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This  r e p o r t  recornmends a formula  based on experiments  with s imula ted  

NFW. Suppor t ing  p r o c e s s i b i l i t y  and s o l i d  performance data are inc luded  ,. 

The recommended forrnu1.a will be a p p l i e d  t o  actual.  waste by PNL and resul- ts  

r e p o r t e d  h i  PNL bi i les tone 70 ( 3 - 3 0 - 4 6 ) .  

2. JIIW ‘ X N P O S i T I O N  

The waste stream f o r  t h e s e  s t u d i e s  is defined by Rockwell Hanford 

operations (Rockwell R a n f o r d l l  as a 50:50 vol % mixtiire of s u l f a t e  and 

phosphate wastes. The major components of t h i s  waste are shown i n  

Table  1, The development work p r e s e n t e l  CIX t h i s  r epor t  w a s  aimed at 

producing a c c e p t a b l e  grviits w i th  a w a s t e  cornpostti on encompassing that in 

Table 1. 

2.1 PHOSPHATE WASTE 

The phosphate  waste t h a t  makes up 50% of the r e f e r e n c e  HFU results 

f rom t h e  Ui i t ted  Nuclear Corpora t ion  (UNCI decontarnlnat ion o p e r a t i o n s  at 

t h e  Hanford s i t e  u s i n g  R TURCO decontarninatdon so lu t ton .  The TIJKCO 

s o l u t i o n  c o n t a i n s  the O S ~ ~ L I ~ C S  shO1.m in Table 2 and up t o  7Q-wt Z H3PO4 

prior to d i l u t i o n .  For a nuc lea r  reactor decontaori-nation 20,000 g a l  o f  

TUKCO were d i l u t e d  wi th  water t o  a t o t a l  volume of 240,000 gal ,  r e s u l t i n g  

i n  an H3PO4 c o n c e n t r a t i o n  of 8 w t  X. 

After  the r e a c t o r  decontaminat ion w a s  completed, t h e  248,000 gal 

were f u r t h e r  d i l u l e d  w l t h  water and ”“neantnra’hlxed’~ w i t h  NaOH ;o pM 12. 

Sodium n i t r i t e  (>700 ppn) w a s  added t o  m e e t  a Rockwell  tank farm 

s p e c i f i c a t i o n ,  and the r e s u l t i n g  600,000 g a l  were t hen  shipped t o  t h e  

Rockwell Hanford waste storage area. 

I 



3 

bv.7 l n e  complex amfne inhih-D.to8: is a proprietary product €QX- whL& the 
s u p p l i e r  w i l l  n o t  d i sc lose  chemical camposdtion. No eoncenLrations 
are givrn. 
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3 PEKFOXNANCE C R I T E K T h  

A siiccessful grout foriurila is d e f i n e d  as oi3e t h a t ,  when d x e d  v i t h  

r,nr d ,  meets a1 1 the.  pe r f  Orriiailce cri. te rCa chat are specified by Kocbvell 

Hailford, PNL, and Oak Ridtl;e Nat ional  Laboratory (ORNL,). Collectively, 

these c r i t e r l a  determine t h e  g r o u t  formula rccornniended i n  t h i s  r e p o r t .  

These are the Rockwell Hailford performance crii teria: 

1 .  The TGF is des igned  t o  oppratre a*e a nominal capac i ty  of 



--e-- 

---- ..._. 



50 galjmii1, but i t  siiorrld be capable of opeiaiing w i t h i n  a range 

of 30 t~ 70 gal/mir i .  

3 ,  The g r o u t  d i s t r i b u t i o n  pump should  be capable o f  s u p p l y i n g  a 

conitinuous ou tpu t  pressure of 350 psL.  

To c o q l  y W F  f-11 t S i f t  fJ. t's f t h r c i  cr i t e c h ,  the  grout  ' s r h e o l o g i c a l  

g r o u t ' s  roirrpliancn 1 h dpi-c-rixlrs' ried by apply ing  the fo l lowing  series of 

equz i t iom.2  Ihe f i r s t  equaVbou i s  t h ~  power law model o f  thr r e l a t i o n s h i p  
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where 



8 

r;tat-i,e for 10 inin i n  the d i s t r i b t i t i o n  p ipe ,  i s  calcralatetl by 



9 

A n  accep tab le  grout has no drainable aater a t  28 d 

3.2.2 

4 

C ~ ~ ~ ~ p r e s s F v e  --- ._ Strength  - ~ 

The methad suggestid by the NRC f o r  merasurfng 

or less. 

unconfined compressive 

samples  required by 

t h i s  method are more material- and ~ o ~ t - f n t e n ~ f ~ e  thilti the coriaparable 

ASTM C109-80 method, which U S ~ S  2-in- cubes. C o ~ ~ s e q ~ e n t l y ,  ASTM CE 09--8G 

was =sed i n  t h i s  s tudy.  It has been shorn that values obtained by ABTM 

C109-80 are consistently 20% higher  tlaclri Lhose csbtalned by AS‘W @33-$1; 

therefore, the compressfive s t r e n g t h  crtterisn was s e t  a t  60 psf  at 28 d 

w i t h  AS’M C109-$0 f o r  these s tud ies-  

3.2.3 Angle Of K e p x ~  --- - 

Angle of repose is a design-specific function of shear history, 

discharge velocity, and the design o f  bath the dlstrfbutioc system and the 

t r ench .  Consequent ly ,  t h i s  c r i t e r i o n  was not. d i r e c t l y  appl Ped t o  the 

- 



1. 

2. 

3. 

4 .  

Waste loacli lags sholrld be o p t i m i z e d  and w a s t e  2 i s p o s a i  voliime 

i n c r e d s c s  kept t o  a mici i rni im.  

Commercially available iimter%als should be used t.hat require 

custc,rii process ing .  

G r u u t  shnr i ld  achieve t u r b u l e n t  flo.2 belov t h r  TGr' distr€but€on p a p  

operdting limit of 10 gal/min. 

Grouts made wl. t i x  rtiasoriabl e dev iac iuns  from the recommended 

f o r n u l a ,  that are. expec.ted dur ing  routine TGF operaLdon, should 

also m e e t  all. cr i ter ia .  



unrealisric t o  expect the hulk solid.; bbcnding to be performed at precisely 



v h l r h  can be expected a x  + 52, re la t ive  v a r i a t i o n  Tor dry s o l i d s  b l e n d  

co:ngonents Thus, an a c w p t a b l e  hnriwl R wLLh these d e v i a t i o n s  i n  the 

blend  composition will a l s o  w e t  all performance cr i ter ia .  

- 

The d r y  s o l i d s  b lend  cornponenrrs used i n  ",Is s t u d y  are c m c ~ n t : ,  I n d i a n  

Red pottery c l a y ,  A&tapc~1glze-ITO, and f l y  ash. A detailed d i s c u s s i o n  o f  

t h e  r o l e  of m c h  component has been repor ted  p rev ious ly .4  

thpse  components w e r c  chosec f o r  t h e i r  a p p l i c a b i l i t y  to HFW, commercial 

a v a i l a b i l i t y ,  and use i n  the ORNL f a c i l i t y  f o r  -20 yecars (Sects- 3.3.2 and 

In general ,  



1 3  

3 . 3 . 4 ) .  However, it i s  approprfa1:e "cat  some rationale f o r  the ramse of 

esmgunents explored irr  t h e  e ~ p ~ ~ t i ~ n t a l  stardies be presented here a 

4.2 CEl%NT 

The p h y s i c a l  p r a p e r t  i e s  of hardened conerete  o r  grout- m e  d e t c r d n e d  

by the quaffty of the  cement paste ( i . e ,  water <;rlad cement], A P S I W I ~ ~ ~  

prope r  m3xing, etc., t h e  q u a l i t y  L4 c ~ ~ i t r o l l e d  by the water-to-cenent ra t€$> 

( w / e ) .  For example, an oil well cement slurry typically contafus -73 wt  2 

c e ~ ~ ~ : e n t  and has a W/C of 0.38, 

In general ,  a w / c  o f  only 0.25 i s  r e q u f r e d  €or complete hydration of 

mrt l a td  cerner,t; n a a i k i u n a l  water fluidizes the rtrlx and makes I t  X I O T ~  

readi ly  processibls (more pmapahlll? i n  the TGF) . However, increased water 

ccpntcnt (i.ebs hlghes w / c )  also  t ends  to reduce the qhsali ty of the final 

product. Specifically, inereasi ng w/c tends t o  

@ increase shrinkage and cracking ; 

8 decrease creep re l t c f  w i t h  age, thus creatlng a tendency t o  crack; 

ana 

e decrease the likelihood a€ r e s o r p t i o n  of dra fnab le  water. 

The rnaxinrm w / c  that can be appl fed  t o  HFW before these tendencies 

become cause for concern is beyond the scape of t h l s  s tudy .  However, the 

Z, facllity routinely uses a w / c  of -3. Consequently, for NPw 

formulation s t u d i e s  the w/c was l i d t e a  to - (3. 

4.2 INDIAN E D  POT'L'EKY CLAY 

Indian Red pottery c lay  is added solely as an ion-exchange medium to 

Because t he  exchange capacity is 0.1 meq 1 3 / C f s  per gram of retain '3/Cse 
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c l a y ,  l i t t l e  c l a y  should be n e e d ~ d . ~ , ~ , ~  

f a c l l i t y  has show- ehat  t h e  p o t t e r y  c l a y  eontent of t he  dry s o l i d s  blend 

needs t o  be 8 w t  2 t o  eipiii1i-e t n t i m a t i ~  con tac t  wi th  the 1 3 ’ @ s -  Ti1 

addition, minor v a r i a t i o n s  (+ 543’) i n  t h p  p o t t e r y  c l a y  con ten t  have been 

shown t o  have R megligi h l t .  impact  cm the g r o u t ’ s  rheol n g i c a l  properties. 

Cnnsequcntly , f o r  WW formula t ion  developraent s t u d i p s  t h e  p o t t e r y  c l a y  

con ten t  o f  t he  d r y  s o l i d s  b lends  was f i x e d  a t  82. 

H O W ~ V C K ,  expe r i ence  a t  the O W L  

- 

The TGP s h w l d ,  a t  m t t i i i n t m 3  match tF~e b lending  e f f i c1en i .y  o f  t h e  OR.191, 

facility. kiowcver, because t h e  TCF is never, it may i A z ? l l  be more 

e f f i c i e n t  than the ORNL f a c l l - l t y  and need less p o t t e r y  clay.  The impact 

of us ing  less pcjt tery c lay  than the  a m u n t  F n  the recommecded formula is 

discussed ill Appendix E. 

4.3 ATTKPULGlrE-150  CLAY 

AttapulgItr--l%O c l a y  is added primarily t o  red:ice drainable  water l ~ o i u  

thr p r o d w l - .  Iiowcver, pcev ious  ORNL g rou t  development tzxperienc:c has shown 

t h a t  when p r e s e n t  at or  abave 0.7 lb /g :a l  of water (waste) i t  a l s o  appears 

t I) reduce the  l e a c h a b i l i t y  of the product.  Consrqiicntly, HPb! fu i iuu la t ion  

development sLudies  a t t c n p t e d  t o  m i n t s i n  the Atf-apulgtte-150 c o n ~ e n t  a t  o r  

above this value.  

4 - 4 .  FLY ASH 

PLy ash ts a c e m m t  ex t ende r ,  and I t s  m e  shou ld  be maximiz~tl  heraiise 

of i t s  low c o s t .  However, because of the constratnts on the other. 

corngonerits, It m u s t  by n e c e s s i t y  he the  va r i ab lg  or s l ack  component. 



. 
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5 EXPERIMEWTAL EPRO@EDUF(ES 

5 1 SAMPLE PREPARATION 

Dry s o l i d s  w e r e  blended i n  5.0-kg l o t s  for 6 h at 30 r y m  Ln a 7.5-L 

Patterson --Kelly twin-shell V-blenden: p r i o r  t o  grout  preparetion, Plisring 

of the dry s o l i d s  blend and s i m i l a t e d  waste was performed i n  a Hobart 

nrc.rdcJ- N-50 mixor w i t h  a w i r c - I m p  whPp mixer b lade*  Mixing is 

arcamplfshed by adding so ldds  t o  I f q u i d  dur ing  8-15 s while s t f r l - i n g  a t  

low speed. Nbxing i s  then continuer! at medlm speed  for a total. mixing 

t h e  of 30 6 .  

This l a b o r a t o r y  b lending  and mixing technique was developed i n  

support of thc O?N, f a c i l i t y  and is representative of grouts  leaving rrhe 

mixing tub from t h a t  facility. The ORNL f a c i l i t y  c o n t a i n s  a j e t  mixer and 

a mlx cub that 1s equipped w t t h  a three-blade impe l l e i .  This  des ign  i s  

sirnl'har to tlitit. e m i s i o n e d  f o r  the  TGP a t  t h e  time the fo rmula t ion  s t u d i e s  

began 1) 

However, the current des ign  o f  the  E P  s p e c i f i e s  a 15-gal Atcor 

i n - l i n e - i n t e u s l v e  mixer. A t  a nominal pztmpirig rate o f  50 gal/min, the 

f l o w  through t h e  mixer i s  -3.3 volumes p e r  in~nitt-e, r e s u l t i n g  Pn a mfxilag 

time of 18 s. If it is assumed that a 15-gal pump feed t ank  i s  t o  be a 

pare  of the  TGF mix module, then  t h e  mix times used i n  t h e s e  laboratory 

exper irments appear t o  be a p p r o p r i a t e .  IIswcver , the shear h i s t o r y  may not 

be r e p r e s e n t a t i v e .  

Grout properties are a func>tjon of shear h i s t o r y ,  arid it i s  esnentfal 

1 hat wixfng and b lending  procedures are s t anda rd ized  t o  ensure t h e  
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. 

consistency and reproducibility of data. 

used in these formulation studies are appropriate for t h e  reasons given 

above e 

We believe that the prosedures 

5.3 PMSE §~~~~~~~~ 

Phase separation (drainable water) is determined by measuring clear 

f l u i d  that collects an the freshly poiired grout: a f t e r  a given time. It f s  

a CQIIIIW~I observat ion tha t  after grout,  slurry, or concrete has been ptaced 

in position Lpnd while it i s  skill plastic, bleed water appears on the 
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Klixgstorx f l y  ash 39 



21 

a 

T a h t e  7. Effecizs of waste-stream phosphate concentrat ion on grout  
p r o p e r t  tes" 

P r o p e r  E y 

I. 

5 :3 
1__1- .- 

11.59 c 9.03 - 

19.74 

0.0 

1853.3 -i- 245.7 
-" 

11.48 i- 0.03 - 
4.97 -k 1.31 - 
13.01. 

5 3 2 - 5  + 3'7.7 - 

4 2 1 9.20 6114800 

2.35 1.75 
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Tab le  8. Effects of increased A i t  apulgi te-150 conient  on grouts  
prcp3rei.l with phosphate s o l r r t t o n s a  

_I-p_ 
.......... I.-l--Z--X...I.l_ LIÎ  -__ 8 __I__-._- _ ........... 5 

23 f 6 - 
0.378 + 0.249 - 

0.15 - 6 0.07 

11.14 I- 0.Oh 

0.64 f 0.17 

90.26 

580.0 i- 51.6 

2000.0 + 187.6 

1578.0 -t 174.1 

.L 

- 

*- 

- 
- 

620.72 

14.69 

95.95 

61 -+ 20 - 
0.543 - 1- 0.183 

0.14 f 0.01 
I_ _. 

11.58 - -+ 0.03 

0.21 -6 0.01 

189.12 

440.0 + 57.7 

- 

. .- 

1880.0 ..- -!- 295.7 

107'3.0 + 12.5 
,- - 

307.57 

30.54 

141.90 
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Y 

st rength than that shown 4.n Table 7 .  Thus, the use of attapulgite to 

control phase separation appears to result -Ln significant additional 

beneffta because it alters the presduct's internal structure. 

~ ~ 2 ~ ~ ~ 4  solution with neutralized TURCO 4512-14A as t h e  source of  the 

I-11-LA IPortland cement, 42 we: X P M T M  @Pass F fly ash, 10 w t  X 

Attaprslgkte-150 drilling clay, and 8 wt X Indian  Red pottery clay. The 

composition of the a t t a p u l g i t e  in this grout  is S h i l a K  to that reported 
c 

in Table 7. For convenience, a comparison of t h e  major component 

composi t ion  of grouts  descr1br.d in Tables 7 and 9 is highlighted helow: 

Composition of g r o u t s  
( l b / @  1 

Component Table 7 Table 5 

Cement 2.7 
Attapulgite 0.9 
F l y  ash 2.4 
Indian Red p o t t e r y  c lay  0 

3.2 
0.8 
3.36 
0.64 

"Table 7. The higher 7-d penetration resistance exhibited by t h e  grout 

containing TURCO is due to the  increase in cement: co~tent 

TURCO-induced organics does not  appear t o  alter significantly the rate of 



2 4 

0.016 

0.46 

Dens i ty ,  l b / g a l  12.25 

2-11 phase s s p a r a t i o n ,  vo l  h 1.28 

A p p a r - e ~ t  v i s c o s i t y ,  CP ?5.41  

74 -  h p e n e t r a t i o n  :esistnace, p s i  0.0 

31 13.. 22 

3.11 

C r i t i c a l  v p l o c i t y ,  gallruin 40.11 
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6,2 SULFATE 

A grout was prepr red  d t h  a 0.02 - M Na2S631, soJ~iitPian at 6 Ilrp/.gal ,TI$ a 

d r y  solids blend consisting o f  38 ~t X Type T-ir-LA P o r t l a r d  cewent, 

42 w t  X ASTM Class P f l y  ash, 12  wt % A t t a ~ u l g l t e - 1 5 0 ,  a n d  8 wt S I n d i a n  

Red p o t t e r y  clay.  Data in Table 10 show that t h i s  grout f a i l e d  t o  s e t  

w i t h i n  28 d ;  however, thc data a l s o  show t ha t  when the Na2FO4 sa lu t inr i  is 

d i l u t e d  by 5 0 % ~  then set is achieved ana saeqilate 28-6 C O ~ ~ Y ~ S S ~ V ~  strlan-agth 

IS  obta ined ,  The effects  o f  dilution are realized by m i x - i n g  t h i s  sollut ton 

wPth the high-vlscoffity-produeina phosphate waste. 

Data in Table 11 show t h a t ,  when the cenent content of grouts prepared 

w t t h  a 0102 I M Wa2S04 s o l u t l s n  i s  i n c r e a s e d ,  se t  is achieved. The g r o u t  

w a s  prepared aS 8 Ib/,qal. with a dry s o t i d s  blend cons i s t ing  o f  40 WZ % 

Type I-11-TA Portland cement, 42 w t  X ASTH Class F f l y  ash, 10 wt X 

Attapuhgite-150 c lay ,  and 8 wt X Tot i ian  Red p o t t e r y  clay. 'P'liis i n  e f f ec t  

increased the cement content from 2.28 t o  3.2 lb/ga:o 

Therefore ,  t h e  formulation dsvc l  spnent studies proceeded w l t h  t he  

assumptions t h a t  (1) the phosphate waste waridd a113 in alleviating the 
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deleterious  effect^ of tire SO4 conccnCration i n  achiev ing  set ,  and < 2 )  the  

cement coni-eni should he g r e e t t ~  tiiakr 2.28 Ib/g;".l. 

T h e  s c o u t i n g  s t d i e s  (Sec t .  6.0) i n d i c a t e d  t h a t  the ceaiera~ con te r i~  

slaould be >2.38 l b / g a l  t o  ensure se t ,  t he  a t t a p u l g j t e  coritent should  bc 

bound f o r  t h e  d r y  s o l i d s  bleliii matrix sLitdied. 

The e f f ~ c t s  of a cement content  g r a t e r  than  2.28 lb/g:al i r rd i ca t e  

C l  L ~ C  the  ndiziinun ceacnt conten t  i n  the s o l i d s  b l end  necessary io ensure 

se t  is as f o l l o w s :  

2.28 
2.28 
2 , 2 8  
2.28 

38 
33 
29 
25 

H Q W C V ~ ~ ,  as d i scussed  i n  Sec'i. 4 - 1 ,  a n o t h ~ . ~  c r i t e r i o n  for cement content  

i s  a wate r - to -cemen t  r a t i o  ( 3 .  I f  one assumes t h a t  a g a l l o n  of l i q u i d  - 
v7aste contains 8.3 l b  of water ,  tiicri :he mlnjrnun cemene conten t  is 

2. 77 1b/ga1 [ i .e - (8 .3 l S / g a l )  / 3 ]  e Thus, the m i n i m u m  cement eont ent 

be come R 



2.77 
2.77 
2 . 7 7  
2.77 

6 
7 
8 
3 

46 
4 0 
35 
31 

L ikewise  the criterion Qf an At tapu lg i t e -150  eontent  of at lesar: 

0.7 Ib/gal indicates t h a t  the minfmurn Attapvlgite-150 is  as follows: 

12 
10 
9 
8 

I h t a  i n  Table  12  how the effects  OE eornpssi t lonal  v a r i a t i o n s  in the  

ASTM Class F f l y  ash, and 20 w t  2 Attapul.gite-150 c l a y ,  a decrease of POW 

in the f l y  ash content slowed the development of  product s t r e n g t h  but did 

not grea t ly  affect  the  2 8 4  cnmprewsive strength. B~wever, the flow 

regime changed from laminar to t u rbu len t  at reference conditions ; 

therefore,  increasing the fly ash cantent  impr5ves the  grout's f l o w  

behavior. Lowering the c l a y  e o n t e n t  -20% signfficantly lowered t:he gel 

strength, while incseasi-rag t h e  2-h phase sepa ra t ion  and resulting Reynolds 

number. The clay conteaat is a key variable in controll.i .ng these 

parameters a 
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Tab le  12. Effect of dry s o l l d s  b l end  variations on a grout prepared 
Fri.th EXl 8 wt % Na2HFO4 SQlUtiOn 

Mix Ratio 

Cement, w t  x 
P l y  ash, w t  X 

Attapnlgite-150 clay, wt % 

Apparent v i s c o s i t y ,  CP 

~O--TIK.II g6.l s t r e ~ ~ g t l h ,  lbf/100 f t 2  

Density, l h /ga I  

F l u i d  cogsistency index (k*) 
I.bf'sq /ft2 

Florq behavior index (TI*)  

2-h phase separation, vol X 

24-h penetration resistance, p s i  

7-(1 penetration res is tance,  p s i  

28-d compressive s t rength ,  p s i  

Reference conditions 
.. . _. . . . . .. . .. .- 

Reynolds number 

Frictional pressure l o s s  p e r  
3000 ft of p i p e :  psi 

C r i t i c a l  ve l .oc i ty ,  ft/s 

C r i t i c a l  v e l o c i t y ,  g d / m i n  

40 

40 

20 

20 1 

60.5 

11.58 

0.84 

0.14 

0.2 

440 

1880 

269 

310 

910 

1 4 + 3  

140 

35 

45 

20 

27.5 

13.8 

11.40 

0.02.4 

0.43 

1.72 

60 

1300 

23 1 

2165 

122 

5.0 

49 

45 

40 

1s 

13.75 

5.0 

11.48 

0.002 

0-68  

4.97 

532 

1035 

209 

661 1 

104 

2.1 

21 

45 

40 

15 

a7 

28.8 

12.16 

0.15 

0.30 

0.86 

1150 

3180 

612 

7 SO 

393 

9.3 

91 
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f n c r e a s i n g  t.hc i?dX T W i o  1k.om 6 to 8 'Lb,/gd. f n r  a blend ctXltajnfng 

4 5  w t  X Type I-IIC-LA h K t l a n d  cement, 40 ~t % ,UTM Class F f l y  ash, a.nd 

15 w t  % At.Zapmlgite-151) clay increased bath compressive s t r eng th  and 

c r i t i ca l  ve loc l ty .  S i g n i f i c a n t l y ,  t h e  33% increase i n  mlrr: rat i s  a t  z 

f i x e d  blend r e s u l t e d  i n  i n c r e a s i n g  t h e  grout's vertical velocity from 

2 1  to 91 @l/mf.Tl ,  Which i S  Well above the TGFAB pdlmping CapRCity O f  

70 gal/min. 

The d t s c u s s i o n  p resen ted  i n  this section i l l u s t r a t e s  an impor tan t  

point:  R e l a t i v e l y  & n o r  composi t ion v a r i a t i o n s  have  a major impact on 

groat  r h e o l o g i c a l  p r o p e r t i e s .  There I s  no need t o  explore mijor 

variations i n  t h e  dry solids blend cempositisn and iatx ratio.  Based on 

all of t h e  in fo rma t ion  in this s e c t i o n ,  t h e  Zatrix shown i n  Table 1 3  was 

t e s t e d  in the forrnulhation development s t u d i e s .  

The recipe f o r  the  refcreace synthetic. H F W  eo he used i n  t h e s e  

studies has b m n  d e f i n e d  by Rockwell Hanford ( sec  Sect. 2.0). T h e  

Concentrations of the major component-s of this waste are shown in 

Table 14. Scouting studies (Sect e 6.0) Indicated t h a t  the s u l f a t e ?  con ten t  

i s  the majar Concern because it  can prevent  se t ,  These s t u d i e s  also 

showed t h a t  sulfate c o n c e n t r a t i o n s  as h igh  as 0.02 M can be t o l e r a t e d  with 

cement c o n t e n t s  >2.28 lb/gal. These s t u d i e s  sugges ted  t h a t  combintng t h e  

si i lfate waste w i t h  t h e  phosphate  waste might f u r t h e r  m i t i g a t e  t h e  sct, 

r e t a r d  t h e  a c t i o n  e>€ t h e  sailfate, and t h u s  pe rmi t  even higher  sulfate 

concent ra t ionsc  There fo re ,  in the fo rmula t ion  development s tud ies  the 

- 
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Table 13. IJehght: percent of materials in d?y s o l i d s  blends iised t o  develop 
g rou t s  f o r  WV 

R 1  end rlllmber -- -.. ......._--- 

6 7 8 9 
_I ___I 

-. Material 1 2 3 4  ~ 5 ....... 

Type 1-TI-LA Portland 40 41 42 42 40 38 37 39 41 
Ce?Re¶t 

Central1 a Wash. ASTt4 42 41 40 38 40 42 41 39 37 
Class F fly ash 

Attapulgite-150 clay 10 10 10 12 12 12 1 4 14 14 

I n d i a n  Red pottery c l a y  8 8 8 8 8  8 e 8 8 
...... --.- -_. -...........-I -- ..... ---- 

Table 14. mjor element concentrat ions o f  IeFW composed of a 50 : 50 mixture 
oE phosphate and sulfate. waste 

M - 
-c --I-. ........ --_ LIIT_-_-IIII.R.eIPI-. Component 

Na3 PO, 0.15 

Na2 HYO,+ 0.01 

Na2 SO, 0.01 

NaOB 0.01 

NaNC, 0.006 

TOC 0.92 g/L 

Na2SOh concentration w a s  increased over the 0.1. presented in Table 14 

to 0.03 .- M. In addition, to ~ S S P ' R S  the effects of d-llutiorn associated d i t h  

anticipated waste retrieval schemes and, LO a J e n c , ~ ~  ex ten t ,  the e f f t x t s  
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of major component c o n c e n t r a t i o n  v a r i a t i o n s ,  fo rmula t ion  s t u d i e s  were 

performed w i t h  f o u r  v a r i a t i o n s  of t h e  waste  composi t ion:  

No d i l u t i o n .  HFW as de f ined  by t h e  Rockwell recipe, i n  which the 

Na2SO4 con ten t  w a s  i n c r e a s e d  t o  0.03 M. Throughout t h e  remainder 

of t h i s  r e p o r t ,  t h i s  s o l u t i o n  i s  r e f e r r e d  t o  as t h e  r e f e r e n c e  

waste. 

20% d i lu t - lon  (25% volume i n c r e a s e ) .  A s o l u t i o n  made by d i l u t i n g  

1 L of r e f e r e n c e  waste wi th  0.25 L of water. 

33% d l t lu t ion  (50% volume increase). A s o l u t i o n  made by d i l u t i n g  

1 L of r e f e r e n c e  waste with 0.5 L of water. 

50% d i l u t i o n  (100% volume i n c r e a s e ) .  A s o l u t i o n  made by d i l u t i n g  

1 L of r e f e r e n c e  waste  wi th  1 L of water. 

The r e s u l t i n g  an ion  c o n c e n t r a t i o n s  are shown i n  Table  15. 

T a b l e  15. Concen t r a t ion  of an ions  i n  t h e  f o u r  s y n t h e t i c  waste streams 
used in t h e  fo rmula t ion  development s t u d i e s  

Concen t r a t ion  

Anion 0 vol  % 33 v o l  x 50 v o l  % 
(E) (MI (E) 

 PO,^ 0.15 0.1 0.08 

S o p  0.03 0.02 0.015 

N 0 z - l  0 a 006 0.004 0.002 

TO@, g/L 0a92 0.62 0.46 
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Data are pi e s e n t e d  m i  g r o u t  fo rmula t ions  wj t h  d r y  sol . ids  b l ends  shorn 

i n  'Table 13 and syiiChet3c w a s t c - 1 ~  shown i n  Table 15. Data r epor t ed  w l t h  ip 

s t a n d a r d  deviation are 311 avertngc. of fotir repl ieare  samples unless  

othervi .sr  n o ~ e d .  For  conbeiiience the data  are grouped by A t r ~ p l  gite-150 

coricent. 

9.1 10 \dT K AL''lAPUT,G~'I'i---150 L~KiLEING CLAY 

G r o u t s  ~ e ' e ~ e  prcapa*cxd dC 7 l b / g a l  w3;h refercfiec wast'es aid blends 1 ,  

2 ,  arid 3 (Table 13). Oata are shorn i n  TabPcs 16 arid 17. A s  shown  in 

Tzb lc  16 ,  grouts prepa red  a t  7 l b l g a l  with a blend consisting of 41 wt % 

' ~ ' y p r  r-I I--f,A 'kJortlan;l; cemefit,, 41 WI. 7: ASTM Class I! f l y  ash,  10 wt 2 

hrtilinilgicle-150 d r i l l i n g  c l a y ,  arid 8 Fit Z r ad ian  Red p o t t e r y  c l a y  m e t  a l l  

o f  t h e  nlaJ6ar  design crtccesia itkcliidi1Lg: 

@ 

@ No 28-d phase sepdra t ton ,  

8 28-d compiessive strength >60 p s i ,  

6 Turbu len t  flow achieved a t  <I0 gal/min and, 

D Frict iol ld ' l  p r ~ s s u r e  drop (11 psi / lOO rl:. 

10-mi i1  g e l  s t iPi lgth (100 lbf/100 ft2, 

For waste d i l u t i o n s  up t o  3 3 % ,  i n i t i a l  set occurred i n  less than T d ,  

while a t  50% d i l u t i o n  i n i t l a l  seT accra-t-red a f t e r  7 d. 

P r o p e r t i e s  of grouts prepared w i t h  blend 1 (ccmeat content reduced 

tu 40 wt- 7: and f l y  ash i nc reased  to 42 w t  X >  arid b l e d  3 (cement con ten t  

increased 'io 42 xt % and fly ash decreased t o  40 W )  are  show^ i n  Tables 

17 and 18, respectively. As w l t h  blend 2 ,  t-hese grouts m e t  all of the 
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near i h ~  i:o~tr!nal TGF pi:iping rz f r  (50 gal/min). 7 h r s e f o r e ,  if water 

rcsarpt ion w r e  t h e  major  conce rn ,  o p e r a t  ir)ns i n  thI range w u l d  be 

f avored .  However , some r educ t ion  in p r a c e s s i b i l i t y  would rcnult . 
3.7 1 2  bJT X AiTAPULG1i 'E-l50 DRILLING CLAY 

Scou t ing  s t u d i p s  ( S e c t .  6.2)  i n d i c a e 4  that set  was not ; ~ c : l i I ~ v e d  wlf th 

a groclt p ~ ~ p n r e d  at 6 ]$/gal  w f i h  blend 6 and a 11.02 - M NaZSO/, solution. 

To asq:r3ss tlnr d i l u t i o n  e f f e r t f i  of t h e  phosphate  a d d i t i o n ,  g rou t s  were 

prepared  a t  a m i x  r aL io  of 6 l.b/gal d t h  b l ends  4 ,  5,  and 6 .  Data are 

show1 ii~ Tab les  21. through 26.  As seen by the dat a ,  se t  was achieve:! a t  

ct-m=iiE eontencs - > ?.6 I b / g a l  (blends 4 arid 5), vhich is on ly  a ~ l t g h t  

irlcredse above 3,28 l b / g a l  (b lend  6) .  In d d i t i o n ,  s e t  w a s  achefved w i t h  

blend 6 and a was te  dilution of 50%. Consequen t ly ,  corabinfng the 

phosphartd and su l fa te  was tes  (trn p r o d w e  RFY) appea l s  t o  increase t h c  

pern-fss-i h l e  sulfate  concen t r a t ion .  

Data are presented  -In Tables 27-29 f o r  gioouts preparcd with these 

t h i r e  blends a t  a mix r a t l a  of 7 l b / g a l .  A l l  performance criLeria were 

t n e ' ~ ,  Average p r o p e r t i e s  are shovm i n  Table 30. Data i n  Tab le  30 

i n d i c a t e  t h a t  g r o u t s  p ~ e p a r e d  a t  I l b / g a l ,  w i t h  a d r y  s o l i d s  blend 

c o n s i s t i n g  of 8 r w t  76" P i s d i m  Ked p o t t e r y  c l a y ,  12 wt X Attapulg€%r*-P5Q, 

38.42 w t  % Type I-PL-LA ~ ' ~ r t l a n d  c e ~ c n : ~  arid 38-42 W T  X Ccntralia,  Vash, 

ASTrl Ciass F f l y  ash, are f l u i d  and achirve tmrb:ibent f l o w  blow the TGF 

nomfmai: pump rate (50 ga l /min) .  Ha-ever ,  3,  wbtch shows phase 

sepa ra t io i i  dara in a ~ 1 0 ~ e i f  sys tem,  i n d i c a t e s  t h a t  w a t e r  would Fc resorbed 

by grouts i n  t h i s  range only a t  0% m s t n  d i l u t i o n .  Thus ,  g ~ ~ i i t s  preparcd 



m
 

6
3
 

-3- 

Y 
. 64 +
I 

*, -3
 

c.2 
0

 
0

 

'r-! m n 
rr m P

 

x
 

d.J 



48 

c? 

+
I 

a0 

N
 

4- I 
Q

 

.--: 

+
I 

h
 

-
i 

+
I 

m
 

N
 
c, 
w

 
c2 
0

 

\
 

J3 
r
f 

&
' 

c, 
M

 
d
 
a 
k

 
AJ 
m

 
r-4 
a, 
M

 

H
 

w
 

a
 

2 I 3
 

--4 

r
l

 
rd 
M

 



49 

u-l 
0

 
a
 

0
 
. +
I 

9
 

w* t-4 

0
 

in
 

0
 

0
 

0
 

f
 . t-4 

.-.I 
0

 

0
 
. 

r
-
 

0
 

6
,
 
. +
l 

in
 
‘ll 

4
 

r
i 

. * 0
 

+ 111 . 

P
I 

on 
rn 

N
 
. 

N
 

e4 
e? 

Q
 

hl . 4 -4
 

m
 

r
l 
. <I 

rrl 

I4
 

Q
 

9
 

+I 
* a 

0
 

N
 

aJ 0 
0

 

0
 . 

. a u? N Q
 

4
 

d
 

0
 

0
 

Q
 

+-I 
m

 
0

 
8
 

0
 
. 

M
 

0
 

m
 

L, 

rd 
c
 b

) 
.

P
 

Q
 

I 
00 
N

 

4
4

 
4-4 

k
 

bd 
!A

 
V

 



,
.
_
I
 

...-I 
__ 
it' 

c:;
 

cr 
+

j 

r. c: -3
 

lr 

,̂ 
'
 

v. 
ei 

$," 

i
 

&
* 

L
J

 

_.., 
.# 

i 
?. 



51 

0
 

3
 

r
4

 

m
 

0
7
 

Q
 . 0 +I 

. 0
 

m
 

e-4 e 
r
"
(
 

Q
 

cl C3 

Q
 

4
 . +
I 

0
 

9
 

O
Q
 . 

0
 

+
I 

In 
I-- . 4

 
4
 

T
x

 

ea 
0

 

p
l 

. 
N

 
rr, 

e: . 

n
 

J
-
:
 

4J 
h
 

I
-
-
.
 

M
 

c a k 
c .I 

E 4 
-2 



52 

d
 

m 



53 

Table 30. Average properties of groats prepared at 7 lb /ga l  
~ P t h  blends 4 ,  5,  sild 6 

.__._- -Y--R- 

Was t e a _  Di lut Ion 

2-h phase separa t ion ,  vol X 2.2 1.8 2.2 2.7 

Densi ty  , lh/gaE. 11 .8  11.7 11.7 1 1 . 7  

Apparent v€sc.iasity, CP 25 30 27 26 

2 8 4  compressive strength, p s i  452 377 306 183 

Frictional pressure l o s s  
pe r  100 ft, p s i  

3.39 4.12 3.63 3.39 
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in this range would be favored if processiblility were the primary 

concern. 

Data in Tables 31-33 show the effects of increasing the mix r a t i o  to 

8 lb/gal. Grouts prepared with blend 4 met a11 performance crlteria, 

except for the 50% diluted reference waste. In thls case, critical 

velocity was not achieved at - C70 gal/m:in. Grouts prepared wfsh blend 5 

met a l l  performance criteria; critical velocity was achieved near SO 

gal/min. This is to be expected since increasing the  f l y  ash content 

while simultaneously deereaaing the cement content typically results in 

less-viscous, more-flulld grouts. However, as seen in Table 33, it is 

difficult t o  predict grout behavior. These grouts prepared with blend' 6 

were significantly more viscous than those prepared with blend 5 even 

though the cement content decreased and the fly ash content increased. 

For these grouts, waste dilutions of 20 and 33%: d i d  not achieve critical. 

velocity within the desired range, and 10-min gel strengths were excessive 

0 1 0 0  lbf/100 ft*) for dilutions of 0 and 20%. 

However, as seen in Table 3 4 ,  on the average, grouts prepared with 

these three blends met all performance criteria. However, both 10-min 

gel strength and critical velocity are approaching the desjtgn limits of 

the TGF distribution pump. Therefore, it appears that 0.96 lb/gal 

( 8  Ib/gal x 12 w t  X )  m y  be approaching the ntaxtmum Attapulgite-150 

content of grouts that are compatible with TGF performance criteria. 

However, even with this clay content, drainable water is not resorbed by 

the grout with 50% waste dilution (Pig. 4 ) .  
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Table 34 ,  Average properties of grouts prepared at 8 Pb/gd. wfth 
blends 4 ,  5, and 6 

Waste dilution 
(vol X )  

Properties 0 20 33 50 

10-mln gel strength, lbf/lBO €t2 90 80 44. 27 

2-41 phase separation, vo l  9: 1 a 6  1.4 0.8 1.0 

28-d phase separation, vo l  p% 0 0 0 0 

Density, lb/gal  12.15 12.03 12,13 12.12 

Apparent v i scos i ty ,  CP 36 50 51 51 

2 8 4  compressive strength, p s i  555 46 1 484 301 

Reference eonditions 

Frictional pressure lass 
per 100 ft, psi 

493 7 076 7.38 7.18 

Critical velocity, gal/min) 51 64 6 5  63 
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except  50%. Data i n  Table 37 f o r  blend 9 show critical velocity was not  

schteved a t  design conditions (<70 gal/min) for 0% waste d i l u t i o n ,  Thus, 

i f  grouts w d t h  At tapulg i te -150  contents ?0.96 Ih/gaB are oiily slightly 

var ied ,  they w i l l  f a i l  to meet 'K:?? performance req\ilrements. Indeed, a 

de at 8 l b / g a l  d t - h  blend 8 (Attapulgite-150 conteat  of 1.12 

lb/gsl) was t o o  vfscoua t o  ob ta in  rheologlcal  measurements uskmg the Fann 

Viseameter, Therefore, the Attapulgite-15Q cotatent of blends to be used 

w i t h  W W  i n  t h e  TGP muat be - < 0.96 Ibbgal ,  

Based on. grorxt development s t u d i e s  w i t h  s inda ted  sulfate, phosphate ,  

and HFW (~ect.g-"9), the following formula is recornendad for EkFW: 

Dry solids blenda - - 
Amount 
(wt w a  

my 

t e r i a l  

Centralfa, Wash. ASTH Class F Fly  asli 40 
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Table 36. Properties of grouts mixed in the ratio of 7 lb/gal with dry solids blend 8 
and different dilutions of reference wastea 

Waste dilutions 
(vol %) 

Proge r t y 0 20 33 SO 

24 + 5 10-min gel strength, lbf /100 ft2 - 27 - + 11 - 
Fluid cogsistency index (kO 1, 

Plow behavior index (n@) , 

Density, lb/gal - 
2 8 4  phase separation, vol % 0 0 0 0 

38 4 5 - 71 + 30 

0.045 + 0.022 0.087 - + 0.022 0.053 - + 0.018 0.060 - .-t 0.016 - 
l b f * s n  /ft2 

0.30 + 0.09 0.36 + 0.04 0.33 + 0.02 - - - 0.36 + 0.05 - 
11.76 + 0006 11.85 - + 0.07 11.76 - + 0.09 11.71 - + 0.15 

Apparent viscosity, CP 39.81 52.94 46.89 44.02 

24-h penetration resistance, p s i  0.0 0.0 0.0 0.0 

7-d penetration resistance, psi 1460.0 790.0 470.0 212.0 

2 8 4  compressive strength, psi 403.4 + 38.5 420.6 - f 3.9 309.1 - -F 15.9 225.7 - + 10.8 

Reference conditions 

Reynolds number 1758.17 1255.86 1507.00 1504.14 

Frictional pressure drop per 5.37 7.81 6.56 6.53 
100 ft, psi 

Critical velocity, gal/min 55.94 57.66 61.81 60.41 

"0.4 mL T5P added per liter of waste. 
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Indhan X.ed pottery clay 8 

10 . 1 VARIATIONS IN DRY SOLIDS BT,END COHPOSI’lTON 

The  recornended m i x  w e t s  a l l  performance criteria; reas~nahle 

dev ia t ions  from the recommended reference formula a l sc  neet these 

criteriae Specff  icallg, these deviations are l i m i t e d  t o  2 5 2  dm i n d i v i d u a l  

component eompssitfons of t h e  d r y  s s l f d s  blend and v a r b t t o m  of - t-0-5 

In real j l ty ,  the recornended formula is R targer. valued During  



Table 38. Ranges i n  b lend  composition t h a t  result i n  a c c e p t a b l e  grouts  

Dry s o l i d  blend component 

Type I-11-LA P o r t l a n d  cement 38 t o  43 tit x 
C e n t r a l i a ,  Wash; ASTM Class F f l y  ash 38 t o  42 w t  % 

A t  t a p u l g i t  e-1 50 d r i  1 l i n g  c l a y  10 t o  12 w t  x 

Indlan  Red p o t t e r y  c l a y  8 - 2  

S o l i d  blend-to-waste nnfx r a t i o  7 t o  8 l b / g a l  
__I --..--- I_- 

3 28-6 unconfined compressive s t r e n g t h  >60 p s i  

@ ANS 16.1 l e a c h a b i l i t y  €or 
>6 (see Sect .  11 .2 )  - 9 0 ~ r  and 1 3 7 ~ s  

0 Solid-to-waste mix r a t i o s  

o Cr i t i ca l  velocity (70 GPM 

@ Major dry  s o l i d  blend components Only components used i n  
ORNL process 

I Dry s o l i d  blend composition T o l e r a t e  + 5% v a r i a t i o n  
i n  r e f e r e z c e  formula 
components 

P r o p e r t i e s  of grouts prepared at 7 and 8 lb/gaP with t h e  r e t o m e n d e d  

d r y  solids blend and 0% d i l u t e d  W are shown i n  Table 40. 

between d a t a  in Tables  39 and (40 shows t h a t  p r o p e r t i e s  of g r o u t s  prepared 

A comparison 

w i t h  t h e  recommended blend and u n d i l u t e d  IIFW are similar t o  t h e  average 

p r o p e r t i e s  o f  the composite. 

10.3 POTENTIAL MODIFICATIONS TO THE ]WECOMMENDED MIX RATIO 

A s  d i s c n s s e d  i n  Sect. 4.5, t h e  formulatton development studies 

were performed assuloing the TGF would be capable of c o n t r o l l i n g  the mix 
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Table  39 e Average p r o p e r t i e s  of grouts encompassing t h e  blend 
composi t ions shown i n  Table  38 wi th  0% d i l u t e d  reference waste 

Mix r a t i o  
( Ib /p ;a l )  

Parameter  7 8 

IO-min g e l  s t r e n g t h ,  lbf/lOO ft2 

2-h phase s e p a r a t i o n ,  vol  % 

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

Densi ty ,  lb/gal  

Apparent v i s c o s i t y ,  CP 

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

Reference c o n d i t i o n s  

F r i c t i o n a l  p r e s s u r e  loss 
per 100 ft, p s i  

23 59 

2.1 2.1 

0 0 

11.72 12.86 

24 35 

395 620 

3.37 4 e 8 8  

Cri t ica l  v e l o c i t y ,  GPM 40 SO 

r a t i o  t o  w i t h i n  I + 0.5 lb /gal ;  however, being newer t he  f a c i l i t y  might be 

capab le  of c l o s e r  control. If t h i s  proves t o  be t h e  case, t hen  

m o d i f i c a t i o n s  to t h e  recommended d x  ratio m y  be a p p r o p r i a t e ,  

10.3.1 I n c r e a s i n g  Mix Rat io  

Dra inab le  water ( i . e . ,  phase s e p a r a t i o n )  as a function of cu re  t i m e  

Its shown i n  Fig. 5 f o r  a grout  prepared  wfth u n d i l u t i e d  and the 

recommended dry  solids blend* 

water is r e so rbed  by t h e  grout.  However, as i n d i c a t e d  in previous 

A t  m i x  ratios above 6 lb/gal, a l l  bleed 

s e c t i o n s  t h i s  is n e t  t r u e  for a l l  d e v i a t i o n s  from t h e  recommended formula,  

p a r t i c u l a r l y  at. i n c r e a s e d  waste d i l u t i o n s .  I n  g e n e r a l ,  t h e  a b i l i t y  of a 

g r o u t  to resorb b leed  water i s  directly p r o p o r t i o n a l  t o  mix r a t i o .  Thus, 



36.50 - 4- 5,80 

0.027 + 0,016 
-.* 

0.342 f 0.019 

11.81 +- 0.13 

0 

39.25 f 16.57, 

0 

2640 

426.75  +- 9.50 

- 
- 

- 

-- 

322.5 

2.97 

39 

37.50 - -+ 3.70 

0.082 - + 0.001 

0.354 + 0.0011 -- 
1 2 - 0 4  .- + 0.02 

0 

78.5'3 - f 1.29 

0 

336 0 

561.58 _.I + 36.25  

192 I 

5.13 

53 

measu rab ly  decrease.; t he  gratat:'~ p r o c e s s i b f l i t y  i n  the  T'GP. Thfs i s  
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r e f l e c t e d  i n  t h e  crltical v e l o c i t y  and,  i n  p a r t i c u l a r ,  t h e  1 0 - m i n  g e l  

s t r e n g t h .  A t  lower mix ratlos, g r o u t s  are more r e a d i l y  p r o c r s s i b l e  i n  t h e  

TGP and r e s u l t  i n  g r e a t e r  flekibjlfty dur lng  ope ra t ion .  Thus ,  tf: 

p r o c s s s l b j l i t y  w a s  t h e  major c r i t e r i o n  o f  concern,  then  mix r a t i o s  closer 

t o  7 l b / g d  wollld be favored.  

10.4 USE OF WKC'KK WITH RECOMMENDED DRY SOLIDS BLEND 

It i s  antbc-l  patcad t h a t  du r ing  r o u t i n e  o r  cinergency shutdown t h e  TGF 

wtl1 be f ushed  w i t h  water. Experiments  were performed t o  de te rmine  i f  

sribsf itutlon of HPW wi th  water would be compatfble wfth the recommended d ry  

s o l f d s  b lend  and TGF performance sr i ter la .  Th i s  coiripatfhll i t y  i s  e s s e n t i a l  

i f  t h i s  "c lean"  g r o u t  i s  to be f lu shed  dire::i:?y to t h e  d i s p o s a l  t r e n c h ,  

t he reby  e l i m i n a t i n g  t h ~  need for ti separake tlrtinp t r c n c h  o r  separate d r y  

s o l  i d s  blend s t o r a g e  sElas.  I n  general; grnelts c o n t a i n i n g  water are 

expec ted  t o  d i s p l a y  lower v i s c o s i t y  and h i g h e r  phase s e p a r a t i o n  than 

g r o u t s  prepared  v t t h  HFW. 

Grouts were prepared wirli water a t  m i x  rat:os of 4 ,  8, 9,  and 

10 I h / g a P  w i t h  blend 5 .  Blend 5 was chosen because i t s  high 

A t t a p i l g i t e -  150 clay con ten t  (12 wt X )  should minimize phase sPp. i ra t ion 

and maximize v l s c o u i t y .  The 28-d phase scparatdon values  ob ta ined  tn a. 

closed system are shown l r i  Table 41. 

separar loiz  decreases from 13 u o l  % at 7 Ih/gal t o  1 vol  X at  10 l b / g a l ,  

Values as a 51,ikicl i on  of C I S P ~  tio-re are ehsrm i n  Pig .  6 .  Rheological d a t a  

on t h e  g r o u t  prepared  af 10 l b / g a l  are shown i n  Table  4 7 *  

It can bc seen  t h a t  28-d phase 

The dara i n d i c a t e  that s u b s i t ~ i t h o n  of water f o r  MFW resnits i n  more- 

f l u i d  grouts. The c r i t i c a l  v e l o c l t y ,  even a t  a mi?: r a t i o  as h igh  as 
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Table 41. The 28-d phase s e p a r a t i o n  v a l u e s  ob ta lned  in a c losed  system for 
g r ~ u t s  prepared  with water and blend 5 

Mix r a t i o  Phase s e p a r a t i o n  
( l b / g a l )  (vol X )  

7 
8 
9 

10 

19 
12 

7 
1 

Table  42. P r o p e r t i e s  of grouts prepared  a t  a r a t i o  of 10 lb/gal w i t h  d r y  
s o l i d s  blend 5 and watera 

P r o  p e r t  y Neasurernent 

Grout P rope r ty  

10-min gel s t r e n g t h ,  l b f /100  ftz 

F l u i d  c o g s i s t e n c y  index (kO), 
1 b f " s q  /ft2 

Flow behavior  index  (T))), 

Densi ty ,  l b / g a l  

Apparent v i s c o s i t y ,  cP 

24-h p e n e t r a t i o n  r e s i s t a n c e ,  p s i  

7-d p e n e t r a t i o n  r e s i s t a n c e ,  p s i  

28-6 compressive s t r e n g t h ,  p s i  

Re €e r ence  cond i t i o n s  

20 4- 2 - 
0.047 + .040 - 

0 .37  f 001 - 
12.36 + .02 - 
63 -09 

152 

850 

71 

Reynolds number 

F r i c t i o n a l  p r e s s u r e  drop per  
100 f t ,  psi 

* 

e I: f t 1 cl3 1 VC2 18 C 1 t )" (ga 1. / min ) 

1168.71 

8.78 

70 .83  
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t 

10 lb/gal, is  near the TGF d i s t r ib i . i t i on  p m p  limit (70 gc?l.imin).. 

m i x  ratios between 7 and 8 Ib/gal, the r e su l t i ng  grouts w i l l  be r e a d i l y  

processable i n  the EF. 

groirts will Be characterized by a hlgh bleed rate and will be bncapshle of 

resorbing all of the bleed water. 

Tl-tms; at 

However, the data further i n d i c a t e  t ha t  these 

This section presents  data pertinent to the perfomance evaltnation of 

the  s s l i d i E i e d  grmat productc 

l e a c h a b i l i t y ,  thermal conduet iviky,  heat eapacl ty ,  porositry, and l iqudd  

Data presented include 9oSr and 137Cs 

p e m e a b i l i t y .  It was beyond the scope of  t h%s  study t o  ob ta tn  nata on a l l  

grouts cansidered tn the paevlioirs sectton. Therefore ,  the da ta  presented 

here are representative of grouts  p repa red  wt th  the recommended fnrsnul A. 

The d a t a  are sufficient for use In  modeling studPes involvfng risk, 

environmental, and technical assessment. 

11 1 STRONTIUM-90 ANI) CESIIJM-137 LEACHABTLB.TY 

Leachabiltty is a p r o p e r t y  of tan  used i n  assessing the  retention of 

nucltdes i n  s o l i d i f t e d  waste forms- Leaekiabill: r y  as presented  in this 

section i s  based on the proposed ANS 14.1  standard t e s t  f o r  t . 1 ~  

measurement of the leachabtlity of solidif .led low-level r a d t u s e t i v e  

wasrer;. It is important to note  t h a t  this test: does not attempt to 

simul-ate the s i t e - s p e c t f i c  envLrolrment o f  the  d i s p o s a l  trench; rather, i t  

provides  reproducib le  l abora to ry  candi t ious  63 that. comparisons with 

generic s tud le s  are possible, I n  addition, the r e s u l t s  of tho  ANS 16.1 

rest protocol are genera l ly  more conservative than s i t e - spec i f i c  tesls. 
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11.1.1 Sample P r e p a r a t i o n  
__I_ 

A t o t a l  of 6 r i g h t - c i r c u l a r  c y i l n d r i c s l  grout samples were s u b j e c t e d  

to t h e  ANS 16.1 abbreviated (5-day) l e a c h  test. The g rou t s  were prepared  

a t  7 l b / g a l  wtth s y n t h e t i c  HFW and t h e  d r y  s o l i d s  blends shown i n  

Table  4 3 .  

t o  perform a ser3es of comprehensfve l e a c h  t e s t s ,  Consequently, t h e  

composition of t h e  grout  samples w a s   chose^ to r e s u l t  i n  c o n s e r v a t i v e  

l e a c h  rates as compared w i t h  grouts prepared with t h e  recommended formula.  

T h i s  c o r i s c r v a t i s  i s  due t o  t h e  mintmizing of i n g r e d i e n t s  that restrict 

l e a c h t n g  such as f l y  a s h  c o n t e n t ,  a t t a p u l g i t e - 1 5 0  c l a y  c o n t e ~ t  cement 

c o n t e n t ,  and d r y  s o l i d s  loading. 

A s  i n d i c a t e d  p r e v i o u s l y ,  i t  w a s  beyond t h e  scope of t h i s  study 

A I E O ~ ~ ~ ~ S  measuring 4.53 p c i  of radiotracer 9 % -  and 5.53 p ~ i  

r a d i o t r a c e r  137Cs w e r e  added t o  t h r e e  i n d i v i d u a l  samples of each dry  

s o l i d s  blend. All s a m p l e s  were poured i n  T e f l o n  molds and c u r e d  f o r  30 d. 

11.1.2 Leach T e s t  Vessels 
--̂ 

A l l  l e a c h  tests were conducttxd i n  50O-niL T e f l o n  c o n t a i n e r s  and 

c leaned  by t h e  MCC-1 Teflon c leanlng  procedure as fo l lows:  

O New conta iners  s h a l l  be heated i n  a 200 C oven f o r  one week 

p r i o r  t o  c leaning .  

N ~ w  and used containers  a r e  s u b j e c t e d  t o  t h e  following 

c l e a n i n g  procedure: 

1. 

2 .  Rinse with t h r e e  c o n t a i n e r  v o l  m e s  of de ionized  water. 

3. Soak i n  6 M HN03 for  4 h at 50'C. 

3a. Rinse w f t h  t h r e e  container  volumes o deionized  water. 

O 

Soak f o r  1 h i n  5 M 'IIpI03 and 0.2 M HP. 
*- _I 

- 
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Table  4 3 .  Grouts  t e s t e d  i n  leach s t u d i e s  

Parameter  Case 1 Case 2 - 
II_ 

Type I-11-LA Portland cement, 
w t  % 

44  

Ceatsalia, Wash. ASTM Class F f l y  ash 38 
wt x 

Attagel-150,  w t  X 10 

Indian Xed p o t t e r y  clay, w t  % 8 

S o l i d s  blend-to-waste mix r a t i o  7 

38 

44 

10 

8 

7 

4 .  Soak for 30 min in >60°C de ion ized  water by €1111 

imer s ion. 

5. Soak for a t  least  8 11 in f resh  deionized water at 140°C 

by f u l l  immersion. 

6. Boil fur 30 min in f r e s h  deionized water by f u l l  

imme r s 1 on 

7. Rinse  with 3 c o n t a i n e r  volumes of delonfzed water, 

7a. At tach  matching c o n t a i n e r  cleanfng number t o  matching 

l i d s  and containerso 

8. Clean c o n t a i n e r s  t ha t  are not t o  be w e d  imed ia t e ly  

must be sealed and stored in plas t i c  hags. 

11.1.3 Leachant 

The leacharit was de ion ized  water w i t h  an electr ical  c o n d u c t i v i t y  

(2 p&o/crn at 24°C and t o t a l  organic carbon (TOG) <1 ppm, 

The leachant  volume (a3> used i n  each leach i n t e r v a l  was e q u a l  t o  

10 - + .02 an times the sur~see area of the specimen (cm21. 

.- . . . . . . . . . . . 
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11.1.4 Leaching Procedure .....- 

1. Tlis specimen was r i n s e d  by immersion i n  a volume iof d i s t i l l e d  

wa!:c:r equal t o  t he  leachant voluoie €or 30 s. 

eq:ial to  tire volume of t-he mold. T h i s  mold r l n s e  and the  

uPns2 .-off tiraterial. 

3 .  'l'hs grout  sample was siispended from t h e  t o p  of t he  learh 

contalr lers  w t t h  a nylon  monofilarnriit i n  the Jeachant. ThPs 

began the  test: c lock.  

4 -  The lcachants were l e f t  u n d i s t u r b e d  Tor each time i n t e r v a l .  

T e s t  temperature was maintairned a t  ambient t empera ture  

( 2 0  t o  2 5 O C ) .  

5. A t  t.l-ie end of the vardous t ime  I n t e r v a l s  ( see  Table (d1.3, the  

specimen was t r a n s f e r r e d  jiarncdiately in i t s  s u p p o r t  t o  a new 

coli tainer w f t h  f r e s h  Leachant. 

6. The resulting l e a c h a t e  was a c i d i f i e d  wlth 3 mi, concen t r a t ed  

n i t r i c  a c i d  and s to red  f o r  analysis. NQ p a r t i c u l a t e s  %ere 

d i s c e r n a b l e  i n  the l e a c h a t e s  

T a b l e  44. Standard intervals f o r  h i 5  16.1 leach tes t  

. . . . ~  --- ..... , ...- -_..----- 

Czimulat ive  time Time i n t e r v a l  

_....__I 

(h) -. (11) 

2 2 

7 5 

24 17 



48 

72  

24 

24 

96 24 

120 24 
.__I_- 

11.1.5 Leachate A n a l e  

The leachates were stored in the Teflon containers until 8 

liquid scintillation counter, 

11.1.6 Exnerimental R e s u l t s  

The results of t h i s  study are repor ted  as 

9 p l o t  o f  quantlty (cumulattve fraction of radioactivity 

times sample volume-to-surface area) leached vs t i m e ,  

Q effective diffusbvity, and 

ANS 16.1 Leaehabllity Index (Lz). 

Leach t e s t  results reported as only the cumti3 a t ive  fraction leached 

are appl i cab le  only to the particular sample because t h f s  i s  dependent: 

fac tor  the fraction is nnrlt lplied by the volume--to-surf ace f a t l o  o f  the 
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Figures 7-10. 

blends. I f  the leaching is purely diffuston controlled, a linear 

relationship exists between cumulative fraction leached and the square 

root o f  time, The data consistently show that, after the initial 

wash-off periods, the leaching is diffusion controlled. In the first few 

leach intervals, the fraction of isotope leached was seemingly low due t o  

the initial presence o f  insoluble salts on the  surface of the samples. 

Then, after sufficient time, these salts dissolved and allowed 

diffusion-controlled leachfng t o  occiir. 

These include samples of both Case 1 and Case 2 dry solids 

Using the  cumulative fraction leached in the diffusion-coefficient 

calculation has one major disadvantage: 

each other, That I.s, any error or bias is carried into subsequent data  

p o i n t s ,  Thus the ANS 16.1 procedure suggest calculating the diffusivlties 

at each leach fmterual. 

t h e  data points all depend on 

If less than 20% of a species is leached from a diffusion-controlled 

environment, the effective diffusivit-y for the n t h  leach interval can be 

calculated by the expression 

where 

D, 5: effective diffusivity, cm2/s; 

v = volume of specimen, cm3; 

s = geometric surface area, cm2;  
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t, = cumulative leachlng time, s; 

(At), = duration of the n t h  leaching i n t e r v a l ,  s; 

a, = activity of a nuclide released from the specimen during the 

nth leaching interval; 

A, = total activity o€ a given radionuclide in the specimen at 

the beginnfng o€ the leach test (i.e*, af te r  the Initial 30-3 

rinse). 

Table 45 shows a sample calculation of the  diffusivities at each 

leach interval f o r  137Cs in a sample containing Case 2 dry sol,i.ds blend. 

Table 46 summarizes the average diffusivitfes far 137Cs and 9%r in the 

grout samples tested. 

Tbe ANS 16.1 procedure defines a figure-of-merit for  the tsachahilizy 

of  radionucl ides  i n  solidified waste forms This leachabtllfy index ( L i )  

is defined as 

where R is a defined constant (1  cm2/s), H)F is the effective d i f f u a t v i t y  of 

nuclide i calculated f r m  the t e s t  da ta ,  and J is the nmber  of leach 

intervals, Table 47 summarizes the Peachability fnnde~ calculations for 

1 3 7 c ~  and 9OSr in the samples t e s t e d -  AS ind ica ted  by the da ta ,  grouts 

representative of those prepared with the recommended formula are 

characterized by a leachablllty index significantly above the required 

performance cr i ter ion of 6 (see Sect. 3.2) for bo th  9oSr and 137Cs. 

. . ....... . .......................... 
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2 h  3.83 y IOm7 0.240 1.93 x 1,800 2.57 x 10-11 

T h  1.23 A 10-O 0.240 3.03 x 10-9 14,535 4 , 2 4  x 10-11 

24 h 3.93 x 0.240 2.67 x 51,211 (4.05 X 

48 h 3.04 x l oM6 0.240 1.34 x 10'"1° 125,894 3.89 x 10'-l1 

7 2  h 1.80 x 0.240 1.34 x 213,818 3.89 x 

96 h 1.38 Y loMG 0.240 1.34 x l0-l" 300,849 4.20 x 

120 h 9 * 8 1  0.240 1.34 x 10-lo 387,596 3.84 x 

S amp 1 e Dry s o l i d s  Average d- t f fus iv f  ty 
NO * bl  end case Nc of g0s.i. (clnZ/s) 

5 5  1 3.81 x 10-11 1.02 10-9 

56 1 2.70 x 10-14- 6.15 x Lo-10 

57 1 3.83 x ?0-= g. iLp  x 10-10 

2 2.81 x 10-11 8.10 x 10-10 50 

51  2 1.75) 1 0 . - ~ ~  7.72 x 10-1-0 

52 2 2.71 x 10-11 5.61 x 10-10 

I____.. __. ----- .... . __ ...... _________. I... . . "- ,. 
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55 1 10.4 9.1 

55 l 10*6 9.3 

57 1 10.4 9.3 

50 2 10*5 9.2 

51 2 10.6 9.3 

52 2 10.6 9.3 

A parametric sensitivity analys is  which addressed the hypothetical 

condftians which lead t o  rnaxlmum grout temperature in shall ow ear then 

trenches has been reported previous ly  (OXNL Milestone 76). In t h i s  

analysis, soil and grout thermal canductlvfty, grou t  specif ic  heat9 waste 

loading and disposal geometries were varied i n  a computer model, 

the grou t  specific heat: and thermal. conductiviy had the greatest  impact tan 

Since 

the calculated maximum grout temperatures, experimental values of these 

two parameters were Obtained f o r  grouts representative of those discussed 

in Sec t ion  9 and 10. The results of the thermal. measurement study has 

been reported previously (ORN, Mflestene 123). Only the highlights of 

t h a t  study are presented here. 



11.2. II TkePraal Conduc t iv i tx  
____--..*__1 

The r o m p n t e ~  sirnularion e tudy  ind1cnr;ed that a wLde range i n  g rou t  

t h e r m 1  conductivity (A) had no significant d e l e t e r i o u s  effeet  on trench 

peak temperamre (Pig. 11). Based on thPs a n a l y s i s ,  a c c e p t a b l e  values of 

t'neruaai ~ o ~ a z l c t i v i t y  appear 20 2 0.1 B ~ U / R ~  3 ft O F .  

E ~ p c ~ l r ; ~ e a - . l  a1 values of thermal c o n d u c t i v i t y  were determined using 

a h-natech Corporation model TCPM-N20 coaiparative thermal  conductivity 

analyzer 1x1 cnn june t fon  -&th a Hew1 ett Packard model '3052A aiitonatPc da ta  

a c q i s j s i t i o n  and control system ( P i g .  12 ) .  Data WPI-B obtained over $:lie 

temperature range ambient too 96°C. 

The d s t a  shoved that there i s  a ~h7~?aTc r e l a t i o n s h i p  be"L3~ee~ theranal 

conduct iqi t -y  and t empera ture .  For exaoiplc the relationship betwrcc-.n 

thcraal c s n d u c t i v i i y  and ixrnperst~;re 1s a l n o ~ ~  i n  Fig. 13 f o r  a grtlirt 

p r e p a r e a  a t  7 Zb/gal and b lend  1 (Table 13) w l ~ h  33% d i l u t e d  reference 

waste. ConsPqucntly,  the dara were averaged over +,lie e n t i r e  temperatu;c 

rai?gc, w i t h  res*:lts shown in Pig. 14, 'The d a t a  show t h a t  thermal 

c o n d u c t i v i t y  dec reases  with irtcreasfng m-Lx ratio.  Mowever, the range of 

mix r a e l o s  over the opera t iona l  limits 3f the TGP ( 7  and 8 lS/gak) I s  

smaL1 (0.51 tu 0.46 Ht.u / l r  f t  OF, r e s p e c t i v e l y ) .  

The average of a l l  31 7 1 h e m a 1  c o n d u c t i v i t y  rwasurawnts ab-tafncd 

f o r  these grouts is 0.16 Btii/h ft o OF' - i- 0.07. 

c a n f i d e n c c  leve l ,  L h e  average thermal c o n d u c t i v i t y  of the  g r o u t s  s t u d i e d  

is  0.46 -I- "" 3%. More l m p a r t a n l l y ,  o i ~ e  can s ta te  w t t h  954 confPdencc t ha t  

the thermal coriduct lvieies  of Iliesc grouts. are w i t h t n  the range 0.79-0.60 

B t u j h  f t  O F .  Therefore ,  the  t h e r a i d  conductivities o f  these grouts 

a t v  re11 above t h e  minimum acceptable v a l u e  of 0.1 Htu/h - ft OF. 

'Thus, v f t h  a 9% 
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Fig. 110 Peak trench temperature as a function of grout thermal conductivity. 
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Fig. 12. Thermal conductivity equipment. 
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11.2 2 Rea t a e a c b c y  

AS w i t h  thermai c o n d ~ ~ c t i ~ ~ t l g ,  the c ~ m p ~ ~ t e r  aimdiation sruay indicated 

that: a wide range In grout heat c a p a c i t y  has no s i g n i f i c a n t  deleterioam 

effect on trench peak temperature (Fig. 15). 

acceptable values of heat eapaci ty  appear to be Cp > 0.25 BtuJ lb  * O F c  

Based on the a n a l y s i s ,  

- 
Experfmental values oE heat capacity were d e t x r d n e d  n s h g  a IbPant  

model 1090 Differentfa1 Scannlng CaLorimeter, Data were obtained over the 

temperature range ambient to 1OO"C, 

AS dth. thermal c o n d u c t i v i t y ,  the relationship between heat ~spacllty 

and temperature i s  weak. 

(Table 13) with 33% d i l u t e d  reference waste arc shown in Fig, 16.  

Data far grout  prepared a ~ :  7 Ib/gal and blend 1 

In 

range, with results shown in Fig. 17. The da ta  S ~ O W  that the heat 

c a p a c i t y  of these grouts i s  w e l l  above the minimum acceptable value of 

0.25 B t u / l b  O F e  

u s i n g  a welghted average of i n d i v i d u a l  component heat capacities (Table 

Also shown is the  predicted value of heat: capaertry 

4 8 ) .  

are consistently 10% higher.  

The p r e d i c t e d  values  are in good agreement with anemured va lues ,  but 

Table  48 Meat capacity of hndlv idual  grout campcsnents 

-___. L 

.-I..- Compo nene: -- 

Clay 00224 

......... ~ ............................... .......,...... 1.. . . . . . - . . . . . . . . . . . . . . ... 
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GROUT SPECIFIC HEAT 
t u / ( l b . " F )  Q F  c ~ / ( c J * @ c ~  J 

Fig. 15. Peak trench temperature as a function of g r o u t  heat capacity. 
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9.5 

F l y  Ash 0.316 

I n  eva lua t ing  the long-term behavior of $he disposal trench efteer 

closure two gram$. parameters Q.E i n t e r e a t  are poros i ty  and l i q u i d  

permeability. 

percolation through the disposal trench. 

11.3 .I Liquid  Permeability 

These two parameters are germane to predicting winter  

11 3.1.1 Experimental Prtzcedure ,. A schematic of t-he test apparatus 
_r 

used for measuring l i q u i d  permeability i s  slaorm i n  F i g .  18, A 2.5-cm-diaan 

grout  sample, cured far a mfnirnum of 28 d,  was c u t  to length 

(approximately 0.02 cm) by a weif c u t t i n g  w h e e l .  The exact diameter and 

l e n g t h  of each speelmen was measured with calipers. 

rinsed with water and loaded i n t o  the sample chamber a f t e r  the heavy-wall 

The specimen was then 

rubber  tube was p u l l e d  back by a vacuum exerted through the Nassler 

opening (See Fig. 18), The l i n e  and inner cell chamber were then fBEled 

with  water" from the stainless steel reservoir. A sealing pressure of 

approximately 300 p s i  was exerted on the sample by the heavy-wall rubber  

tubing, by filling t he  space between the ou te r  walls of the Hasaler  c e l l  

with water, and by the rubber tubing., A differential water pressure of 

2-4 aems was exerted across the sample, 
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11.3.1.2 Data &?ductton. The flow rate was calculated by welghfng 

the mount of wafer flowing through the sample per unLt tPrnc on an 

electronic bal~nce. 

towel inside t o  saturate  the surrounding air with water. 

The balance was enclosed in a shield with a w e t  paper 

The permeability was calculated from a plot implementing Dar~ey's l a w ,  

expressed as : 

1 ( c m S / ' s >  x 1 (CP) 

1 (cm*b fb 1 (atm/cw> 
I darcy = - 

The permeability of the grout  samples  was determined from a p l o t  of 

Q/A (98 AP/L. Three poinrcs at p r e s s u r e  g r a d i e r ~ t s  of 2, 3,  and 4 
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atmospheres w ~ r e  p l o t t e d ,  and the s l o p e  of the  r e s u l t i n g  s t radght  l i n e  ws 

taken a3 the permeab j l i t y .  Examples of tinesp p l o t s  are shovtr Pn 

P igs .  19-24 f o r  g roa ts  prepared a t  7 Ib /ga l  1.n58th several dry  s o l i d s  b l ends  

f rom Table 13. The R-square value glven f o r  each plot l e  t h e  square of 

t h e  mi11 tcipl e c o r r e l a t i o n  coe f f l  c i e n t  , scznetimes ca l l ed  t h e  coef f icienl.  of 

d c t r m l n a t i o n .  It represents  the  fraction of the t o t a l  variatton i n  Q/A 

eq la fned  by the linear r e l a r lonsh ip  t o  AP/L, where a value of 1 

r e p r e s e n t s  a p e r f e c t  f i t ,  The F value is a l s o  included f o r  each p l o t .  

11.3.1.3 ExIerimental  Ref i rab ts  ..- E Permeability measuremcrats were made _--- -_L_ -- I --e 

of gcout  specimens composed of blends 1-43 (Table  13) wtth 0 and 1002 

d i l . u t i o n s  of refex.tncc wisst~ at  m i x  ra t ios  of 7 and 8 l b / g a l .  Additional 

permpibill tg measurentnts were m d e  of g r o u t  specimens p r e p a r t d  wiik blend 

5 at a mfx r a t i o  of h arlt l  9 l b / g a l  a r d  0, 2 5 ,  5 0 ,  and 100% d i l u t i o n s  of 

reference waste. .41 so, two specimemi conta in ing  water tns tcad of 

r e f e r e n c e  w a s t e  w e i c  t e s t e d .  

T h r  r i ,sul t ' fng pe~.rrneabil i t y  values  are  tabulated i n  T a b l e  49. No 

correlation Zrtween permeabi l i ty  and mix r a tdo  could be ascer ta ined.  

R C I W V E ? ~ ~  there i s  a n o t i c e a b l e  d i f f e r e n c e  b e t w o n  mix r a t l o s  o f  6 and 

9 lb/g.al  for blend 5 .  These data  ind tca t e  ',hat t h e  nore s o l i d  per volume 

of waste, t he  m o m  i m p e r w a h l c  the grout, whtch is t o  be expected. 

The greatest d i f f e r a c e  i n  p r r i ~ e a b i l t t t e s  was noted b ~ r w ~ e n  spezilnens 

made from referenre w i s t c  and those made w t t l i  water. The ~pecirncrw made 

w i t h  wafer were mach more pemeab1c~ than those  made from rcfereirce wastep 

A meaeuremnt  of 1.3 x darcy was made for t h e  specimens containing 

water, m d  (3 x 'IO-s f o r  a comparable specimen was made w i t h  r ~ f e r ~ n e e  
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OR 4-2 

1 .w 1.4 2. 
PRESS 

Fig. 19. Plot of f lux  (Q/A) vs pressure differential (AP/L) 
€or a g r o u t  prepared  a ~ :  7 Ib /ga l  w i t h  blend I and 0% d i l u t e d  
reference waste. 
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FiE. 22. P l o t  of f l u x  ( Q / A )  vs pressure d i f f e r e n t i a l  (A?/L) 
[or  a grout  prepared a t  7 l b / g a l  wi th  blend 5 and 0% d i l u t e d  
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x to-  

1 .o 

0.4 

0.2 

ITY = 8.8 x 6 0 - 7 d a r c y  

c 

a 

1. 1-50 2.0 

Fig. 23. Plot of flux (O/A) vs pressure d i f f e r e n t i a l  (AP/L) for a 
grout prepared at 7 lb/g,gl. with blend 9 and OX d i l u t e d  reference waste. 
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waste, " A t s  is  t o  he expected as s u b s t i t u t i o n  o f  waste resiilts i n  less- 

v iscous  grouts  (Sec t .  10.4) * 

Although no correlation could he determined for p r e d i c t i n g  

p e n n e a h i l i t y  , several general  t r e n d s  are a p p a r e n t  that provide useful 

in format ton  f o r  modeli.ng. 

Q L i q u i d  p e r m e a b i l i t i e s  of grouts representative of  those prepared 

w i t h  t h e  recommended formula are on the o r d e r  of to 

daFcy. 

@ Liquid  p e r m e a b i l i t i e s  of grouts r e p r e s e n t a t i v e  of those prepared  

w i t h  the retcoimended formula and f l u s h  watcr s u b s t i t u t e d  for waste 

are on the o r d e r  of 10-3 darcy. 

9 Liqutd p e r m e a b i l i t y  i s  i n v e r s e l y  related t o  n i x  r a t i o ,  but  t h e  

r e l a t i o n s h i p  is s u f f i c i e n t l y  weak and has  l i t t l e  e f f e c t  over t h e  

range 7 t o  8 l h / g a l ,  

Liquid p e r m e a b i l i t y  is i n v e r s e l y  r e l a t e d  t o  waste s a l t  conten t .  

This  r e l a t i o n s h d p  should a1 so hold fo r  t h e  p e r c o l a t i o n  water. 

Thus, t h e  v a l u e s  p ~ e ~ e n t e d  here should be c o n s e r v a t i v e .  

11 3.2 PQrOSitp 

11.3.2.1 Expertmental Procedure.  .- The g r o u t  samples were cured f o r  

a t  least 28 d before measurements were s t a r t e d s  Then, the grout specimcns 

(approximate ly  2.5-cra-dim and 3.8-cm-long) of the v a r i o u s  compositions 

w e r e  weighed i n  a i r  and a l s o  weighed suspended under water. The specimens 

were then  d r i e d  in an oven at 50 t o  55°C overn ight  and f u r t h e r  d r i e d  i n  a 

vacuim dry ing  oven between 90 t o  100°C f o r  9 t o  14 d. The dried specbinens 

were then weighed a f t e r  cooling I n  a decsicator c o n t a i n i n g  Drierite. The 
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? 

samples were then evacuated in a dessicator for approximately 2.5 h and 

submerged in toluene overnight without contacting air a 

then weighed while being suspended in toluene. 

The samples were 

The poros i ty ,  saturation density, dry density, and peKCE?nt water wepee 

calculated using the following equations: 

Volume of  specimen = Weight in air - weight in water, 

Percentage 
dry weight - weight in toluene 
density of toluene (0.866) x volume of spectmen (cm”> porosity -. 1 - x 100, 

dry weight x density of toluene (0.866) , 
dry weight - weight in toluene Saturation Density = 

dry weight Dry density = 9 

volume of specimen 

weight in a i r  - dry weight 
Percentage of H20 = x 180. weight i n  air 

11.3.2.2 Experimental Results, The porosity, dry denslty, 

saturation density, arrd percentage of water were measured f o r  grout  

specimens prepared at 6 to 9 Ib/gal with  blends 1-9 and reference waste 

diluted at 0 and 100x.. Some specimens were made with water instead of? 

reference waste, The v- rious measurements of the speeimens are reportel  

i n  Table S O .  

The porosity var ied  froin 57.8 to 73.4% (Table  SO) f o r  these samples. 

A porosity value of 52-52 was obtalned for a sample containing 7 lb/gal of 

blend 3 with a waste dilution f ac to r  o€ l O O X ,  However, a measurement of 

another spechen of the same composition gave a porosity value of 66.4X,  

indicating a significant variation among samples. 
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Table 50. k'orosl t i c s  of g r o u t s  r o n t a i n i n g  re ference  waste 

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

- 

0.50 
0.50 
1 .oo 
1 .oo 
0 .oo 
1 .oo 
0.5G 
1.00 
0.7.5 
0.25 
0.00 
1 .oo 
1.00 
0.25 
0.25 
0.00 
1.00 
0.25 
1.00 
1 .oo 
0.50 
0.00 
0.58 
1.00 
0.25 
0.00 
1 .oo 
0.50 
0.00 
0.00 
0.25 
0.25 
0.00 
0.50 
0.00 
0.50 
0.25 
0.00 
1.00 
0.50 

9 
9 
9 
9 
3 
9 
9 
9 
9 
9 
9 
9 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
6 
6 
6 

0.8422 
0.8267 
0.8485 
0.8826 
0.8775 
0 -8656 
0.817G 
0.8/12 
0.8710 
0.8417 
0.8571 
0.8352 
0 A 3 0 2  
0.7761 
0.7740 
0.8739 
0.7881 

0.8054 
0.7625 
0.7729 
0.7533 
0.7710 
0.1775 
0.7742 
0 . i 6 7 5  
0.7291 
0.6975 
0.7248 
0.7253 
0.7295 
0.7041 
0.7280 
0.7200 
0.1501 
0 7235 
0.7216 
0.6945 
0.7055 
0.578b 

0 .7 i56  

51.77 
61.73 
61.85 
62.38 
62.59 
67.52 
52 .65  
52.93 
63.41 
63.42 
63.48 
63.48 

64.80 
6 4  I 80 
65.12 
65.25 
65.29 
65.48 
47.20 
67.25 
67.30 
67.30 
67.31 
67.34 
69.46 
58.72 
68.73 
6 % .  77 
68.78 
68.86 
68.93 
58.93 
68.99 
59.02 
69.17 
69.22 
70.94 
70.93 
71.71 

6 4 .  i o  

2.2070 
2.1630 
2.2940 
2.3460 
2.3340 
2.2620 

2.3582 
2,3810 
2.3010 
2.3470 
3 2840 
2.3560 
2.2050 
2.1990 
2.3310 
2.2678 
2.2350 
2.3330 
2 3240 
2.3500 
2.3042 
2.3570 
2.3781 
2.7700 
2.3583 
2.3308 
2.2310 
2.3210 
2.3265 
2.3430 
2 e 2660 
2.3427 
2.3220 
2.4210 
2.3430 
2.3440 
2.3740 
2.4210 
2.3980 

2.18'20 

bZ.10 
43.54 
42.75 
42.3J 
42.29 
42.74 
43.54 
43.75 
42.18 
43.68 
42.38 
42.31 
62.32 
45.88 
46.28 
43.  10 
44,539 
45.57 
44.41 
46.60 
44.78 
Lk6.94 
47.23 
46 90 
46.81 
45.84 
50.02 
50.04 
49.30 
48.94 
49.93 
49 56 
43.86 
48.97 
47.25 
49.31 
49.97 
51.97 
51.31 
52.59 



5 1 .oo 6 016591 72.17 2.3690 52-92 
S 0.00 6 0.6676 72.22 2,4300 52.83 
5 0.25 6 0,6535 72-88 2.4100 53.59 

0,50 6 0.6383 73.38 2 3980 53.91 5 

The porosfty appears t o  vary inversely d t h  mix ratio (as  shown i n  

T a b l e  50) .  No csrre7atioas could be found for p o r o s i t y  v a r i a t i o n s  among 

the various blends or the reference waste dilution factor.  

r he d r y  density varied from 0.638 to 0.885 g/rn~, f o r  the samples 

containing reference waste, Those samples made wfrh water Instead of 

reference waste had a dry d e n s i t y  as great as 0.921 gjndl. 

The dry delzs i ty  varied directly with the m i x  ra t lo .  No correlations 

could be f o m d  i n  the variations c*E the dry densities due t o  e i ther  the 

blends or the waste d i l u t i o n  factor. 

The saturat ion density of the  samples appeared t o  v a r y  from 2.16 to 

2.43 g/m.k* A value of 1.88 gJmL was ealculated fo r  a sample composed of 

blend 3 prepared at 7 Ib/gal s o i f a s  and 100% w m t ~  dilutkon, and a value 

of 1-99 g/ml, was calculated f o r  m o t h e r  .sample C O ~ ~ Q S ~  of b l e n d  3 

preparea at 9 ib/gai and ox dilUtiCIIh mwever, pee~cpn8 sf theat?! two 

specinwris gave v a l u e s  of 2.25 and 2,28 g/mlA, r e spec t ive ly .  NO 

correlat ions for the  var ia t ions  t n  saturation density could he found d t h  

either the d i f f e r e n t  b l e n d s ,  the weight of solids per  volume o f  l i q u i d ,  or 

t he  waste  d i l u t i o n  factor. 
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The water percentage  var ied i n v e r s e l y  w i t h  ndx r a t i o .  The samples 

prepared with r e f e r e n c e  waste contained 41.5 t o  S3.3X water. 

correlations f o r  the percentage  of water could be found between either the  

blend used or the waste d- l lu t l sn .  

No 

C o l l e c t i v e l y ,  these d a t a  i l l u s t r a t e  an impor tan t  c h a r a c t e r i s t i c  of 

f l u i d  grouts: 

r e l a t f . v e l y  impermeable. 

Although tlie f l i i i d  g r o u t s  a r e  h i g h l y  porous,  t h e y  arc 

12. CONCLUSIONS 

Based on s t u d i e s  of grout  development w.jth s y n t h e t i c  waste, i t  is 

recommended that t h e  following formula be used f o r  the i m s b l l i z a t i o n  of 

Hanford F a c i l i t y  Vaste i n  t h e  T r a n s p o r t a b l e  Grout F a c i l i t y :  

Dry S o l i d s  Blend 

Mat e r f a1 - 
Type 1-IT-LA P o r t l a n d  cement 
Centralia, Wash. ASTM Class P ,  f l y  ash 
At tapulg i te -150  drllling c l a y  
i n d i a n  Red p o t t e r y  c l a y  

4 1 
40 
11 

8 

Mix Rat io  -.-----.- 

7.5 l b  dry  s o l i d s  blend per g a l l o n  of Hanford F a c i l i t y  Waste. 
0.02 v o l  % TBP must he added t o  HFW as a defoaming agent .  

However, 

The d a t a  show t h a t  grouts prepared i n  t h e  TGF w i t h  the recommended 

formula will be c h a r a c t e r i z e d  by: 

@ F r i c t i o n a l  pressure drop (11 psi/100 ft 

o 10-min gel strength <lo0  lbf /100  ft2 

28-d unconfined compressive s t r e n g t h  >60 p s i  
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Q A~W 16,l leachability index f o r  gospf 

and 3.3 cs 

Ql Cri t ica l  velczcity 

Dry s o l i d s  blend compostion 

Q Thermal c o n d u c t i v i t y  

0 Heat capac l ty  

m P e r m e a b i l i t y  

e P o r o s i t y  

Data from the recommended operat...ng range of mix ratios between 7 and 

8 Pb/ga l  i n d i c a t e  t h a t  grouts are more processible at anllx r a t io s  

approaching  7 l b / g a l .  

recommended dry s o l i d s  blend at  7 lb /gal  include a 10-min gel s t r e n g t h  of 

23 lbf/100 f t 2  and a cr i t ica l  velocity of 40 gal/rnin. 

8 Ib/gal,  t h e  average IO-min gel s t r e n g t h  i s  59 lbf/100 fa2. 

The average properrfes of a g rou t  prepared  wlth t h e  

Conversely,  a t  

A t  mix ratios approachfng 8 lblgral ,  t h e  a b i l i t y  of the grout  to 

r e s o r b  b l eed  water is i n c r e a s e d  s i g n i f i c a n t l y .  However, s u b s t t t u t i o n  of 

f lush  water for HFW i n  t h e  recommended formula r e s u l t s  i n  a grou t  w i t h  

i n c r e a s e d  b leed  water and little a b i l i t y  t o  r e s o r b  it. 

order  t o  f l u s h  clean g r o u t  directly t o  t h e  d i s p o s a l  trench, i t  is 

Consequent ly ,  i n  

n e c e s s a r y  t o  remove t r e n c h  water. 

The Attapulgite-150 c l a y  con ten t  appears t o  have the t i g h t e s t  

c o n c e n t r a t i o n  r e s t r i c t i o n s ,  with a ralntrnum o f  0.7 lb/gal and a m x i m ~ ~ m  of 

0.36 lb/gal. The narrowness  of t h i s  range is a t t r i b u t a b l e  d i r e c t l y  to t h e  

capacity of t h e  TGF d i s t r i b u t i o n  pump. 

p rov ide  greater o p e r a t i n g  f l e x i b i l i t y  and g r e a t e r  formula a p p l i c a b i l i t y  to  

other w a s t e  streams (I 

A larger c a p a c i t y  pump would 



112 

REFERENCES 

1. External Letter R883--&617, R. e. S m l t h  to J. M. Latlcovich and 
L. K. Dole, “Custnrircr Waste Blend Formmlati.on Clarification,” DecembPr 
19, 1983. 

2 .  D. IC. Smith, *‘Cei~ientLng*’~ *ciety of ... Petroleum --- Engineers I of -_I_ ATME, New 
York, 1976, 

3. W, de Laguna et al., t&gPneering Development of Hydraulic Fracturinx 
As A Hethod For Permanent Di.sposal I of --- R a ~ ~ b a a c t i u e  Wastes, ORNL-4258, %Lon 
Carbide, Gorp., Nuclear Div,, Oak Ridge N a t l .  Lab., August 1968. 

4 ,  1.1. W, MeDanPcl, T. M. Gtlliam, and L. K. Dole, Remimended Major 
-.--. Grout ComponenLs, OWL !tilestone 32, Y21rtii-1 Marietta Energy Systems; In@. , 
Oak Ridge N a t l .  Lab., April 15, 1984. 

5 .  ‘F. Tamuia arid 1). G. Jacobs,  “Struetural Implications in Cesium 
Sorption,” Health Fhys. 2, 39.5-98 (1960). 

<-- 

6 ,  T. Tamuia and D. G. Jacohs, “Xmproving Cesilim Selectivity of 
Pentonites by  kea^ Treatment ” j i e a l t h  Phys. ._..- 5, 149-34 (1961 ) . 

7. ’li. Tamura, “CeveL~pment and Applications of Minerals in Radioactive 
Waste Disposa l .“  --..... Proc. In te rn .  Clay --_1_ Conf. 1, 425-39 (1955). 

8.  R. B. Bird, W, E. Stewart, and E. N. Lightfoot, TrarPsJort - Phc?pomena-, 
.John Viley and Sons, Iizc., New York, 1960, pp. 11-12. 

9 .  E. W. Mcnaniel, R h e c l l o e  Sludge-Slurry G r o u t s  ORNL fTX-9479,  Union 
CarbPde Corp., Nuclear Div., Oak Ridge .-Natl. Lab, October 1980. 







. 

AB indicated in Sect. 6.1 of t h i s  report, the starting p o i n t  for 

formulation development was a dry solids blend consisting of 38 wt X 

Type I Portland cement, 39 w t  W ASTM Class F fly ash, 15 w t  X 

AttapuZgite-L50 drilling clay,  and 8 w t  X I n d i a n  Red pottery clay. This 

blend i s  used routinely at O & i  for a 1 M Na2NO3 waste soliation. 

resulting grouts are characterized by a 28 d phase separation (in a closed 

system) of -10%. Higher attapulgite concentrations may he required to 

meet the TGF criterion of 0% 2 8 4  phase separation- Consequently, the 

The - 

blends S ~ O W ~  in Table A t 1  used in initfa1 Scouting Studies with a 

5 wt % Na2NPO4 solution. 

through A. 8 e 

The resalting data are presented in Tables A.2 

~ a t a  in Tables A.2 and A.3 deecrihe a blend containing 15 w t  X 

Attapulglte-150 clay mj-xed dt 6 lb/gal .  The blend ( T a b l e  A,?) carataiabng 

45 Wt % cement m e t  the 2-h phiwe SepalratfOxl ( I n  an open system] e@re;en%ng 

criterion of -3% w-hile the blend eantairaing 40 w t  X d i d  not.  Both groa ts  

were processihle (critical m l a c i t y  (70 gal/rnin) in the TGP. Therefore, 

the farmer blend is in or near the range of interest for the Rockwt?ll 

Haaafard application 

Data in Tables A*4 and A.5 show the effects of increasing the 

atrapulgfte content to 20 w t  x .  The blend containfng 35 w t  2 cement mer 

the 2-k phase separation and processibility criteria, Hawever, increasing 

the cement c o ~ i t e n t  to 40 w t  W (Table A - 5 )  produced a grout that was not 

processfble  in the TGP (critical ve loc i ty  was greater than 70 gal/mfn) . 
Data in Tables  A - 6  and A.7 indicate that a t  a mix ra t io  of 8 l b /ga l ,  

bleads wixh 20 W. X Attapulgfte-150 clay containing both 35 and 40 wt X 

cement produce grouts that are not processib1.e in the TGF. 
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8 + 1  - 10-min gel s t r eng th ,  lhf/100 f t 2  

Fluid cgnsisteaey i ndex  (k'), 
lb f*s 'Q /€t2 

0.005 - f 0.001. 

11.59 - +- 0.03 Density, l.b/gal. 

2-41 p?iase separation, VOL X 2.61 - I- 0.94 

Apparent viscosity, CP 19.75 

24-41 penetration resistance, p s i  0.0 

1990.0 4- 262.0 - 7 4  penetration resistance, p s i  

28-6 compressive strengrh, p s l  

Reynolds mtmbe r 4219.20 

Frictional pres su re  drop p e r  
100 ft, psd 

2 . 3 5  

Critical v e l o c i t y ,  gallmin 30.57 
----- .- 
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Table  A . 3 .  P r o p e r t i e s  of g r o u t s  p r e p a r d  a t  6 l b / g a P  d t h  a 5 wt  2 Na2HPO4 
s o l l i t i o n  and a d r y  s o l i d s  blend consisting of 45 wt X cement, 

40 1 s t  Z f l y  ash,and 15 w t  X a t t a p u l g l t e  e l a y  

E'liiid c o p s i s t e n c y  Index (k') , 
lbf"sn / f t 2  

0.803 I_ + 0.001 

0.62 -f 0.05 - 
11.30 i- 0.00 j j ens i ty ,  l b / g a l  __ 

2-h phase separation, v o l  t .63 -+ 3.35 
_-1 

4,pparent v i s c o s l - t y ,  cP 13.42 

24-h peneLra t ion  r e s i s t a n c e ,  p s i  0.0 

7-d p e n e t r a t i o n  r e s i s t a n c e ,  p s i  1510.0 -..- I- 160.4 

F r i c t i o n a l  p ~ e s s u - i e  d r o p  per 
100 f t ,  p s i  

6635.00 

1.15 

Critical v e l o c i t y ,  g a l l w i n  23.15 

.-_---- -_ ___.__-___ _la_l____ -... _I.- l____l_._ ,---_ 
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Density, l b /ga l  11.53 4- 0.03 
I 

1.513 f 0.81 - 2-11 phase separation, v o l  X 

Apparent viscosity, c.F 33.37 

24-h penetration resistance, p s i  

7-d p e n e t r a t t o n  resistance, psi 

142.5 -- + 17.1 

28-d compressive s t rength ,  p s l  121iQ.i) - 6 99.9 

Reference eond i t ions  

Frict ional  pressure drop per 
100 f t ,  p s i  

4.09 
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Table A . 5 .  P r o p e r t i e s  of g r o u t s  prepared at G lb/gal. d t h  Na2HP04 waste 
soliitioins and a d r y  s o l i d s  blend consisting of 40 W T  X cement, 

40 wr X f l y  ash ,  and 20 w t  X attapulgtte clay 

10-nfn g e l  s t r c s g t h ,  lbf/l00 it7 

F l u i d  cogs isscncy  index  (k’), 

~ i o w  ~ e ~ - ; a v f  or ~ n d r t i  (n’ 

DrnsFty,  1 h/gal 

2-h phase sepa ra t ion ,  vo l  ‘2 

Apparent vS s c o s i t y ,  CY 

74- t ;  pene t r a t ion  resistance p s i  

7--d p e n e t r a t i o n  r e s j s t a n c e ,  psi 

13*’”‘7 / € t 2  

28 -n co1irpzessive s t r c n g t h ,  psf 

R c f e r ~ ~ n c e  c o n d i t i  o m  
__..I__II ___I_Ic_ 

r(i:yilolds niimber 

Frictional pressure d r o p  per 
100 f t ,  p s i  

Cricica: v e l o c t t y ,  gal / m t n  

1.3 i- 6 

0.318 f 0.249 

- 
- 

0.15 .f- 8.07 

11.14 - + 0.04 

- 

0.64 + 0.17 .- 

90.26 

580.0 4- I 51.6 

2000.0 c 187.6 - 
1578.0 C 174cl - 

629.72 

1 4 * 6 9  

95 s 95 

5 1  4- 20 
_I 

0.843 ... + 0.183 

0.14 ?- 0.01 
I_ 

11.58 + 0.03 - 

189.12 

440.0 - + 57.2 

1880.0 + 295.7 - 
1079.0 3 12.5 

Y- 

307.57 

30.54 

141.90 
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Table 8 . 6 .  Propertles of grout prepared a t  8 lb!gal w i t h  a 5 FJT 7; Na;lqHP04 
so lut ion and a dry  s o l i d s  blend consisking of 35 w t  X cement, 

45 wt % f l y  ash, and 20 r& ?I a t t a p u l g i t c  c l ay  

Concrn t ra t ion  

- .- (wt %I - I- -------.- - Pro  pe  T tr 
I_- 

1 0 - m i n  gel s t r e n g t h ,  lbf/100 ft2 

F l u i d  c o g s l s t ~ n c y  index  ( k * ) ,  

O f f  scale 

lbf*so /ft2 

Flow behavior index (11.) 

Density, I b / g a l  

2-h phase separatPont ve l  X 0 

Apparent v i s c o s i t y ,  CP 

24-h penetratfon resPstance, p s i  1 3 8 O e O  - + 76.6 

7-d p e n e t r a t i o n  r e s i s t ance ,  ps l  

2 8 4  caiapressive s t r eng th ,  p s i  2611.3 - .+ 631.3 

. . . . . - . . . . . . . . . .. . . . . . . . . . .,.,.. , , . . , --. . . . . . . . . . . .. . . , . . . , . . . . . . . ~- . . . . . . . . 
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Tab le  A:/. P r o p e r t i e s  o f  grouts  prepared at  8 lb/gal  wlth Na28F04 
solutions and a dry s s l j d s  bleiid consisting of 40 w t  cement, 

40 w t  % fly ash, and 20 w t  W a t t a p u l g l t e  c l ay  

Concentration 
.- (wt x j  _____l____-Ic_-I...- P r o p e r  t_y ___- 

IO-iirin g e l  strength, 1bf/100 f L 2  Off Seal c O f €  Scale 

'E'luid corpistency index (kc ) , 
lbf's' l  / f t 2  

Flow behavfor index (n ' )  

Density, l b / g a l  

2-h phase separation, vol. X 

12.01 

0 

12.25 

0.0 

AppareEt viscoslty, CP 

2340.0 + 285.7 2210.0 - -t 509.5 24-k penetration resis tance,  psi - 
5310.0 + 465.8 3850.0 + 270.1 - - /--a penetration resistance, p s i  - 

2623.5 6 256.5 28-d compressive s t r e n g t h ,  p s i  4668.7 P 6 140.6 -.. 



Data i n  Table A.8 i n d i c a  
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3 t h a t  increasing the attapulg te content  t o  

25 w t  2 r e s u l t s  i n  a nonprocesslble grciit even at: a rdx ra t io  of 6 Ib/gal 

with a. blend c o n t a l n l n g  35 w t  X cement, 

Based on these s t u d i e s ,  It a p p e a r s  t h a t  a blend coneaining BT wi X 

Attnpulgitc-150 c lay  prepared at a snix r a t l o  of 6 lb/gal will r e s u l t  In. 

a c c e p t a b l e  grouts. Increasing the  clay con ten t  s ign t f  i e a n t l y  r e s u l t s  i n  

g r o u t s  that a te  u n p r o c e s s i b l e  i n  the TGF or extreinely sensbthvc. to 

variations in the o t h e r  blend components. A 15 w t  2 c lay  at a m i x  r a t i o  

of 6 lh /gal  has a clay content o f  0.9 l b /ga l .  

content of the blend required to achieve 0.9 Ib /ga l  a t  var ious  mix ra t ios .  

Therefore, it appears that a reasanable range of a t c a p u l g t t e  

c o n c e n t r a t f o n s  t o  be explored in the  f o m u l n t l a n  s t u d i e s  I s  10 t o  15 w t  X .  

Table hm9 shows the c lay  
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Table A.8. Properi:“les of g r o u t s  p repa red  a t  6 lh/gal with an 8 w t  X Na2PIPO4 
sol.ii’c3on and a d r y  s o l i d s  blend c o n s i s t i n g  o f  35 VT % cearent, 

40 m X f l y  ash, and 25  KT X a t t a p u l g i t e  clay 

Concentrat ion 
(wt %) -__-... p r’o P e L‘.!Y-____”-.- I__. _-CI.II----- 

10-min gel s t r e n g t h ,  lbf /100 et2 O f f  Scale 

Densi ty ,  l b / g a l  

2-h phase  separation, vol Z 0 

Apparent v i s c o s i t y ,  CP 

24-’12 p e n e t r a t i o n  resistance, psi 440.0 - .t 3 6 3  

1200.0 ?- 126.5 7-d  penetration resistance, p s i  -. 

1093.0 + 97.9 2 8 - 4  compressive st rctngth,  p s i  - 
l___l__l _______I___._..I-- -.. ___..l_ll_ 



1 2 5  

7 1 3 

8 11 
----I-- --- . -.-- 

.I.... ......... ..... 





APPENDIX B 

QUATJTY ASSURANCE TESTING OF GROUT PKOBUCT 
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The major i ty  of the  performance. cr i ter ia  are measured 28 d after 

pouring the  groute 

be introduced that was not in t h e  s y n t h e t i c  w m 2 e  b u t  that a f f e c t s  the 

quality of the grout. 

operattons t o  i n d i c a t e  the quality of the f ina l  product p r i o r  t o  2 

rred%CtiPZg product qual i ty  w l t l a  @ompiex waste stream6 baaed on the  grouts '  

in i t ia l .  p r o p e r t i e s  is very d i f f i c u l t . ,  Once the grout has ' h e n  produced, 

During operation of the TGF, some waste  campanent nay 

Therefare, a QA/QC test should  be p e r f ~ m e d  dnlrlng 

Pn crfterion of interest  hecsmee the  28-d cssnpressive strength. 

Although predietPng compressive st~ength development has not proved 

reliable, one poin t  1s clear: Ira order to obta in  the deafred compressive 

s t r e n g t h ,  t h e  grout menet begin to set. r t~ere fore ,  one poss ib l e  method of 

predicting product quality i s  t o  aieasure set, time* 

B.2 SETTING OF ~~~~~1~ 

When Por t land  cement and water are ~ t x e d ,  there i s  ai? immediate r a p i d  

reaction tha t  €oms a supersa tura ted  s o l u t i o n ,  The r e a c t l ~ n  slaws down 

because a f i l m  of mPcrocrystal3 ine or gel-like calcium sulfoaPumPnare 

forms around the  cement part lc les .  A per-lod o f  slow reaction follows, 

termed t h e  Pnducti on period,  during which the amo~nt of hydr rmt i~n  p r o d ~ t s  

gradual ly  b u l l d s  up w i t h  time and slowly involves the p l a s t i c  viscosity of 

the paste. The process of structare formatdoin begins -immediately when the 

cement i s  &xed with water. S t r e n g t h  develsptnent i s  div ided  into two 

stages, low strength ana hagh strength, 

Durlng the first stage, a structure c o a g u l a t e s  that i s  c h a r a c t e r i z e d  

by the presence of  a three-dimensional network formed by disordered 
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eoupl ing  of the finest particles i n  the d i s p e r s e  phase thrsergh t h i n  h y e P s  

of the diSl;aTSiOn medium. A t  t h i s  stage, only i n d i v i d u a l  crystals form. 

The per iod  of low strength comes 20 RO end a t  ;g c e r t a i n  critical time and 

i s  Followed b y  a r a p i d  growth in s t rength .  During t h i s  second stage, 

there is more i n t e n s e  c r y s t a l  formatton r e s u l t f n g  in a strong crystal 

netwcrlc c 

Tka c r i t i c a l  tinre, while  no t  f lwed ,  represents the  polne i n  t ine  a t  

whleh any f u r t h e r  mechanical defoxmation of the eettdng mix becomes 

d e t r i n e n i a l  t o  I t s  ultimate s t r eng th .  This c r i t i c a l  tPme pl-ienr~menon 18 

used t o  advantage i n  the OWL process if emergency dumping o f  the grout is 

r equ i r ed -  D ~ P ~ L I ~  emergency s k u t d c m ,  the c s r ; t en t s  of  he anPx t u b  can he 

routed t o  a st-lsred rank. Mechanical agitation e l f in ina tes  the format ion  

of a s t rong rrystaP network by s topp ing  the second stage of strength 

development. The r e s u l t  i s  ai? aqueous solution containing f i n e  particl  es 

that can be used subsequently as waste feed at the facility. 

B.2.T S e t  Time --. 

*4t OKNL, the ACME Laboratory Penetrameter is  iised t o  m e m u r e  the rate 

of set i n  accordanre  w l t h  ASTM C-403-70 ___I... Tine of Setting of Concrete 

MixLu:es 5y P e n e t r a t i o n  Res is tance  a 

see: by measuring the rate of hardeniiig. Initial set is defined as 

a c k i e v t n g  a p e n e t r a t i o n  r e s i s t a n c e  of 500 p s i ;  f i n a l  set i s  the p o i n t  at 

which a penetration ~ e f i i s t a n c e  of 4000 p s i  i s  achieved.  Thus, a 

penetration resictance of 500 p s i  i s  taken to mean t h a t  the second stage 

of strengt.h development has begun, whi le  a penetrarion resistance of 

4000 p s i  indicates t he  time a t  Tpshicli performance o b j e c t i v e s  are m e t  (in 

t h i s  case a compressive s t r e n g t h  >40 p s i ) .  

This procediire de.teriiaines the ra te  of -"-- 
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B.2.2 Hanfard Facility Waste 

Penetration resistance as a €unction oE cure time is shown in 

Figs. B.1. through B.4 for various dilutions of reference waste using 

blends 3,  5 ,  and 8 ( S e c t .  7.2). In all c_ases, the  mix r a t i o  was 7 Ib/gal .  

The data show that  set  is inversely related t o  cement content .  Thus, 

these set times should be c o n s e r v a t i v e  and are probably slower than at a 

mix ratio of 8 Pb/gal (i.ee9 a higher cement content). The data  I n d i c a t e  

that for the four di lu t ions  of the syn the t i c  WW i n i t l a l  see occurs &+-thin 

6 d and within 3 d for the  undiluted waste. Final set is achieved in all 

cases wfthin 28 d.  

Based on the data ,  it appears that a penetration r e s i s t ance  t e s t  

could predict in less than one week the qual.€ty (strength) of the final 

product and compare i t s  behavior to development work using synthetic 

waste. Data based on actual waste  m y  a l t e r  the  t h e  of initial set and 

should be the final basis for comparison. 

................, ~ .. .......... ~ - 
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TYPICAL ANAT,YSIS OF TYPE I-11-LA PORTLAND CEMENT 

AN I) 

CENTYIMI,'ZA, WASH. CLASS P flay ASH 
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Table C.1. Typical  analyslls  o f  Type 1-TI-LA cement 

Sulfur trioxide (SO$ 2-05 

Loss  0 x 1  ignition 1.31 

I n  8 0 1 ub 1 e re?; 3 due 0.30 

. . . - .. . . . . . . . . , . . , . . . . . . . .:. . . , . . . . . . . . . . . . ., . . . , . . , . . . . . . . .~~ ..,..... ... ...... 



140 

Table C , % .  T y p i c a l  a n a l y s i s  of ASTI5 class k’ f l y  a sh  

S l l i c o n  d i o x i d e  ( S i O z )  46.02 49.2 48 c 57 

Aluminum d i o x i d e  !AIzO3)  23.2 22.7 7.8.5 

Calcium oxide ( C a O )  10.1 8 .l40 1.32 

Hagrresium oxide (Mg0) 1.7? 1.70 1.31 

Phosphorus pmruxf .de  (P305) .75 . 7 7  0.99 

Carbon (C) .057 .025 0.27 

S u l f u r  trrioxfde (SO3j 0.001 .005 0.37 

Sodiuril oxide (Na20)  3.75 4.51 0.33 

Potassium oxide  (K20) 0.70 0.52 3.14 

Loss on ignition 0.52 0.58 2.84 

Moi s t u r e  0.20 0.13 0.09 

=i-c.g 1 Prop e r t i c s - 
Dens i P. y 2.32 g/crn3 2.17 g/cm’ 2.16 g;cn3 

Surface area 0.68 d / g  0.49 m2/g 1.34 d / g  

____. . - __ls__l _______I_-_.____.=.- ll_l ^_-- 



..... ~ . -~~ . . . . . . . . . . . . . . ~..... 
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~ a b l e  ~ . 3 .  P r o p e r t i e a  of a grout &xed in the  r a t l o  of 8 lb/gaP s d t h  dry 
solfds blend 5 and 0% d i l u t i o n  o f  reference waste" 

.- c_".-._. .... _...._.__ Proper ty  __l_.l.- 

60 1: 35 10-min gel st rength,  lbf/lcLO ft2 
.I 

0.124 - 3. 0.079 

Flow behavior index (11') 0.32 -. 4 0.11 

Density $ l a ,  / g23.1. 12.29 - + 0.11 

0.43 + 0.oc - 2-11 Phase separation, vol X 

7-d p e n e t r a t i o n  res:? stance psi 1160.0 

505.4 -+ 23.4 
%- 

2 8 4  ccmpressive s t r eng th ,  psP 

Refcrence cnrnditions 
-_-.-__- -.--~.--. 

Reynolds number 

Frictional p r e s s u r e  drop, pcr 
108 f t ,  psi, 

820.95 

11.84 



'rable ~ 1 . 4 .  Properties of grouts mixed i n  t h e  r a t l o  of 8 i h / g d I  with dry S O ~ . ~ C I S  b l e d  5 
and d t f f e ren t  d i lu t - tons  of reference waste 

iJaste d i l l i t i o n s  
- { V O L  %> 

Prop- 20 33 50 

i~-ain gel strength, i~f/103 f.12 

FI:rld c o g s l s t e n c y  Index, ( k * )  
lbf'g7 /ftL 

PIOW betmairior tncicx, (nO ) 

~ ) e n c , % t y ,  ?h/ga1 

Phase separsrlon, v o l  7: 

hfrer io nin -In an atmosphertc 
pressure coasbseoineter 

Density, i b i g a l  

Phase se3sration, vol  7; 

Apparent v ' i s c o s i ~ y ,  CP 

24-h p e n e t r a t i o n  res is tance,  osfl 

7-d penetration res i s tance ,  p s i  

28-d compressive st rength,  3s' 

Referenze co~$Lt&g, 

Reynolds number 

Fr ic t iona l  pressure d rop  pe r  
100 f t ,  p s 4  

Grit I ca:. ve I o  c i  z y , g a l  /rein 

6.60 -+ 0.02 
I 

12.14 -+ 0.05 

3.35 -? 0.03 

I 

-- 

32.33 -+ 0.03 

2.84 -+ c1.38 

23.70 

0.0 

2360 .D 

710.6 A 26. i  

I 

- 

3682.83 

2.45 

33.67 

13 3- 3 - 

0.39 i- 0.01 - 
1!.79 + 0.10 

2.99 + 0.53 

I 

- 

11.86 + 0.113 

2.99 + 0.45 

32.00 

- 

- 

0.0 

340.0 

271.3 -+ 6.3 
I 

2156.94 

4.19 

48.C13 

30 4- 9 - 
0.035 - -t C.015) 0.022 - -t C . l ) f l  

12.29 -+ 0.15 '12.16 3 0.03 

1.69 4 0.93 

42.33 35.31 

- - 
2.75 'r 1.46 
I - 

0.0 0.0 

1060.0 400.0 

1774.35 2126.46 

5.55 4.91 

55.92 43 .75  

I.- * 
03 
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FPGW behavior  index (q') 

Density,  i b /ga l  

2-ki Phase separarion, vol 2 

24-h p c n e t r a c i o n  resistance, p s i  

7-d penet. r a t i o n  resi stance,  psi 

28-6 compressive s t r e n g t h ,  p s i  

1s 4- 1 

0.015 .- 9 0.004 

I" 

0.40 - -I. 0.03 

11.85 4. 0.03 - 
2.22 + 0.40 

24  s 76 

0.0 

2520.0 

62'1.4 4- 21.4 - 

3013.11 

3.01 

39.28 

"1 wt X ?!32Sia3 added t o  di-y s o l i d s  bleiid p r i o r  Lo rnlxing. 
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Na2SiO3 ~ a . y  be a w r e  v l a h ! ~  candidate.  

l i q i i j d  ( T a b l e  E.7) results Bm a sfgnlficant i n c ~ e a s e  i n  ra te  o f  s e t  (as 

measured by t.'rtc* 7-d penctrat i o n  r e s i s t a n c e )  causing r:o major d e l e t e r i o u s  

r f f e c i . ~  on grout  flow p ~ ~ p e r t i e s ,  The crttical v e l o c i t y  a t  50 b-f: X 

d l l u t f o i i  ( i 4  gal /minj  indf c a t s  c h i t  addliional work i.5 izeeded t o  optPm1;4e  

the  Na2SiO3 concentration. However, thrh d a t a  are su f f t c i en t -  t o  I n d i c a t e  

t ha t  (1) NalSiOy is a v i ab le  candtdate f o r  usc afi an acce le ra to r  and ( 2 )  

add i t ion  as a l i q a l d  €s the preferred nc:.hod (the TGF is desdgned to have 

l i q t t i d  addition capabiltties) . 

Indeed, adding Na2SfO3 as a 



APPENDIX E 

FORMULATION SCOUTING STUDIES WITHOUT INDIAN E D  POTTERY CLAY 

. 
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. Indian Red p o t t e r y  c l ay  (ICRPC) i s  iadded to the d r y  solids blend as 2 

cast e f f e c t i v e  i o n  exchange m a i u m  ti> reduce the  ieachabj - i i ty  u~ 1 3 7 ~ ~ .  

Based on ORNL expei:ience, the IRPC blend eontent was f fxed  at 8 krt Z. 

However ,  i98 d i s c u s s d  in Sect, 4.2 of t h i s  ~ e p ~ s r t ~  the X F  m ~ y  be cwj>i%ble 

of operating w i t h  a reduced XRPC content. To assess the ef fec ts  of this 

reduction experiments were performed with a d r y  s o l i d s  h l ead  cantairc:i rig 

40 wt: X Type I-I:I:-,LA .esrtl.and cement, 48 wt  X Central.lba, Wash. .&5'1?M Class 

F f l y  ash, and 12 w t  X Attagel-.lSO ( T a b l e s  E e l  through 33.3) and compared 

w P t h  grt iuts prepa red  with a bl-end consisting of 40 wt, X 'Qpe I-IT-1.A 

PortLand @mer i t ,  40 a. X Centralis, Wash, AS'L'M Class P f1i.y ash, 1.2 wt X 

Atragel-150, and 8 % IRPC (Tables 13.4 through E.6). P l y  ash was 

s u b s t i t i i t e d  for IRPC due ta its l o w  cost, The t r e n d s  i.dent5fie.d h a  T a b l e s  

E e l .  through E.6 are cons i s t an t  w l t h  those l d e n t l l f i e d  in the main body of 

this report  and are as follows: Increasing f l y  ash content tends t o  (1) 

increase 28-d ci>inpre.ssFve s t r eng th ,  ( 2 )  increase ra te  of set  (7-d 

p e n e t r a t i o n  resistance), ( 3 )  increase SO-min g e l  strength, arid ( 4 )  

decrease f l u i d i t y  8.8 i l lus tra ted  by the  critical. v e i s c i t y  rrrsd frdct LoncsX 

pressure drop.  Therefore ,  decrr~asing the  TKYG c o n t e n t  appears to be ;1. 

viable  option, with  the perf o m a n c e  c r i t e r h n  of greatest i::oncern being 

the critical velocity. This concern indicates that more e x t e n s i v e  

formulation scouting s r u d t e s  s l~ota ld  ?x performed p r i m  t o  Lowerin%: the 

IRPC conten t  in the TGF. 
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0 2 - 3 9 .  Given distrlbution as shown in TIC-4500 under U C - 7 0 R ,  Low-I,evel 
Radioactlve Waste Xanagement Category. 
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