cumulative 

0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

. 0.25 
0.25 
0.25 
0.25 
0.25 

0.25 
0.50 
0.75 
1.00 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 
3.25 
3.50 
3.75 
4.00 
4.25 
4.50 
4.75 
5 .OO 
5.25 
5.50 
5.75 
6.00 
6.25 
6.50 
6.75 
7.00 
7.25 
7.50 
7.75 
8.00 
8.25 
8.50 
8.75 
9.00 
9.25 
9.50 
9.75 

10.00 

9.66 
9.19 
9.01 
8.98 
8.87 
8.73 
8.75 
8.79 
8.69 
8.55 
8.64 
8.69 
8.53 
8.59 
8.61 
8.64 
8.54 
8.58 
8.61 
8.64 
8.39 
8.52 
8.62 
8.58 
8.53 
8.53 
8.50 
8.56 
8.44 
8.44 
8.41 
8.45 
8.44 
8.49 
8.42 
8.48 
8.43 
8.48 
8.51 
8.48 

22.792 
10.674 

12.066 
11.757 
10.700 

5.8784 

8.2681 
7.6196 

7.4151 
7.8690 

8.8366 
9.4912 
7.7271 
7.1089 

8.7277 
8.7277 
6.7136 
8.8955 
5.3709 

6.8815 
9.3991 

9.4398 
6.8815 
9.8185 
8.5093 
8.3457 
8.5093 
9.2725 
9.7361 
8.1907 
5.0999 
6.7136 
8.3920 

7.0493 

11.348 

12.273 

12.420 

10.406 

7.0398 

11.413 

0.2279 
0.3347 
0.3934 
0.5141 
0.6317 
0.7387 
0.8214 
0.8976 
1.0110 
1.0852 
1.1639 
1.2866 
1.3750 
1.4699 
1.5472 
1.6182 
1.7424 
1.8297 
1.9170 
1.9841 
2.0731 
2.1268 
2.2309 
2.2997 
2.3937 
2.4641 
2.5585 
2.6273 
2.7255 
2.8105 
2.8940 
2.9791 
3.0718 
3.1692 
3.2511 
3.3021 
3.3692 
3.4531 
3.5673 
3.6378 
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Table  A-27. Experimental  R e s u l t s  f o r  the Leaching of Cesium from Cement i t ious  Grout No.  M74-29-1% 

Specimen Solid-to-waste r a t i o :  6 l b  dry  mix/ga l  W-7 waste (719 g / l i t e r )  
Cesium added: s t a b l e  = 0 

1 3 7 ~ s  a t  time to = 0.020 m c i  
Mass: 5.7 g ( a s  prepared)  

Volume: 4.1 cm3 
Exposed Sur face  Area: 14.2 cm2 

Curing T i m e  28 days 

Leachant 200 m l  t a p  water; 1 changelday ( i n i t i a l  pH = 7.95 - 8.28) 

Leaching T i m e  
(days) F i n a l  F r a c t i o n  Leached 

Incrementa l  Cumulative pH of Incrementa l  C m u 1  a t ive 
Leachate  (an/Ao) x l o 4  (Can/Ao) x l o 3  

I t n  t n 

1 .0  1 . 0  11.10 4.2463 0.4246 
1 . 0  2 .o 10.12 3.5504 0.7797 
1 .o 3.0 9.62 2.4719 1.0269 
1 .0  4.0 9.77 2.0022 1.2271 
1 .0  5 .0  9.62 1.8109 1.4082 
1 .0  6.0 9.53 1.6543 1.5736 
1 .0  7 .O 9.50 2.2110 1.7947 
1 .0  8.0 9.24 2.0022 1.9949 
1 .0  9 .o 9.19 2.2632 2.2212 
1 .0  10.0 9.18 1.9500 2.4162 
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Table A-28. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-29-1XB 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal W-7 waste (719 g/liter) 

137~s at time to = 0.020 mci 
Cesium added: stable = 0 

Mass: 5.7 g (as prepared) 
Volume: 4.1 cm3 

Exposed Surface Area: 14.2 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 changelday (initial pH = 7.95 - 8.28) 

~ ~~~ ~~~ ~ ~- 
Leaching Time 

(days) Final Fraction Leached 

tn Itn Leachate (a,/Ao) x lo4 (Can/Ao) x lo3 
Incremental Cumulative pH of  Incremental Cumulative 

1.0 1.0 10.90 4.3854 0.4385 
1.0 2.0 10.05 3.8114 0.8197 
1.0 3.0 9.63 2.6459 1.0843 
1.0 4.0 9.71 2.1762 1.3019 
1.0 5.0 9.60 1.8283 1.4847 
1.0 6.0 9.51 2.5067 1.7354 

1.9530 1.0 7.. 0 9.47 
1.0 8.0 9.24 2.2980 2.1828 
1.0 9 .o 9.18 1.7239 2.3552 
1.0 10.0 9.08 1.9500 2.5502 

2.1762 
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Table A-29. Experimental  R e s u l t s  f o r  t h e  Leaching of Cesium from Cement i t ious  Grout No. M74-29-2XA 

Specimen Solid-to-waste r a t i o :  6 l b  dry  mix lga l  2XW-7 waste (719 g l l i t e r )  

1 3 7 ~ s  a t  t i m e  to = 0.020 m c i  
C e s i u m  added: s t a b l e  = 0 

Mass: 5.7 g (as prepared)  
Volume: 4 .1  cm3 

Exposed Sur face  Area: 14.2 cm2 

Curing Time 28  days  

Leachant 200 m l  t a p  water; 1 changelday ( i n i t i a l  pH = 7.95 - 8.28) 

Leaching T i m e  
(days) F i n a l  F r a c t i o n  Leached 

tn Ctn Leachate  (an/Ao) x l o 4  (Can/Ao) x l o 3  
Incrementa l  Cumulative pH of Incrementa l  Cumulative 

1 .0  1 .0  11.14 3.8066 0.3807 
1 .0  2.0 10.19 4.6195 0.8426 
1 .0  3.0 9.83 3.4607 1.1887 
1.0 4 .O 9.81 2.7689 1.4656 
1 . 0  5 .O 9.68 2.6825 1.7338 
1 .0  6.0 9.65 2.8381 2.0176 

2.2340 1.0 7 .O 9.61 2.1636 
1 .0  8.0 9.35 2.5960 2.4936 

2.7134 2.1982 1 .0  9.0 9.29 
2.9678 1.0 10 .0  9.22 2.5441 
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Table A-30. Experimental Results f o r  the Leaching of Cesium from Cementitious Grout No. M74-29-2XB 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 2XW-7 waste (719 g/liter) 

137~s at time to = 0.020 mci 
Cesium added: stable = 0 

Mass: 5.7 g (as prepared) 
Volume: 4.1 cm3 

Exposed Surface Area: 14.2 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 change/day (initial pH = 7.95 - 8.28) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo4 (Xan/Ao) x lo3 Ctn t n 

1.0 1.0 11.00 4.9654 0.4965 
1.0 2 .o 10.10 3.4434 0.8409 
1.0 3.0 9.73 3.2878 1.1697 
1.0 4.0 9.72 2.5960 1.4293 
1.0 5.0 9.67 2.6652 1.6958 
1.0 6.0 9.61 2.1636 1.9121 
1.0 7.0 9.58 3.1840 2.2305 
1.0 8.0 9.31 2.3366 2.4642 
1.0 9 .o 9.25 2.8381 2.7480 
1.0 10.0 9.18 3.1148 3.0595 
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Table A-31. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-29-4XA 

Specimen Solid-to-waste ratio: 6 lb dry midgal 4XW-7 waste (719 g/liter) 
Cesium added: stable = 0 

137~s at time to = 0.020 mci 
Mass: 5.7 g (as prepared) 

Volume: 4.1 cm3 
Exposed Surface Area: 14.2 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 change/day (initial pH = 7.95 - 8.28) 

Leaching Time 
(days) Final Fraction Leached 

tn Itn Leachate (an/Ao) x lo4 (Can/Ao) x lo3 
Incremental Cumulative pH of Incremental Cumulative 

1.0 1.0 11.73 6.5023 0.6502 
1.0 2.0 11.20 3.8437 1.0346 
1.0 3.0 10.50 3.4149 1.3761 
1.0 4 .O 10.24 2.7803 1.6541 
1 .o 5.0 10.04 1.6140 1.8155 
1.0 6.0 9.94 1.5454 1.9701 

2.1280 1.0 7.0 9.85 1.5797 
1.0 8.0 9.52 1.4596 2.2739 
1.0 9.0 9.43 1.6140 2.4354 
1.0 10.0 9.32 1.4425 2.5796 
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Table A-32.  Experimental Results for the Leaching of Cesium from Cementitious Grout No. M74-29-4XB 

Specimen Solid-to-waste ratio: 6 l b  dry mixfgal 4XW-7 waste (719 grliter) 

1370 at time to = 0.020 mci 
Cesium added: stable = 0 

Mass: 5.7 g (as prepared) 
Volume: 4.1 cm3 

Exposed Surface Area: 14.2 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 changerday (initial pH = 7.95 - 8.28) 

Leaching Time 
(days) Final Fraction Leached 

t n Ctn Leachate (an/Ao) x lo4 (Can/Ao) x 103 
Incremental Cumulative pH of Incremental Cumulative 

1.0 1.0 11.80 5.9534 0.5953 
1.0 2 .o 11.31 4.5470 1.0500 
1.0 3.0 10.58 2.7460 I. 3246 
1.0. 4 .O 10.30 2.1286 1.5375 

1.7006 1.0 5.0 10.02 
1.0 6.0 9.90 1.1852 1.8191 
1.0 7.0 9.82 1.8713 2.0063 
1.0 8.0 9.49 2.2143 2.2277 
1.0 9.0 9.40 1.3567 2.3634 
1.0 10.0 9.29 1.4939 2.5128 

1.6311 

. 
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Table A-33. Experimental Results far the Leaching of Sodium from Cementitious Grout No. M74-29-1% 

Specimen Solid-to-waste ratio: 6 lb dry mixfgal W-7 waste (719 gfliter) 
Sodium added: stable = 120 mg 

Mass: 5.7 g (as prepared) 
Volume: 4.1 cm3 

Exposed Surface Area: 14.2 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 changefday (initial pH = 7.95 - 8.28) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
t n Ctn Leachate (an/Ao) (Can/Ao) 

1.0 1.0 11.10 0.1922 0.1922 
1.0 2.0 10.12 0.0877 0.2799 
1.0 3.0 9.62 0.0725 0.3524 
1.0 4.0 9.77 0.0624 0.4148 
1.0 5.0 9.62 0.0523 0.4671 
1.0 6.0 9.53 0.0438 0.5109 
1.0 7.0 9.50 0.0405 0.5514 
1.0 8.0 9.24 0.0388 0.5902 
1.0 9.0 9.19 0.0363 0.6265 
1.0 10.0 9.18 0.0334 0.6599 
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. 

Table A-34. Experimental Results for the Leaching of Sodium from Cementitious Grout No. M74-29-1XB 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 1XW-7 waste (719 g/liter) 
Sodium added: stable = 120 mg 

Mass: 5.7 g (as prepared) 
Volume: 4.1 cm3 

Exposed Surface Area: 14.2 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 changelday (initial pH = 7.95 - 8.28) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
t n Itn Leachate (a,/A*) ( Can /Ao 1 

1.0 1.0 10.90 0.1686 0.1686 
1.0 2 .o 10.05 0.0826 0.2512 
1.0 3.0 9.63 0.0658 0.3170 
1.0 4.0 9.71 0.0573 0.3743 
1.0 5.0 9.60 0.0506 0.4249 
1.0 6.0 9.51 0.0405 0.4654 
1.0 7 .O 9.47 0.0388 0.5042 
1.0 8.0 9.24 0.0379 0.5421 
1.0 9 .o 9.18 0.0332 0.5753 
1 .o 10.0 9.08 0.0342 0.6095 

. 
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Table  A-35. Experimental  R e s u l t s  f o r  t h e  Leaching of Sodium from Cementit ious Grout No. M74-29-2XA 

Specimen Solid-to-waste r a t i o :  6 l b  d ry  mix fga l  2XW-7 waste (719 g f l i t e r )  
Sodium added: s t a b l e  = 237 mg 

Mass: 5.7 g (as prepared)  
Volume: 4 .1  cm3 

Exposed Sur face  Area: 14.2 cm2 

Curing Time 28 days 

Leachant 200 m l  t a p  water; 1 changefday ( i n i t i a l  pH = 7.95 - 8.28) 

Leaching T i m e  
(days) F i n a l  F r a c t i o n  Leached 

Incrementa l  Cumulative pH of Incrementa l  Cumulative 
tn Ctn Leachate  (an/ A. ) ( Can/Ao) 

1.0 1.0 11.14 0.1610 0.1610 
1.0 2 .o 10.19 0.0674 0.2284 
1.0 3.0 9.83 0.0447 0.2731 
1 .0  4.0 9.81 0.0413 0.3144 
1.0 5 .O 9.68 0.0379 0.3523 
1 .0  6.0 9.65 0.0312 0.3835 
1.0 7.0 9 .61  0.0287 0.4122 
1.0 8.0 9.35 0.0278 0.4400 
1.0 9.0 9.29 0.0253 0.4653 
1.0 10.0 9.22 0.0240 0.4893 
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Table A-36. Experimental Results for the Leaching of Sodium from Cementitious Grout NO. M74-29-2XB 

Specimen Solid-to-waste ratio: 6 lb dry mixigal ZXW-7 waste (719 gfliter) 
Sodium added: stable = 237 mg 

Mass: 5.7 g (as prepared) 
Volume: 4.1 cm3 

Exposed Surface Area: 14.2 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 changelday (initial pH = 7.95 - 8.28) 

Leaching; Time - 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
tn Ctn Leachate (an/Ao) (Can/ Ao) 

1.0 1.0 11.00 0.1442 0.1442 
1.0 2.0 10.10 0.0573 0.2015 
1.0 3.0 9.73 0.0506 0.2521 
1.0 4.0 9.72 0.0388 0.2909 
1.0 5.0 9.67 0.0329 0.3238 
1 .o 6.0 9.61 0.0287 0.3525 
1.0 7.0 9.58 0.0261 0.3786 
1.0 8.0 9.31 0.0249 0.4035 
1.0 9.0 9.25 0.0243 0.4278 
1.0 10.0 9.18 0.0238 0.4516 

. 
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Table A-37. Experimental Results for the Leaching of Sodium from Cementitious Grout No. M74-29-4XA 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 4XW-7 waste (719 g/liter) 
Sodium added: stable = 474 mg 

Mass: 5.7 g (as prepared) 
Volume: 4.1 cm3 

Exposed Surface Area: 14.2 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 changelday (initial pH = 7.95 - 8.28) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
t n Ctn Leachate (a,/Ao) ( Can/Ao 1 

1.0 1.0 11.73 0.4173 0.4173 
1.0 2.0 11.20 0.1180 0.5353 
1.0 3.0 10.50 0.0653 0.6006 

0.6200 1.0 4.0 10.24 0.0194 
0.6326 1.0 5.0 10.04 0.0126 

1.0 6.0 9.94 0.0181 0.6507 
1.0 7.0 9.85 0.0143 0.6650 
1.0 8.0 9.52 0.0121 0.6771 
1.0 9.0 9.43 0.0101 0.6872 
1.0 10.0 9.32 0.0096 0.6968 
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Table A-38. Experimental Results for the Leaching of Sodium from Cementitious Grout No. M74-29-4XB 

Specimen Solid-to-waste ratio: 
Sodium added: 

6 lb dry mixfgal 4XW-7 waste (719 g/liter) 
stable = 474 mg 

Mass: 5.7 g (as prepared) 
Volume: 4.1 cm3 

Exposed Surface Area: 14.2 cm2 

Curing Time 28 days 

Leachant 200 m l  tap water; 1 changefday (initial pH = 7.95 - 8.28) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
tn Leachate ( an/Ao 1 (Can/Ao> 

1.0 1.0 11.80 0.4805 0.4805 
1.0 2.0 11.31 0.1319 0.6124 
1.0 3.0 10.58 0.0717 0.6841 
1.0 4.0 10.30 0.0363 0.7204 
1.0 5.0 10.02 0.0215 0.7419 
1.0 6.0 9.90 0.0148 0.7567 
1.0 7.0 9.82 0.0126 0.7693 
1.0 8.0 9.49 0.0105 0.7798 
1.0 9 .o 9.40 0.0091 0.7889 
1.0 10.0 9.29 0.0089 0.7978 

. 
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Table A-39. Experimental Results for the Leaching of Strontium from Cementitious Grout No. M75-3A 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 1XW-7 waste (719 g/liter) 
Strontium added: stable = 2.5 mg 

85Sr at time to = 0.015 mCi 
Mass: 5.7 g (as prepared) 

Volume: 5.03 cm3 
Exposed Surface Area: 16.6 cm2 

Curing Time 28 days 

Leachant 200 r n l  tap water; 1 changelday (initial pH = 7.76 - 8.24) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo4 (Can/Ao) x lo2 t n Ctn 

1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
4.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 

1.0 
2 .o 
3.0 
4.0 
7.0 
8.0 
9 .O 
10.0 
11.0 
14.0 
15.0 
16.0 
17.0 
18.0 
21.0 
22.0 
23.0 
24.0 
25.0 

29.0 
30.0 
31.0 
32.0 
36.0 
37.0 
38.0 
39.0 
42.0 
43.0 
44.0 
45.0 
46.0 

213.0 

11.42 
10.56 
10.19 
9.98 
10.58 
9.71 
9.57 
9.51 
9.48 
10.00 
9.34 
9.25 
9.26 
9.25 
9.78 
9.17 
9.15 
9.09 
9.12 
9.57 
9.05 
9.03 
9.00 
8.98 
9.47 
8.98 
8.91 
8.86 
9.36 
8.92 
8.84 
8.86 
8.84 

32.627 
14.335 
9.6305 
7.7928 

6.4932 
6.6824 
6.2524 
7.2793 

6.2768 
7.6002 
7.4111 
7.5056 

7.8408 
7.6477 
7.2223 
7.6774 

6.3606 
6.3356 
5.4563 
5.8514 

5.7824 
6.0001 
6.6208 

6.4640 
6.3533 
5.3324 
5.2196 

18.161 

18.792 

19.520 

16.975 

20.952 

14.987 

0.3263 
0.4696 
0.5659 
0.6439 
0.8255 
0.8904 
0.9572 
1.0197 
1.0925 
1.2804 
1.3432 
1.4192 
1.4933 
1.5684 
1.7636 
1.8420 
1.9185 
1.9907 
2.0675 
2.2373 
2.3009 
2.3643 
2.4189 
2.4774 
2.6869 
2.7447 
2.8047 
2.8709 
3.0208 
3.0854 
3.1489 
3.2022 
3.2544 
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Table A-40. Experimental Results for the Leaching of Strontium from Cementitious Grout No. M75-3B 

Specimen Solid-to-waste ratio: 
Strontium added: 

6 lb dry mixfgal 1xW-7 waste (719 g/liter) 
stable = 2.5 mg 
85Sr at time to = 0.015 mCi 

Mass: 5.7 g (as prepared) 
Volume: 5.03 cm3 

Exposed Surface Area: 16.6 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 changefday (initial pH = 7.86 - 7.96) 

Leaching Time 
(days) Final Fraction Leached 

t n ItIl Leachate (an/Ao) x lo3 (Can/Ao) x lo2 
Incremental Cumulative pH of Incremental Cumulative 

1.0 1.0 11.44 3.1619 0.3162 
1.0 2.0 10.63 1.6637 0.4826 

0.5978 1.0 3.0 10.23 1.1524 
1.0 4.0 10.05 1.2141 0.7192 
3.0 7.0 10.64 2.7191 0.9911 
1.0 8.0 9.74 1.1026 1.1014 
1.0 9.0 9.59 1.0234 1.2037 
1.0 10.0 9.52 1.0209 1.3058 
1.0 11.0 9.51 1.0733 1.4131 
3.0 14.0 9.98 2.6097 1.6741 
1.0 15.0 9.34 1.0058 1.7747 
1.0 16.0 9.28 0.9774 1.8724 
1.0 17.0 9.27 1.0625 1.9787 
1.0 18.0 9.22 0.9302 2.0717 
3.0 21.0 9.78 2.2983 2.3015 
1.0 22 .o 9.21 0.8583 2.3873 
1.0 23.0 9.15 0.8340 2.4707 
1.0 24.0 9.13 0.7974 2.5505 

2.6260 1.0 25 .O 9.13 0.7549 

. 
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Table A-41, Experimental Results for the Leaching of Strontium from Cementitious Grout No. M75-4B 

Specimen Solid-to-waste ratio: 6 lb dry mixlgal lXW-7 waste (719 glliter) 
Strontium added: stable = 2.5 mg 

85Sr at time to = 0.015 mCi 
Mass: 5.7 g (as prepared) 

Volume: 5.03 cm3 
Exposed Surface Area: 16.6 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 changelday (initial pH = 7.76 - 8.28) 

Leaching Time 
(days) Final Fraction Leached 

Cumulative pH of Incremental Cumulative Incremental 
Leachate (an/Ao) x lo4 (Can/Ao) x lo2 

t n Itn 
1.0 1.0 11.38 35.203 0.3520 

0.5230 1.0 2.0 10.53 17.094 
1.0 3.0 10.17 13.584 0.6588 
1.0 4.0 9.96 13.987 0.7987 
3.0 7.0 10.59 28.618 1.0849 
1.0 8.0 9.70 11.889 1.2038 
1.0 9 .o 9.58 9.7536 1.3013 
1.0 10.0 9.53 10.369 1.4050 

1.5024 1.0 11.0 9.47 9.7383 
3.0 14.0 9.98 23.864 1.7410 
1.0 15.0 9.32 9.5930 1.8369 
1.0 16.0 9.25 8.5625 1.9225 
1.0 17 .O 9.22 9.7803 2.0204 
1.0 18.0 9.21 8.7498 2.1078 
3.0 21.0 9.77 22.296 2.3308 
1.0 22.0 9.24 8.6337 2.4171 
1.0 23.0 9.16 9.5441 2.5125 
1.0 24.0 9.13 6.8957 2.5815 
1.0 25.0 9.15 8.6907 2.6684 
3.0 28.0 9.59 17.867 2.8471 
1.0 29.0 9.08 8.1378 2.9285 
1.0 30.0 9.05 8.1733 3.0102 
1.0 31.0 9.00 7.4667 3.0849 
1.0 32.0 9.01 7.3734 3.1586 
4.0 36 .O 9.48 21.965 3.3782 
1.0 37 .O 8.96 8.1423 3.4596 
1.0 38.0 8.86 7.4548 3.5341 
1.0 39 .O 8.89 7.9275 3.6134 
3.0 42 .O 9.36 18.437 3.7978 
1.0 43.0 8.90 6.9851 3.8677 
1.0 44.0 8.85 7.9266 3.9470 
1.0 45.0 8.90 5.8073 4.0051 
1.0 46 .O 8.83 7.4379 4.0795 
3.0 49 .O 9.34 15.508 -4.2346 
1.0 50.0 8.77 4.2721 4.2773 
1.0 51.0 8.82 5.8732 4.3360 
1.0 52.0 8.80 6.0275 4.3963 
1.0 53.0 8.83 5.8492 4.4548 
3 .O 56.0 9.25 15.155 4.6064 
1.0 57.0 8.69 6.3252 4.6697 
1.0 58.0 8.75 7.2865 4.7426 
1.0 59 .O 8.74 5.8668 4.8013 
1.0 60.0 8.72 4.8282 4.8496 
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Table A-42. Experimental Results for the Leaching of Strontium from Cementitious Grout No. M75-4C 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 1XW-7 waste (719 g/liter) 
Strontium added: stable = 2.5 mg 

85Sr at time to = 0.015 mCi 
Mass: 5.7 g (as prepared) 

Volume: 5.03 cm3 
Exposed Surface Area: 16.6 cm2 

Curing Time 28 days 

Leachant 200 ml grout water; 1 changelday (initial pH = 11.94) 

Leaching Time 
(days) Final Fraction Leached 

tn Itn Leachate (an/Ao) x lo4 (Can/Ao) x lo2 
Incremental Cumulative pH of Incremental Cumulative 

1.0 1.0 11.96 72.751 0.7275 
1.0 2.0 11.90 26.254 0.9900 
1.0 3.0 11.87 18.176 1.1718 
1.0 4.0 11.88 13.408 1.3059 
3.0 7.0 11.89 29.610 1.6020 
1.0 8.0 11.86 9.2412 1.6944 
1.0 9 .O 11.81 6.8924 1.7633 
1.0 10.0 11.84 6.8754 1.8321 
1.0 11.0 11.83 6.5856 1.8980 
3.0 14.0 12.09 10.176 1.9998 
1.0 15 .O 12.13 3.5037 2.0348 
1.0 16 .O 12.08 3.0353 2.0651 
1.0 17.0 12.10 2.6605 2.0917 
1.0 18.0 12.10 2.3795 2.1155 
3.0 21.0 12.11 6.0767 2.1763 
1.0 22.0 11.95 2.4477 2.2009 

2.2312 1.0 23.0 11.94 3.0408 
1.0 24.0 11.94 2.0206 2.2514 

2.2736 1.0 25.0 12.03 2.2168 
2.3205 3.0 28.0 11.94 4.6922 

1.0 29 .O 11.94 1.5505 2.3359 
1.0 30.0 11.95 1.7144 2.3530 
1.0 31.0 11.94 1.6502 2.3695 

2.3896 1.0 32 .O 11.94 
4 .O 36.0 11.88 7.7571 2.4671 
1.0 37.0 11.92 2.0715 2.4878 
1.0 38.0 11.94 1.2998 2.5008 
1.0 39 .O 11.95 1.4824 2.5156 
3 -0 42.0 11.94 4.7188 2.5628 
1.0 43.0 11.95 2.6714 2.5895 
1.0 44.0 11.93 1.7955 2.6075 
1.0 45 .O 11.92 2.2336 2.6298 
Changed to tap water leachant. 
1.0 46.0 9.98 5.2490 2.6823 

2.8616 3.0 49 .O 10.00 17.931 
1 .o 50.0 9.30 5.8756 2.9204 
1.0 51.0 9.27 7.3327 2.9937 
1.0 52.0 9.21 8.9938 3.0836 
1.0 53.0 9.14 8.5170 3.1688 

2.0068 

. 
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Table A-43. Experimental Results for the Leaching of Strontium from Cementitious Grout No. M75-5 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 2XW-7 waste (719 g/liter) 
Strontium added: stable = 2.5 mg 

85Sr at time to = 0.015 mCi 
Mass: 5.7 g (as prepared) 

Volume: 5.03 cm3 
Exposed Surface Area: 16.6 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 changefday (initial pH = 7.76 - 8.28) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo4 (Can/Ao) x lo2 tn Ctn 

1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 

'3.0 
1.0 
1.0 
1.0 
1.0 
4.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1 .o 
1.0 
1.0 
1.0 

1.0 
2.0 
3.0 
4 .O 
7 .O 
8.0 
9.0 
10.0 
11.0 
14.0 
15.0 
16 .O 
17.0 
18.0 
21.0 
22.0 
23.0 
24.0 
25.0 
28.0 
29 .O 
30.0 
31.0 
32 .O 
36.0 
37.0 
38.0 
39.0 
42.0 
43.0 
44.0 
45 .O 
46.0 
49.0 
50.0 
51.0 
52.0 
53.0 
56 .O 
57 .O 
58.0 
59 .O 
60.0 

11.34 
10.60 
10.28 
10.01 
10.70 
9.94 
9.79 
9.77 
9.71 
10.25 
9.72 
9.53 
9.53 
9.54 
9.91 
9.37 
9.32 
9.31 
9.35 
9.72 
9.33 
9.21 
9 . 2 4  
9.19 
9.75 
9.27 
9.18 
9.15 
9.52 
9.20 
9.17 
9.12 
9.01 
9.41 
8.97 
8.95 
8.92 
8.89 
9.31 
8.85 
8.84 
8.76 
8.83 

13.460 
9.5775 
7.3989 
7.1647 

8.2866 
7.4407 
7.6306 
7.7098 

8.4393 
9 .loo1 
8.7225 
7.9673 

9.8349 
8.3481 
8.1203 
8.5758 

15.381 

17.612 

18.647 

19.134 
10.632 
8.9451 
8.7316 
8.4363 
23.785 
10.142 
10.002 

18.784 
8.9244 

9.6959 
7.9621 
7.8850 
8.6735 

6.1846 
7.1270 
7.2108 
7.2262 

7.3775 
7.1758 
7.5051 
6.6056 

16.351 

17.151 

0.1346 
0.2304 
0.3044 
0.3760 
0.5298 
0.6127 
0.6871 
0.7634 
0.8405 
1.0166 
1.1010 
1.1920 
1.2792 
1.3589 
1.5454 
1.6437 
1.7272 
1.8084 
1.8942 
2.0855 
2.1918 
2.2813 
2.3686 
2.4530 
2.6908 
2.7922 
2.8922 
2.9814 
3.1692 
3.2662 
3.3458 
3.4246 
3.5113 
3.6748 
3.7366 
3.8079 
3.8800 
3.9523 
4.1238 
4.1976 
4.2694 
4.3445 
4.4106 
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Table A-44. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M75-6 ) 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 1XW-7 waste (719 g/liter) 

137~s at time to = 0.010 mci 
Cesium added: stable = 2.5 mg 

Mass: 5.7 g (as prepared) 
Volume: 5.03 cm3 

Exposed Surface Area: 16.6 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 change/day (initial pH = 7.52 - 8.28) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (a,/Ao) x lo3 (Can/Ao) x 10' tn Ztn 

1.0 1.0 11.46 162.87 1.6287 
1.0 2.0 10.69 60.777 2.2365 
1.0 3.0 10.28 42.433 2.6608 
1.0 4.0 10.07 32.183 2.9826 
3.0 7.0 10.66 65.958 3.6422 
1.0 8.0 9.81 19.145 3.8337 
1.0 9.0 9.65 16.490 3.9986 
1.0 10.0 9.57 15.025 4.1489 
1.0 11.0 9.56 13.999 4.2889 
3.0 14.0 10.04 33.925 4.6281 
1.0 15.0 9.47 12.285 4.7509 
1.0 16 .O 9.33 10.174 4.8586 
1.0 17.0 9.30 9.7074 4.9567 
1.0 18.0 9.31 8.4961 5.0417 
3.0 21.0 9.75 20.192 . 5.2436 
1.0 22.0 9.25 7.6564 5.3202 
1.0 23.0 9.21 5.8687 5.3789 
1.0 24.0 9.17 5.5357 5.4343 
1.0 25.0 9.21 5.5134 5.4894 
3.0 28.0 8.58 12.689 5.6163 
1.0 29.0 9.13 5.6244 5.6725 
1.0 30.0 9.06 4.7336 5.7198 
1.0 31.0 9.09 4.6009 5.7658 
1.0 32.0 9.05 4.2340 5.8081 
4.0 36.0 9.53 13.548 5.9436 
1.0 37.0 9.07 4.8101 5.9917 
1.0 38.0 8.98 3.9042 6.0307 
1.0 39.0 8.99 3.7261 6.0680 
3.0 42.0 9.38 8.7307 6.1553 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo3 (Can/Ao)x lo1 Ctn t n 

1.0 43.0 9.03 4.2092 6.1974 
1.0 44.0 8.98 3.3631 6.2310 
1.0 45.0 8.96 3.0321 6.2613 

1 1.0 46.0 8.87 3.0876 6.2922 
3.0 49.0 9.36 7.0187 6.3624 P 

0 
\D 1.0 50.0 0.86 3.2439 6.3948 

1.0 51.0 8.84 2.7820 6.4226 1 
1.0 52.0 8.84 2.6900 6.4495 
1.0 53.0 8.78 2.6130 6.4756 
3.0 56.0 9.27 6.1592 6.5372 
1.0 57.0 8.73 2.7207 6.5645 
1.0 58.0 8.76 2.3145 6.5876 
1.0 59.0 8.70 2.3635 6.6112 
1.0 60.0 8.68 2.2916 6.6341 
3.0 63.0 9.17 5.7581 6.6918 
1.0 64.0 8.75 2.5185 6.7170 
1.0 65.0 8.64 2.2333 6.7393 
1.0 66.0 8.71 2.2901 6.7622 
1.0 67.0 8.60 2.0972 6.7832 
3.0 70.0 9.19 5.3544 6.8367 
1.0 71.0 0.13 2.2094 6.8588 
1.0 72.0 8.68 1.9471 6.8783 
1.0 73.0 8.62 I. 8369 6.8967 
4 .O 77.0 9.16 5.3486 6.9502 
1.0 78.0 8.58 1.7932 6.9681 
1.0 79.0 8.70 1.3873 6.9819 
1.0 80 .O 8.69 1.7842 6.9997 
1.0 81.0 8.60 1.2115 7.0119 
3.0 84.0 8.92 3.1018 7.0429 



Table A-44 (Continued) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo3 (Can/Ao) x 10’ tn tn 

1.0 85.0 8.55 1.3390 7.0563 
1.0 86.0 8.56 1.3725 7.0700 
1.0 87.0 8.59 1.3112 7.0831 
1.0 88.0 8.57 1.6596 7.0997 
3.0 91.0 8.96 3.2053 7.1318 
1.0 92.0 8.60 1.3294 7.1451 
1.0 93.0 8.53 1.3413 7.1585 
1.0 94.0 8.49 1.2799 7.1713 
1.0 95.0 8.63 1.7288 7.1886 
3.0 98.0 8.99 3.6352 7.2250 
1.0 99.0 8.58 1.6239 7.2412 
1.0 100.0 8.64 1.4770 7.2560 
1.0 101.0 8.60 1.4898 7.2709 
1.0 102.0 8.54 1.3517 7.2844 
3.0 105.0 8.80 2.4460 7.3089 
1.0 106.0 8.42 1.1708 7.3206 
1.0 107.0 8.45 1.0562 7.3312 
1.0 108.0 8.41 1.0106 7.3413 
1.0 109.0 8.41 0.9954 7.3513 
3.0 112.0 8.76 2.2568 7.3739 
1.0 113.0 8.43 1.1421 7.3853 
1.0 114.0 8.34 1.0215 7.3955 

Leaching Time 
(days) 

Incremental Cumulative 

n tn 
1.0 115.0 
1.0 116.0 
3.0 119.0 
1.0 120.0 
1.0 121.0 
1.0 122.0 
1.0 123.0 
3.0 126.0 
1.0 127.0 
1.0 128.0 
1.0 129.0 
1.0 130.0 
4.0 134.0 
1.0 135.0 
1.0 136.0 
1.0 137.0 
3.0 140.0 
1.0 141.0 
1.0 142.0 
1.0 143.0 
1.0 144.0 

t 

Final 
pH of 

Leachate 

8.44 
8.42 
8.82 
8.50 
8.50 
8.51 
8.46 
8.79 
8.96 
8.51 
8.06 
8.39 
8.90 
8.45 
8.44 
8.47 
8.82 
8.45 
8.43 
8.40 
8.47 

Fraction Leached 
Incremental Cumulative 
(an/Ao) x lo3 (Can/Ao) x lo1 

1.0862 7.4064 
1.1644 7.4180 
2.6737 7.4448 
1.2228 7.4570 
1.0964 7.4680 
0.9666 7.4777 
0.9075 7.4867 
2.4430 7.5111 
0.9974 7.5211 
1.0115 7.5312 
0.8736 7.5400 
1.2060 7.5521 
2.8316 7.5804 
1.2611 7.5930 

I 1.0493 7.6035 
1.0087 7.6136 P 

P 
0 2.2437 7.6360 

1.0799 7.6468 I 
0.9883 7.6567 
1.0443 7.6671 
0.9616 7.6767 

, 
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Table A-45. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M75-7A 

Specimen Solid-to-waste ratio: 
Cesium added: 

6 lb dry mixfgal 1XW-7 waste '(719 gfliter) 
stable = 2.5 mg 
137~s at time to = 0.010 mci 

Mass: 5.7 g (as prepared) 
Volume: 5.03 cm3 

Exposed Surface Area: 16.6 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 changefday (initial pH = 7.86 - 7.96) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachat e (an/Ao) x lo2 (Can/Ao) x lo1 Ctn t n 

1.0 1.0 11.38 7.5986 0.7599 
1.0 2.0 10.58 2.7391 1.0338 
1.0 3.0 10.22 2.1161 1.2454 
1.0 4.0 10.10 1.7329 1.4187 
3.0 7.0 10.59 3.6409 1.7828 
1.0 8.0 9.75 1.1887 1.9016 
1.0 9 .o 9.64 0.9980 2.0014 

2.0917 1.0 10.0 9.53 
2.1752 1.0 11.0 9.55 

3.0 14.0 9.96 2.0885 2.3840 
1.0 15.0 9.42 0.7712 2.4611 
1.0 16.0 9.34 0.6555 2.5267 
1.0 17.0 9.32 0.5718 2.5839 
1 .o 18.0 9.28 0.5146 2.6353 
3.0 21.0 9.75 1.2265 2.7579 
1.0 22.0 9.20 0.4555 2.8034 
1 .o 23.0 9.21 0.3783 2.8412 
1.0 24 .O 9.19 0.3572 2.8769 
1.0 25 .O 9.20 0.3564 2.9125 

0.9024 
0.8348 

1 
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Table A-46. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M75-7B 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 1XW-7 waste (719 g/liter) 
Cesium added: stable = 2.5 mg 

137~s at time to = 0.010 mCi 
Mass: 5.7 g (as prepared) 

Volume: 5.03 cm3 
Exposed Surface Area: 16.6 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 changelday (initial pH = 7.52 - 8.24) 

Leaching Time 
(days) Final Fraction Leached 

t Itn Leachate (an/Ao) x lo3 (Can/Ao) x lo1 
Incremental Cumulative pH of Incremental Cumulative 

n 
1.0 1.0 11.38 75.063 0.7506 
1.0 2 .o 10.54 25.705 1.0077 
1.0 3.0 10.18 18.609 1.1938 
1.0 4.0 10.02 15.309 1.3469 
3.0 7.0 10.60 31.937 1.6663 
1.0 8.0 9.73 9.6195 1.7625 
1.0 9 .o 9.59 8.9449 1.8519 
1.0 10.0 9.54 8.5589 1.9375 
1.0 11.0 9.51 8.4010 2.0215 
3.0 14 .O 10.02 21.115 2.2326 
1.0 15.0 9.40 7.2458 2.3051 

2.3685 1.0 16.0 9.32 6.3369 
2.4285 1.0 17 .O 9.31 6.0032 

1.0 18.0 9.30 5.2937 2.4814 
3.0 21.0 9.79 12.746 2.6089 
1.0 22 .o 9.22 4.2278 2.6512 
1.0 23.0 9.23 3.5170 2.6864 
1.0 24.0 9.18 3.2592 2.7190 
1.0 25.0 9.21' 3.3810 2.7528 
3.0 28.0 9.64 8.2228 2.8350 
1.0 29.0 9.12 3.4462 2.8695 
1.0 30.0 9.04 2.7223 2.8967 
1.0 31.0 9.07 2.5723 2.9224 
1.0 32.0 9.04 2.6605 2.9490 
4.0 36.0 9.54 9.1893 3.0409 
1.0 37.0 9.02 2.6917 3.0678 
1.0 38.0 9.01 2.3419 3.0912 
1.0 39.0 8.98 2.0988 3.1122 
3.0 42.0 9.42 5.9460 3.1717 
1.0 43.0 8.99 2.2387 3.1941 
1.0 44.0 8.94 1.8817 3.2129 
1.0 45.0 8.95 1.8701 3.2316 
1.0 46.0 8.86 1.7716 3.2493 
3.0 49.0 9.35 5.0716 3.3000 
1.0 50.0 8.85 1.8175 3.3182 
1.0 51.0 8.82 1.7025 3.3352 
1.0 52.0 8.84 1.5069 3.3503 
1.0 53.0 8.83 1.5963 3.3663 
3.0 56.0 9.31 4.2580 3.4089 
1.0 57.0 8.77 1.4633 3.4235 
1.0 58.0 8.78 1.4810 3.4383 
1.0 59 .O 8.79 1.4047 3.4523 
1.0 60.0 8.76 1.3677 3.4660 
3.0 63.0 9.22 4.1492 3.5075 
1.0 64.0 8.77 1.4729 3.5222 
1.0 65.0 8.64 1.3944 3.5361 
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Table A-47. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M75-7C 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 1XW-7 waste (719 g/liter) 
Cesium added: stable = 2.5 mg 

137~s at time to = 0.010 mci 
Mass: 5.7 g (as prepared) 

Volume: 5.03 c d  
Exposed Surface Area: 16.6 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 change/day (initial pH = 7.86 - 7.96) 

’ Leaching Time 
(days) Final Fraction Leached 

t n %l Leachat e (an/Ao) x lo3 (Can/Ao) x lo1 
Incremental Cumulative pH of Incremental Cumulative 

0.8150 1.0 1.0 11.40 81.505 
1 .o 2.0 10.55 30.689 1.1219 
1.0 3.0 10.18 20.876 1.3307 
1.0 4.0 10.01 16.129 1.4920 
3.0 7.0 10.62 32.625 1.8182 
1.0 8.0 9.75 9.8312 1.9165 
1.0 9.0 9.60 8.0412 1.9969 
1.0 10.0 9.56 7.8307 2.0752 

2.1471 1.0 11.0 9.43 7.1902 
3.0 14.0 10.02 17.816 2.3253 

2.3930 6.7690 1.0 15.0 9.39 
1.0 16.0 9.30 6.1557 2.4546 
1.0 17.0 9.32 5.4227 2.5088 
1.0 18.0 9.29 4.7316 2.5561 
3.0 21.0 9.80 10.886 2.6650 
1.0 22.0 9.22 4.1525 2.7065 
1.0 23.0 9.22 3.7285 2.7438 
1.0 24.0 9.16 3.1811 2.7756 

2.8078 1.0 25.0 9.19 3.2160 
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Table  A-48. Experimental  R e s u l t s  f o r  t h e  Leaching of C e s i u m  from Cement i t ious  Grout No. M75-7D 

Specimen Solid-to-waste r a t i o :  6 l b  dry  mix lga l  1XW-7 waste (719 g / l i t e r )  

1 3 7 ~ s  a t  t i m e  to = 0.010 m c i  
Cesium added: s t a b l e  - 2.5 mg 

Mass: 5.7 g ( a s  prepared)  
Volume: 5.03 cm3 

Exposed Sur face  Area: 16.6 cm2 

Curing T i m e  28 days 

Leachant 200 m l  g r o u t  water; 1 changelday ( i n i t i a l  pH = 11.94) 

Leaching T i m e  
(days) F i n a l  F r a c t i o n  Leached 

Incrementa l  Cumulative pH of Incrementa l  Cumulative 
Leachate  (an/Ao) x l o 3  (Can/Ao> x lo1 

Ctn t n 

1.0 1 .0  11.95 87.252 0.8725 
1 . 0  2 .o 11.89 30.388 1.1764 

1 .0  4 .O 11.90 15.450 1.5409 
3 .0  7.0 11.89 32.634 1.8672 
1.0 8.0 11.84 9.0373 1.9576 
1 .0  9 .o 11.83 7.4095 2.0317 

1 .0  11.0 11.84 6.1285 2.1600 
3 . 0  14.0 12.10 13.559 2.2956 
1 .0  15.0 12 .12  4.2581 2.3382 
1 .0  16.0 12.10 4.0992 2.3792 
1 .0  17.0 1 2 . 1 1  3.6996 2.4162 
1 .0  18.0 12.10 3.3218 2.4494 
3.0 21.0 12.14 8.1231 2.5306 
1 .0  22.0 11.97 2.4421 2.5550 

1 . 0  24.0 11.92 2.1552 2.5994 
1.0 25.0 12.05 2.1339 2.6207 

2.6822 3.0 28.0 11.92 6.1504 
1.0 29.0 11.94 2.0956 2.7032 
1 .0  30.0 11.94 1.9293 2.7225 
1 .0  31.0 11.96 1. 8695 2.7412 
1 .0  32.0 11.93 1.9524 2.7607 

1 .o 3.0 11.87 21.005 1.3864 

1.0 10.0 11.87 6.6988 2.0987 

1 .0  23.0 11.94 2.2823 2.5778 

4.0 36.0 11.88 6 .  8430 2.8291 
1.0 37 .O 11.93 1.5024 2.8441 
1 .0  38.0 11.92 1.3774 2.8579 
1 .0  39.0 11.92 1.3595 2.8715 
3.0 42.0 11.93 3.7993 2.9095 
1.0 43.0 11.95 1.3900 2.9234 
1 .0  44.0 11.93 1.1175 2.9346 
1.0 45.0 11.95 1.2551 2.9472 
Changed t o  water l e a c h a n t .  
1.0 46.0 9.91 2.3929 2.9711 

3.0364 3.0 49.0 10.09 
1 . 0  50.0 9.39 2.7413 3.0638 

6.5292 

1 .0  51.0 9.33 2.3723 3.0875 
J.0 52.0 9.24 2.1450 3.1089 
1.0 53.0 9.18 2.3012 3.1319 
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Table A-49. Experimental  R e s u l t s  f o r  t h e  Leaching of C e s i u m  from Cement i t ious  Grout No. M75-8A 

Specimen Sol id- to-waste  r a t i o :  6 l b  d r y  mix/ga l  1XW-7 was te  (719 g l l i t e r )  

1 3 7 ~ s  a t  t i m e  to = 0.010 mci 
Cesium added: s t a b l e  - 2.5 mg 

Mass: 5 .7  g ( a s  prepared)  
Volume: 5.03 cm3 

Exposed Sur face  Area: 16.6 cm2 

Curing T i m e  28 days 

Leachant 200 ml t a p  water; 1 changelday ( i n i t i a l  pH = 7.63 - 8.28) 

Leaching Time 
(days ) F i n a l  F r a c t i o n  Leached 

t n Ctn Leachate  (an/Ao) x l o 3  (Can/Ao) x 10' 
Incrementa l  Cumulative pH o f  Incrementa l  Cumulative 

1.0 1.0 11.41 38.562 0.3856 
0.5298 1 .0  2.0 10.58 14.421 

1.0 3.0 10.27 9,2782 0.6226 
0.6950 

3.0 7.0 10.65 14.546 0.8404 
1 .0  8.0 9.87 4.5846 0.8863 
1.0 9 .O 9.66 3.7337 0.9236 
1 . 0  10.0 9.67 3.5879 0.9595 
1 .0  11.0 9.70 3.4598 0.9941 
3.0 14.0 10.10 7.8931 1.0730 
1 . 0  15.0 9.54 3.0041 1.1031 
1 .0  16.0 9.50 2.7410 1.1305 
1 .0  17.0 9.48 2.7747 1.1582 
1 .0  18.0 9.42 2.4629 1.1828 
3.0 21.0 9.83 5.6709 1.2396 
1 .o 22.0 9.30 2.1748 1.2613 
1 .0  23.0 9.27 1.7948 1.2792 
1 . 0  24.0 9.26 1.6166 1.2954 
1 .0  25.0 9.15 1.6673 1.3121 
3.0 28.0 9.66 3.8639 1.3507 
1.0 29 .O 9.28 1.6120 1.3668 
1.0 30.0 9.13 1.4575 1.3814 
1.0 31.0 . 9.09 1.5991 1.3974 
1.0 32.0 9 .13  1.3091 1.4105 
4 .O 36.0 9.63 4.0709 1.4512 
1 .0  37.0 9.10 1.5321 1.4665 
1 .0  38.0 9.19 1.2768 1.4793 
1 .0  39.0 9.12 1.0879 1.4902 
3.0 42.0 9.50 2.9085 1.5193 
1.0 43.0 9.04 1.3987 1.5333 
1 .0  44.0 9.04 1.1370 1.5447 
1 .0  45.0 9.04 1.1664 1.5564 
1.0 46.0 8.94 1.0463 1.5669 
3.0 49.0 9.40 2.6494 1.5934 

1 .o 4.0 10.02 7.2358 

. 
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Table A-49 (Continued) 

Leaching Time 
(days) Final Fraction Leached 

t n tn Leachate (an/Ao) x lo3 (Can/Ao) x lo1 
Incremental Cumulative pH of Incremental Cumulative 

1.0 50.0 8.88 1.2535 1.6059 
1.0 51.0 8.88 1.1572 1.6175' 

1.6280 1.0 52 .O 8.88 1.0496 
1.0 53.0 8.84 0.9969 1.6380 

1.6612 3.0 56.0 9.32 2.3182 
1.0 57 .O 8.80 1.0347 1.6715 
1.0 58.0 8.79 ' 0,9335 1.6808 
1.0 59.0 8.80 0.8681 1.6895 
1 .o 60.0 8.78 0.8857 1.6984 
3.0 63.0 9.21 2.3448 1.7218 
1.0 64 .O 8.79 1.0376 1.7322 
1.0 65.0 8.57 1.0840 1.7430 
1.0 66.0 8.73 0.9622 1.7526 
1.0 67.0 8.64 0.9175 1.7618 
3 . 0  70.0 9.13 2.3679 1.7855 
1.0 71.0 8.70 0.9525 1.7950 
1.0 72.0 8.72 0.8183 1.8032 
1.0 73.0 8.69 0.8394 1.8116 
4 .O 77 .O 9.18 2.2509 1.8341 

1.8422 1.0 78.0 8.72 
1 .o 79 .O 8.69 0.7241 1.8494 

1.8576 1.0 80.0 8.75 
1.0 81.0 8.63 0.6823 1.8644 
3.0 84.0 8.99 1.4689 1.8791 
1.0 85 .O 8.59 0.6717 1.8858 
1.0 86.0 8.63 0.6479 1.8923 
1.0 87.0 8.64 0.7030 1.8993 
1.0 88.0 8.64 0.7474 1.9068 
3.0  91.0 9.00 1.3778 1.9206 
1.0 92.0 8.67 0.7519 1.9281 
1.0 93.0 8.56 0.5836 1.9339 
1.0 94.0 8.55 0.7605 1.9415 
1.0 95.0 8.64 0.8925 1.9505 

0.8108 

0.8217 
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Table A-50. Experimental Results for the Leaching of Strontium from Cementitious Grout No. M75-9A 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 1XW-7 waste (719 g/liter) 

8 5 ~ r  at time to = 0.010 mg 
Strontium added: stable = 1.8 mg 

Mass: 5.7 g (as prepared) 
Volume: 5.03 cm3 

Exposed Surface Area: 16.6 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 changelday (initial pH = 7.76 - 8.28) 

Leaching Time 
(days) Final Fraction Leached 
Incremental Cumulative pH of Incremental Cumulative 

Leachate (an/Ao) x lo4 (Can/Ao) x lo2 tn Itn 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
4.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 

1.0 
2.0 
3.0 
4.0 
7.0 
8.0 
9.0 
10.0 
11.0 
15.0 
16.0 
17.0 
18.0 
21.0 
22.0 
23.0 
24.0 
25.0 

11.33 
10.55 
10.23 
10.06 
10.50 
9.73 
9.62 
9.55 
9.51 
9.98 
9.35 
9.35 
9.25 
9.68 
9.20 
9.16 
9.17 
9.09 

17.669 
8.6217 
6.7978 
7.3973 

6.8132 
5.5390 
6.5705 
8.4857 

6.8901 
6.7497 
6.2867 

7.7251 
6.3797 
6.6948 
6.6067 

16.190 

24.455 

17.186 

0.1767 
0.2629 
0.3309 
0.4049 
0.5668 
0.6349 
0.6903 
0.7560 
0.8408 
1.08.54 
1.1543 
1.2218 
1.2847 
1.4566 
1.5339 
1.5977 
1.6646 
1.7307 
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Table  A-51. Experimental  R e s u l t s  f o r  t h e  Leaching of S t ront ium from Cement i t ious  Grout No. M75-9B 

Specimen Solid-to-waste r a t i o :  6 l b  dry  mix/ga l  1XW-7 waste (719 g l l i t e r )  
S t ront ium added: s t a b l e  = 1 .8  mg 

8 5 ~ r  a t  t i m e  to = 0.010 m c i  
Mass: 5 .7  g ( a s  prepared)  

Volume: 5.03 an3 
Exposed Sur face  Area: 16.6 cm2 

Curing T i m e  28 days 

Leachant 200 ml s t o r e d  t a p  wa te r ;  1 changelday ( i n i t i a l  pH = 8.14) 

Leaching T i m e  
(days) F i n a l  F r a c t i o n  Leached 

t Ctn Leachate  (an/Ao) x l o 4  (Can/Ao) x l o 2  
Incrementa l  Cumulative pH of Incrementa l  Cumulative 

1.0 1 .0  11.30 21.311 0.2131 
1 .o 2.0 10.53 8.4559 0.2977 
1 .o 3.0 10.22 5.9051 0.3567 
1.0 4.0 10.08 6.0709 0.4174 
3.0 7.0 10.47 15.274 0.5702 
1.0 8.0 9.75 5.2440 0.6226 

1 .0  10.0 9.60 5.9460 0.7470 
1.0 9 .o 9.65 6.4891 0.6875 

1.0 11 .0  9.54 6.9341 0.8163 
4 .O 15  .O 10.01 25.196 1.0683 

1.0 18.0 9.33 7.4093 1.2984 
3.0 21.0 9.73 19.544 1.4938 

1.0 23.0 9.27 8.6510 1.6485 

1.0 16 .O 9.41 7.4093 1.1424 
1.0 17 .0  9.41 a. 1951 1.2243 

1 .0  22.0 9 .31  6. 8137 1.5620 

1.0 24.0 9.27 6.4012 1.7125 
1 . 0  25.0 9.22 6.4012 1.7765 
3.0 28.0 9.62 17.366 1.9502 
1 .0  29.0 9.18 5.9734 2.0099 

1 .0  31.0 9.12 6.2129 2.  I404 
1 .0  32 .O 9.09 4.6536 2.1870 

1.0 36.0 9.09 5.2686 2.4009 
1.0 37 .O 9.07 6.0581 2.4615 
1.0 38.0 9 .oa 5.5574 2.5170 
1.0 39.0 9.10 5.2880 2.5699 
3.0 42.0 9.46 15.383 2.7237 

1.0 30.0 9.16 6.8420 2.0783 

3.0 35.0 9.52 16.121 2.3482 

1.0 43.0 9 .oa 6.2254 2.7860 
1 .0  44 .O 8.78 6.1377 2.  8474 
1 .0  45 .O 9.03 5.5847 2.9032 
1.0 46.0 8.87 5 .go48 2.9623 
3.0 49.0 9.27 16.061 3.1229 
1.0 50.0 9.02 6.8805 3.1917 
1.0 51.0 9.00 ' 5.4619 3.2463 
1 .0  52.0 9.00 5.9602 3.3059 
4.0 56.0 9.34 19.594 3.5019 

1 . 0  58.0 8.98 5 .0869 3.5994 
1 .0  59.0 9.02 5.  8005 3.6574 
1 .0  60.0 9.00 a. 1 8 2 1  3.7392 

1.0 64.0 8.98 4.9621 3.9196 

1.0 57.0 8.99 4.6700 3.5486 

3.0 63.0 9.16 13.069 3.8699 
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Table  A-51 (Continued) 

Leaching Time 
(days) F i n a l  F r a c t i o n  Leached 

Incrementa l  Cumulative pH of Incrementa l  Cumulative 
Leachate (an/Ao> x l o 4  (Can/Ao> x l o 2  I t n  t n 

1 .0  65.0 8.91 4.5856 3.9655 
1.0 66.0 8.99 5.1350 4.0168 
1 .o 67.0 8.96 4.7332 4.0641 
3.0 70.0 9.18 11.404 4.1782 
1 .0  71.0 9 .oo 3.4234 4.2124 
1 . 0  72.0 8.97 3.5391 4.2478 
1 .0  73.0 8.95 5.4944 4.3027 
1 .0  74.0 9.03 6.7475 4.3702 
3.0 77.0 9.20 13.567 4.5059 
1.0 78.0 8.96 4.3335 4.5492 
1 .0  79 .O 8.99 5.3917 4.6031 
1.0 80.0 9.01 4.2579 4.6457 
1 .0  81.0 8.99 5.2005 4.6977 
3.0 84.0 9.01 11.007 4.8078 
1.0 85.0 8.91 2.7998 4.8358 
1 .0  86.0 8.92 3.0185 4.8660 
1.0 87.0 8.90 4.0302 4.9063 
1.0 88.0 8.88 4.3015 4.9493 
3.0 91.0 9.02 9.1769 5.0410 
1 .0  92.0 8.84 4.7706 5.0887 
1.0 93.0 8.84 3.7322 5.1261 
1 .0  94.0 8.87 3.2610 5.1587 
1 . 0  95.0 8.93 5.0131 5.2088 
3.0 98.0 9.06 11.607 5.3249 
1 .0  99.0 8 .91  4.1207 5.3661 
1.0 100.0 8.89 3.0765 5.3969 
1 .0  101.0 8.89 3.9682 5.4365 
1 .0  102.0 8.87 4.4122 5.4807 
3.0 105.0 9.01 10.377 5.5844 
1.0 106.0 8.89 3.9216 5.6236 
1 .0  107.0 8.90 5.7965 5.6816 
1 .0  108.0 8.93 4.9167 5.7308 
1 .0  109.0 8.92 4.7454 5.7782 
4.0 113.0 9.09 12.943 5.9077 
1.0 114.0 8.88 5.1529 5.9592 
1 .0  115 .O 8.88 3.1184 5.9904 
1 .o 116.0 8.89 4.3949 6.0343 
3.0 119.0 8.99 11.277 6.1471 
1.0 120.0 8.91 3.0917 6.1780 
1 .0  121.0 8.90 2.8471 6.2065 
1.0 1 2 2  .o 8.98 4.3271 6.2497 
1 .0  123.0 8 .91  5.3709 6.3035 
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Table A-52. Experimental  R e s u l t s  f o r  t h e  Leaching of S t ront ium from Cement i t ious  Grout No. M75-9C 

Specimen Solid-to-waste r a t i o :  6 l b  dry mix/ga l  1XW-7 waste (719 g / l i t e r )  
S t ront ium added: s t a b l e  = 1.8 mg 

8 5 ~ r  a t  t i m e  to = 0.010 m c i  
Mass: 5.7 g (as prepared)  

Volume: 5.03 cm3 
Exposed Sur face  Area: 16.6 cm2 

Curing T ime  28 days 

Leachant 200 m l  d i s t i l l e d  water; 1 change/day ( i n i t i a l  pH = 7.89 - 6.32) 

Leaching T i m e  
(days) F i n a l  F r a c t i o n  Leached 

t n I t n  Leachate  (an/Ao> x l o 3  (Can/Ao) x lo1 
Incrementa l  C umul a t i v e  pH of Incrementa l  Cumulative 

1.0 1 .0  1 1 . 7 1  6.2695 0.0627 
1.0 2.0 11.39 4.1744 0.1044 
1.0 3.0 11.24 3.3326 0.1378 
1 .0  4.0 11.23 2.8224 0.1660 
3.0 7.0 11.29 4.7836 0.2138 
1.0 8 .0  10.92 2.3382 0 e 2372 

0.2508 1.0 9 .o 10.83 1.3643 
0.2666 1 .0  10.0 10.78 1.5720 

1 .0  11.0 10.73 1.6861 0.2834 
4.0 15 .0  10.91 5.0735 0.3342 
1 .o 16.0 10.57 2.1021 0.3552 
1 .0  17.0 10.61 2.1667 0.3769 
1.0 18.0 10.49 2.5694 0.4026 
3.0 21.0 10.73 5.4307 0.4569 
1 .0  22 .o 10.52 2.4275 0.4811 
1 .o 23.0 10.48 2.5765 0.5069 
1 . 0  24.0 10.49 2.7895 0.5348 
1.0 -25.0 10.46 3.1022 0.5658 
3.0 28.0 10.61 6.0997 0.6268 

0.6450 1.0 29.0 10.36 1.8197 
1.0 30.0 10.36 2.9916 0.6749 
1.0 31.0 10.33 3.1332 0.7062 
1.0 32 .O 10.15 2.9916 0.7362 
3.0 35.0 10.52 5.6757 0.7929 
1.0 36.0 10.34 2.4215 0.8172 
1 .0  37.0 10.26 2.4750 0.8419 

0.8690 1 .0  38.0 10.29 2.7119 
1.0 39 .O 10.34 2.7166 0.8962 
3.0 42.0 10.47 5.4865 0.9511 

0.9783 1 . 0  43.0 10.18 
1 .0  44.0 10.17 2.3236 1.0016 
1 .o 45 .O 10.12 2.2392 1.0240 
1.0 46.0 9.88 2.4473 1.0485 
3 .O 49 .O 10.27 5.1038 1.0995 
1 .0  50 .O 10.00 1.8806 1.1183 
1.0 51.0 10.15 1.8060 1.1364 
1 .0  52.0 10.16 1.6984 1.1533 
4 .O 56.0 10.21 5.2226 1.2055 
1.0 57.0 10.10 1.6676 1.2222 
1.0 58.0 9.87 1.8084 1.2403 
1.0 59.0 9.80 1.6912 1.2572 

2.7269 
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Table A-52 (Continued) 

. 

Leaching Time 
(days) Final Fraction Leached 

tn Ctn Leachate (an/Ao> x lo3 (zan/Ao) x lo1 
Incremental Cumulative pH of Incremental Cumulative 

1.0 60.0 10.03 1.5160 1.2724 
3.0 63.0 10.08 3.7547 1.3099 
1.0 64.0 9.87 1.5440 1.3253 
1.0 65 .O 9.87 1.7589 1.3429 
1.0 66.0 9.87 1.5785 1.3587 
1.0 67.0 9.83 1.9134 1.3779 
3.0 70.0 10.08 3.8005 1.4159 
1.0 71.0 10.01 1.5961 1.4318 
1.0 72.0 10.03 1.5105 1.4469 
1.0 73.0 9.87 1.5302 1.4622 
1.0 74.0 9.92 1.8989 1.4812 
3.0 77.0 10.06 4.0918 1.5221 
1.0 78.0 9.82 1.4260 1.5364 
1.0 79 .o 9.79 1.6351 1.5527 
1.0 80.0 9.76 1.3832 1.5666 
1.0 81.0 9.81 1.3975 1.5806 
3.0 84.0 9.72 2.8222 1.6088 
1.0 85.0 9.74 0.8815 1.6176 
1.0 86.0 9.64 1.0045 1.6276 
1.0 87.0 9.89 1.2096 1.6397 
1.0 88.0 9.63 1.0375 1.6501 
3.0 91.0 9.58 3.1743 1.6818 

1.6907 0.8866 1.0 92.0 9.51 
1.0 93.0 9.72 0.9789 1.7005 

1.7148 1.0 94.0 9.51 1.4282 
1.0 95.0 9.45 1.0806 1.7256 
3.0 98.0 9.58 3.4065 1.7597 
1.0 99 .o 9.46 1.0359 1.7700 
1.0 100.0 9.57 1.1102 1.7811 
1.0 101.0 9.55 1.0329 1.7914 
1.0 102.0 9.48 1.1484 1.8029 
3.0 105.0 9.59 2.6981 1.8299 
1.0 106.0 9.53 0.9390 1.8393 
1.0 107 .O 9.43 1.0171 1.8495 
1.0 108.0 9.68 0.9885 1.8594 
1.0 109.0 9.85 1.5367 1.8748 
4.0 113.0 9.57 3.9948 1.9147 
1.0 114.0 9.31 1.2000 1.9267 
1.0 115.0 9.67 1.1872 1.9386 
1.0 116.0 9.43 0.9866 1.9485 
3.0 119.0 9.43 2.6531 1.9750 
1.0 120.0 9.85 0,9528 1.9846 
1.0 121.0 9.60 1.0364 1.9950 
1.0 122.0 9.82 1.1240 2.0062 
1.0 123.0 9.37 1.0968 2.0172 
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Table A-53. Experimental Results f o r  the Leaching of Strontium from Cementitious Grout No. M75-10 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 1XW-7 waste (719 g/liter) 
Strontium added: stable = 0 

85~r at time to = 0.010 mci 
Mass: 517 g (as prepared) 

Volume: 5.03 cm3 
Exposed Surface Area: 16.6 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 change/day, (initial pH = 7.52 - 8.28) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo3 (Can/Ao) x lo2 Ctn t n 

1.0 1.0 11.38 5.4097 0.5410 
1.0 2.0 10.60 2.9578 0.8368 

1.0982 1.0 3.0 10.28 
1.0 4.0 10.10 2.6928 1.3675 
3.0 7.0 10.57 5.7826 1.9458 
1.0 8.0 9.71 2.0119 2.1470 
1.0 9.0 9.67 1.9074 2.3377 
1.0 10.0 9.60 2.1380 2.5515 
1.0 11.0 9.55 1.9681 2.7483 
4.0 15.0 10.07 7.1540 3.4637 
1.0 16.0 9.37 2.2906 3.6928 
1.0 17.0 9.36 2.2792 3.9207 
1.0 18.0 9.30 2.2360 4.1443 
3.0 21.0 9.77 4.9129 4.6356 
1.0 22.0 9.22 1.9402 4.8296 
1.0 23.0 9.21 1.8410 5.0137 
1.0 24.0 9.19 1.9067 5.2044 
1.0 25.0 9.14 1.8286 5.3873 
3.0 28.0 9.62 4.8349 5.8708 
1.0 29.0 9.05 1.3286 6.0037 
1.0 30.0 9.03 1.5289 6.1566 
1.0 31.0 9.00 1.6417 6.3208 
1.0 32.0 8.98 1.7978 6.5006 
3.0 35.0 9.54 4.5996 6.9606 
1.0 36.0 8.95 1.5879 7.1194 
1.0 37.0 8.92 1.5250 7.2719 
1.0 38.0 8.91 1.6349 7.4354 
1.0 39.0 8.90 1.5335 7.5888 
3.0 42.0 9.43 3.8281 7.9716 
1.0 43.0 8.90 1.7220 8.1438 
1.0 44.0 8.82 1.3602 8.2798 
1.0 45 .O 8.88 1.3740 8.4172 
1.0 46.0 8.71 1.2491 8.5421 
3.0 49.0 9.31 3.9263 8.9347 
1.0 50.0 8.79 1.4104 9.0757 

9.1971 1.0 51.0 8.80 
1.0 52.0 8.79 1.3022 9.3273 
4.0 56.0 9.31 4.2977 9.7571 
1 .o 57 .O 8.64 1.1029 9.8674 
1.0 58.0 8.70 1.1546 9.9829 
1.0 59.0 8.74 1.1980 10.1030 
1.0 60.0 8.67 0.9729 10.2000 
3.0 63.0 9.05 2.6068 10.4610 
1.0 64.0 8.64 0.8967 10.5510 
1.0 65.0 8.63 1.0335 10.6540 
1.0 66.0 8.68 1.0567 10.7600 
1.0 67.0 8.69 0.9346 10.8530 

2.6142 

1.2140 
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Table  A-54. Experimental  R e s u l t s  f o r  t h e  Leaching of Cesium from Cement i t ious  Grout No. M75-12A 

Specimen Solid-to-waste r a t i o :  6 l b  dry  mix/ga l  1XW-7 waste (719 g / l i t e r )  
C e s i u m  added: s t a b l e  = 2.5 mg 

137Cs a t  t i m e  to = 0.015 m C i  
Mass: 5 .7  g (as prepared)  

Volume: 5.03 cm3 
Exposed Sur face  Area: 16.6 c m 2  

Curing T i m e  28 days  

Leachant 200 m l  t a p  water; 1 changelday ( i n i t i a l  pH = 7.52 - 8.28) 

Leaching T i m e  
(days 1 F i n a l  F r a c t i o n  Leached 

Incrementa l  Cumulative pH of Inc remen ta l  Cumulative 
Leachate  (an/Ao) x l o 3  (Can/Ao) x lo1 Ctn t n 

1 .0  1.0 11.36 74.753 0.7475 
1.0 2.0 10.47 26.949 1.0170 
1 .0  3.0 10.19 1 7 . 2 1 2  1.1891 
1.0 4.0 10.04 13.882 1.3279 
3.0 7.0 10.49 30.088 1.6288 
1.0 8.0 9.73 9.1228 1.7200 
1.0 9.0 9.65 8.1596 1.8016 
1.0 10.0 9.61 7.9637 1.8812 
1 .0  11.0 9.56 7.9445 1.9606 
4.0 15.0 10.08 25.294 2.2135 
1 .0  .16.0 9.37 6.4162 2 . 2 7 7 7  
1 .0  17.0 9.34 5.3824 2.3315 
1 .0  18.0 9.29 5.1476 2.3830 
3.0 21.0 9.76 13.318 2.5162 
1 .0  22.0 9.23 4.8711 2.5649 
1 .0  23.0 9.19 4.5660 2.6106 
1 .0  24.0 9.17 4.2629 2.6532 
1 . 0  25.0 9.14 4.2971 2.6962 
3.0 28.0 9.66 10.674 2.8029 
1.0 29 .O 9.07 3.8758 2.8417 
1 .0  30.0 9.06 3.3670 2.8754 
1 .0  31.0 9.03 3.4491 2.9099 
1 .0  ' 32.0 9.01 3.2503 2.9424 

3.0251 3.0 35.0 9.52 
1 .0  36.0 9.00 2.9269 3.0544 
1 .0  37.0 8.89 2.7563 3.0820 
1.0 38.0 8.96 2.6843 3.1088 
1 .0  39 .O 8.95 2.5884 3.1347 
3.0 42.0 9.43 7.5904 3.2106 
1.0 43.0 8.92 2.7846 3.2384 
1 .0  44.0 8.85 2.5625 3.2640 

8.2731 

1.0 45.0 8.88 2.4799 3.2888 
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Table A-54 (Continued) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo3 (Can/Ao) x lo1 tn Itn 

1.0 46.0 8.80 2.6809 3.3156 
3 .O 49 .O 9.32 7.0091 3.3857 
1.0 50.0 8.86 2.5540 3.4112 
1.0 51.0 8.85 2.2078 3.4333 
1.0 52.0 8.84 2.0778 3.4541 
4 .O 56.0 9.34 7.0908 3.5250 
1.0 57.0 8.76 1.7923 3.5429 

3.5587 1.0 58.0 8.74 
1.0 59.0 8.68 1.8876 3.5776 
1.0 60.0 8.63 1.5299 3.5929 
3.0 63.0 9.06 4.2289 3.6352 
1.0 64 .O 8.71 1.5757 3.6509 
1.0 65.0 8.71 1.5120 3.6660 
1.0 66.0 8.61 1.5197 3.6812 

3.7004 1.0 67.0 8.63 1.9209 
3 .O 70.0 9.12 4.4521 3.7449 
1.0 71.0 8.79 1.6935 3.7618 
1 .o 72.0 8.69 1.5942 3.7777 
1.0 73.0 8.64 1.6442 3.7942 
1.0 74.0 8.75 2.1243 3.8154 
3 .O 77 .O 9.15 4.4773 3.8602 
1.0 78.0 8.71 1.5995 3.8762 
1.0 79.0 8.72 1.6738 3.8929 
1.0 80.0 8.71 1.6189 3.9091 
1.0 81.0 8.69 1.5154 3.9242 
3.0 84.0 8.91 2.8966 3.9532 

3.9653 1.0 85.0 8.56 
1.0 , 86.0 8.57 1.1746 3.9770 
1.0 87.0 8.54 1.0414 3.9874 
1 .o 88 .O 8.55 1.1052 3.9985 

1.5829 

1.2130 
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Table  A-55. Experimental  R e s u l t s  f o r  t h e  Leaching of C e s i u m  from Cement i t ious  Grout No. M75-12B 

Specimen Solid-to-waste r a t i o :  6 l b  d r y  mix lga l  1XW-7 waste (719 g l l i t e r )  
C e s i u m  added: s t a b l e  = 2.5 mg 

137Cs a t  t ime to = 0.015 m C i  
Mass: 5.7 g ( a s  prepared)  

Volume: 5.03 cm3 
Exposed Sur face  Area: 16.6 cm2 

Curing Time 28 days 

Leachant 200 m l  s t o r e d  d i s t i l l e d  water; 1 changelday ( i n i t i a l  pH = 7.89 - 6.32) 

Leaching Time 
(days) F i n a l  F r a c t i o n  Leached 

tn I t n  Leachate (an/Ao> x l o3  (Can/Ao) x lo1 
Incrementa l  Cumulative pH of  Incrementa l  Cumulative 

1 .o 1 .0  11.71 78.531 0.7853 
1 .0  2.0 11.40 34.247 1.1278 

1 .0  4.0 11.21 19.288 1.5438 
1.0 3.0 11.26 22.309 1.3509 

3.0 7 .O 11.32 38.234 1.9261 
1.0 8.0 10.87 12.954 2.0556 
1 .0  9.0 i o .  88 10.092 2.1565 
1.0 10.0 10.81 8.8786 2.2453 

4 .O 15.0 io .  89 26.247 2.5911 
1.0 16.0 10.61 7.3057 2.6642 

1.0 11.0 i o .  ao a. 3348 2.3286 

1.0 17.0 10.55 6.3571 2.7278 
1.0 18.0 10.50 5.4692 2.7825 
3.0 21.0 10.66 13.318 2.9157 
1.0 22.0 10.48 5.4575 2.9703 
1.0 23.0 10.45 4.5812 3.0161 
1.0 24.0 10.45 3.9467 3.0556 
1.0 25.0 10.41 3.9556 3.0952 

1 .o 29.0 10.33 3.9934 3.2237 
1 .0  30.0 10.36 3.4156 3.2579 
1.0 31.0 10.32 3.4133 3.2920 
1 .0  32.0 10.21 3.2197 3.3242 
3.0 35.0 10.43 7.5300 3.3995 
1 .0  36 .O 10.36 2.9955 3.4295 
1.0 37 .O 10.22 2.6511 3.4560 

1.0 39 .O 10.29 2.5021 3.5070 
3.0 42.0 10.49 6.3138 3.5701 
1 .0  43.0 10.21 3.1090 3.6012 

1.0 45.0 10.20 2.3096 3.6499 
1 .0  46.0 9.88 2.4963 3.6749 
3.0 49.0 10.05 6.2071 3.7370 
1.0 50.0 9.92 2.7868 3.7649 

3.0 28.0 10.62 8.8635 3.1838 

1.0 38.0 10.27 2.6012 3.4820 

1 .0  44.0 10.20 2.5592 3.6268 

1 .0  51.0 10.13 1.9827 3.7847 
1.0 52 .O 10.14 2.0575 3.8053 
4 .O 56.0 10.08 6.1109 3. 8664 
1 .0  57.0 10.10 2.0270 3.8867 
1 .0  58.0 9.84 1.6427 3.9031 
1 .0  59.0 9.81 1.9421 3.9225 
1 .o 60 .O 10.03 1.4534 3.9371 
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Table A-56. Experimental  R e s u l t s  f o r  t h e  Leaching of C e s i u m  from Cementi t ious Grout NO. M75-12C 

Specimen Solid-to-waste r a t i o :  6 lb dry  mix /ga l  1XW-7 waste (719 g / l i t e r )  

137Cs a t  time to = 0.015 m C i  
C e s i u m  added: s t a b l e  = 2.5 mg 

Mass: 5.7 g ( a s  p repa red )  
Volume: 5.03 cm3 

Exposed. Su r face  Area: 16 .6  cm2 

Curing T i m e  28 days 

Leachant 200 m l  t a p  w a t e r ;  1 changefday ( i n i t i a l  pH = 7.52 - 8.28) 

Leaching T i m e  
(days) F i n a l  F r a c t i o n  Leached 

Incremental  Cumulative pH of Inc remen ta l  Cumulative 
Leachate  (an/Ao) x lo3 (Can/Ao) x 10' 

I t n  t n 

1 .0  1.0 11.53 235.68 2.3568 
1 . 0  2.0 11.06 66.169 3.0185 
1 .0  3.0 10.39 28.421 3.3027 
1.0 4.0 10.04 19.368 3.4964 
3.0 7.0 10.08 26.826 3.7647 

3.8953 1 .0  8.0 9.41 
1.0 9 .o 9.29 9.6912 3.9922 
1.0 10.0 9.23 9.5184 4.0874 
1 .0  11.0 9.15 8.2708 4.1701 
4.0 15.0 10.64 20.090 4.3710 
1 . 0  16.0 9.12 8.1255 4.4523 
1.0 1 7  .O 9.09 6.8482 4.5208 
1.0 18.0 9.06 6.2511 4.5833 
3.0 21.0 9.45 12.521 4.7085 
1 .0  22.0 9.02 6.1800 4.7703 
1 .0  23.0 9.02 5.6439 4.8267 
1.0 24.0 9.02 4.9943 4.8766 
1 . 0  25 .O 8.94 4.7829 4.9244 
3.0 28.0 9.42 9.0890 5.0153 
1 . 0  29 .O 8.92 4.7156 5.0625 
1.0 30.0 8.91 4.2171 5.1047 
1.0 31 .O 8.90 4.1010 5.1457 
1.0 32.0 8.90 4.0476 5.1862 
3.0 35.0 9.27 7.1506 5.2577 
1.0 36.0 8.89 3.5213 5.2929 
1 .0  37 .O 8.78 3.2969 5.3259 
1.0 38.0 8.83 3.1221 5.3571 
1 .0  39.0 8.82 2.9943 5.3871 
3.0 42.0 9.27 6.7526 5.4546 
1.0 43.0 8.82 3.3750 5.4884 
1.0 44.0 8.79 2.8661 5.5171 

13.064 
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Table  A-56 (Continued) 

. 

Leaching T i m e  
(days) F i n a l  F r a c t i o n  Leached 

Incrementa l  Cumulative pH of Incrementa l  Cumulative 
Leachate (an/Ao) x l o 3  (Can/Ao) x lo1 tn Ctn 

1 .0  
1 . 0  
3.0 
1 .0  
1 .0  
1 .0  
4 .O 
1 . 0  
1.0 
1.0 
1.0 
3 .0  
1.0 
1.0 
1 .0  
1 .0  
3.0 
1 .0  
1 .0  
1;o 
1.0 
3.0 
1 .0  
1 .0  
1.0 
1.0 
3.0 
1 .0  
1 .0  
1 .0  
1 .0  

45.0 
46.0 
49.0 
50.0 
51.0 
52.0 
56.0 
57 .O 
58.0 
59 .O 
60.0 
63.0 
64 .O 
65.0 
66.0 
67.0 
70.0 
71.0 
72.0 
73.0 
74.0 
77.0 
78.0 
79 .O 
80.0 
81.0 
84.0 
85.0 
86.0 
87.0 
88.0 

8.75 
8.66 
9.07 
8.74 
8.74 
8.76 
9.12 
8.70 
8.66 
8.70 
8.65 
8.93 
8.61 
8 .51  
8.54 
8.58 
8.95 
8.67 
8.57 
8.54 
8.64 
8.94 
8.59 
8.59 
8.60 
8.56 
8.74 
8.34 
8.42 
8.43 
8.42 

2.6444 
2.8706 
6.4922 
3.0023 
2.6877 
2.5025 
6.1294 
2.2995 
1.8774 
2.0718 
1.6363 
3.4819 
1.7548 
1.5956 
1.5878 
1.7902 
3.2608 
1.4887 
1.4318 
1.4601 
1.5877 
3.1697 
1.4345 
1.5912 
1.3737 
1.4506 
2.2198 
1.0940 
1.0159 
0.8275 
1.0075 

5.5435 
5.5722 
5.6371 
5.6671 
5.6940 
5.7190 
5.7803 
5.8033 
5.8221 
5.8428 
5.8592 
5.8940 
5.9115 
5.9275 
5.9434 
5.9613 
5.9939 
6.0088 
6.0231 
6.0377 
6.0536 
6.0853 
6.0996 
6.1156 
6.1293 
6.1438 
6.1660 
6.1769 
6.1871 
6.1954 
6.2055 

. 
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Table A-57. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M75-13 

Specimen Solid-to-waste ratio: 6 lb dry mixlgal 1XW-7 waste (719 g/liter) 
Cesium added: stable = 0 

137~s at time to = 0.010 mci 
Mass: 5.7 g (as prepared) 

Volume: 5.03 cm3 
Exposed Surface Area: 16.6 cm2 

Curing Time 28 days 

Leachant 200 ml tap water; 1 changelday (initial pH = 7.52 - 8.28) 

Leaching Time 
(days) F ina 1 Fraction Leached 

Incremental Cumulative pH of Incremental C umul a t ive 
Leachate (an/Ao) x lo5 (Can/Ao) x lo3 tn Ctn 

1.0 
1.0 
1.0 
1.0 
3.0 
1 .o 
1.0 
1 .o 
1.0 
4.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1 .o 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
4.0 
1.0 
1.0 
1.0 
1.0 

1.0 
2 .o 
3.0 
4.0 
7.0 
8.0 
9.0 
10.0 
11.0 
15 .O 
16.0 
17.0 
18.0 
21.0 
22.0 
23.0 
24.0 
25 .O 
28.0 
29 .O 
30.0 
31 .O 
32.0 
35.0 
36.0 
37 .O 
38.0 
39 .O 
42 .O 
43.0 
44.0 
45 .O 
46.0 
49.0 
50.0 
51.0 
52 .O 
56.0 
57 .O 
58.0 
59 .O 
60.0 

11.45 
10.54 
10.21 
10.09 
10.47 
9.75 
9.61 
9.62 
9.52 
10.00 
9.31 
9.28 
9.24 
9.68 
9.21 
9.15 
9.16 
9.11 
9.55 
9.08 
8.97 
9.01 
8.99 
9.49 
8.99 
8.95 
8.96 
8.92 
9.43 
8.93 
8.88 
8.93 
8.76 
9.25 
8.86 
8.83 
8.80 
9.25 
8.72 
8.68 
8.74 
8.71 

10.123 
9.8391 
4.4465 
5.3428 

4.2906 
3.3712 
4.1169 
4.0863 

3.5586 
3.4859 
5.7684 
9.4307 
5.4883 
4.4197 
4.1810 
5.8520 
9.0768 
4.6157 
3.2351 
2.5598 
3.1113 
7.6066 
3.2799 
2.7975 
2.6903 
2.9583 
7.7479 
3.5680 
2.9249 
3.3398 
3.3676 

4.4343 
3.5976 
2.8323 
9.7251 
2.8102 
2.1685 
3.1753 
3.0662 

13.156 

14.506 

10.845 

0.1012 
0.1996 
0.2441 
0.2975 
0.4291 
0.4720 
0.5057 
0.5469 
0.5877 
0.7328 
0.7684 
0.8032 
0.8609 
0.9552 
1.0101 
1.0543 
1.0961 
1.1546 
1.2454 
1.2916 
1.3240 
1.3496 
1.3807 
1.4568 
1.4896 
1.5176 
1.5445 
1.5741 
1.6516 
1.6873 
1.7165 
1.7499 
1.7836 
1.8920 
1.9363 
1.9723 
2.0006 
2.0979 
2.1260 
2.1477 
2.1795 
2.2101 
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Table  A-58. Experimental  R e s u l t s  f o r  t h e  Leaching .of  Cesium from Cement i t ious  Grout No. M75-15 

Specimen Solid-to-waste r a t i o :  6 l b  d ry  mix/ga l  1XW-7 waste (719 g / l i t e r )  
Cesium added: s t a b l e  = 2.5 mg 

1 3 7 ~ s  a t  time to = 0.010 m c i  
Mass: 5.7 g (as prepared)  

Volume: 5.03 cm3 
Exposed Sur face  Area: 16.6 cm2 

Curing T ime  56 days 

Leachant 200 m l  t a p  water; 1 change/day ( i n i t i a l  pH = 7.52 - 8.28) 

Leaching T i m e  
(days) F i n a l  F r a c t i o n  Leached 

t n Leachate (an/Ao> x l o 3  (Can/Ao) x lo1 
Incrementa l  Cumulative pH of Incrementa l  Cumulative 

1.0 1 .0  10.90 95.815 0.9582 
1 .o 2.0 10.19 32.943 1.2876 
1.0 3.0 9.97 23.155 1.5191 
1.0 4.0 9.82 19.398 1.7131 
4.0 8.0 10.35 51.285 2.2260 
1 .0  9.0 9.53 13.478 2.3607 
1.0 10.0 9.47 11.359 2.4743 
1 .o 11.0 9.43 9.5317 2.5696 
3.0 14.0 9.92 23.614 2.8058 
1.0 15  .O 9.35 9.2161 2.8980 
1.0 16.0 9.32 8.1628 2.9796 
1 .0  17.0 9.30 7.3548 3.0531 
1.0 18.0 9.25 7.1626 3.1247 
3.0 21.0 9.78 17.026 3.2950 
1 .0  22.0 9.24 7.2571 3.3676 
1 .o 23.0 9.19 5.8960 3.4265 
1 .0  24.0 9.20 5.7310 3.4838 
1.0 25.0 9.15 5.7590 3.5414 
3.0 28.0 9.67 13.327 3.6747 
1.0 29.0 9.14 5.6919 3.7316 
1 .o 30.0 9.08 5.1243 . _ 3 - . m  
1.0 31.0 9.09 4.6805 3.8297 
1.0 32 .O 9 -06 4.4851 3.8745 
3.0 35.0 9.57 11.513 3.9897 
1 .o 36.0 9.07 5.2093 4.0418 
1.0 37.0 9.02 4.3708 4.0855 
1 .0  38.0 9.04 4.1526 4.1270 
1.0 39.0 8.93 4.3102 4.1701 
3.0 42.0 9.46 11.194 4.2820 
1.0 43.0 9.02 4.8916 4.3309 
1.0 44.0 8.96 3.8071 4.3690 
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Table  A-58 (Continued) 

Leaching T i m e  
(days) 

t n Ctn 

F i n a  1 F r a c t i o n  Leached 
Incrementa l  ' Cumulative pH of Incrementa l  Cumulative 

Leachate (an/Ao> x l o 3  (Ca,/Ao> x lo1 

1 .0  45.0 8.95 3.7869 4,4069 
4.0 49 .O 9.44 10.591 4.5128 
1 . 0  50.0 8.92 3.7612 4.5504 
1 .0  51.0 8.82 3.0059 4.5805 
1 .o 52.0 8.86 3.3921 4,6144 
1.0 53 .O 8.81 2.5402 4.6398 
3.0 56.0 9.16 6.2373 4.7022 
1 .o 57.0 8.78 2.7308 4.7295 
1 . 0  58.0 8.79 2.6557 4.7560 

1.0 60.0 8.77 3.1106 4.8141 
3.0 63.0 9.16 6.2164 4.8762 
1 .0  64 .O 8.83 2.8636 4.9049 
1.0 65.0 8 .71  2.4645 4.9295 
1 .0  66.0 8.70 2.4957 4.9545 
1 .0  67.0 8.77 3.5273 4.9898 
3.0 70.0 9.20 6.8844 5.0586 
1.0 71.0 8.75 3.3165 5.0918 
1 .o 72.0 8.74 2.7811 5.1196 
1 .0  73.0 8.74 2.7845 5.1474 
1 .0  74.0 8.72 2.5770 5.1732 
3.0 77 .O 8.95 4.6387 5.2196 
1 .0  78.0 8.62 2.2375 5.2419 
1 .0  79 .O 8.59 2.1355 5.2633 
1 .0  80.0 8.57 1.8643 5.2820 
1.0 81.0 8.45 2.2065 5.3040 
3.0 84 .O 8.94 3.9617 5.3436 
1 .0  85 .O 8.58 1.9105 5.3627 
1.0 86.0 8.54 2.0014 5.3827 
1 .0  87 .O 8.57 1.9987 5.4027 
1.0 88.0 8.59 2.0628 5.4234 

1.0 59.0 8.79 2.6945 4.7830 
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Table A-59. Experimental  R e s u l t s  f o r  t h e  Leaching of S t ront ium from Cement i t ious  Grout No. M75-16A 

Specimen Solid-to-waste r a t i o :  6 l b  dry  mix/ga l  1XW-7 waste (719 g / l i t e r )  
S t ront ium added: s t a b l e  = 1.8 mg 

8 5 ~ r  a t  time to = 0.010 mci 
Mass: 5.7 g ( a s  prepared)  

Volume: 5.03 cm3 
Exposed Sur face  Area: 16.6 cn2 

Curing T i m e  56 days 

Leachant 200 m l  t a p  water; 1 changelday ( i n i t i a l  pH = 7.52 - 8.06) 

Leaching T i m e  
(days) F i n a l  F r a c t i o n  Leached 

tn Ctn Leachate (an/Ao) x l o 4  (Can/Ao) x l o 2  
Incrementa l  Cumulative pH of Incrementa l  Cumulative 

1 .0  
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1 .0  
3.0 
1.0 
1.0 
1.0 
1 . 0  
3.0 
1 .0  
1.0 
1.0 
4.0 
1.0 
1.0 
1 .0  
1 .o 
3.0 
1 .o 
1.0  
1.0 
1.0 
3.0 
1 .0  
1 .0  

1 .0  
2.0 
3.0 
4.0 
7.0 
8 .0  
9.0 

10.0 
11.0 
14.0 
15.0 
16 .0  
17.0 
18 .0  
21.0 
22.0 
23.0 
24 .O 
28.0 
29 .O 
30.0 
31.0 
32 .O 
35.0 
36.0 
37.0 
38.0 
39 .O 
42.0 
43.0 
44 .O 

10.75 
10.09 
9.93 
9.78 

10.32 
9.60 
9.48 
9.48 
9.06 
9.97 
9.37 
9.38 
9.38 
9.25 
9.78 
9.24 
9.21 
9.15 
9.67 
9.11 
8.99 
8.98 
8.96 
9.34 
8.93 
8.90 
8.91 
8.90 
9.31 
8.94 
8.84 

7.1589 

9.8777 
11.608 

10.354 
19.695 
11.052 

8.1275 
8.4279 
8.5270 

9.6449 
7.8913 
7.8079 
7.7545 

8.4569 
7.9536 
6.8572 

7.0049 
7.9413 . 

6.0553 
5.3411 

6.2027 
5.3609 
6.1174 
6.1844 

5.0889 
4.2330 

17.743 

17.693 

20.703 

13.864 

12.028 

0.0716 
0.1877 
0.2864 
0.3900 
0.5869 
0.6975 
0.7787 
0.8630 
0.9483 
1.1257 
1 . 2 2 2 1  
1.3010 
1.3791 
1.4566 
1.6335 
1.7181 
1.7976 
1.8662 
2.0732 
2.1432 

2.2832 
2.3366 
2 .4752  
2.5372 
2.5909 
2.6520 
2.7138 
2.8341 
2.8850 
2.9273 

-2.2226 

. 
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Table A-59 (Continued) - 
Leaching Time 

(days) Final Fraction Leached 

t n Ctn Leachate (an/Ao) x lo4 (Can/Ao) x lo2 
Incremental Cumulative pH of Incremental Cumulative 

1.0 45 .O 8.82 4.8919 2.9762 
1.0 46.0 8.92 5.2534 3.0288 
3.0 49 .O 9.36 14.097 3.1697 
1.0 50.0 8.84 6.2735 3.2324 
1.0 51.0 8.85 6.0971 3.2934 
1.0 52.0 8.83 6.3994 3.3574 
1.0 53.0 8.82 5.5876 3.4133 
3.0 56.0 9.06 11.704 3.5303 
1.0 57.0 8.68 4.9325 3.5796 
1.0 58.0 8.69 3.7568 3.6172 
1.0 59 .O 8.65 4.9871 3.6671 
1.0 60.0 8.64 4.5244 3.7123 
3 .O 63.0 9.02 9.1769 3.8041 
1.0 64.0 8.65 3.3285 3.8374 
1.0 65.0 8.58 4.5975 3.8834 
1.0 66 .O 8.53 3.0632 3.9140 
1.0 67.0 8.63 4.6740 3.9608 
3.0 70.0 9.10 12.001 4.0808 
1.0 71.0 8.10 4.5147 4.1259 
1.0 72.0 8.72 4.0871 4.1668 
1 .o 73.0 8.69 4.5627 4.2124 
1.0 74.0 8.67 5.3346 4.2657 
3.0 77.0 9.04 8.8398 4.3541 
1 .o 78.0 8.64 3.9841 4.3939 
1.0 79 .O 8.60 4.6091 4.4400 
1.0 80 .O 8.53 4.9167 4.4892 
1.0 81.0 8.49 4.9167 4.5384 
4.0 85.0 9.16 11.651 4.6549 
1.0 86.0 8.60 5.5022 4.7099 
1.0 87.0 8.61 3.4102 4.7440 
1.0 88.0 8.61 3.1913 4.7759 
3.0 91.0 9.03 9.9747 4,8756 
1.0 92.0 8.58 4.5800 4.9214 
1.0 93.0 8.58 4.5997 4.9674 
1.0 94.0 8.65 3.6260 5.0037 
1.0 95 .O 8.64 3.8374 5.0421 

, 
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Table A-60. Experimental Results for the Leaching of Strontium from Cementitious Grout No. M75-16B 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 1XW-7 waste (719 g/liter) 
Strontium added: able = 1.8 mR 

%r at time to = 0.010 mci 
Mass: 5.7 g (as prepared) 

Volume: 5.03 cm3 
Exposed Surface Area: 16.6 cm2 

Curing Time 56 days 

Leachant 200 ml distilled water; 1 changelday (initial pH = 6.32 - 7.89) 

. 

~ ~ ~ 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo3 (Can/Ao) x lo2 Itn t n 

1.0 1.0 11.43 1.8906 0.1891 
1 .o 2.0 11.10 2.0007 0.3891 
1.0 3.0 10.98 1.6798 0.5571 
1 .o 4.0 10.82 1.4842 0.7055 
3.0 7.0 11.09 2.6808 0.9736 
1.0 8.0 10.71 1.3080 1.1044 
1.0 9 .O 10.65 1.3017 1.2346 
1.0 10.0 10.64 1.2967 1.3643 
1.0 11.0 10.62 1.3729 1.5016 
3.0 14.0 10.84 3.1179 1.8134 
1.0 15.0 10.44 1.6782 1.9812 
1.0 16.0 10.45 1.5783 2.1390 

2.3250 1.0 17.0 10.44 1.8604 
1.0 18.0 10.21 2.3548 2.5605 
3 .O 21.0 10.53 4.2767 2.9882 
1.0 22.0 10.28 2.1625 3.2044 
1.0 23.0 10.31 2.3602 3.4404 
1.0 24.0 10.36 2.4299 3.6834 
4.0 28.0 10.42 5.8958 4.2730 
1.0 29 .O 10.32 2.1443 4.4874 
1.0 30.0 10.11 2.4711 4.7345 
1.0 31.0 10.10 2.4660 4.9811 
1.0 32.0 10.16 2.3342 5.2145 
3 .O 35.0 10.36 4.9661 5.7111 
1.0 36.0 10.11 1.9981 5.9109 
1.0 37 .O 10.06 1.9428 6.1052 

6.2887 1.0 38.0 10.06 
1.0 39 .O 10.02 1.9290 6.4816 
3.0 42.0 10.32 3.8976 6.8714 
1.0 43.0 10.24 1.6030 7.0317 
1.0 44 .O 10.18 1.6539 7.1971 

1.8352 
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Table A-60 (Continued) 

Leaching Time 
(days) Final Fraction Leached 

t n tn Leachate (an/Ao) x lo3 (Can/Ao) x lo2 
Incremental Cumulative pH of Incremental Cumulative 

1.0 45.0 9.99 1.7302 7.3701 
1.0 46.0 10.08 2.0315 7.5733 
3 .O 49.0 10.22 4.0678 7.9800' 
1.0 50.0 9.82 1.5470 8.1347 
1.0 51.0 9.94 1.5595 8.2906 
1.0 52.0 9.94 1.6603 8.4567 
1 .o 53.0 9.94 1.4930 8.6060 
3.0 56.0 9.78 3.2429 8.9303 
1.0 57.0 9.76 1.0674 9.0370 
1.0 58.0 9.87 1.1276 9.1498 
1.0 59.0 10.00 0.9772 9.2475 
1.0 60.0 9.85 1.3857 9.3861 
3.0 63.0 9.92 2.8623 9.6723 
1.0 64 .O 9.82 1.1116 9.7835 
1.0 65.0 9.92 1.0251 9.8860 
1.0 66.0 9.68 1.3067 10.0170 

10.1250 1.0 67.0 9.64 1.0806 
3.0 70.0 9.81 3.4722 10.4720 
1.0 71.0 9.72 1.3905 10.6110 
1.0 72.0 9.69 1.0418 10.7150 
1.0 73.0 9.57 1.1013 10.8250 
1.0 74.0 9.73 1.0670 10.9320 
3.0 77.0 9.78 2.5228 11.1840 
1.0 78.0 9.67 1.1734 11.3010 

11.4130 1.1171 1.0 79.0 9.44 
1.0 80.0 9.84 1.2009 11.5330 

11.6420 1.0 81.0 9.86 1.0913 
4.0 85.0 9.86 3.9599 12.0380 

12.1460 1.0742 1.0 86.0 9.62 
1.0 87.0 9.82 1.0705 12.2530 

12.3740 1.0 88.0 9.58 1.2164 
3.0 91.0 9.71 3.0363 12.6780 
1.0 92 .O 9.97 1.1649 12.7940 
1.0 93.0 9.89 1.3168 12.9260 

13.0460 1.0 94.0 9.95 1.2000 
1.0 95.0 9.45 1.1811 13.1640 
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Table A-61. Experimental  Resu l t s  f o r  t he  Leaching of Cesium from Cement i t ious  Grout No. M75-17A 

Specimen Solid-to-waste r a t i o :  6 l b  d ry  mix/ga l  1XW-7 was te  (719 g / l i t e r )  
Cesium added: s t a b l e  = 2.5 mg 

137Cs a t  t i m e  to = 0.015 m C i  
Mass: 5.7 g ( a s  prepared)  

Volume: 5.03 cm3 
Exposed Sur face  Area: 16.6 cm2 

Curing Time 56 days  

Leachant 200 m l  t a p  water; 1 changelday ( i n i t i a l  pH = 7.52 - 8.06) 

Leaching Time 
(days) F i n a l  F r a c t i o n  Leached 

Incrementa l  Cumulative pH of Incrementa l  Cumulative 
Leachate (an /Ao)  x l o 3  (Can/Ao> x 10’ tn Ctn 

1.0 1 .0  10.73 44.082 0.4408 
1.0 2 .0  10.12 15.809 0.5989 
1.0 3.0 9.95 12.778 0.7267 
1.0 4.0 9.80 11.070 0.8374 
3.0 7.0 10.27 23.381 1.0712 
1 .0  8.0 9.59 7.2857 1 . 1 4 4 1  
1.0 9 .o 9.52 6.5643 1.2097 
1 .0  10.0 9.50 5.9419 1.2691 
1.0 11.0 9.47 5.7169 1.3263 
3.0 14.0 9.86 15.659 1.4829 
1 .0  15.0 . 9.32 5.8085 1.5410 
1 .0  16.0 9.36 4.8220 1.5892 
1.0 1 7  .O 9.36 4.5625 1.6348 
1 .o 18 .O 9.22 4.5204 1.6800 
3.0 21.0 9.63 12.590 1.8059 
1.0 22.0 9.24 4.4838 1.8507 
1.0 23.0 9.12 3.7878 1.8886 
1.0 24.0 9.21 3.5057 1.9237 

2.0490 4 .O 28.0 9.64 12.527 
1 .0  29.0 9.13 3.1086 2.0801 

2.1068 1.0 30.0 9 .oo 2.6718 
1 .0  31.0 9 .oo 2.8717 2.1355 
1.0 32.0 9.03 2.2513 2.1580 
3.0 35.0 9 .43  6.3717 2 .2217 
1 .o 36.0 8.96 2.8046 2.2498 
1 .0  37.0 8.92 2.3384 2.2732 
1.0 38.0 8 . 9 4  2.4779 2.2980 
1.0 39.0 8.91 2.5412 2.3234 
3.0 42.0 9.32 6.2356 2.3858 
1 .0  43.0 8.95 2.4978 2.4108 
1 .0  44.0 8.85 2.1309 2.4321 
1.0 45.0 8.83 2.1487 2.4536 
1.0 46.0 8.97 2.9557 2.4832 
3.0 49 .O 9.32 6.1769 2.5450 
1 .0  50.0 8.83 2.4065 2.5690 
1 .0  51.0 8.85 2.1977 2.5910 
1.0 52.0 8.82 2.2736 2.6137 
1 .0  53.0 8.80 2.1788 2.6355 
3.0 56.0 9.03 4.1197 2.6767 
1 .o 57.0 8.70 1.5149 2.6918 
1.0 58.0 8.68 1.6460 2.7083 
1.0 59 .O 8.68 1.4065 2.7224 
1.0 60.0 8.67 1.4927 2.7373 
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Table A-62. Experimental  R e s u l t s  f o r  t h e  Leaching of C e s i u m  from Cement i t ious  Grout No. M75-17B . 
Specimen Solid-to-waste r a t i o :  6 l b  dry  mix/ga l  1XW-7 waste (719 g / l i t e r )  

C e s i u m  added: s t a b l e  = 2.5 mg 
137Cs a t  t i m e  to = 0.015 m C i  

Mass: 5 .7  g ( a s  prepared)  
Volume: 5.03 c m 3  

Exposed Sur face  Area: 16.6 cm2 

Curing T ime  56 days (dry)  

Leachant 200 m l  t a p  water; 1 changefday ( i n i t i a l  pH = 7.52 - 8.06) 

Leaching Time 
(days) F i n a l  F r a c t i o n  Leached 

I n c r  emen t a l  Cumulative pH of Incrementa l  Cumulative 
Leachate  (an/Ao) x l o 3  (Can/Ao) x lo1 tn Ctn 

1 .0  1 .0  11.64 263.49 2.6349 
1.0 2 .o 11.13 87.026 3.5052 
1 .0  3.0 10.52 38.423 3.8894 
1 .0  4.0 10.10 23.059 4.1200 
3.0 7.0 10.30 32.975 4.4498 
1.0 8.0 9.51 8.9358 4.5392 
1.0 9 .o 9.41  7.6083 4.6153 
1 .0  10.0 9.35 6.7510 4.6828 
1 . 0  11 .o 9.32 6.4404 4.7472 
3.0 14.0 9.54 16.871 4.9159 
1 .0  15  .O 9.09 5.9734 4.9756 
1 .0  16  .O 9.06 4.7310 5.0229 
1 .0  17.0 9.05 4.7752 5.0707 
1.0 18 .O 8.97 4.5395 5.1161 
3.0 21.0 9.39 11.641 5.2325 
1.0 22.0 9.01 4.2522 5.2750 
1.0 23.0 8.96 3.5305 5.3103 
1 .0  24.0 8.93 3.4792 5.3451 
4.0 28.0 9.41 9.8862 5.4440 
1 .0  29 .O 8.96 2.5768 5.4698 
1.0 30 .O 8.87 2.2596 5.4924 
1 .0  31.0 8.87 2.4973 5.5174 
1.0 32 .O 8.89 1.9209 5.5366 
3 .O 35.0 9.26 4.9116 5.5857 
1.0 36.0 8.79 1.9461 5.6052 
1 .0  37.0 8.84 1.8258 5.6235 
1 .0  38.0 8.84 1.9184 5.6427 
1 .0  39 .O 8.83 1.8589 5.6613 
3.0 42.0 9.22 4.0766 5.7021 

5.7190 1 .0  43.0 8.87 
1.0 44.0 8.78 1.4364 5.7334 
1 .0  45 .O 8.74 1.4910 5.7483 
1.0 46.0 8.87 1.8198 5.7665 
3 .O 49 .O 9.26 4.0861 5.8074 
1 .0  50 .O 8.78 1.5736 5.8231 
1.0 51.0 8.81 1.4947 5.8380 
1.0 52.0 8.74 1.5989 5.8540 
1.0 53.0 8.75 1.2982 5.8670 
3.0 56.0 8.99 2.5461 5.8925 
1 .0  57 .O 8.65 1.0658 5.9032 
1 .0  58.0 8.67 1.0108 5.9133 
1.0 59 .O 8.64 0.8818 5.9221 
1.0 60.0 8.65 1.0682 5.9328 

1.6921 
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Table A-63. Experimental Results for the Leaching of Strontium from Cementitious Grout No. M75-20A 

Specimen Solid-to-waste ratio: 
Strontium added: 

6 lb dry mix/gal 1XW-7 waste (719 glliter) 
stable = 1.8 mg 
85Sr at time to = 0.005 mCi 

Mass: 5.7 g (as prepared) 
Volume: 5.03 cm3 

Exposed Surface Area: 16.6 cm2 

Curing Time 112 days 

Leachant 200 ml tap water; 1 change/day (initial pH = 7.59 - 7.92) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao) x lo4 (Can/Ao) x lo2 tn t n 

0.0876 1.0 1.0 10.54 8.7603 
1.0 2 .o 9 .80 6.4909 0.1525 
1.0 3.0 9.67 6.6276 0.2188 
1 .o 4.0 9.57 5.3601 0.2724 
3.0 7.0 10.08 14.470 0.4171 
1.0 8.0 9.38 4.3091 0.4602 
1.0 9 .o 9.27 3.8188 0.4984 
1.0 10 .o 9.22 6.5673 0.5640 
1.0 11.0 9.24 5.2391 0.6164 
3.0 14.0 9.74 12.822 0,7446 
1.0 15.0 9.14 7.0101 0.8148 
1.0 16.0 9.19 4.8899 0.8634 

0.9250 1.0 17 .O 9.14 
1.0 18.0 9.11 5.9496 0.9845 

1.0969 3.0 21.0 9.58 
1.0 22.0 9.02 6.3590 1.1605 
1.0 23.0 8.98 4.5466 1.2060 

1.2620 1.0 24.0 9.07 5.6019 
1.0 25 .O 9.04 5.4992 1.3170 
4.0 29 .O 9.67 14.795 1.4649 
1.0 30.0 8.91 4.5590 1.5105 
1.0 31.0 8.97 4.9420 1.5599 
1.0 32 .O 8.91 4.9420 1.6093 
3.0 35.0 9.41 12.281 1.7321 
1.0 36 .O 8.96 3.5754 1.7679 
1.0 37.0 8.95 3.6260 1.8042 
1.0 38.0 8.99 4.3271 1.8475 
1.0 39 .O 8.90 5.7542 1.9050 
3.0 42.0 9.26 10.470 2.0097 
1.0 43 .O 9.00 5.4694 2.0644 
1.0 44.0 8.80 3.8852 2.1033 
1.0 45.0 8.87 3.5084 2.1384 
1.0 46.0 8.92 5.1473 2.1899 
3.0 49.0 9.40 10.089 2.2908 
1.0 50.0 8.89 4.7526 2.3383 
1.0 51.0 8.82 4.1004 2.3793 
1.0 52 .O 8.86 5.9942 2.4392 
1.0 53.0 8.79 2.2425 2.4616 
3.0 56 .O 9.31 10.747 2.5691 
1.0 57 .O 8.91 4.5767 2.6149 
1.0 58.0 8.79 4.7139 2.6620 
1.0 59.0 8.88 4.1140 2.7031 
1.0 60 .O 8.78 4.2014 2.7452 

6.1678 

11.238 
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Table A-64. Experimental Results for the Leaching of Strontium from Cementitious Grout NO. M75-20B 

Specimen Solid-to-waste ratio: 6 lb dry midgal 1XW-7 waste (719 g/liter) 

85Sr at time to = 0.005 mCi 
Strontium added: stable = 1.8. mg 

Mass: 5.7 g (as prepared) 
Volume: 5.03 cm3 

Exposed Surface Area: 16.6 cm2 

Curing Time 112 days 

Leachant 200 ml distilled water; 1 change/day (initial pH = 7.59 - 7.91) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
Leachate (an/Ao> x lo3 (Can/Ao) x lo2 n Itn t 

0.1292 1.0 1.0 11.39 1.2916 
1.0 2.0 11.01 0.9635 0.2255 
1.0 3.0 10.94 0.8542 0.3109 
1.0 4.0 10.81 0.8843 0.3994 
3.0 7.0 11.22 1.7758 0.5769 
1.0 8.0 10.76 0.6501 0.6419 
1.0 9.0 10.60 0.7078 0.7127 
1.0 10.0 10.59 1.0721 0.8199 
1.0 11.0 10.47 0.9874 0.9187 
3.0 14.0 10.79 2.5135 1.1700 
1.0 15.0 10.39 1.2329 1.2933 
1.0 16.0 10.34 1.2410 1.4174 
1.0 17.0 10.36 1.3242 1.5498 
1.0 18.0 10.35 1.6527 1.7151 
3.0 21.0 10.57 2.9133 2.0064 
1.0 22.0 10.34 1.4921 2.1556 

~ 1.0 23.0 10.30 1.6577 2.3214 
1.0 24.0 10.37 1.6292 2.4843 
1.0 25.0 10.34 1.9718 2.6815 
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Table A-65. Experimental Results for the Leaching of Strontium from Cementitious Grout No. M75-21A 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 1XW-7 (719 gfliter) 
Strontium added: stable = 0 

85Sr at time to = 0.005 mCi 
Mass: 5.7 g (as prepared) 

Volume: 5.03 cm3 
Exposed Surface Area: 16.6 cm2 

Curing Time 112 days 

Leachant 200 ml tap water; 1 changefday (initial pH = 7.59 - 7.91) 

Leaching Time 
(days ) Final Fraction Leached 

tn Ctn Leachate (an/Ao) x lo3 (Ian/Ao) x lo2 
Incremental Cumulative pH of  Incremental Cumulative 

1.0 1.0 10.69 4.3248 0.4325 
1.0 2.0 9.94 4.1661 0.8491 
1.0 3.0 9.78 3.9218 1.2413 
1 .o 4 .O 9.67 2.8416 1.5255 
3.0 7.0 10.11 5.8062 2.1061 
1.0 8.0 9.42 2.8660 2.3927 
1.0 9 .O 9.38 2.5500 2.6477 
1.0 10.0 9.32 2.5233 2.9000 
1.0 11.0 9.29 2.4659 3.1466 
3.0 14.0 9.73 5.1998 3.6666 

3.8911 1.0 15 .O 9.24 
1.0 16.0 9.20 2.3120 4.1223 
1.0 17.0 9.13 2.1746 4.3398 
1.0 18.0 9.12 2.1197 4.5518 
3.0 21.0 9.51 4 .a466 5.0365 

5.2543 
1.0 23.0 9.04 2.1520 5.4695 
1.0 24.0 9.07 1.8565 5.6551 
1.0 25.0 9.09 2.0431 5.8594 
4.0 29.0 9.56 6.0722 6.4666 
1.0 30.0 8.99 2.2806 6.6947 
1.0 31.0 8.98 1.9609 6.8908 
1.0 32 .O 8.91 1.9943 7.0902 
3.0 35.0 9.36 4.0345 7.4936 
1.0 36.0 8.99 1.9753 7.6911 

2.2452 

2.1782 1.0 22.0 9 .oa 

1.0 37.0 8.96 2 .ob81 7.8979 
1 .o 38.0 9.01 1.5914 a .0570 
1.0 39.0 8.92 1.4733 8.2043 
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Table A-66. Experimental Results for the Leaching of Strontium from Cementitious Grout No. M75-21B .. 
Specimen Solid-to-waste ratio: 6 lb dry mix/gal 1XW-7 waste (719 gfliter) 

85Sr at time to = 0.005 mCi 
Strontium added: stable = 0 

Mass: 5.7 g (as prepared) 
Volume: 5.03 em3 

Exposed Surface Area: 16.6 cm2 

Curing Time 112 days 

Leachant 200 ml tap water; 1 changelday (initial pH = 7.58 - 7.91) 

Leaching Time 
(days) Final Fraction Leached 

t n Ctn Leachate (an/Ao> x lo3 (Can/Ao) x lo2 
Incremental Cumulative pH of Incremental Cumulative 

1 .o 1.0 10.65 4.2687 0.4269 
1.0 2.0 9.91 4.4763 0.8745 
1.0 3.0 9.77 4.1221 1.2867 
1.0 4.0 9.64 3.0410 1.5908 
3.0 7.0 10.12 5.4591 2.1367 

2.4256 1.0 8.0 9.46 
1.0 9 .o 9.35 2.7045 2.6961 
1 .o 10.0 9.35 2.5042 2.9465 
1.0 11.0 9.35 2.5195 3.1984 
3.0 14.0 9.82 5.3145 3.7299 
1.0 15 .O 9.28 2.3015 3.9601 
1.0 16 .O 9.24 1.9490 4.1550 

4.3936 1.0 17.0 9.20 
1.0 18.0 9.16 2.3761 4.6312 
3.0 21.0 9.63 4.6141 5.0926 
1.0 22.0 9.11 2.3048 5.3231 
1.0 23.0 9.05 2.1563 5.5387 
1.0 24 .O 9.13 2.1156 5.7503 
1.0 25.0 9.13 1.9333 5.9436 
4.0 29 .O 9.66 5.9153 6.5351 
1.0 30.0 9.07 2.1948 6.7546 
1.0 31.0 9.02 1.9181 6.9464 
1.0 32.0 8.96 1.9062 7.1370 
3.0 35.0 9.34 4.0172 7.5387 
1.0 36.0 9.06 1.7723 7.7160 
1.0 37 .O 8.99 1.8074 7.8967 
1.0 38.0 9.03 1.7528 8.0720 

8.2380 1.0 39 .O 8.96 1.6641 
3 .O 42.0 9.26 3.7572 8.6141 
1.0 43.0 9.08 2.2046 8.8346 
1.0 44.0 8.98 1.9147 9.0261 
1.0 45.0 8.99 1.7509 9.2012 
1.0 46 .O 9.01 1.7162 9.3728 
3.0 49 .O 9.46 3.6642 9.7392 
1.0 50.0 9.00 1.7721 9.9164 
1.0 51.0 8.88 1.6981 10.0860 
1.0 52 .O 8.94 1.6981 10.2560 
1.0 53.0 8.87 1.5701 10.4130 
3.0 56.0 9.29 4.3066 10.8440 
1.0 57.0 8.96 1.7229 11.0160 
1.0 58.0 8.85 1.7427 11.1900 
1.0 59 .O 8.89 1.6251 11.3530 
1.0 60.0 8.86 1.3751 11.4910 

2.8891 

2.3858 

t 
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Table A-67. Experimental Results for the Leaching of Cesium from Cementitious Grout No. M75-23A 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 1XW-7 waste (719 g/liter) 
Cesium added: stable = 2.5 mg 

137Cs at time to = 0.015 mCi 
Mass: 5.7 g (as prepared) 

Volume: 5.03 cm3 
Exposed Surface Area: 16.6 cm2 

Curing Time 112 days 

Leachant 200 ml tap water; 1 changejday (initial pH =- 7.58 - 7.91) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Incremental Cumulative 
(Can/A ) x lo1 (an/Ao>, x lo3 0 -  

Leachate tn 
1.0 1.0 10.63 33.857 0.3386 
1.0 2.0 9.85 10.158 0.4402 

0.5272 1.0 3 .O 9.73 8.7053 
1.0 4 .O 9.62 7.8479 0.6057 
3.0 7.0 10.09 16.123 0.7669 
1.0 8.0 9.39 5.3522 0.8204 
1.0 9 .o 9.20 5.6740 0.8772 
1.0 10.0 9.25 5.6152 0.9333 
1 .o 11.0 9.21' 5.3618 0.9869 
3.0 14 .O 9.74 13.738 1.1243 
1 .o 15.0 9.12 4.8740 1.1730 
1.0 16.0 9.16 4.1000 1.2140 

1.2511 1.0 17 .O 9.09 3.7096 
1 .o 18.0 9.11 3.5195 1.2863 
3.0 21.0 9.56 9.5790 1.3821 
1.0 22.0 9.07 4.0525 1.4226 
1.0 23.0 9.01 3.3040 1.4556 
1 .o 24.0 9.06 3.4578 1.4902 
1 .o 25 .O 9.03 3.6880 1.5271 
4 .O 29.0 9.65 10.973 1.6368 
1.0 30.0 8.90 3.5324 1.6721 
1.0 31.0 8.96' 3.2694 1.7048 
1.0 32.0 8.91 3.1673 1.7365 
3.0 35.0 9.37 7.1191 1.8077 
1.0 36.0 8.95 2 -9884 1.8376 
1.0 37.0 8.77 2.6137 1.8637 
1.0 38.0 8.77 2.6042 1.8898 
1.0 39.0 8.78 2.4029 1.9138 
3.0 42.0 9.29 5.2742 1.9665 
1.0 43.0 9.03- 3.1887 1.9984 
1.0 44.0 8.89 2.8638 2.0270 
1.0 45.0 8.89 2.6146 2.0532 
1.0 $6.0 8.95 2.6787 2.0800 
3.0 49.0 9.44 6.0173 2.1402 
1.0 50 .O 8.77 2.4817 2.1650 
1.0 51.0 8.83 2.4099 2.1891 
1.0 52.0 8'. 85 2.2592 2.2117 
1.0 53.0 8.85 2.1515 2.2332 
3 .O 56.0 9.39 5.3249 2.2864 
1.0 57.0 8.89 2.2137 2.3085 
1.0 58.0 8.78 2.1299 2.3298 
1.0 59 .O 8.91 2.0897 2.3507 
1.0 60.0 8.86 1.8640 2.3693 
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Table A-68. Experimental Results for the Leaching oi Cesium from Cementitious Grout No. M75-23B 

Specimen Solid-to-waste ratio: 6 lb dry mix/gal 1XW-7 waste (719 g/liter) 

137Cs at t e e  to - 0.015 mCi Cesium added: stable - 2.5 mp .? 

Mass: 5.7 g (as prbpared) . 
Volume: 5.03 cm3 

Exposed Surface Area: 16.6 cm2 

Curing Time 112 days (dry) 

Leachant 200 ml tap water; 1 changelday (initial pH - 7.58 - 7.91) 

Leaching Time 
(days) Final Fraction Leached 

Incremental Cumulative pH of Increment a1 Cumulative 
Leachate (an/Ao) x lo3 (Zan/Ao) x lo1 

136.31 

tn tn 
1.3631 1.0 1.0 11.10 

1.0 2 .o 10.58 22.749 1.5906 
1.7146 1.0 3.0 10.15 12.396 

1.0 4.0 9.81 9.6259 1.8109 
3.0 7.0 10.01 14.037 1.9513 
1 .o 8.0 9.32 5.8310 2.0096 
1.0 9 .o 9.11 5.8679 2.0683 
1 .o 10.0 9.06 6.1688 2.1300 
1.0 11.0 9.01 5.3346 2.1833 
3.0 14 .O 9.40 10.668 2.2900 
1.0 15.0 8.87 4.4485 2.3345 m 
1.0 16.0 8.88 4.0199 2.3747 
1.0 17.0 8.81 3.7190 2.4119 
1.0 18.0 8.76 3.3784 2.4457 
3.0 21.0 9.14 6.8657 2.5144 a 

1 .o 22.0 8.73 3.6304 2.5507 
1.0 23.0 8.68 3.1269 2.5820 
1 .o 24 .O 8.69 2.9485 2.6115 
1.0 25 .O 8.66 3.0962 2.6425 
4.0 29 .O 9.11 7.2885 2.7153 
1.0 30.0 8.58 3.4729 2.7500 
1.0 31.0 8.64 2.7989 2.7780 
1.0 32 .O 8.59 2.9786 2.8078 
3 .O 35 .O 8.91 5.2870 2.8607 

2.8862 1.0 36.0 8.58 2.5535 
1.0 37 .O 8.51 2.3617 2.9099 
1.0 38.0 8.53 2.2605 2.9325 
1 .o 39.0 8.53 2.3162 2.9556 
3.0 42.0 8.83 3.8038 2.9936 
1 .o 43.0 8.58 2 S517 3.0192 
1.0 44.0 8.51 2.7398 3.0466 
1.0 45 .O 8.54 2.4412 3.0710 
1.0 46.0 8.34 2.6638 3.0976 
3.0 49 .O 8.85 4.5888 3.1435 
1.0 50.0 8.41 2.3553 3.1671 
1.0 51.0 8.46 2.2764 3.1899 
1.0 52.0 8.41 2.1452 3.2114 
1.0 53.0 8.44 2.0432 3.2318 
3.0 56.0 8.82 4.1414 3.2732 
1 .o 57 .O 8.49 1.9201 3.2924 
1.0 58.0 8.45 2 .OS86 3.3130 
1.0 59.0 8.52 2.1934 3.3349 
1 .o 60.0 8.51 1.8240 3.3531 

I 
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