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

I m 

A 

This  document, PNL-4250-7, i s  one o f  a s e r i e s  o f  t e c h n i c a l  progress r e p o r t s  designed t o  
r e p o r t  semiannually on r a d i o a c t i v e  waste management programs a t  t h e  P a c i f i c  Northwest Laboratory  

(PNL). These programs are funded by t h e  Department o f  Energy's O f f i c e s  o f  Nuclear Energy and 

Defense Programs. 

document. 

Only programs t h a t  have s i g n i f i c a n t ,  r e p o r t a b l e  r e s u l t s  are inc luded i n  t h i s  

Technical progress o f  t h e  Nuclear Waste Treatment Program i s  repor ted  i n  an annual r e p o r t  

It i s  expected t h a t  the next progress r e p o r t  i n  t h i s  s e r i e s  w i l l  have d i f f e r e n t  content  and 

ins tead o f  t h i s  document. 

format. Th is  change may a l s o  e n t a i l  a new document number. 
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1.0 DEFENSE WASTE TECHNOLOGY 

The objective of the Defense Waste Technology activities is to develop 
technology to recover or immobilize radioactive wastes from the Defense 
nuclear fuel cycle for useful applications or for ultimate disposal. 
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1.0 DEFENSE WASTE TECHNOLOGY 

S. L. S te in  and C. A. Geffen - Program O f f i c e  Managers 

1.1 HANFDRD WASTE VITRIFICATION 

( AR-05-10-02 - 80602 
J .  E. Minor - Program Manager 

The object ive  of the Hanford Waste Vitri- 
f i c a t i o n  ( W V )  Program i s  t o  apply v i t r i -  
f i c a t i o n  technology t o  selected Hanford pre- 
treated waste streams, developing waste form 
and process and adapting equipment f o r  u t i l i -  
zation i n  the Hanford Waste V i t r i f i c a t i o n  
Ptant IHWVP). The reference m s t e  stream 
will be pretreated neutralized current acid 
waste INCAW) blended with pretreated cladding 
removal waste (CRW) .  

Summary 

An i n i t i a l  re fe rence glass, HW39, was 

devel oped f o r  v i  tri f y i  ng p re t rea ted  and 

blended n e u t r a l i z e d  cu r ren t  ac id  waste and 

c l  adding removal waste ( NCAW/CRW) . 
v i s c o s i t y  and e l e c t r i c a l  c o n d u c t i v i t y  stud- 

ies ,  leach t e s t s  were performed t o  determine 
the chemical d u r a b i l i t y  o f  HW39. Candidate 

s l u r r y  feed fo rmula t ions  f o r  t h i s  glass corn 

p o s i t i o n  were evaluated i n  terms o f  chemical 
and phys ica l  p roper t i es .  These s tud ies  in -  

c luded a d d i t i o n  o f  g lass formers e n t i r e l y  as 

glass fr it o r  as a combination o f  frit and 

chemicals. The t e s t  ma t r i x  a lso  inc luded use 

o f  on ly  formic ac id  as a reduc tan t  o r  a com- 
b i n a t i o n  o f  formic ac id  and sugar. Other 

0 s tud ies  evaluated the me1 t i n g  behavior and 

redox response o f  the feed. 

Long-term t e s t i n g  o f  the second a i r -  

** displacement pump (ADSPII) design was com- 

Fo l  1 owi ng 

lir 

p le ted ,  and wear and co r ros ion  e f f e c t s  on the  

pump were evaluated. Under the West Va l l ey  

Support P ro jec t ,  a f u l l y  remote A D S P I I  was 

designed and approved f o r  f a b r i c a t i o n .  

Another vers ion  o f  the A D S P I I  has been i n  

se rv i ce  i n  the Radioact ive L iqu id-Fed Me1 t e r  
demonstrat ion over the  1 a s t  6 months. 

A p r e l  im inary  phase has been completed 

adapt ing a l i q u i d - f e d  jou le -heated  ceramic 

me l te r  (LFCM) v i t r i f i c a t i o n  system t o  canyon 
remote operat ion.  Emphasis was placed on the  

capab i l  i ty  t o  remotely rep1 ace system compo- 

nents t h a t  may l i m i t  the  opera t ing  l i f e  o f  

the LFCM. Resul ts o f  t h i s  t e s t i n g  program 

w i l l  be repor ted  i n  d e t a i l  i n  PNL-5394, High- 

Level Radioact ive Waste V i t r i f i c a t i o n  Process 

Equi pment Component Tes t ing  . 

Process Development - M. S. Hanson, 
S. 0. Bates, L. A. Chick, H. T. B l a i r ,  

M. E. Peterson, C. 0. Harvey, 0. McCarthy, 

W. L.. Kuhn 

G1 ass Development 

Dur ing  the f i r s t  h a l f  o f  FY 1985, an i n i -  

t i a l  re fe rence glass was developed i ncorpo- 

r a t i n g  the NCAW/CRW re fe rence waste. Redox 
response and me1 t i n g  behavior  were eva lua ted  
f o r  s l u r r y  feeds t o  be used i n  me l te r  t e s t i n g  

o f  t h i s  g lass  composit ion. 

An i n i t i a l  re fe rence b o r o s i l i c a t e  g lass  

(HW39) was developed us ing  the  nominal compo- 

s i t i o n  o f  the 1985 HWVP re fe rence feed, which 
i s  a b lend o f  NCAW/CRW. The HW39 composi t ion 

has n o t  y e t  been tes ted  i n  an engineer ing- 

sca le  mel te r .  I n  October 1984 the  HWVP r e f -  

erence waste fo rmu la t i on  was rece ived from 

Rockwell Hanford Operat ions (Rockwel l )  and 

work began on developing a b o r o s i l  i c a t e  glass 

t o  i nco rpo ra te  the nominal composi t ion o f  

t h i s  waste. An i n i t i a l  candidate g lass  f o r -  

n u l a t i o n  was chosen us ing  the 1985 re fe rence  
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waste and a b o r o s i l i c a t e  glass composit ion 
developed i n  FY 1984 f o r  t h e  NCAW waste. 

Th is  g lass composit ion was changed t o  a d j u s t  
t h e  v i s c o s i t y  and redox s t a t e  t o  the  des i red  

leve ls .  The r e s u l t i n g  glass composit ion was 
designated HW35. The e l e c t r i c a l  c o n d u c t i v i t y  

o f  HW35 was unacceptably c lose t o  t h e  upper 
l i m i t  a t  1150°C. Three a d d i t i o n a l  i t e r a t i o n s  

i n  g lass composit ion were requ i red  t o  a d j u s t  
t h e  e l e c t r i c a l  c o n d u c t i v i t y  and a r r i v e  a t  t h e  

i n i t i a l  re ference glass composition, HW39. 
Fur ther  m o d i f i c a t i o n s  t o  t h i s  i n i t i a l  r e f e r -  

ence g lass composit ion w i l l  be requ i red  i f  

d i f f i c u l t i e s  are encountered dur ing  m e l t  

chemistry, feed rheology, o r  me l te r  t e s t i n g .  

The ox ide composit ion o f  HW39 i s  found i n  
Table 1.1, along w i t h  a summary o f  some of 

t h e  phys ica l  p r o p e r t i e s  o f  t h i s  glass. HW39 
g lass has a waste load ing  o f  25 w t %  on an 

ox ide bas is  us ing  t h e  nominal HWVP re fe rence 

feed composit ion waste. The ox ide composi- 
t i o n  o f  the  waste i s  found i n  Table 1.2. 

Th is  glass composit ion has acceptable v i s -  
c o s i t y ,  phase behavior, and e l e c t r i c a l  con- 

d u c t i v i t y  f o r  use i n  m e l t e r  t e s t i n g .  I n i t i a l  

leach ing  t e s t s  o f  HW39 have been completed 

and i n d i c a t e  t h a t  the  chemical d u r a b i l i t y  o f  

HW39 i s  s i m i l a r  t o  o r  b e t t e r  than SRL TDS-165 

o r  West Va l ley  183 waste glasses. 
The temperature a t  which HW39 has a 100 

po ise  v i s c o s i t y  (T100P) i s  1124°C. The v i s -  
c o s i t y  i s  s t a b l e  w i t h  time. This  i s  w i t h i n  

t h e  1070°C t o  1150°C l i m i t s  requ i red  f o r  mel- 

t e r  operation. The v i s c o s i t y  versus tempera- 

t u r e  curve f o r  HW39 i s  found i n  F igure  1.1. 

There i s  de tec tab le  c r y s t a l l i n i t y  found i n  

t h e  as-melted and heat - t rea ted  HW39 glass. 

This  was expected because the  s y n t h e t i c  waste 

u t i l i z e d  conta ins a l e v e l  o f  chromium cor re-  

sponding t o  the  c u r r e n t  conservat ive es t imate  
o f  the  l e v e l  o f  chromium i n  t h e  waste. Opt i -  
ca l  and SEM/EDX ana lys is  o f  HW39 i n d i c a t e s  

TABLE 1.1. HWVP I n i t i a l  Reference Glass 
Composit ion (HW39) and Summary o f  Phys ica l  
P r o p e r t i e s  

Oxide 
S i  O2 
Nap0 
B2°3 
L i z 0  
CaO 
MgO 
Fe203 

Fpol 25 
Cr203 
N i O  
Zr02 
La203 
Nd203 

F 

A1203 ( a )  

so4 

cs02 

25 w t %  Waste Loading 

Waste 
w t %  

3.0 
10.7 
0.0 
0.0 
0.3 
0.3 

44.4 
17.2 
5.7 
5.3 
2.4 
2.4 
2.2 
2.1 
1.8 
1.2 
1.0 

Nominal 
Glass Former 

Oxide w t %  

67.25 
10 25 
12.75 
5 
3.75 
1 

100.0 100 0 0 

Glass 
w t %  

51.2 
10.4 
9.6 
3.8 
2.9 
0.9 

11.1 
4.3 
1.4 
1.3 
0.6 
0.6 
0.6 
0.5 
0.4 
0.3 
0.2 

100.0 

V i s c o s i t y  (T100P) 1124°C Stab le  
C r y s t a l  1 i n i  t y  Small cubic  sp ionel  

c r y s t a l s  o n l y  
E l e c t r i c a l  C o n d u c t i v i t y  0.30 ohm-lcm'l a t  

Chemical Durabi 1 i t y  

1150°C 

S i m i l a r  t o  SRL/165 
and WV183 

( a )  F i s s i o n  products  

t h e  c r y s t a l s  present  

and t r a c e  oxides. 

t o  be t h e  cubic  s p i n e l  
(FeCr204) phase observed i n  prev ious HWVP 

glasses. There i s  est imated t o  be 1 t o  5 w t %  

o f  these small  cubic  c r y s t a l s  i n  these heat- 

t r e a t e d  samples. It i s  not  y e t  known whether 

t h i s  l e v e l  o f  c r y s t a l l i n i t y  w i l l  cause mel te r  

opera t ing  problems. C r y s t a l s  formed i n  t h e  

m e l t e r  may be small enough t o  be swept along 

w i t h  me l te r  convect ion cur ren ts  w i thout  se t -  
t l i n g  i n  t h e  mel ter .  Fur ther ,  the  same l e v e l  
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TABLE 1.2. The Nominal Oxide Composi t ion 
o f  t h e  HWVP Reference Waste (NCAW-CRW) 

: 

7 

- 

Oxide 

Fe203 

Na2O 
CrO3 
S i  02 
N i O  
Zr02 
La203 

Nd203 
F 
Moo3 
Ce02 

CUO 
Mn02 
Ru02 
TOC 
"3O8 
BaO 
Pr6011 
S r O  
Tc207 
CaO 
MgO 
Rb70 
Pd6 
Rh203 
Sm203 
y2°3 
NP02 
Pm203 
Te02 
Be0 
Se02 
Sn02 

CdO 
E'203 
p2°5 

A1 203 

so4 

cs20  

Am203 

Pu02 
Ag20 

B203 
Ta205 

Gd203 
Nb205 

T i  02 

As Received, 
kg/MTU 

7.50 
2.90 
1.80 
0.90 
0.50 
0.40 
0.40 
0.37 
0.30 
0.29 
0.20 
0.20 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.07 
0.06 
0.06 
0.06 
0.05 
0.04 
0.04 
0.03 
0.03 
0.03 
0.03 
0.02 
0.02 
0.02 
0.01 
0.005 
0.004 
0.003 
0.003 
0.003 
0.003 
0.003 
0.002 
0.002 
0.002 
0.001 
0.001 
0.001 

17.06 

Normal i zed 
Waste 

w t X  Oxide 
43.95 
17.00 
10.55 

5.27 
2.93 
2.34 
2.34 
2.17 
1.76 
1.70 
1.17 
1.17 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.41 
0.35 
0.35 
0.35 
0.29 
0.23 
0.23 
0.18 
0.18 

0.18 
0.12 
0.12 
0.12 
0.06 
0.03 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0. 18 

100.00 

i 
i 

0 i 

10 - 
1300 1125 1000 900 

Temperature, O C  

FIGURE 1.1. V i s c o s i t y  o f  t h e  HWVP I n i t i a l  
Reference Glass, HW39 

o f  c r y s t a l l i n i t y  may n o t  be observed i n  mel -  
t e r  g lass.  

WV182 g l a s s  a l s o  e x h i b i t e d  s i m i l a r  l e v e l s  o f  

c r y s t a l l i n i t y ,  b u t  g l a s s  samples t a k e n  f rom 
t h e  PSCM-19 m e l t e r  run  u s i n g  WV182 were found 

t o  have o n l y  smal l  amounts o f  c r y s t a l l i n e  

m a t e r i a l .  HWVP FY 1985 m e l t e r  t e s t i n g  w i l l  

e v a l u a t e  c r y s t a l l i n i t y  i n  m e l t e r  g lasses  and 

t h e  degree o f  s e t t l i n g ,  i f  any, observed i n  

t h e  m e l t e r .  
The e l e c t r i c a l  c o n d u c t i v i t y  o f  HW39 g l a s s  

a t  1150'C i s  0.30 ohm-lcm-l, w e l l  w i t h i n  t h e  

0.18 t o  0.5 ohm-lcm'l l i m i t s  r e q u i r e d  f o r  
m e l t e r  o p e r a t i o n .  The e l e c t r i c a l  conduc- 

t i v i t y  versus tempera tu re  cu rve  f o r  HW39 i s  

found i n  F i g u r e  1.2. 

l e a c h  t e s t s  a r e  summarized i n  Tables 1.3 

t h r o u g h  1.5 f o r  t h e  HWVP i n i t i a l  r e f e r e n c e  

g l a s s  (HW39), an SRL g l a s s  (TOS-165), and a 

West V a l l e y  g lass  (WV182). I n  Tables 1.3 and 

1.4, t h e  r e s u l t s  shown a r e  f rom 6- t o  7-day 
and 28-day MCC-1  s t a t i c  l e a c h  t e s t s  i n  de- 

i o n i z e d  w a t e r  a t  90°C, w i t h  t h e  s u r f a c e  a rea  

L a b o r a t o r y  samples o f  West V a l l e y  

R e s u l t s  f rom s h o r t - t e r m  M C C - 1  and MCC-3 
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TABLE 1.4. Comparison o f  28-0ay MCC-1 
'Leaching R e s u l t s  f o r  HWVP, Savannah R i v e r ,  
and West V a l l e y  Glasses 

C o n d i t i o n s :  MCC-1, D I  wa te r ,  90°C, 

Normal i z e d  E l  m e n t a l  Re1 ease, g/M2 

5A/V = 10/M 

Element 
A1 

B 

Ca 

cs 

Fe 

L i  

Na 

s i  

HW39 
10 

15 
6 -8  

13 

0.32 

1 5  

15 
14 

SRL TDS-165 WV182 MVR 

15 8.4 

21 49 

0.87 0.24 

No Cs 23 

0.18 0.07 

2 1  No L i  

21 50 

17 30 

S r  5.7 0.87 <o. 11 
FIGURE 1.2. E l e c t r i c a l  C o n d u c t i v i t y  o f  HWVP 
I n i t i a l  Reference Glass, HW39 

pH FINAL 9.3 9.6 9.4 

TABLE 1.3. Comparison o f  6-Day t o  7-Day 
MCC-1 Leaching R e s u l t s  f o r  HWVP, Savannah 
R i v e r ,  and West V a l l e y  Glasses TABLE 1.5. Comparison o f  28-Day MCC-3 

Leach inq  R e s u l t s  f o r  HWVP and Savannah R i v e r  
G1 asses- 

C o n d i t i o n s :  MCC-1, D I  wa te r ,  90°C, 

Normal i zed Elementa l  Re1 ease, g/M2 

C o n d i t i o n s :  MCC-3, 01 wa te r ,  90°C, 

Norma l i zed  Mass Release, g/M2 

SA/V = 10/M 
SA/V = 1780/M 

E l  emen t HW39 SRL TDS-165 WV182 MVR 
A1 7.3 9.0 9.7 18A 45 v m  
B 9.7 12 14 Element m39 SRL-165 m39 SRL-lbb 

Ca 5.3 1.9 1.1 
c s  9.8 No Cs 24 

Fe 0.20 0.12 0.09 

L i  10 12 No L i  

Na 9.7 12 22 

S i  8.7 10 12 

S r  5.5 1.3 1.3 

pH FINAL 9.3 9.7 9.3 

Time, days 7 6 6 

A1 

B 

Ca 

c s  

Fe 

L i  

Mg 
Na 

S i  

S r  

0.05 0.10 0.15 0.27 

0.48 0.64 0.48 0.63 

0.01 0.02 0.06 0.07 

0.07 NP(a)  0.15 NP 

>0.01 >0.01 0.15 0.18 

0.57 0.66 0.59 0.69 

>0.01 >0.01 0.28 0.30 
0.45 0.60 0.46 0.63 

0.26 0.31 0.28 0.32 

>0.01 >0.01 0.04 0.05 

pH FINAL 10.3 10.9 10.3 10.9 

( a )  NP = Not  p r e s e n t  i n  g l a s s .  
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t o  volume r a t i o  ( S A D )  a t  1 0 h .  The MCC-1 
t e s t  i s  t h e  most w ide ly  used t e s t  f o r  com- 
p a r i n g  leach ing  performance. Note t h a t  i n  

Table 1.3, t h e  leach ing  data f o r  the SRL 
TDS-165 and the W182 glasses are from 6-day 

leach ing  tes ts ,  w h i l e  the  data f r a n  HW39 i s  
from 7-day leach ing  tes ts .  A comparison of 

t h e  major components o f  t h e  g lass m a t r i x  
(boron, l i t h i u m ,  sodium, and s i l i c o n )  i n d i -  

cates t h a t  the chemical d u r a b i l i t y  o f  HW39 I S  

s i m i l a r  to o r  b e t t e r  than t h a t  o f  the SRL 
TDS-165 g lass  and s i g n i f i c a n t l y  b e t t e r  than 
t h e  W182 glass. 

to p a r a l l e l  sodium release, fran HW39 i s  ap- 
proximate1 y ha1 f the  W182 ces i  um re1 ease. 

No cesium was inc luded i n  the  SRL TDS-165 

g l a s s  s imu la t ion .  

lease f o r  t h i s  type  o f  g lass  i s  6 0  t o  100% 
o f  the  sodium release. Using t h i s  approxima- 

t i o n  to es t imate  the  cesium re lease from SRL 
TDS-165 , the ces i  um re1 ease from HW39 would 

be s i m i l a r  to o r  l e s s  than SRL TDS-165. The 

re leases of ca lc ium and s t ron t ium i n  the 

MCC-1 t e s t s  f r a n  HW39 g lass  are  grea ter  than 

those from SRL TOS-165 o r  W182. Th is  was 
unexpected as t h e  g lass  m a t r i x  d i s s o l u t i o n  o f  

HW39 i s  slower. Most o f  the ca lc ium and 
s t r o n t i  un re1 ease occurred w i  t h i n  the f i r s t  
7 days. 

t r a t i o n s  i n  t h e  leachate are thought  to be 

r e p r e s e n t a t i v e  o f  longer- term ex t rapo l  a t i o n  

o f  MCC-1 t e s t  r e s u l t s  and prov ide an i n d i c a -  

t i o n  o f  the upper concent ra t ion  l i m i t s  under 

sa tura ted  cond i t ions .  Satura t ion  i s  achieved 

more r a p i d l y  i n  MCC-3 t e s t s  due to h igher  

SA/V r a t i o s  than are used i n  MCC-1 tes ts ,  
about 1300/M compared to 10/M. The near- 

sa tura ted  c o n d i t i o n  found i n  the  MCC-3 t e s t  

more c l o s e l y  approaches the expected reposi  - 
t o r y  environment. Leachates f r a n  the MCC-3 

t e s t s  a r e  f i l t e r e d  through 45-MI and 18-w 
f i l t e r s  and each f i l t r a t e  i s  analyzed. The 

Cesium release, which tends 

General ly, the cesium re- 

I n  MCC-3 leach ing  tes ts ,  elemental concen- 

a n a l y s i s  o f  the 45-pm f i l t r a t e  i n d i c a t e s  the 
amount o f  m a t e r i a l  t h a t  i s  i n  s o l u t i o n  o r  i s  

c o l l o i d a l .  The c o l l o i d a l  m a t e r i a l  i s  removed 

by the  18-1 f i l t e r ;  a n a l y s i s  o f  the f i l t r a t e  

p rov ides  the  amount o f  m a t e r i a l  t r u l y  i n  so- 

l u t i o n  and a v a i l  ab le  f o r  t ranspor t .  Resu l ts  

shown i n  Table 1.5 from 28-day MCC-3 leach 

t e s t s  i n  de ion ized water conf i rm prev ious  

MCC-1 tes ts .  The r e s u l t s  a l s o  i n d i c a t e  t h a t  
the  chemical d u r a b i l i t y  o f  HW39 g lass  i s  sim- 

i l a r  to o r  b e t t e r  than SRL TDS-165. Note 

t h a t  ca lc ium and s t r o n t i m  re leases from t h e  

two g lasses are  very s i m i l a r  under the more 

sa tura ted  c o n d i t i o n s  o f  the  MCC-3 t e s t .  

f o r  redox response and m e l t i n g  behavior .  

e v a l u a t i o n  o f  redox response consi s t s  o f  de- 

te rmin ing  t h e  amount and type o f  r e d u c t a n t  

r e q u i r e d  f o r  each feed f o r m u l a t i o n  to produce 

a f e r r o u s / f e r r i c  r a t i o  between 0.1 and 0.3 i n  

g lasses mel ted from these feeds i n  the l a -  

bora tory .  

mended t o  min imize foaming and the p o t e n t i a l  

f o r  metal1 i c  phase separa t ion  w h i l e  maximiz- 

i n g  m e l t i n g  e f f i c i e n c y .  

the  f o m  o f  sugar, formic acid, and/or f o r -  

mated glass-forming chemicals. 
me1 t i n g  behavior  c o n s i s t s  p r i m a r i l y  o f  e s t i -  

mat ing the me1 t i n g  r a t e  o f  a feed. Cur- 

r e n t l y ,  m e l t e r  feeds are be ing  evaluated i n  

which o n e - t h i r d  o f  the g lass- forming chem- 

i c a l s  are r e q u i r e d  t o  be added as frit, w i t h  

t h e  remain ing t w o - t h i r d s  c o n s i s t i n g  o f  frit 

o r  a n i t r a t e - f o r m a t e  s a l t s  mix tu re .  Both 
hydrox ide and formated m e l t e r  feed were 

evaluated. The on ly  observed d i f f e r e n c e  

between the two types o f  m e l t e r  feeds i n  re-  

gard t o  redox response and m e l t i n g  behav io r  

i s  t h a t  the  formated feeds r e q u i r e d  l e s s  

added r e d u c t a n t  to produce t h e  des i red  Fef2/ 

Fet3. Due to r h e o l o g i c a l  cons idera t ions ,  the  

formated me1 t e r  feed was chosen f o r  me1 t e r  

t e s t i n g .  The redox response o f  these feeds 

Me1 t e r  feed formul a t i  ons were eval uated 

The 

This  Fef2/Fef3 range i s  recom- 

Reductants may be i n  

Eva1 u a t i o n  o f  
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i s  c o n s i s t e n t  w i t h  the expec ta t ion  t h a t  l e s s  
sugar w i l l  be r e q u i r e d  i n  feeds c o n t a i n i n g  

more carbon, such as those w i t h  formated 

waste o r  with formate chemicals. 

A m e l t e r  feed c o n t a i n i n g  100% frit i s  one 

o f  two feeds t h a t  w i l l  be tes ted  i n  a shor t -  

term m e l t e r  t e s t  i n  April. 

t a i n i n g  the  c u r r e n t  formated waste s i m u l a t i o n  

w i t h  100% o f  the g lass- forming chemicals 
added as frit, the  proper redox response can 

be obta ined when 5 t o  7 g o f  s u g a r / l i t e r  are 

added. 

be added to the feed and produce the des i red  
Fef2/Fef3 r a t i o  needs t o  be determined. F o r  

t h e  feed w i t h  100% frit, n e a r l y  2 1 o f  formic 

a c i d / l i t e r  o f  me1 t e r  feed was r e q u i r e d  t o  
produce the des i red  redox c o n d i t i o n s  i n  the 
r e s u l t i n g  glass. 

and was deemed unacceptable. 

t i o n  i s  a l s o  o f  concern w i t h  t h i s  amount o f  

excess formic acid. 

I n  feeds where two- th i rds  o f  the g lass-  
forming chemicals are added as a n i t r a t e -  

formate s a l t s  mix tu re ,  the redox response i s  

compl icated by the  r e a c t i o n  o f  the  n i t r a t e s  

H i t h  the  reduc tan t  and requ i res  t h a t  more 

carbon be added t o  ge t  the  des i red  redox 
response. When the b o - t h i r d s  p o r t i o n  o f  the  

g lass- forming chemicals i s  added to the waste 

o n l y  as formates wi th few n i t r a t e s  present, 

t h e  r e s u l t i n g  Fe+2/Fe+3 i s  >1. Th is  redox 

l e v e l  i s  i n  the r e g i o n  where the p o t e n t i a l  
f o r  meta l1 i c  phase separat ion e x i s t s ,  e l  i m i -  

n a t i n g  t h i s  m i x t u r e  from f u r t h e r  considera- 

t i o n  a t  present. For  t h e  feeds where t h e  

remain ing two- th i rds  o f  the g lass- forming 

chemicals are added o n l y  as n i t r a t e s ,  40 t o  

50 g o f  sugar are requ i red  to a d j u s t  the 

Fef2/Fe+3 to the  des i red  1 eve1 . 
c o n t r o l  was attempted by p a r t i a l  s u b s t i t u t i o n  

o f  n i t r a t e  glass-formers f o r  the formate 

g lass- forming chemicals. I f  the formate/ 

For  a feed con- 

The maximum range o f  sugar t h a t  can 

This  feed mel ted v i o l e n t l y  

Hydrogen evol u- 

To e l i m i n a t e  the need to add sugar, redox 

n i t r a t e  r a t i o  i s  used f o r  redox c o n t r o l ,  
several d i f f i c u l t i e s  occur. I f  the feed i s  

made up and the Fef2/Fef3 r a t i o  i s  o u t s i d e  
the  des i red  l i m i t s ,  a d j u s t i n g  t h e  batch would 

be very d i f f i c u l t .  I n  t h i s  s i t u a t i o n ,  the 
number o f  degrees o f  freedom i s  severe ly  

reduced because the reduc tan t  i s  one o f  the  

g lass  components. The adjustment would re-  

qui r e  adding g l  ass-formers w i t h  a compensat- 
i n g  f o r m a t e / n i t r a t e  r a t i o .  I n  tu rn ,  t h i s  

would change the g lass  composi t ion i n  the 

batch, r e q u i r i n g  f u r t h e r  a d d i t i o n s  o f  t h e  

o t h e r  g lass- forming chemicals, waste, and 

water i n  the  proper r a t i o s .  

ments would be d i f f i c u l t  and cou ld  compound 

the  problem i f  f u r t h e r  e r r o r s  o r  v a r i a t i o n s  
were encountered. Because o f  these prob- 

lems, t h i s  method o f  redox c o n t r o l  cannot  be  

recommended. 

The use o f  a f o r m a t e - n i t r a t e  g lass- forming 

chemical b lend i n  which l e s s  sugar i s  used t o  

produce the des i red  redox response appears a 

v i a b l e  a l t e r n a t i v e .  A feed cou ld  be devel- 

oped w i t h  a f o r m a t e l n i t r a t e  r a t i o  so t h a t  the 
r e s u l t i n g  g lass  would be s l i g h t l y  o x i d i z i n g .  

Tinen the redox response o f  the feed cou ld  be 

ad jus ted  us ing  l e s s  sugar. 

be ing  conducted to opt im ize  the formate- 

n i  t ra te -sugar  mix tu re .  

Feeds were analyzed f o r  t h e i r  p r e d i c t e d  

me1 t i n g  r a t e  us ing the  bottom-heated c r u c i b l e  

method i n  the l a b o r a t o r y .  Th is  t e s t  measures 

t h e  r a t e  a t  which the cold-cap on mol ten  

g l a s s  m e l t s  as a f u n c t i o n  o f  t ime. 

c o n t a i n i n g  33% fri t-67% unreacted chemicals 

e x h i b i t e d  s i m i l a r  me1 t i n g  behavior. T h e i r  

r a t e  i n  the  l a b o r a t o r y  t e s t  was s i m i l a r  t o  

t h a t  measured f o r  West V a l l e y  p i l o t - s c a l e  

ceramic m e l t e r  (PSCM)-16 feed us ing  t h i s  

t e s t .  PSCM-16 feed processed a t  a r a t e  o f  
45 L / h r  i n  t h e  PSCM. Feeds c o n t a i n i n g  100% 
fr i t  processed a t  about one-hal f  t o  two- 
t h i r d s  o f  t h e  r a t e  o f  the  1 /3  f r i t - 2 / 3  

These a d j u s t -  

Work i s  c u r r e n t l y  

Feeds 
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unreacted chemical s feeds. These r e s u l t s  a re  

cons is ten t  w i t h  e a r l i e r  FY 1984 me1 t i n g  r a t e  
data on Hanford feeds con ta in ing  frit o r  

n i t r a t e  glass-forming chemicals. 

Me1 t e r  Feed Chemistry and Rheol ogy Studies 

FY 
e 

0 

e 

e 

The ob jec t i ves  o f  t h i s  a c t i v i t y  f o r  
1985 are to :  

Prepare a s imu la t i on  o f  the HWVP re fe rence 
feed t h a t  represents the t r u e  chemical and 

phys ica l  p roper t i es  o f  the waste, w i t h  

the except ion o f  the  r a d i a t i o n  and heat 

generat ion,  and creates no a r t i f i c i a l  

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

Determine whether the glass-forming mate- 

r i a l s  t h a t  should be added to the waste 

can a l l  be added as a ground f r i t  o r  

whether some must be added as unreacted 

chemical compounds. 
Determine how the waste and g lass- forming 

chemical b lend can be processed be fore  i t  

i s  charged to the mel te r  to achieve maxi- 

m a  me l t i ng  ra te ,  m i n i m a  me l t  foaming, 

and minimum phase separat ion i n  the 

me1 t e r  . 
Determi ne ways t o  modi fy the rheol  ogy o f  
the  me l te r  feed to improve the homogeneity 
and minimize t ranspor t  d i f f i c u l  i t i e s .  

Eva1 uate the e f f e c t s  o f  waste-composi t i o n  

v a r i a b i l  i ty  on the me1 t e r  feed rheology, 

redox s ta te ,  and type o f  g lass- forming 

chemicals selected. 
The HWVP re fe rence feed i s  a b lend o f  

NCAWICRW. Maxima and m i n i m a  concentra- 
t i o n s ,  as w e l l  as a nominal value f o r  each 

component i n  the waste, have been pro jec ted .  

S imu la t ions  o f  t h i s  waste were prepared based 

on the nominal composi t ion f o r  use i n  labora-  

to ry -sca l  e scoping t e s t s  to evaluate both the 
chemical and physical  p roper t i es  o f  the mel- 

t e r  feed. The composit ions o f  the simul a- 

t i o n s  used f o r  these scoping s tud ies  are 
presented i n  Table 1.6. 

the  f l u o r i d e s  f r a n  the ra re -ea r th  s t r i k e  o f  

the  CRW i n  the pret reatment  process. 

s imu la t i on  a l so  inc ludes  more o f  t he  meta ls  
and minor ra re -ea r th  components i n  the form 

o f  hydrox ides r a t h e r  than as carbonates o r  

n i t r a t e s  as was done i n  the i n i t i a l  simula- 

t i o n .  

w i l l  be discussed l a t e r  i n  t h i s  repo r t .  

app ly  the Defense Waste Processing F a c i l  i t y  

(DWPF) f lowsheet to the HWVP me l te r  feed 

prepara t ion .  Thi s deci s i  on i n c l  uded the use 

o f  g lass frit t o  decontaminate the f i l l e d  

c a n i s t e r s  and inco rpo ra t i on  o f  t h a t  decon- 

taminat ion  frit i n t o  the me l te r  feed. There- 

fo re ,  a t  l e a s t  one - th i rd  by weight o f  the 

g lass- forming chemicals i n  the  me1 t e r  feed 
would be present  as -80/+200 mesh fr it. I n  

the DWPF f lowsheet,  formic a c i d  i s  added t o  

the  waste s l u r r y  t o  reduce the mercury com- 

pounds to the  metal f o r  separa t ion  f r a n  the  

waste. Savannah River Laboratory  (SRL) 

r e p o r t s  t h a t  t h i s  t rea tment  changes t h e  

rheo log ica l  c h a r a c t e r i s t i c s  o f  the me1 t e r  
feed to a Bingham f l u i d ,  s t a b i l i z i n g  t h e  
suspension o f  the waste sludge and r e l a t i v e l y  

1 arge decontamination frit p a r t i c l e s .  They 

a l s o  r e p o r t  t h i s  formic a c i d  t rea tment  re -  
s u l t s  i n  a reducing c o n d i t i o n  i n  the  me l te r ,  

which minimizes m e l t  foaming. Therefore,  the 

e f f e c t s  o f  t r e a t i n g  HWVP re fe rence feed con- 

c e n t r a t e  w i t h  formic a c i d  was evaluated (even 
though there  i s  no mercury i n  t h a t  waste) t o  

see whether the same b e n e f i c i a l  r e s u l t s  ex- 
per ienced w i t h  DWPF feed cou ld  be ob ta ined 

f o r  HWVP me l te r  feeds. 

same method used by SRL i n  t h e i r  sludge- 

r e c e i p t  adjustment tank. The waste i s  heated 

The more r i go rous  s imu la t i on  incorpora tes  

Th is  

The s i g n i f i c a n c e  o f  these d i f f e r e n c e s  

A dec is ion  was made e a r l y  i n  FY 1985 t o  

HWVP re fe rence feed i s  formated us ing  the 
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TABLE 1.6. Compositions o f  HWVP Reference Feed Simulat ions Used 
i n  Laboratory Scoping Studies 

I n i t i a l  S imu la t ion  
g /L (a)  Compound Used 

~ l (  OH l3 
Fe( OH13 
S i  O2 
C r (  OH 13 
N i ( O H I 2  

Zr(OH)4 

CaF2 
Mn(NO3I2 4H20 

Na2MoOq 2H20 

S r (  NO3 12 
Y(OH)3 
CsOH 

Bas04 
D i  dymi urn( b, Carbonate 

La(N0313 6H2O 
Nd(N0313 6H2O 

NaOH 
NaF 

Na2SO4 
NaN03 

Na2C204 

Mg(0H)z 

cuso4 

5.0 

11.3 

0.56 

1 .3a 

0.58 

0.08 
0.38 
0.38 

0.56 

0.1 

0.11 

0.052 
0.19 

0.11 
1.71 

0.28 
0.27 
0.29 
0.40 

0.21 
1.79 

0.63 

0.23 

More Rigorous S imula t ion  
Compound Used g/L ( a) 

5.0 
11.3 

0.57 
1.37 

0.57 
0.59 

0.08 
o .oa 
0.15 
0.14 

0.14 
0.38 

0.09 

0.05 
0.20 

0.12 

0.09 
0.04 

0.09 
0.41 

0.09 
0.11 

0.35 
0.44 

2.55 
0.64 

0.68 

( a )  Waste concent ra t ion  = 19 g t o t a l  oxides/L. 
( b )  Natural  r a r e  e a r t h  m i x  w i t h  96% o f  the Ce Removed. 

w i t h  continuous a g i t a t i o n  to 85 t o  95°C. A v igo rous l y .  A f t e r  the ac id  a d d i t i o n  i s  com- 
90 wt% formic ac id  s o l u t i o n  i s  s lowly added p le ted ,  the waste i s  d iges ted  w i t h  f u l l  r e -  

t o  the waste through a d e l i v e r y  tube t h a t  f l u x  f o r  1 t o  2 h r  to ensure t h a t  the reac- 

extends below the surface o f  the  waste. The t i o n  i s  complete. The b o i l i n g  temperature o f  

a c i d  must be added slowly t o  the heated the formated simulated HWVP re fe rence waste 
s l u r r y  to prevent the fo rmat ing  reac t i on ,  

which evolves CO2, from proceeding too 
concent ra te  i s  102 t o  104°C. 
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The i n i t i a l  s imulated HWVP re fe rence feed 
was formated a t  formic ac id  concent ra t ions  

between 0 and 2.0 moles/L o f  waste concen- 

t r a t e .  The waste s imu la t ions  were prepared 

a t  144 g o f  waste oxides/L, o r  7.6 t imes the 

concent ra t ion  o f  the p ro jec ted  re fe rence feed 

coming i n t o  the WVP. The 100% s to i ch io -  

me t r i c  concent ra t ion  i s  1.87 moles o f  fo rmic  

acid/L f o r  SRL waste, wh i l e  0.43 moles/L i s  
the s to i ch iomet r i c  quan t i t y  f o r  the i n i t i a l  

HWVP re fe rence feed s imu la t ion .  These s t o i -  

ch iomet r ic  quant i  t i e s  are ca l cu la ted  based on 

the r e a c t i o n  o f  the mono- and d i va len t -  

hydroxides and a l l  the  carbonates w i t h  fo rmic  

ac id .  The d i f f e r e n c e  between the SRL Haste 

and HWVP re fe rence feed i s  t h a t  the l a t t e r  
con ta ins  no ca lc ium and much less  n i cke l  and 

manganese. The s to i ch iomet r i c  quan t i t y  o f  
formic a c i d  f o r  the more r igorous  HWVP r e f e r -  

ence feed s imu la t i on  i s  only 0.29 moles/L o f  

concentrate because there  are no carbonates 

i n  t h i s  s imu la t ion .  

s imu la t ions  w i t h  heat and formic ac id  on the  

apparent v i s c o s i t y  are presented i n  F ig -  

ure 1.3. B o i l i n g  the s imulated waste f o r  

several hours may reduce i t s  v i  scosi t y  . 
Formic ac id  add i t i ons  up t o  1.0 mole/L o f  
waste concentrate reduces the apparent v i s -  
c o s i t y  o f  the s imulated waste as shown i n  

F igu re  1.3. Beyond 1.0 mole/L, the e f f e c t  

appears on ly  to be d i l u t i o n .  

Complete me1 t e r  feed t e s t  batches were 

prepared using unformated o r  s to i ch iomet r i -  

ca l  l y  formated siinul a ted  HWVP re fe rence 
feeds. They were prepared to a t o t a l  equiv-  

a l e n t  oxide l oad ing  o f  400 g/L o f  me l te r  

feed. The waste equ iva len t  oxide l oad ing  was 

100 g/L (25 w t % ) ,  and the glass forming chem- 

i c a l s  equ iva len t  oxide conten t  was 300 g/L 
(75 wt%). I n  a l l  the t e s t  batches a t  l e a s t  

one - th i rd  o r  100 g o f  the  glass-forming chem- 

i c a l s  per l i t e r  were added as -80/+200 mesh 

The e f f e c t s  o f  t r e a t i n g  the HWVP waste 

40 I 
0 Heated 

- Unheated 

t 
-0 0.5 1 .o 1.5 2.0 

Formic Acid. moles 

FIGURE 1.3. Simulated HWVP Reference Feed 
V i s c o s i t y  as a Func t ion  o f  Formic Acid 
Add i t ions  

frit, which represented the decontamination 
f r i t  c o n t r i b u t i o n  to the  Inel t e r  feed. 

These t e s t  batches were prepared to eval-  

uate the e f f e c t s  on me l te r  feed phys ica l  

p r o p e r t i e s  and me1 t i n g  behavior  when the feed 

was prepared us ing  the DWPF f lowsheet and 

var ious  types o f  g lass- forming chemicals and 

a d d i t i v e s  to produce a reducing c o n d i t i o n  i n  

the c o l d  cap. Twenty-four t e s t  batches o f  
me1 t e r  feeds were prepared on a 1 abora tory  

sca le  from one master batch o f  the i n i t i a l  
HWVP re fe rence feed sirnul a t i on .  Three addi-  

t i o n a l  batches were r e c e n t l y  prepared using 

the Inore r i go rous  s imu la t ion .  

The makeup o f  the me l te r  feed t e s t  batches 

and the  r e s u l t s  o f  t h e i r  c h a r a c t e r i z a t i o n  are  

presented i n  Tables 1.7 and 1.8. Batch 12F 
represented the s t a t e - o f - t h e - a r t  me1 t e r  feed 

p repara t i on  fo r  the HWVP as i t  e x i s t e d  a t  the 

end o f  FY 1984. Batches 14F and 31F repre-  

sent  the DWPF f lowsheet  app l i ed  to the HWVP 
re fe rence feed. These two batches were pre- 
pared more than a month apar t ,  and the data 

p rov ide  some measure f o r  t he  r e p r o d u c i b i l i t y  
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TABLE 1 .7 .  
of Melter Feed Batches Prepared with HWVP Reference Waste Simulations 

Summary of Rheology, Melting Rate and Melt Chemistry Properties 

12F - 
400 

13F - 
400 

14F - 
400 

15F - 
400 

16F - 
400 

17F 

400 

18F 

400 

19F 

400 

2OF - 
500 

21F - 
500 

22F 

500 

23F 24F -- 
500 400 

Batch NO. 

Concentratlon, g 
to ta l  oxldes/L 
Fonnlc acld added to 
waste concentrate, M/L  
Coarse f r l t  added, 
fractlon of t t 1 
glass-fonners?aT 
Fine f r i t  added, 

t?Fal fractlon of 
glass-former 
Unreacted glass- 
former added, frac- 

fanner 
Type of unre 
gl ass-former 
Heat t r e a b e n t  
Oenslty, g/nC 

PH 
Olssolved solids.  w t p  

Suspended sol fds,  w t %  
Total solids.  w t p  

CfOn Of to ta l  glass- 

? 6 P d  

0 1.03 0.43 0 0 

113 

0.43 70 g/L 
sugar 
113 

70 g/c 
sugar 
113 

1 .o 1 .o 0.43 0.43 0.43 

0 113 1 I 3  1 f 3  113 113 113 1 I3 113 113 

213 2 I 3  213 0 0 0 213 213 0 2/3 0 0  0 

111 0 0 0 213 213 2 f 3  0 0 2 f 3  0 213 213 

N 0 N N 

Yes 
1.35 
7.62 

11.2 

30.5 
41.8 

N N N --- 
Yes 

1.31 

10 2 5  
7.9 

35.9 
43.8 

N o  

1.36 
7.13 

17.8 

27.1 
44.9 

Yes 
1.30 
4.18 

6.3 

30.5 
36.8 

Yes 
1.30 
6.56 
3.9 

32.9 
36 .8 

NO 

1.33 
10 .81 
3.4 

35.8 
39.2 

Yes 
1.35 
7.75 

14.9 

28.2 
43.2 

Yes 
1.37 
7.60 

15.3 

29.5 
44 .8 

Yes 
1.34 
4.40 

8.2 

35.1 
4 3 . 3  

Yes 
I .41 
4.64 

20.9 
27.7 
48.7 

Yes 

1;34 
6.47 

4.7 

36.5 
41.2 

re5 Yes 
1.40 1.34 

6.61 7.93 
17.0 12.1 

29.6 28.7 
46.5 40.8 

v 1 scos 1 ty 
a t  183 ;-fP 76 18 18 63 33 26 17 18 2 1  27 36 41 59 
a t  608 s-: 32 9 8 28 15 13 9 8 I2 13 16 20 23 
a t  824 s- 26 8 7 23 13 10 8 6 10 11 14 16 18 

Yield s t  ess ,  MA NA 21 85 36 31 22 27 43 29 48 66 82 
dy n e s l c f  
Supernatant, volP 1.3 HA MA 9.0 4.1 4.1 3.2 4.8 7.0 2.4 3.9 2.9 2.5 
Sedlment resuspend- Poor NA Fair MA Good Fair Good Bad Falr  Falr  Fair  Fair  Bad 
ab11 1 ty 

25F 

400 

26F 

400 

27 F - 
400 

28F - 
400 

29F - 
400 

30F 

400 

31F - 
400 

32F 33F -- 
400 400 

35F 

400 

37F 

400 

1F 

400 

2F 

400 

- 3F 

400 

- Batch No. 

Concentration. g 
to ta l  oxldes1L 
Fonnlc acld added to 
waste concentrate, Y L  
Coarse fr i t  added, 
f rac t lon  of t t 1 
glass-fonners?aP 
Fine f r l t  added, 
fractlon of o a1 
glass- former Fa! 
Unreacted glass- 
fanner added, frac- 
t ion of to ta l  glass- 
former 
Type of unre 
glass-fanner 
Heat treatment 
Oenslty. g/mL 

PH 
Olssolved so l ids ,  WE 

Suspended sol 1 ds, w t X  
Total so l lds ,  wt% 

V l  scosi ty , 

?6Pd 

FP a t  183 s- 
a t  608 s - l  
a t  824 s - l  

Yleld s t l e s s .  
dyneslcm 
Supernatant, Val% 
Sediment resuspend- 
a b i l l t y  

0 0.43 0 0 1 .o 0.6 0.43 1.87 2.00 0.43 0.43 0.29 0.29 0.29 

113 113 113 113 113 113 1 f 3  113 113 113 113 111 113 113 

213 213 2 f 3  213 

0 

213 2 / 3  0 0 0 0 0 0 0 

213 213 2 1 3  0 0 0 0 0  2 1 3  2/3 213 2 f 3  

AF AF AF NF 0 F F --- 

Yes 
1.38 
8.56 

11.6 

32.4 

44 .o 

Yes 
1.35 
7.41 

13.4 

21  .8 
41.2 

Yes 
1.32 
8.02 

11.4 
28.5 
39.9 

Yes 

1.29 
10.05 

2.9 

31.4 
34.4 

Yes 

1.28 
4.74 

4.3 
31.2 
35.5 

Yes 
1.27 
5.07 

3 .8 
30 .8 
34.6 

Yes 
1.29 

8.85 
3.8 

29.8 

33.6 

Yes Yes 
1.30 1.28 
3.3 3.26 

5.3 5.1 

30.3 28.4 
35.6 33.5 

Yes 
1.32 
7 .57  

12.5 

26.6 
39.1 

Yes 

1.33 
7.72 

12.6 

28.1 
40.7 

NO 

1.32 
5.08 

2.8 

29.9 

32.7 

No 

1.32 
8.01 

10.8 

27.6 
38.4 

No 

1.32 
8.04 

12.4 

26 .O 
38.4 

59 
27 
22 
74 

25 
11 
9 

30 

33 23 
10 
8 

31 

20 
8 
7 

23 

18 19 
8 
7 

25 

7 15 
4 7  
3 5  
6 15 

70 
27 
21 

107 

33 
15 
12 
43 

11 
5 
4 

15 

22 
10 
9 

28 

22 
14 
11 
43 

8 
6 

19 

10 
9 

28 

3 .8 
Falr 

5 .8 
Good 

6.4 

Good 
MA 

Fair 
13.2 

F a l r  
13.6 

Fair 
MA 

Falr 
MA NA 

NA Falr 
NA 

Bad 
NA 

Good --- 

( a )  Coarse f r l t  I s  -80/+200 mesh; fine f r i t  I s  -200 mesh. 
( b )  See Table 1.8. 
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TABLE 1.8. 
f o r  the HIVP Reference Feed Treatment Scoping Studies 

Chemical Compounds Used To Make Up Various Types o f  Glass Formers 

Types o f  Glass 
Formers Chemical Compounds Used 

HW39 F r i t  Si02 6203 L i  2O Na20 MgO CaO 

Unreacted N i t r a t e s  (N) Si02 Na2B4O7 *10H20 LiN03 NaN03 Mg(N03)2*6H20 Ca(N03)2*4H20 

Unreacted Oxalates ( 0 )  Si02 Na2B4O7 *10H20 LiN03 Na2C204 Mg( NO3 )2*6H20 CaC204 

Unreacted Formates (F )  Si02 Na2B4O7 *10H20 LiN03 NaHC02 Mg(N03)2*6H20 Ca(HC02)z 

A l l  Unreacted Formates Si02 Na2B407 -10H20 LiHC02 -H20 NaHC02 Mg(HC02)2*2H20 Ca(HC02)2 

Unreacted N i t r a t e s  & Si02 Na28407 -10H20 LiHC02420 NaHCO2 Mg(N03)2*6H20 Ca(N03)2*4H20 

( AF) 

F o n a t e s  (NF) 

o f  r e s u l t s .  
gated the e f f e c t s  o f  t r e a t i n g  the i n i t i a l  
s imu la t i on  w i t h  s to i ch iomet r i c  amounts of 

formic ac id  o r  sugar and o f  adding the glass- 
forming chemicals as frit o r  as unreacted 

n i t r a t e s .  Batches 2OF and 23F were made t o  
probe the l i m i t s  o f  me l te r  feed concentra- 

t i on .  Batches 24F through 27F were prepared 
t o  evaluate the e f f e c t s  on s l u r r y  rheology 

and redox o f  using formate and oxa la te  s a l t s  
i n  place o f  n i t r a t e  s a l t s  as glass-forming 

chemicals. Batches 2SF through 33F were pre- 
pared to l e a r n  whether the des i red  Fe+2/Fe+3 
(0.1 t o  0.3) cou ld  be achieved by adding 
excess formic ac id  to a me l te r  feed made w i t h  

a l l  t he  glass-formers present as frit. 

Batches 14F through 19F i n v e s t i -  

These screening t e s t s  i n d i c a t e  t h a t  the 

v i s c o s i t y  and y i e l d  s t ress  o f  me1 t e r  feed 

decrease w i t h  increases i n  the amount o f  
formic a c i d  added to the feed. Add i t ions  o f  

fo rmic  ac id  o f  0.43 t o  1.0 bJ/L o f  concen- 

t r a t e d  waste reduce y i e l d  s t ress  from 37 t o  

20-25 dynes/cm2. 

a c i d  (1.87-2.0 - MIL o f  concentrated waste) 

reduce y i e l d  s t ress  roughly 10 dynes/cm2. 

They a l so  brought the FeC2/Fe+3 i n t o  the  

des i red  range. The behavior  o f  the s l u r r y ,  

however, as i t  was in t roduced i n t o  the mel t -  

Fur ther  add i t i ons  o f  formic 

i n g  chamber was no t  acceptable because a 
v i  01 en t  vapor re1 ease preceded me1 ti ng . 

Batches 35F and 37F were prepared as an 

extension o f  the 24F through 27F se r ies  t o  

i n v e s t i g a t e  the e f f e c t s  on the Fef2/Fe+3 o f  

using the  reducing s a l t s  i n  the  g lass- fo rming  

chemical makeup (see Table 1.8). Th is  se r ies  

o f  screening t e s t s  revea led  t h a t  oxa la te  and 

a l l  formate unreacted g lass- forming chemical s 
crea ted  feeds e x h i b i t i n g  y i e l d  s t resses  

g rea te r  than 80 dynefcm2, which i s  the OWPF 
design value. A l l  me l te r  feed samples made 

w i t h  the blends o f  n i t r a t e s  and oxa la te  o r  
formate s a l t s  are too ox id i z ing .  The sample 

(35F)  prepared w i t h  a l l  formate s a l t s  was too 

reduc ing  . 
The samples used to determine s e t t l i n g  

ra tes  were covered and s to red  i n  graduated 

cy1 inders .  These samples were probed t o  
determine whether there  had been s i g n i f i c a n t  
s e t t l i n g  o f  the frit and o ther  i nso lub les  t o  

the  b o t t a n  o f  the  c y l i n d e r  and to eva lua te  

the  resuspendabil  i ty o f  these sol i d s .  The 

r e s u l t s  are repor ted  i n  Table 1.7.  

e r a l l y ,  w h i l e  the feeds t e s t e d  do separate 

i n t o  phases, the phase con ta in ing  sol i d s  

ho lds  the fr it i n  suspension. There was no 

Gen- 
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s i g n i f i c a n t  separate frit l a y e r  i n  any Sam- 
ples.  There was v a r i a t i o n  i n  the f i rmness o f  

the phase con ta in ing  so l i ds ,  bu t  i n  on ly  f o u r  
cases had they become q u i t e  f i rm :  

1. a 100% n i t r a t e  g lass- forming chemicals 
makeup which had n e i t h e r  been hea t - t rea ted  

nor formated (12F) 

2. an a l l - f r i t  feed con ta in ing  70 g sugar/L 

(19F) 
3. a feed made w i t h  oxa la te  s a l t s  i n  the 

glass formers (24F) 

4. a feed made w i t h  one - th i rd  frit and two- 

t h i r d s  unreacted formate glass formers 

(35F) .  
The l a s t  th ree  batches ( l F ,  2F, and 3F) i n  

Table 1.7 were prepared using the more r i g o r -  
ous waste s imu la t ion .  Less formic ac id  was 
used because the waste s imu la t i on  d i d  no t  

con ta in  any carbonates. 

s t i l l  some gas re lease when the ac id  was 

added to the 95OC s l u r r y .  The hydrated 

manganese i s  suspected t o  be the source o f  
t h i s  gas release. The n i t r a t e  and formate 

s a l t s  (Table 1.8) used to make up the unre- 

ac ted  g lass- forming chemicals a re  be ing  
ad jus ted  t o  ob ta in  the  des i red  reducing con- 
d i t i o n s  i n  the c o l d  cap. 

prepared w i t h  the  more r i go rous  s imu la t i on  

have acceptabl e v i  scosi t i e s  and y i e l d  

stresses according to the DWPF c r i t e r i a .  

The Fe+2/Fe+3 response o f  these batches i s  

discussed e l  sewhere i n  t h i s  repo r t .  
SRL i n d i c a t e s  t h a t  l i n e  v e l o c i t i e s  as low 

as 1 f t / s e c  are s u f f i c i e n t  to prevent s o l i d s  

d i s p o s i t i o n  i n  the feed l i n e  w i t h  the SRL 

me l te r  feed s l u r r y .  V i s c o s i t y  data f o r  t he  

HWVP mel te r  feeds are  repor ted  i n  Table 1.7 
a t  shear r a t e s  o f  183, 608, and 824 sec- l .  

These shear ra tes  represent  the values a n t i c -  

i pa ted  i n  the HWVP mel te r  feed l i n e .  They 
a re  ca l cu la ted  based on a feed l i n e  i n s i d e  

diameter o f  0.02542 f t  (3 /8  i n .  tub ing)  and 

feed ra tes  o f  30, 100, and 135 L/hr .  These 

There was, however, 

The th ree  batches 

feed ra tes  produce l i n e  v e l o c i t i e s  o f  0.6, 
1.9, and 2.6 f t / sec ,  respec t i ve l y .  The m in i -  

mum l i n e  v e l o c i t y  o f  0.6 f t / s e c  i s  l e s s  than 

the  1.0 f t / s e c  minimum v e l o c i t y  es tab l i shed  

a t  SRL. The minimum acceptable v e l o c i t y  f o r  

HWVP feed has y e t  to be determined. 

SRL has i d e n t i f i e d  the y i e l d  s t ress  o f  
me l te r  feed s l u r r i e s  as a s i g n i f i c a n t  design 

c r i t e r i o n  f o r  the s l u r r y  t r a n s p o r t  and han- 

d l i n g  systems a t  the DWPF. A design y i e l d  

s t r e s s  of 80 dynes/cm2 has been es tab l i shed  
by SRL. The y i e l d  s t ress  repor ted  by SRL i s  
determined by ex t rapo l  a t i o n  o f  the " s t r a i g h t "  

p o r t i o n  o f  the p l o t  o f  shear s t ress  versus 

shear r a t e ,  back t o  the shear s t ress  a x i s  a t  

the  shear r a t e  o f  zero. I n  some ins tances  
the  shear s t ress  determined by the procedure 
i s  l e s s  than the s t a r t u p  shear s t ress  mea- 
sured by the  viscometer. I n  these ins tances  

the s t a r t u p  shear s t ress  may be more i nd i ca -  
t i ve o f  un favorab le  rheo l  ogy . The procedure 

i s  based on the  f a c t  t h a t  the SRL me l te r  

feeds are  t r e a t e d  as i f  they were Bingham 

p l a s t i c  f l u i d s .  The y i e l d  s t ress  values 

inc luded f o r  HWVP feed s l u r r i e s  repor ted  i n  

Table 1.7 were obtained w i t h  the  re fe rence 

SRL ex t rapo l  a t i o n  procedure. Laboratory  

eva lua t ions  were conducted t o  determine 

whether the Bingham p l a s t i c  rheo log i ca l  model 

(and the  r e s u l t i n g  e x t r a p o l a t i o n  procedure 
used to determine y i e l d  s t ress )  should be 

app l i ed  to HWVP mel te r  feed s l u r r i e s .  
Many s l u r r i e s  can be cha rac te r i zed  as 

pseudoplast ic,  Bingham p l a s t i c  o r  y i e l d -  

pseudopl a s t i c  non-Newtonian f l u i d s .  The 

equat ions t h a t  i d e n t i f y  these f l u i d s  are 

summarized i n  Table 1.9. The y i e l d -  

pseudop las t ic  model reduces to the Bingham 
p l a s t i c  model when the f l o w  behavior  index 

n = 1, and to the  pseudoplast ic  model when 

the  y i e l d  s t ress  TY = 0. 
Rheograms ( p l o t s  o f  shear s t ress  versus 

r a t e  o f  shear) prepared us ing  a Haake 
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TABLE 1.9. Non-Newtonian F1 ow Model s 

F l u i d  Equations D e f i n i t i o n s  

Newtonian T = shear s t r e s s  
p = v i s c o s i t y  

dV 
7 = 45) 

dV = r a t e  o f  shear 

k = consis tency index 
q = f low behavior  index 

dV n 
Pseudopl a s t i c  T = k ( z )  

dV n 
T = ry + k(-) d r  Y i e l d  pseudoplast ic  ry  = y i e l d  s t r e s s  

R o t o v i s c f l  v 

samples 26F, 

rl = p l a s t i c  v i s c o s i t y  dV ngham p l a s t i c  7 = 7y + n ( 5 ) ;  7'7y 

0 = (5) T < T Y  
dV 

scometer f o r  HWVP m e l t e r  feed 

31F, 33F, and 37F (Tab le  1.7) 
were f i t  t o  the  y ie ld -pseudop las t ic  rheolog- 

i c a l  model. The me1 t e r  feed samples f i t  the  

model very w e l l .  The c a l c u l a t e d  values o f  
TY, n, and k f o r  each sample are l i s t e d  i n  

Table 1.10. Ca lcu la ted  values o f  the  f l o w  

behav io r  index, n, f o r  the  m e l t e r  feed sam- 

p l e s  evaluated were u s u a l l y  much l e s s  than 

1.0. T h i s  i n d i c a t e s  t h a t  the  s imulated HWVP 

m e l t e r  feeds examined were n o t  Bingham p las-  
t i c s .  The y i e l d  s t r e s s  values f o r  these 

feeds determined by the  Bingham p l a s t i c  ex- 
t r a p o l a t i o n  model used by SRL are l i s t e d  i n  

Table 1.11. These values d i f f e r  g r e a t l y  from 

t h e  values o f  y i e l d  s t r e s s  c a l c u l a t e d  us ing  
the  parameters i n  Table 1.10. The Bingham 

p l a s t i c  ex t rapo l  a t i o n  method f o r  determin ing 

y i e l d  s t r e s s  r e s u l t s  i n  s u b s t a n t i a l l y  h i g h e r  

y i e l d  s t r e s s  values f o r  the HWVP m e l t e r  feeds 

than the  values c a l c u l a t e d  based on t h e  
y ie ld-pseudopl  a s t i c  rheo log ica l  model t h a t  

f i t s  (R = 0.99) t h e  rheograms o f  HWVP m e l t e r  

feed samples. T h i s  i n f o r m a t i o n  i n d i c a t e s  

t h a t  the  s imulated HWVP m e l t e r  feed i s  a 
y ie ld -pseudop las t ic  m a t e r i a l ,  w h i l e  the  SRL- 

prepared s imulated DWPF m e l t e r  feed i s  

t r e a t e d  as a Bingham p l a s t i c  f l u i d .  Now t h a t  

t h i s  i s  known, the  ques t ion  t h a t  remains t o  

be reso lved i s  whether the SRL design y i e l d  

s t r e s s  va lue o f  80 dyneslcm' f o r  DWPF me1 t e r  

feeds should be u t i l i z e d  as the  des ign param- 

e t e r  f o r  HWVP m e l t e r  feeds. It i s  b e l i e v e d  

t h a t  t h i s  ques t ion  can be reso lved o n l y  by 
per forming t e s t s  w i t h  simul a ted  HWVP me1 t e r  

feed i n  a pump-pipe t r a n s f e r  system as was 
done a t  SRL. 

The va lues o f  apparent v i s c o s i t y  inc luded 
i n  Table 1.7 were c a l c u l a t e d  based on t h e  

pseudop las t ic  r h e o l o g i c a l  model . These 

va lues o f  apparent v i s c o s i t y  a re  compared 

w i th  apparent v i s c o s i t i e s  based on the  y i e l d -  

pseudoplast ic  parameters (Tab le  1 . l o )  i n  
Table 1.12. The model se lec ted  does n o t  ap- 

pear t o  s i g n i f i c a n t l y  a f f e c t  t h e  c a l c u l a t e d  

va lues o f  t h e  apparent v i s c o s i t y  f o r  the  mel- 

t e r  feed samples evaluated. 
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TABLE 1 . lo .  Calcu la ted  Parameters f o r  Y i e l  d-Pseudopl a s t i c  Model HWVP 
M e l t e r  Feeds 

HWVP 

Ofd) 
Sam l e  
No. Pa) TO K n F (  b) R2(C) Regr. 

26F-U 1.585 0 2 7 7 0  0.452 3,516 0.9990 0.0313 

26F-D 1.803 0.0199 0.877 5,545 0.9994 0.0314 

31F-U 2.070 0.0599 0.610 224 0.9846 0.0818 

31F-D 1.673 0.0084 0.969 338 0.9898 0.0968 

33F-U 0.127 0.4916 0.322 7,438 0.9995 0.0141 

33F-D 0.698 0.0505 0.661 593 0 -9941 0.0597 

0.9998 0.0222 37F-U 1.358 0.4596 0.443 17,000 

37F-D 2.534 0.0259 0.887 18,760 0.9998 0.0237 

( a )  -U and -0 o f  the  Sample No. r e f e r  t o  the  va lues o f  the  f low curves 

( b )  The F value i s  a measure o f  t h e  s i g n i f i c a n c e  o f  the  f it .  
( c )  The R-squared va lue r e f l e c t s  the  t o t a l  v a r i a t i o n  t h a t  i s  exp la ined 

( d )  The standard d e v i a t i o n  of regress ion  i s  an es t imate  o f  the standard 

from the  "up" and "down" cyc les .  

by t h e  f i t t e d  func t ion .  

d e v i a t i o n  o f  the  data about t h e  f i t t e d  l i n e .  

TABLE 1.11. E f f e c t s  o f  Rheologica l  Model I d e n t i f i c a t i o n  on Pred ic ted  
Values o f  Y i e l d  S t ress  

Y i e l  d Stress,  dynes/crn2 
HWVP Y i e l d -  B i  ngham 

No. o f  Shear (YP) Model Ex t rapo l  a t i o n  BP, % 
Sample D i r e c t i o n  Pseudoplast ic  P l a s t i c  (BPI BP-(YP) 

26F UP 
26F Down 

16 

18  

30 47 

23 22 

31F UP 20 25 20 

31F Down 17 19 11 

33F UP 
33F Down 

1 
7 

15 93 

11 37 

37 F UP 14 43 67 

37F Down 25 29 14 
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TABLE 1.12. Effects of Rheological Model Identification on Calculated Values 
o f  Apparent Viscosity, CP 

HWVP Rate of Shear, sec-l 
Sampl e 183 
No. Y-P Model P-Model 

26F 25 25 
26F 20 21 

31F 19 19 
31F 16 16 

33F 15 15 
33F 13 12 

37F 33 33 
37F 28 29 

Y-P = Yield-Pseudoplastic Model 
P = Pseudoplastic Model 

Me1 t e r  Feed Systems Eva1 uation 

608 
Y-P Model P-Model 

11 
12 

8 
10 

7 
7 

15 
17 

The objectives of th i s  act ivi ty  for 
1985 are: 
Operate ai r-di spl acement sl urry pump I1 
(ADSPII), shown in Figure 1.4, in the t e s t  
stand until 4000 hr ( 6  months) of operat- 
ing time has elapsed, and then assess wear 
and corrosion effects .  
Determine the capabi l i t ies  of the ADSPII, 
s u c h  a s  t h e  maximum temperature, viscos- 
i t y ,  specific gravity, and solids loading 
of the s lurry,  t h a t  the pump will convey. 
Determine the efficiency of the ADSPII in 
terms of watts and cubic feet  of a i r  ex- 
pended per l i t e r  of slurry conveyed. 
Long-term test ing of the ADSPII was com- 

pleted. The pump was operated for a total of 
3696 h r  in a simulated NCAW mixed with unre- 
acted glass-forming chemicals. The pump was 
operated -250 h r  in a West Valley slurry com- 
position containing zeol i te .  

Following the t e s t ,  the pump was disassem- 
bled and inspected for wear in areas tha t  
could l imit  the service l i f e  of the pump. 

11 
11 

8 
9 

7 
7 

15 
15 

824 
Y-P Model P-Model 

9 9 
11 10 

7 7 
9 8 

5 5 
6 6 

18 12  
15 13 

Weight and dimensions were measured and devi- 
ations from previous measurements were docu- 
mented as shown in Table 1.13. In general, 
the pump components were in good condition. 
Due t o  the number of hours of operation, 
wear was expected, b u t  nothing was found t o  
be s ignif icant  enough t o  a f fec t  the pump 
operation. 

The two-way valve had wear noted on the 
seating surfaces and areas where contact was 
made w i t h  the guides. A flashing was evident 
on the lower seat  of the valve which corre- 
sponded with an increased width of the seat  
in the mating surface. This probably re- 
sulted from the wear that  occurred on the 
rocker arm (discussed below) which drives the 
valve and adjusts the position of the seat. 
This seating surface was centered, which 
indicates proper mating. The width of the 
upper seat  noted on the valve had increased. 
I t  also appeared t h a t  the valve was contact- 
ing the upper seat  s l ight ly  off-center and 
then s l iding into a center position. The 
areas where contact was made with the guides 
was di scol ored, and some mal 1 longitudinal 
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Compressed 
Air or 
Water 

1 3-Way Valve ,.. 
- To Melter 

Valve Drive Rod 

Upper Valve Seat 

Valve Guide Bushing 

Lower Valve Seat 

Valve Guide Bushing 

FIGURE 1.4. 
Design 

Ilnproved A i r - D i  sp l  acement Pump 

grooves were noted. These appeared to be 
caused f r a n  1 arge p a r t i c l e s  becoming wedged 
between the va lve stem and the  guide, produc- 

i n g  the  grooves as the  va lve  was d r i v e n  up 
and down. 

The rocker  arm had a wear area l o c a t e d  

where c o n t a c t  i s  made w i t h  the  va lve.  The 

s i z e  o f  t h i s  area had increased as a r e s u l t  

o f  t h i s  t e s t i n g .  The mat ing area on the  

v a l v e  was a lso  worn s l i g h t l y .  

i n  l e n g t h  a t  the l o c a t i o n  o f  the two d r i v e  
r o d  guides. Most o f  t h i s  wear was noted 

The d r i v e  rod  had a wear area about 1 i n .  

d u r i n g  the  i n i t i a l  500 h r  o f  operat ion;  no 
measurements were taken a t  t h i s  t ime. As 

t h i s  d r i v e  r o d  was f a b r i c a t e d  from t h i c k - w a l l  

tub ing,  even w i t h  p r o j e c t e d  wear f o r  1 y r  o f  
o p e r a t i o n  the d r i v e  rod  would not be worn 

through. The p i v o t  p i n s  used f o r  the  d r i v e  
rod / rocker  arm l i n k a g e  showed very minimal 

wear, 
These measurements i n d i c a t e  the maximum 

wear was on the  upper va lve seat. Although 

proper  seat ing  o f  the upper seat  i s  h i g h l y  

d e s i r a b l e  f o r  e f f i c i e n c y ,  i t  i s  n o t  c r i t i c a l  

f o r  the pump opera t ion .  The pump w i l l  oper- 

a t e  wi th  a poor seal on the  upper seat. 

A f u l l y  remote A D S P I I  has been designed by 

the  West V a l l e y  Demonstrat ion P r o j e c t  (WVDP). 
The d e s i g n  was approved and p u r c h a s e  o f  a 

pump f a b r i c a t e d  to the  des ign was i n i t i a t e d .  

Another v e r s i o n  o f  the A D S P I I  was used i n  the 

r a d i o a c t i v e  l i q u i d - f e d  ceramic me1 t e r  (RLFCM) 

demonstrat ion opera t ing  a t  PNL d u r i n g  the 

l a s t  6 months. The ADSP i s  becoming estab- 

1 i shed 1 i quid- f e d  me1 t e r  tec hnol ogy . 

HWVP/DWPF Glass In te rcompar i  son Test  P lan 

A p l a n  was completed t h a t  proposes t e s t s  
t o  compare the leach r e s i s t a n c e s  o f  HWVP and 

DWPF glasses. Data obta ined from the t e s t i n g  

w i l l  be used to suppor t  environmental docu- 

menta t ion  on waste form s e l e c t i o n  through 

assoc ia t ion ,  where warranted, w i t h  the  e x i s t -  

i n g  DWPF EA(a) and the successfu l  record  o f  

d e c i s i o n  (ROD)  i t  supported. The scope o f  
t h i s  p l a n  i s  l i m i t e d  and does n o t  address 

o t h e r  leach t e s t i n g  on HWVP glasses, and par- 

t i c u l a r l y  does n o t  address t h e  breadth  o r  

d u r a t i o n  o f  waste-form q u a l i f i c a t i o n  a c t i v -  

i t i e s  i n  general.  Th is  t e s t  p l a n  w i l l  be 

( a )  Waste Form S e l e c t i o n  f o r  SRP High-Level 
Waste. DOt/EA-0179 9 J u l y  1982 - 
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TABLE 1.13. Weight and Dimensional Changes i n  ADS Pump I1 Components 
A t t e r  3 E  hr  Tes t ing  

Dimensional Change 
Ex t rapo la ted  t o  1 y r  

Pump Component Weight Loss, 3 Change, i n .  o f  Operation, i n . / y r  
D i men s i on a1 

Lower valve seat: 

Upper va lve  seat: 

Two-way valve: 

Seat w id th  

Diameter 

Upper seat w id th  
Upper guide surface, d i a  
Lower guide surface, d i a  
Rocker arm mating surface 

Pump chamber i n l e t ,  d i a  

Feed l i n e  i n s i d e  diameter 
a t  beginning 

Lower guide diameter f o r  
va lve  

Upper guide diameter f o r  
va lve  

Rocker arm 

Contact po in ts  w i t h  va lve  

Wear a t  these contac t  po in ts :  
Change i n  l e n g t h  o f  wear 
Change i n  w id th  o f  wear 

P i v o t  p ins  
P i v o t  p i n  openings 

Screen assembly 
D r i v e  rod change i n  diameter  

due to the guides 

No change --- 0.013 

0.023 

No change 
0.016 
0 e 002 
0.001 
0.011 

(1) 0.003 
( 2 )  0.005 

0.002 

No change 

0.3 
--- 

fo l lowed and superseded by the HWVP waste- 

form plan, which inc ludes  leach t e s t i n g .  

and s t a t i c  leach t e s t i n g  11 to compare 
glasses w i t h  respec t  to SRL's pas t  asse r t i on  

o f  compl iance w i t h  10 CFR 60 based on long- 

term dynamic leach tes ts ,  2 )  to ob ta in  da ta  

p e r t i n e n t  to repos i to ry  cond i t i ons ,  and 3 )  to 

understand the  reasons f o r  leach r a t e s  de- 

c reas ing  w i t h  t ime found by SRL. Tests a re  
proposed f o r  a v a r i e t y  o f  HWVP g lass  compo- 

s i t i o n s ,  to be determined, i n  order to a n t i c -  

i p a t e  fu tu re  changes i n  HWVP glass formula- 

The p lan  proposes a combination o f  dynamic 

No change 

0.005 

--- 
(1) No change 
( 2 )  0.002 
( 3 )  0.002 

0.12 
0.009 
0.001 
0.001 

--- 
0.004 
0.008 

0.031 

0.054 

0.038 
0.005 
0.002 
0.026 

(1) 0.007 
(2 )  0.012 

0.005 

0.012 

(1) --- 
( 2 )  0.005 
( 3 )  0.005 

0.28 
0.02 

0.002 
0.002 

0 -009 
0.019 

t i o n s ,  and on the c u r r e n t  working composi t ion 
"doped" w i t h  ac t i n ides ,  to prov ide  radiochem- 

i c a l  data. 

Th is  plan addresses t h a t  p o r t i o n  o f  waste- 
form q u a l i f i c a t i o n  a c t i v i t i e s  p e r t a i n i n g  t o  

the  comparative leach res i s tance  o f  HWVP and 

DWPF g lass  fo rmula t ions .  In p a r t i c u l a r ,  i t  

p e r t a i n s  to 1) d e r i v i n g  maxirnum b e n e f i t  to 

HWVP from e x i s t i n g  long-term SRL leach  data, 

which played an impor tan t  r o l e  i n  defending 
the DWPF Waste Form EA, and 2) the t ime pe- 

r i o d  l ead ing  up t o  HWVP Waste Form environ- 

men t a l  documentation. 
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The p lan does n o t  address issues beyond 
comparative leach tes ts ,  and i n  p a r t i c u l a r ,  

i t  does n o t  address c u r r e n t l y  env is ioned 
l ' reposi t o r y  re levant "  leach tes ts .  

i t  does n o t  address the l a r g e r  task o f  HWVP 

product  q u a l i f i c a t i o n ,  which inc ludes  as one 

p a r t  waste-form ( g l a s s )  q u a l i f i c a t i o n ,  which 

i n  turn inc ludes  leach t e s t i n g  i n  suppor t  o f  

the  necessary environmental documentation. 
Product q u a l i f i c a t i o n  as a whole inc ludes  

q u a l i f i c a t i o n  o f  the waste form ( g l a s s ) ,  of 

the  product  ( g l a s s  f i l l e d ,  sealed, decontami- 

nated c a n i s t e r ) ,  and o f  the  process as a 

means of e s t a b l i s h i n g  product  qual i t y  con- 

t r o l  s and nondest ruc t ive  examination o f  the 

product. 

a v a i l a b l e ;  there fore ,  the  HWVP i s  s t a r t i n g  
from scra tch  to develop a data base f o r  a 

dec is ion.  Assuming t h a t  a d e c i s i o n  i s  de- 

s i r e d  w i t h i n  a few years, to be preceded by 

an EA, then there  are probably 1 o r  2 years, 

beg inn ing  immediately, i n  which to o b t a i n  

suppor t ing  leach data. Other suppor t ing  
data, such as thermomechanical p r o p e r t i e s  o f  
t h e  g lass,  can be ob ta ined much more q u i c k l y ,  

and are n o t  expected to be as impor tan t  o r  as 

s e n s i t i v e  t o  g lass  composi t ion as i s  t h e  

l e a c h  r a t e .  Therefore, t h i s  p lan  c u r r e n t l y  

addresses o n l y  leach t e s t i n g .  

I f  an environmental assessment i s  re- 

qu i red,  t h e  recommended approach f o r  t h e  

HWVP waste form EA i s  t o  conduct nonradio- 

a c t i v e  and "doped" t e s t i n g  complementing and 

eval  u a t i  ng the e x i s t i n g  SRL data as necessary 

t o  defend the  equivalence ( o r  s u p e r i o r i t y )  o f  

a re fe rence HWVP g lass  compared to t h a t  

t e s t e d  by SRL i n  suppor t  o f  t h e i r  own EA. 
Since methods to determine the r a t e  o f  degra- 

d a t i o n  and t h e  re lease o f  rad ionuc l ides  from 

waste glasses has improved s ince the SRL t e s t  

program, i t  i s  recommended t h a t  updated t e s t  

procedures be app l ied  s imul taneously  t o  a 

Moreover, 

Very few leach data f o r  any HWVP g lass  are  

r e p r e s e n t a t i v e  DWPF g lass  and a re fe rence 
HWVP g lass.  

performance o f  HWVP t o  DWPF glasses w i l l  

y i e l d  maximm b e n e f i t  from the  extens ive DWPF 

data b u t  w i  t h o u t  burdening HWVP w i  t h  having 

t o  defend SRL data o r  analyses ' l a te r .  

Accord ing ly ,  the  appropr ia te  methodology 

f o r  comparing t h e  glasses would be t o  comple- 

ment long-term, dynamic leach t e s t s  with 

s t a t i c  leach t e s t s  where ranges o f  g l a s s  

sur face- to-so l  u t i o n  volume r a t i o s  (SA/'/) a re  

used. For example, MCC-3 t e s t s  ( s t a t i c ,  

l a r g e  SAD) prov ide  i n f o r m a t i o n  on s a t u r a t i o n  

concent ra t ions  o f  leached species i n  so lu-  
t i o n ,  which i s  o f  i n t e r e s t  i n  p r e d i c t i n g  the 

behav io r  o f  t h e  g lass f o r  expected r e p o s i t o r y  
c o n d i t i o n s  o f  very poor mass t r a n s f e r  away 

from t h e  glass. MCC-1  t e s t s  (smal l  SAD) can 
be used to determine the i n i t i a l  leach r a t e s  

and, combined w i t h  MCC-3 tes ts ,  t o  determine 

sa tura ted  leach ra tes .  Together these pro- 
v i d e  i n f o r m a t i o n  on s o l u t i o n  e f f e c t s  on t h e  

g lass,  which i n  t u r n  a re  needed together  w i t h  

dynamic t e s t s  to i n f e r  when o r  i f  decreas ing 

leach r a t e s  can be a t t r i b u t e d  to i n h e r e n t l y  
t ime-dependent e f f e c t s .  Since a t  t h i s  p o i n t  

the  performance o f  an HWVP g l a s s  i n  each o f  

the  p o t e n t i a l  r e p o s i t o r i e s  i s  o f  i n t e r e s t ,  

t e s t i n g  needs to be done i n  each bas ic  repos- 

i t o r y  groundwater type--basal t groundwater, 
b r i n e ,  and t u f f  groundwater--and t e s t i n g  i n  

de ion ized water (DIW) i s  needed t o  complete 

the i n t e r p r e t a t i o n  o f  leach ing  behavior. 

The v a r i a t i o n s  o f  several elements ( i .e . ,  

i r o n ,  zirconium, aluminum, chromium, n i c k e l ,  

r a r e  ear ths)  i n  the HWVP waste need t o  be 

considered. Such v a r i a t i o n s  cou ld  be caused 

by v a r i a t i o n s  o f  i r o n  su l famate i n  the  waste 

produc t ion ,  an increase o f  z i rconium i n  the 

waste, changes i n  the  CRW propor t ion ,  and 

o t h e r  changes i n  the waste produc t ion  f low-  

sheet need t o  be considered i n  determin ing a 

p l a u s i b l e  range o f  elemental concent ra t ions  

Comparing and a s s o c i a t i n g  t h e  
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i n  the waste streams. Judgment based on pre- 
v ious  experience can be used t o  l i m i t  t h e  

number o f  glasses t h a t  need to be considered 

to about f o u r  to s i x  fo rmula t ions .  These 
g lasses would then be used i n  the long-term 

dynamic leach t e s t s  to reasonably assure t h a t  

the  long- term leach data can be i n t e r p o l a t e d  

to a g lass  fo rmula t ion  proposed a t  the t ime 

o f  w r i t i n g  the HWVP waste form EA. The cur- 

r e n t  working fo rmula t ion ,  represent ing  t h e  

b e s t  c u r r e n t  guess o f  the  f i n a l  g lass fomu- 

l a t i o n ,  would be used f o r  r a d i o a c t i v e  ( i .e.,  

"doped" g lass)  t e s t s  f o r  each o f  the  leach 

t e s t  methods. 

Equipment Adaptat ion and Tes t ing  - 
D. H. Siemens, D. E. Larson, W. 0. Heath, 
R. F. K le in ,  R. W. Goles, D. N. Berger 

V i t r i f i c a t i o n  Process Component Tes t ing  

A p r e l i m i n a r y  phase has been completed i n  

c o n v e r t i n g  a jou le-heated ceramic me1 t e r  V i  t- 

r i f i c a t i o n  system t o  canyon remote opera t ion .  

Dur ing  t h i s  phase, ten  components, i d e n t i f i e d  

as r e q u i r i n g  a d d i t i o n a l  development and de- 

s i g n  v e r i f i c a t i o n ,  were designed, f a b r i c a t e d  
and t e s t e d .  A r e p o r t  p r e s e n t i n g  the r e s u l t s  

o f  t h i s  e f f o r t  has been completed and d is -  

t r i b u t e d  as a PNL format  r e p o r t .  

formed--remote t e s t i n g  and opera t iona l  func- 
t i o n a l  t e s t i n g .  T y p i c a l l y ,  remote t e s t i n g  
i n v o l v e d  e v a l u a t i n g  the a b i l i t y  to i n s t a l l  

and rep l  ace equipment components using crane 
only ,  canyon remote techniques. A l l  remote 

t e s t i n g  was conducted i n  the 324 B u i l d i n g  
remote opera t ions  t e s t i n g  f a c i l i t y ,  which was 

developed as p a r t  o f  t h i s  t e s t i n g  e f f o r t .  

The f a c i l i t y  inc ludes  a f u l l - s i z e  m e l t e r  

s h e l l ,  a suppor t  s t r u c t u r e  and mock c e l l  

w a l l s  i n  a c o n f i g u r a t i o n  s i m i l a r  to t h a t  

planned i n  the HWVP v i t r i f i c a t i o n  c e l l .  

In general,  two types o f  t e s t i n g  were per- 

Nozzles and o ther  f langed openings on the 
me1 t e r  s h e l l  were used as t e s t  s i t e s  onto 

which pro to type equipment components were 

i n s t a l  1 ed and removed. 

The suppor t  s t r u c t u r e  was used to h o l d  a 

p ro to type t u r n t a b l e  i n  the  c o r r e c t  p o s i t i o n  

r e l a t i v e  to the me1 t e r  s h e l l .  To evaluate 
t h e  f e a s i b i l i t y  o f  r e p l a c i n g  equipment re-  

mote ly ,  t h e  t e s t  f a c i l i t y  was equipped w i t h  

f u l l y  remote, r a d i o - c o n t r o l l e d  canyon crane 

and crane c o n t r o l s .  A two-camera, CCTV sys- 
tem was i n s t a l l e d  to p r o v i d e  remote viewing. 

The CCTV moni t o r s  were posi ti oned behind the 

mock w a l l s  t o  p revent  d i r e c t  v iewing d u r i n g  

remote t e s t i n g  . 

remote aspects o f  a des ign was to f a b r i c a t e  a 

f u l l - s c a l e  p ro to type component and at tempt  t o  

remote ly  i n s t a l l  and remove i t  from i t s  t e s t  

s i t e  on the me1 t e r  she1 1, t u r n t a b l e ,  o r  mock 

w a l l .  Th is  i s  t h e  most d i r e c t  approach 

toward es tab l  i s h i n g  remotabi l  i ty. Using t h i s  

approach, the  f o l l o w i n g  pro to types  were b u i l t  
and tested:  

The general approach used to evaluate the 

0 c a n i s t e r  pos i  t i o n i  ng t u r n t a b l  e and 

a u x i l  i ary equi  p e n t  

0 m e l t e r  d ischarge s e c t i o n  l i d  
0 d i  s c h a r g e  c o n e  and hand1 i n g  e q u i p m e n t  

0 m u l t i p l e  p i n  ins t rument  jumper 

0 thermocoupl e r e p l  acement system 

0 g l a s s  m e l t  sampler 

0 device to m o b i l i z e  the l e v e l - d e t e c t i o n  
system 6 0 ~ 0  source. 

To prov ide  a bas is  f o r  an o b j e c t i v e  evalu- 

a t i o n ,  c r i t e r i a  were e s t a b l i s h e d  as shown i n  

Table 1.14. 

basis o f  these c r i t e r i a .  A l l  components a re  
remote ly  r e p l  aceabl e o r  ma in ta inab le  by t h e  

l i s t e d  c r i t e r i a  e i t h e r  as o r i g i n a l l y  de- 

signed, o r  w i t h  minor  adjustments and m o d i f i -  

c a t i o n s  t h a t  became obvious d u r i n g  t e s t i n g .  

p iece  o f  equipment i s  measured aga ins t  t h e  

Components were evaluated on the 

The r e s u l t s  o f  remote t e s t i n g ,  where each 
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TABLE 1.14. Resu l ts  o f  Component Tes t ing  

Test Evaluation Criteria 
VIstble Impact No No No NO Unusual 

Canponent Ease of  Bolts and Urench Damage Potential 'Hangup' Good Adequate Crane 
See Text f o r  Bail Alignment Engage Ouring for False During Seating Alignment Operation 
Test Details Alignment Dowels Nuts Handllnp Seatfng Removal Alignment Guides Needed 

Scissor Mechanism 
Canister Access Port 
Canister Grapple 
Drive kchanisrn 
Drive Extension 
Access Port Secondary 

Seal Holder 
Lifting Base for Sec- 

ondary Seal Holder 
Canister Liner 
Load Cell Jumper 
Bellows Seal Holder 
Discharge Section Lid 
Discharge Cone 
Discharge Cone Insertion/ 

Removal Tool 
40-Pin Instrument 

Connect or / J umper 
Themowell 
Thermocouple Jumper 
Themcouple Manual 

Removal o f  Juper  w l t h  

In-melter Vialng 
Melt w l e r  Placement 

tk l t  Smpler Pninstalled 

collectian o f  k.p la  cup 

Insertion 

Bundle 

In ?mister 

In Canister 

e e 

e X 

X X 

0 m 

0 e 
m X 

m X 

0 X 

m e 
e e 

e e 
m X 

a X 

e m 

a e 

0 X 

X X 

a 0 

0 X 
0 X 

9 X 

0 e 

e 

X 
X 
e 
0 

X 

X 

X 

0 

e 
m 

X 
X 

e 

e 
X 

X 

e 

X 
X 

X 

e 

e 
e 
e 
e 

0 

e 

0 

0 
0 
0 
m 

e 

e 

m 

e 
e 

0 

m 

Q 

e 

e 

e 

e 

0 
0 
0 

e 

0 

e 

e 
m 

e 

0 
e 

0 

e 

e 

e 

e 

e 
e 

m 

0 

e 

e 

0 
m 

0 
0 

a 

e 

e 
0 

Q 

e 

e 

e 

e 

e 

X 

e 

e 

e 

e 

e 
e 

0 
0 
e 

0 

e 

a 

0 

m 

e 

0 
0 

e 

e 
m 

0 

0 

e 

0 

e 

e 

0 
0 
e 

e 

e 

9 

0 

m 

e 

0 
e 

e 
e 

X 

e 

0 

e 

e 

0 

e 

e 
0 
e 
0 
m 

0 

0 

a 

0 
e 
e 

e 

e 

X 

e 

e 
0 

e 

0 

0 Acceptable as tested. 
0 Marginal / f  urther developlent recamended. 
X Mot applicable to t h i s  canponent. 

c r i t e r i a  i t  must meet, are shorn i n  

Table 1.14. 
t a b l e  as tested" o r  "marginal f u r t h e r  devel-  

opment recommended ." 
Operat ional  t e s t i n g  establ  i shed whether 

and how wel l  a component func t ioned once 

i n s t a l l e d .  The remote and opera t iona l  t e s t s  

t h a t  were performed are summarized i n  the  

f o l  1 owing paragraphs. 

Each component i s  judged "accep- 

Can is te r  Posi ti oning Turntabl  e. A f u l l  - 
scale, p ro to type t u r n t a b l e  was tes ted  i n  t h e  

324 B u i l d i n g  remote opera t ions  t e s t i n g  f a c i l -  
i t y .  A f u l l - s i z e  me1 t e r  she l l  and a suppor t  
s t r u c t u r e  were i n s t a l l e d  to prov ide  a con f ig -  

u r a t i o n  s i m i l a r  to t h a t  planned i n  the HWVP 

v i t r i f i c a t i o n  c e l l .  Two candidate d r i v e  

index ing  systems were eval uated f o r  accur- 

a t e l y  p o s i t i o n i n g  can is te rs  under the me1 t e r  

The f i r s t ,  a camoperated system, worked we1 

and can be handled remotely wh i l e  the second 

a potent iometer  feedback system, would n o t  

adequately a1 i g n  the c a n i s t e r  under the mel- 

t e r  pour spout. I n s e r t i n g  and removing 

\ 
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c a n i s t e r s  from the t u r n t a b l e  by crane us ing a 
c a n i s t e r  grapple dev ice was tes ted  us ing a 

f u l l - s c a l e  c a n i s t e r  and found to be f e a s i b l e .  
A bel lows-seal system developed f o r  connect- 

i n g  the m e l t e r  to the t u r n t a b l e  was found to 

f u n c t i o n  we l l  w i th  o n l y  minimal (acceptable)  

a i r  inleakage. The c a n i s t e r  access hatch and 

s e a l i n g  mechanism were found to be f e a s i b l e  

f o r  remote handl ing a1 though f u r t h e r  design 

work i s  requ i red .  A s y s t m  f o r  con t inuous ly  

weighing a c a n i s t e r  as i t  i s  be ing f i l l e d  

w i t h  g lass  i n d i c a t e d  bo th  good remote- 

hand1 i n g  c h a r a c t e r i s t i c s  and accurate moni- 

t o r i n g  o f  c a n i s t e r  weight. 

nism f o r  p u l l i n g  and pushing the t u r n t a b l e  

along r a i l s  i n  p o s i t i o n  under the  mel te r  was 

t e s t e d  and found to be b o t h  remotely operable 

and rep laceable.  The remote i n s t a l l a t i o n  and 

removal o f  some t u r n t a b l e  components pre- 

sented some d i f f i c u l t y ,  b u t  i s  cons idered 

f e a s i b l e  based on the 1 i m i  t e d  t e s t i n g  

performed. 

A s c i s s o r  aecha- 

M e l t e r  Discharge Section. A mockup o f  

a me1 t e r  d ischarge sec t ion  was cons t ruc ted  

and used to s imulate thermal c o n d i t i o n s  

w i t h i n  a me1 t e r .  A d d i t i o n a l l y ,  a p ro to type 

d ischarge sec t ion  l i d  was incorpora ted  i n  the 
mockup f o r  r e m o t a b i l i t y  t e s t i n g .  It was a l s o  

t e s t e d  i n  c o n j u n c t i o n  w i t h  the i ne l te r  s h e l l  

f o r  remote i n s t a l l a t i o n  and a i r  in leakage 

c h a r a c t e r i s t i c s .  

I n  d ischarge mockup t e s t i n g ,  the l i d -  

mounted heat ing elements were found to pro- 

v i d e  enough heat to main ta in  the metal t rough 

and pour spout, as wel l  as the upper p o r t i o n  
o f  the discharge cone, a t  or above the 1000°C 

min imm a t  discharge p l e n m  temperatures o f  

1050°C. An eva lua t ion  o f  the  e f f e c t  o f  e le -  
ment f a i l u r e  i n d i c a t e d  t h a t  o f  the e i g h t  l i d -  

heat ing  elements, any one o f  the f o u r  corner  

elements can f a i l  and have l i t t l e  e f f e c t  on 
t rough temperatures, b u t  the loss o f  any one 

o f  the f o u r  middle elements r e q u i r e s  a sub- 
s t a n t i a l  power increase i n  the  remaining ones 

t o  ma in ta in  t rough temperatures. Normal l i d -  
element power l e v e l  v a r i e s  from 20 t o  30 kW. 

An a i r - c o o l e d  g lass  dam was found to operate 
a t  temperatures below 65OoC, thus prevent ing  

g l a s s  migra t ion ,  a t  an a i r  f l o w  r a t e  o f  
10 scfm. Power l o s s  assoc ia ted  w i t h  t h e  dam 

a t  t h i s  f l o w  r a t e  i s  3 k!J. Dur ing  t e s t i n g ,  

the  c o o l i n g  o f  pour spout temperatures 

through r a d i a n t  heat  t r a n s f e r  to a c o l d  can- 

i s t e r  was found t o  be n e g l i g i b l e .  Turn tab le  

a i r  in leakage above 3.0 scfm was found to 

lower  pour spout temperatures enough t h a t  

increased l i d  power l e v e l s  ( a d d i t i o n a l  4 kW 

a t  8.5 scfm) were r e q u i r e d  to compensate. 

elements was a1 so evaluated.  PNL-designed 

element c o n t a c t  clamps were found to operate 

a t  temperatures s u b s t a n t i a l l y  h igher  than 
achievabl  e us ing convent ional  hardware. E l  e- 

ment c o n t a c t  sur faces m o d i f i e d  by removing a 

manufacturer-appl i e d  spray c o a t i n g  and re- 

app ly ing  conduct ive meta ls  us ing  e l e c t r o p l a t -  

i n g  technique was found to lower  c o n t a c t  tern- 

peratures,  r e s u l t i n g  i n  a n t i c i p a t e d  l o n g e r  

element l i f e t i m e .  Element enc losures de- 
signed t o  min imize t h e  leakage o f  a i r  through 
t h e  elements were found to main ta in  s u f f i -  

c i e n t l y  low temperatures i n  the  c o n t a c t  env i -  

ronment when l e f t  uncooled. When a i r  o r  

water cooled, temperatures were n o t  lowered 

enough t o  warrant  the complex i ty  o f  remote 

cool  a n t  and exhaust 1 ines.  

The performance o f  the  l id-mounted heat ing  

The i n 1  eakage c h a r a c t e r i s t i c s  o f  two types 
o f  gasket  m a t e r i a l  f o r  t h e  d ischarge l i d  were 

found to f i t  an o r i f i c e - t y p e  f l o w  versus 
pressure drop equat ion,  a1 1 owing t h e  c a l  cu- 

l a t i o n  o f  an " o r i f i c e "  cons tan t  f o r  each 

gasket. A t  -10 in .  H20 m e l t e r  vacuum, a 

l / & i n . - t h i c k  f l a t  gasket leaked a t  130 scfh,  

w h i l e  a 1- in . -d ia  rope gasket  leaked a t  

150 scfh. 



1.22 

The remote i n s t a l l a t i o n  and removal o f  a 
discharge l i d  f ran  a me l te r  was v e r i f i e d  

us ing  TV viewing, a remote crane, and an 

impact wrench. 

elements surv ived  several r e p e t i t i o n s  o f  bo th  

l i d  i n s t a l l a t i o n  and v i b r a t i o n  f r a n  the i m -  

pac t  wrench du r ing  l i d  t i gh ten ing .  

The r e l a t i v e l y  f r a g i l e  1 i d  

Discharge Cone. A p ro to type me l te r  d i s -  

charge cone and hand1 i ng equi pmen t were 
designed and fab r i ca ted .  They were then 

tes ted  to determine t h e i r  handl ing charac- 

t e r i s t i c s  du r ing  remote i n s t a l l a t i o n  and 

removal from the discharge sec t ion  o f  a 
me l te r  v i a  the t u r n t a b l e  system. 

to t ype  discharge cone was i n s t a l l e d  and 
removed several times fran t h e  discharge 

sec t i on  of a mock me1 t e r  s h e l l .  The remote 
handl ing and opera t ion  o f  bo th  the  cone and 

cone removal equipment were v e r i f i e d .  

The pro- 

E l e c t r i c a l  and Instrument Connectors. A 

40-pin ins t rument  connector was b u i l t  and 
mounted on a jumper to a l l ow  eva lua t i on  o f  

the  remote hand l ing  and i n s t a l l a t i o n  o f  a 

m u l t i - p i n  jumper. 

several times w i thou t  d i f f i c u l t y  using remote 

crane and viewing systems. I n i t i a l  b reak- in  

o f  the  connector was requ i red  to achieve good 

p in /socket  a1 ignment between the connector 

and the wa l l  f lange. 

to f i v e  thermocouples t o  evaluate s igna l  

t ransmi t tance.  

found to have a mean o f f s e t  o f  -0.237"C. 
over 400 measurements , temperature reading 

o f f s e t  was found t o  be independent o f  bo th  

the number o f  t imes the connector i s  d is -  

connected and the temperature be ing  measured 

( f rom 25°C t o  105OOC). The instrument con- 
nec tor  p ins  are thus we l l  cha rac te r i zed  and 

are sui  t a b l e  f o r  remote-instrument s igna l  

t ransmission. 

The jumper was i n s t a l l e d  

A 10-pin connector was b u i l t  and connected 

Thermocoupl e s ignal  s were 
I n  

A 20-pin, 90 A/pin connector was Sui1 t and 
eval uated f o r  i t s  capac i t y  t o  ca r ry  cu r ren t .  

The p ins  were found capable o f  c a r r y i n g  120 A 

a t  a safe p i n  temperature o f  6 5 O C ,  and are 

thus capable o f  opera t ing  a t  130% o f  t h e i r  

r a t e d  capac i ty .  A t  90 A/pin opera t ion ,  such 

a connector i s  p red ic ted  to generate 1.7 kW 
o f  heat, which may requ i re  a i r  coo l i ng .  

A c l o s e d - c i r c u i t  TV s igna l  connector, us- 

i n g  ins t rument  connector pins,  was b u i l t  and 

tes ted  i n  con junc t i on  w i t h  the me l te r  v iewing 
system. No problems o f  rad io- f requency i n -  

t e r fe rence  were encountered even though a 

coax ia l  ( sh ie lded )  p i n  assembly was no t  used 

i n  the t e s t  connector. Transmission o f  the 

TV s igna l  was considered acceptable based on 
t h e  q u a l i t y  o f  the signal  as observed on a 

h igh- reso l  u t i o n  black and wh i te  mon i to r .  

Thermocouple Rep1 acement System. A p ro to -  

type thermocouple jumper system was designed, 

fab r i ca ted ,  and tes ted  to determine i t s  
remote-hand1 i n g  c h a r a c t e r i s t i c s .  The thermo- 

couple jumper system cons is t s  o f  a thermo- 

couple jumper, t h e m o w e l l ,  and a s imulated 

through- the-wal 1 se rv i ce  sleeve. The in -ce l  1 

p o r t i o n s  o f  the t e s t  system were handled us- 
i n g  the remote crane and viewing system. 

Acceptable remote hand l ing  o f  the system was 

v e r i f i e d .  

I n -Me l te r  Viewing System. A camera and 

per iscope system, developed f o r  v iewing t h e  

i n t e r i o r  a e l t i n g  c a v i t y  o f  me l te r ,  was i n -  
s t a l l e d  and was tes ted  i n  an opera t i ng  me1 t e r  

f o r  over 1100 h r .  Dur ing me l te r  feeding, the 

condensed v o l a t i l e s  and en t ra ined p a r t i c l e s  

were prevented from obscur ing the per iscope 

aper tu re  using a steam-cl eani ng system pro- 

v ided on the periscope. The viewing system 

produced a sharp, c l e a r  p i c t u r e  throughout  

t e s t i n g  on a h igh - reso lu t i on  b lack  and wh i te  

mon i to r .  A c o l o r  syn thes izer  used w i t h  the  
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m o n i t o r  made observa t ion  o f  d e t a i l s  w i t h i n  
the  m e l t i n g  c a v i t y  much c l e a r e r .  

Product  Sampling. A p ro to type g lass  m e l t  

sampler was b u i l t  and tes ted  to determine 

b o t h  i t s  remote-handling c h a r a c t e r i s t i c s  and 
t h e  weight  o f  g lass  i t  c o l l e c t s .  Tes t ing  

demonstrated t h a t  the sampler can be i n -  

s t a l l e d ,  operated, and r e t r i e v e d  remotely, 

b u t  t h a t  detachment of the sample conta iner  

i n t o  a p o r t a b l e  cask i s  d i f f i c u l t  a l though 

f e a s i b l e  us ing a remote crane and v iewing 

system. 

improve detachment o f  the sample cup. Under 
normal c o n d i t i o n s  the sampler was found t o  

c o l l e c t  97% by weight  o f  i t s  in tended maximum 
amount o f  sample. When forced to r e t r a c t  

p r i o r  to complete f i l l i n g ,  as may occur i f  a 

l a r g e  g lob o f  g lass  h i t s  the  sample cup, a 
minimum sample weight o f  42% i s  c o l l e c t e d .  

i3elow t h i s  minimun weight, the  sampler w i l l  
a u t o m a t i c a l l y  r a i s e  the sample cup back i n t o  

t h e  g lass  stream u n t i l  97% o f  the  sample i s  

c o l l e c t e d .  When f u l l y  r e t r a c t e d ,  the sampler 
i s  tucked under the shoulder o f  the  c a n i s t e r ,  

f a r  from the path o f  the g lass  stream. 

Minor m o d i f i c a t i o n s  are suggested t o  

Me1 t e r  Nozzle Maintenance System. T e s t i n g  
v e r i f i e d  a p ro to type nozz le c l e a n e r ' s  a b i l i t y  

t o  c lean o u t  a me1 t e r  nozz le t h a t  had been 

clogged to a depth o f  16 i n .  over 952 o f  t h e  
nozz le cross s e c t i o n  w i t h  a tough c a s t  ce- 

ramic to s imulate blockage. Inleakage o f  a i r  
around the nozzle-reamer b i t  when the me1 t e r  
i s  run a t  a vacuun was found to prov ide  suf -  

f i c i e n t  a i r - c o o l i n g  o f  the b i t .  The t e s t  

apparatus was run  a t  a vacuum o f  -5 in .  H20. 
Vacuum-induced a i r  f l o w  through the  nozz le 

d u r i n g  c lean ing  was est imated as 18 scfm. 

Using water as a c o o l i n g  medium a t  1.5 gph 
a1 so r e s u l t e d  i n  t r o u b l e - f r e e  nozzle clean- 

ing.  The t e s t i n g  was done a t  room tempera- 
t u r e  (25OC) and a t  m e l t e r  plenun temperature 

(700°C). 

L i q u i d  Meta ls  Se lec t ion .  Four low-tem- 

pera ture  me1 t i n g  p o i n t  meta ls  were procured 

and evaluated f o r  use i n  a s e a l i n g  system. A 

lab-sca le  s e a l i n g  system was designed t o  t e s t  

the  a i r t i g h t n e s s  o f  a seal made us ing each o f  

the  f o u r  metals. A l l  f o u r  meta ls  were found 
t o  produce an adequate seal, a l though f u r t h e r  

t e s t s  a re  recommended to asess cor ros iveness  

o f  the  metal i n  the l i q u i d  s t a t e .  

1.2 I N  SITU VITRIFICATION ( I S V )  OF HANFORD 
WASTE - (AR-05-10-20 - 80441) 
V. F. F i t z P a t r i c k  - Program Manager 

The object ive  of t h i s  program is t o  de- 
velop and evaluate the i n  s i t u  waste v i t r i -  
f i c a t i o n  concept t o  confirm its f e a s i b i l i t y  
f o r  large-scale use. 

The l a r g e - s c a l e  In Si tu  V i t r i f i c a t i o n  pro- 
cess has completed t w o  s e t t i n g s  o f  opera- 

t i o n a l  t e s t i n g .  DOE approved the t e s t s  a f t e r  
r i g o r o u s  rev iew o f  opera t iona l  readiness.  
Among the p r e l  im inary  f i  nd inys  from these 

tes ts ,  are the  f o l l o w i n g :  

1. 

2. 

3. 

The I S V  process has proved to be an e f f e c -  
t i v e  NO, d e s t r u c t o r .  

Ilblybdenum e lec t rodes  cannot be reused 

f o r  r a d i o a c t i v e  a p p l i c a t i o n s  due t o  

b r i t t l e n e s s .  
The I S V  mathematical model has proved 

accurate i n  p r e d i c t i n g  1 arge-scale per- 

formance a t  var ious  types o f  waste s i t e s .  

Techniques to suppress cold-cap fo rmat ion  

have been developed, and a parametr ic  evalua- 
t i o n  o f  the  e f f e c t s  o f  sodiun and ca lc ium 
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concent ra t ion  was performed to determine s o i l  
v i t r i f i c a t i o n  1 i m i t a t i o n s  o f  the  I S V  process. 

Large-Scale System - J. L. B u e l t  and 

J .  G. C a r t e r  

The la rge-sca le  I S V  process, i n s t a l l e d  i n  

October 1984, has completed two s e t t i n g s  o f  

opera t iona l  acceptance t e s t i n g .  Approval was 
obta ined from the  Department o f  Energy t o  

conduct the t e s t s  f o l l o w i n g  r igorous  rev iew 

o f  t h e  opera t iona l  readiness o f  the process. 

The t e s t s  v e r i f i e d  the c a p a b i l i t i e s  o f  the  
process t o  meet the  f u n c t i o n a l  design c r i -  

t e r i  a es tab l  i shed f o r  the 1 arge-scal e 

process. 
The pr imary o b j e c t i v e  o f  the opera t iona l  

acceptance t e s t s  i s  t o  c o n f i r m  the adequacy 

o f  design o f  the  la rge-sca le  I S V  u n i t  f o r  

f u t u r e  r a d i o a c t i v e  t e s t i n g .  

o b j e c t i v e ,  th ree  s e t t i n g s  were planned w i t h  

the f o l l o w i n g  s p e c i f i c  goals :  

To achieve t h i s  

0 Simulate c o n d i t i o n s  and opera t ions  a n t i c i -  

0 Determine o v e r a l l  ces i  um and s t r o n t i  um 
pated i n  the  r a d i o a c t i v e  t e s t .  

decontamination f a c t o r s  i n  the s o i l  and i n  

the o f f - g a s  system. 

decontamination f a c t o r s  o f  NO, and SO, i n  

the  o f f -gas  system. 

0 Determine o v e r a l l  and time-dependent 

0 Confirm adequacy o f  the depth mon i to r ing  

0 Determine c o r r o s i o n  o f  the molybdenum 

system. 

e lec t rodes  and t h e i r  a b i l i t y  f o r  reuse. 

0 Confirm me1 t-shape modeling p r e d i c t i o n s .  

0 Determine HEPA f i l t e r  performance w i t h  

reduced NaOH concent ra t ions  i n  the scrub 

s o l u t i o n .  

0 Determine the e f f e c t i v e n e s s  o f  i n s u l a t i o n  

over the  v i t r i f i c a t i o n  zone as a technique 

t o  suppress c o l d  cap. 
Conclusions based on t h e  data c o l l e c t e d  

from the f i r s t  and second o f  th ree  s e t t i n g s  

a r e  p r e l i m i n a r y  s ince  much o f  the data has 
n o t  y e t  been complete ly  analyzed. 

a n a l y s i s  o f  run data to date has produced 

some s i g n i f i c a n t  f i n d i n g s .  

However, 

N i t r a t e  and S u l f a t e  Behavior 

The I S V  process has proved to be an effec- 
t i v e  NO, d e s t r u c t o r .  As contaminated s o i l s  

c o n t a i n i n g  n i t r a t e  s a l t s  are v i t r i f i e d ,  the 

n i t r a t e s  decompose to the  ox ide and NO,. 

Dur ing  process ing,  the NO, i s  apparent ly  

reduced to i t s  elemental form (N2 and 02) ,  
which i s  p o s s i b l e  under the h i g h  temperature 

and/or reducing c o n d i t i o n s  o f  t h e  mol ten  s o i l  

(More and Ohtake, 1977). No s i g n i f i c a n t  

q u a n t i t i e s  of NO, were de tec ted  i n  the  hood 
( b e f o r e  o f f - g a s  t rea tment ) ,  scrub s o l u t i o n ,  

o r  stack. 
by the  behav io r  o f  s u l f a t e s  i n  the contami- 
nated s o i l .  The mass o f  n i t r a t e s  depos i ted  

i n t o  the s o i l  exceeded t h a t  o f  s u l f a t e s  by a 

f a c t o r  o f  36. Yet a l a r g e  q u a n t i t y  o f  su l -  

f a t e s  was c o l l e c t e d  i n  the scrub s o l u t i o n  
throughout  b o t h  t e s t s ,  whereas no n i t r a t e s  

were detected. 

the s o i l  a t  the  same r a t e  as NazS04 ( r e f ) ,  we 
can assume t h a t  s u f f i c i e n t  quant i  t i e s  of 

n i t r a t e s  remained i n  t h e  v i t r i f i e d  s o i l  t o  be 

detectable.  Therefore,  the I S V  process i s  

c o n c l u s i v e l y  proven t o  be an NO, d e s t r u c t o r .  
The most s i g n i f i c a n t  f i n d i n g  demonstrates the 

process a d a p t a b i l i t y  t o  contaminated s o i l s  

w i t h  h igh-n i  t r a t e  s a l t s .  

As ind ica ted ,  su l  f a t e  behavior  d i f f e r e d  

cons iderab ly  from t h a t  o f  n i t r a t e s .  

f i c a n t  su l  f a t e  and s u l f i t e  concent ra t ions  

were c o l l e c t e d  i n  the o f f - g a s  scrub s o l u t i o n  

d u r i n g  process ing.  

most e f f e c t i v e  i n  removing SO, from the gas- 

eous e f f l u e n t s .  It reduced t h e  c o n c e n t r a t i o n  
i n  the o f f - g a s  from a t y p i c a l  35 ppm to 

0.03 ppm f o r  a decontamination f a c t o r  o f  

NO, d e s t r u c t i o n  by I S V  i s  v e r i f i e d  

Since NaN03 migra tes  through 

S ign i -  

The o f f - g a s  system was 
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o f  t h e  o f f -gas  system f o r  SO,. 

Th is  meets the design c r i t e r i a  
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I 
Reuse o f  Yo1 ybdenum E l  ec t rodes  

A1 though the c o r r o s i o n  on the molybdenum 
e l  ec t rodes appeared t o  be negl i g i  b l  e, t h e  

e lec t rodes  cannot be considered reusable f o r  

r a d i o a c t i v e  a p p l i c a t i o n s .  When removed from 

the  mol t e n  s o i l ,  the e lec t rodes  were ex- 
t remely  b r i  ttl e, p r e v e n t i  ng the1 r being han- 

d l e d  w i t h o u t  f r a c t u r i n g .  Under the high- 

temperature c o n d i t i o n s  o f  the I S V  process, 

molybdenum undergoes g r a i n  growth, which 

dest roys i t s  d u c t i l i t y  when cooled. For  

r a d i o a c t i v e  appl i c a t i o n s ,  the e lec t rodes  

would be l e f t  i n  t h e  m e l t .  

2 
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FIGURE 1.5. Pred ic ted  and Measured V i t r i -  
f i c a t i o n  Boundaries f o r  Large-Scal e Process 

idel t-Shaoe Conf iaura t ion  

Dur ing  the f i r s t  o f  the  t.40 t e s t s ,  an 

ar ray  o f  thermocouples was embedded i n  t h e  
s o i l  near the edge o f  the  v i t r i f i c a t i o n  zone 

t o  conf i rm model i n g  p r e d i c t i o n s  o f  t h e  me1 t 

shape. The measured shape o f  the b lock  was 

s l  i g h t l y  1 arger  than t h a t  p r e d i c t e d  by t h e  

model, as shown i n  F igure  1.5. The model 
used f o r  the melt-shape p r e d i c t i o n s  i s  t h e  
I S V  mathematical model descr ioed by Oma, 

e t  a l .  (1983). The comparison o f  p r e d i c t e d  

and measured shapes demonstrates conserva t i  sm 
employed by t h e  model. The model a1 so pre- 
d i c t s  energy use, m e l t  depth and width, run 

time, and e l e c t r i c a l  parameters. Table 1.15 

g ives  a comparison o f  the  measured t e s t  pa- 

rameters and those p r e d i c t e d  by t h e  model. 

The agreement conf i rms adequate accuracy o f  

the  model f o r  p r e d i c t i n g  la rge-sca le  p e r f o r -  

mance f o r  var ious  types o f  waste s i t e s .  

TABLE 1.15. Compari son o f  Pred ic ted  and 
Measured Parameters Dur ing F i r s t  Large-Scal e 
S e t t i  ng 

Run t ime, h r  

M e l t  depth, m 

M e l t  width,  m 

~ o l u m e ,  m3 

Mass, t 

F i n a l  v o l  t a g e l  
c u r r e n t ,  V I A  

Average power, kW 

Energy d i  s s i  pated, 
MW h 

Energylmass, kwhlkg 

P r e d i c t e d  

62 

4 .O 

7.2 

165 

265 

735 V I  
2448 A 

3360 

210 

0.79 

Actual  

68 

t ime)  = 62 

4.0 

8 . 1  

( - 6  down- 

la8 

301 

600 V /  
2800 a 

3000 
( exc l  u d i  ng 
down t ime 

200 

0.61 kWh/kg 
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HEPA F i l t e r  Performance 

Because o f  t h e  expected NO, SOx concentra- 
t i o n s  i n  t h e  scrub so lu t ions ,  caus t ic  was 

added t o  keep t h e  scrub s o l u t i o n  pH above 

8. Lewis e t  a l .  (1981) r e p o r t  t h a t  c o r r o s i o n  

i s  s i g n i f i c a n t l y  reduced under bas ic  condi- 
t ions .  A d e f i n i t e  c o r r e l a t i o n ,  however, 

e x i s t s  between scrub s o l u t i o n  pH and l o a d i n g  

o f  the  h i g h - e f f i c i e n c y  p a r t i c u l a t e  a i r  (HEPA) 

f i l t e r s .  A t  pH's g rea ter  than 8, primary 
HEPA f i l t e r  d i f f e r e n t i a l  pressure began t o  

r i s e .  A t  reduced b a s i c i t y ,  HEPA f i l t e r  load- 

i n g  remained constant. Chemical ana lys is  o f  

t h e  f i l t e r  paper i n d i c a t e s  t h a t  v o l a t i l i z e d  
NaOH reacted w i t h  the  f i l t e r  paper, forming 
sodium s i l i c a t e  and p lugg ing  t h e  pores. 

Add i t iona l  labora tory  t e s t i n g  i s  necessary 
t o  conf i rm t h i s  behavior. 

Cold-Cap Suppression Techniques 

I n  the  two la rge-sca le  tes ts ,  formation of 

a c o l d  cap (a nonmolten, c r u s t y  l a y e r  a t  t h e  

sur face)  has become an issue. A d d i t i o n a l  
t e s t i n g  was requ i red  t o  determine whether 

cold-cap b r i d g i n g  i s  an inherent  problem when 

molybdenum e lec t rodes  are used. 

i n g  b lanket  was app l ied  i n  t h e  second t e s t  t o  

reduce the  c o l d  cap bu t  f a i l e d  t o  e f f e c t i v e l y  

co l lapse an es tab l i shed c o l d  cap. 

duce t h e  problem and prov ide  a s o l u t i o n  t o  
the  cold-cap br idg ing ,  PNL i n i t i a t e d  a s e r i e s  

o f  t e s t s  us ing t h e  p i l o t - s c a l e  process ing 

equipment. 

completed. The f i r s t  was a c o n t r o l  t e s t  

designed t o  d u p l i c a t e  cold-cap format ion 

experienced i n  the  la rge-sca le  i n  s i t u  tes ts .  

The t e s t  was operated f o r  22 h r  w i t h  no 
rea l  subsidence o r  growth o f  the c o l d  cap. 

A t  t h e  22-hr po in t ,  the  power i n p u t  was i n -  

creased by a f a c t o r  o f  two. F i f t y  minutes 

a f t e r  the power i n p u t  was increased, a l a r g e  

An i n s u l a t -  

To repro-  

Two p i  1 o t -sca l  e co l  d-cap t e s t s  have been 

s p i r a l  cold-cap mass s t a r t e d  t o  form. The 
s p i r a l  mass appeared t o  be o f  t h e  same t e x -  

t u r e  as those observed i n  t h e  la rge-sca le  

t e s t .  The mass cont inued t o  grow t o  a h e i g h t  
o f  0.43 m ( 1 7  in.) and covered -50% o f  the  

mel t  sur face  u n t i l  t h e  24-hr t e s t  was com- 

p l e t e d  and power was shut down. 
The second cold-cap t e s t  employed suppres- 

s i o n  techniques such as an i n s u l a t e d  surface, 

g r a p h i t e  c o l l a r s ,  and a rev ised s t a r t u p  tech-  

nique. 
sidence was achieved. A t  22 hr ,  t h e  power 

i n p u t  was increased as i n  t h e  f i r s t  t e s t .  No 
cold-cap growth, as had occurred i n  t h e  f i r s t  

t e s t ,  occurred dur ing  t h e  e n t i r e  24-hr pe- 

r iod .  
cess fu l  i n  e l i m i n a t i n g  t h e  c o l d  cap and will 

be employed i n  the  t h i r d  s e t t i n g  o f  t h e  
1 arge-scal e acceptance t e s t .  

A f t e r  22 hr, a 0.23 m (11 in.) sub- 

The suppression techniques were SUC- 

Technoloqy Support - C. T. Timmerman 

Sodium and Calcium E f f e c t s  on Hanford 
- S o i l  - G. D. Maupin 

As p a r t  o f  technology development, a para- 
m e t r i c  e v a l u a t i o n  o f  the  e f f e c t s  o f  sodium 

and ca lc ium concent ra t ion  was performed t o  
eva lua te  t h e  p o s s i b l e  l i m i t a t i o n s  of t h e  I S V  

and c l a r i f i c a t i o n  process on contaminated 

s o i l s .  Fourteen samples c o n t a i n i n g  vary ing  

amounts of Na20, CaO, and Hanford s o i l  were 
melted and t e s t e d  f o r  v i s c o s i t y  and e l e c -  

t r i c a l  c o n d u c t i v i t y  behavior. The r e s u l t s  

were empi r i  c a l  l y  modeled as a three-component 
m i x t u r e  study. 

f o l l o w i n g  statements can be made: 

I n  regard t o  I S V  process l i m i t a t i o n s ,  t h e  

If t h e  Na20 concent ra t ion  o f  a candidate 

s o i l  exceeds 35-40 w t % :  

1. The s o i l  w i l l  not  v i t r i f y .  

2. The s o i l  w i l l  be very conductive: on 

t h e  order  o f  1 (ohm cm)- l  a t  low mel t  

temperatures. 
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3. Adding CaO w i l l  n o t  make the s o i l  

v i t r i f i a b l e .  

o I f ,  however, the Na20 concent ra t ion  i s  
l e s s  than 35 w t %  b u t  g rea ter  than 10 w t %  
i n  the s o i l ,  the empi r i ca l  models p r e d i c t  

an undes i rab ly  h i g h  e l e c t r i c a l  conduc- 
t i v i t y .  A t  the des i red  v i s c o s i t y h e l  t 

temperature, the  a d d i t i o n  o f  CaO would: 

1. Lower the des i red  me1 t temperature f o r  

a g iven v i s c o s i t y  and thereby lower  

e l  e c t r i c a l  c o n d u c t i v i t y  s i g n i f i c a n t l y  . 
2. D i l u t e  the  Nap0 present, a l s o  lower ing  

e l  ec t r i c a l  c o n d u c t i v i t y  s l  i g h t l  y . 
0 The wide v a r i a t i o n s  i n  v i s c o s i t y  and e lec-  

t r i c a l  c o n d u c t i v i t y  behavior  o f  s o i l  Con- 

t a i n i n g  vary ing  l e v e l s  o f  Nap0 Suggest 
t h e r e  may be process and product  l i m i t a -  

t i o n s  as t o  the  amount o f  Na2O (approach- 
i n g  35 wt%) t h a t  cou ld  be t o l e r a t e d .  

Encounter ing Na20 concent ra t ion  approach- 
i n g  35 w t %  i s  very u n l i k e l y ,  there fore ,  t h i s  

i s  n o t  seen as a process l i m i t  f o r  p o t e n t i a l  
a p p l i c a t i o n s  to Hanford contaminated s o i l  

s i  tes.  

Cold-Cap Analys is  - M. R. Garnish and 
C. L. Timmerman 

A s t r u c t u r a l  ana lys is  o f  the c o l d  cap was 
performed t o  assess the  s t rength  o f  a porous 
dome s t r u c t u r e  t h a t  inay occur. Such s t ruc-  

t u r e s  are t h e  r e s u l t  o f  c a v i t i e s  o r  gas pock- 

e t s  forming between the rock l a y e r  and the 

sur face  c o l d  cap. Collapse s t rength  o f  t h e  

domes were est imated i n  terms of  how much 
b a c k f i l l  o r  overburden they are capable o f  

suppor t ing  i n  a post-processing, cooled, 

b r i t t l e  g lass  s ta te .  The s t r u c t u r a l  a n a l y s i s  

has i d e n t i f i e d  the f o l l o w i n g  r e s u l t s  thus 

f a r :  

0 The f a i l u r e  s t r e s s  f o r  the I S V  c o l d  cap, 

porous g lass  ranges from 350 t o  1400 kPa 

(50 t o  200 p s i ) .  These values are  f o r  

p o r o s i t i e s  i n  excess o f  50%. 

0 Using a f a i l u r e  s t r e s s  o f  700 kPa 
(100 p s i ) ,  F igure  1.6 prov ides a p l o t  

o f  cold-cap th ickness  versus depth o f  

overburden needed t o  c o l l  apse t h e  c o l d  cap 

as a f u n c t i o n  o f  e l e c t r o d e  spacing. For  

example, a 5-m overburden depth i s  needed 
t o  f a i l  a c o l d  cap 1 m t h i c k  a f t e r  an I S V  

run  wi th  a 5-17 e l e c t r o d e  spacing. 

A second study i n v e s t i g a t e s  the thermal 

response o f  t h e  c o l d  cap t o  a cover  l a y e r  o f  

sand o r  o t h e r  i n s u l a t i o n .  Th is  cover l a y e r  
i s  assumed t o  be a p p l i e d  d u r i n g  o r  d i r e c t l y  

a f t e r  the I S V  process. The o b j e c t i v e  i s  t o  

p r e d i c t  the  e f f e c t s  o f  a cover  l a y e r  a c t i n g  

as a thermal b a r r i e r  and compressive l o a d  

t h a t  may reduce fo rmat ion  o f  c o l d  cap o r  

p a r t i  a1 l y  co l  1 apse one a1 ready present .  

Thermal analyses o f  the  c o l d  cap tempera- 
t u r e  p r o f i  1 e dur ing  cool down ( a f t e r  power 

shutdown) i n d i c a t e  a temperature r i s e  o f  
100-4OO0C w i t h  a 0.5-m l a y e r  o f  cover s o i l .  

The range i n  est imates  i s  caused by t h e  

e f f e c t s  o f  d i f f e r i n g  assumptions made about 

t h e  thermal c o n d u c t i v i t y  o f  the  rock l a y e r .  

T h i s  i n d i c a t e s  the importance o f  the  rock 

l a y e r  as a c o n t r i b u t o r  t o  cold-cap fo rmat ion  

and s t a b i l i t y  as i t  i n h i b i t s  the t r a n s f e r  o f  

heat  upward i n t o  the  c o l d  cap. E f f e c t s  o f  

cover  l a y e r  depth were a lso  i n v e s t i g a t e d .  

Even small amounts o f  cover s o i l  (10 cm) w i l l  

p r o v i d e  an e f f e c t i v e  thermal b a r r i e r  a t  the 

sur face;  however, the  temperature r i s e  i s  n o t  

enough t o  a f f e c t  the v i s c o s i t y  o f  the co ld -  
cap r e g i o n  and t h e r m a l l y  compress i t . 

The post -process i  ng s t r u c t u r a l  and thermal 

analyses i n d i c a t e  t h a t  t h e  c o l d  cap needs t o  

be co l lapsed be fore  the process i s  completed. 

Thermal analyses were performed w i t h  an insu-  

l a t i v e  m a t e r i a l  p laced over the v i t r i f i c a t i o n  
area d u r i n g  opera t ion .  I n i t i a l  r e s u l t s  

i n d i c a t e  a 400°C temperature r i s e  a t  the sur- 

face wi th  an i n s u l a t i v e  b l a n k e t  a t  0.3 m 
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FIGURE 1.6. Cold-Cap F a i l u r e  as a Func t ion  o f  Thickness, Overburden Depth, 
and E lec t rode Spacing 

above the  surface. An even h igher  tempera- 

t u r e  r i s e  (600°C) i s  p r e d i c t e d  by the  model 

w i t h  the i n s u l a t i o n  p laced d i r e c t l y  on t h e  

sur face.  These temperature increases appear 

adequate to e f f e c t i v e l y  c o l l a p s e  the  c o l d  cap 

by i n c r e a s i n g  the porous g lass  temperature, 

decreasing i t s  v i s c o s i t y ,  and de-ent ra in ing  

any t rapped gases. 
used together  wi th  o t h e r  methods i n  p i l o t -  

s c a l e  t e s t s ,  suppressed the r i s i n g  c o l d  cap 
and achieved sur face subsidence o f  the  m e l t .  

Th is  i n s u l a t i v e  b lanket ,  

1.3 DEFENSE BYPRODUCTS PRODUCTION 

AND UTILIZATION 
(AR-05-30 - 80576) 
G. L. Tingey - P r o g r m  Manager 

The object ive  of t h i s  program i s  t o  iden- 
t i f y  a d  develop safe and cos t - e f f ec t i ve  
applications f o r  nuclear byproducts, and to 

optimize the supply of these products, espe- 
c i a l l y  those available at  Hanford. During 
FY 1985, the prime object ives  include eval- 
uations t o  assure the safety  of  using WESF 
cesiwn capsut es i n  commercial i r rad ia tor s ,  
examination of irradiat ion as a treatment 
f o r  uarious Northwest ,agricul tural products, 
demonstration of the operabi l i ty  of radio- 
isotope-powered thermomechanical generators, 
and technological support to enable commer- 
2ial  use of tritiim-powered mdiolwninescent 
l i g h t s .  

Summary 

I r r a d i a t i o n  t e s t s  have been conducted on 
apples, sp ices,  and c a t t l e  hides. The re-  

sul  t s  o f  the a p p l e - i r r a d i a t i o n  t e s t s  have 

shown t h a t  e f f e c t i v e  i n s e c t  c o n t r o l  can be 

achieved a t  doses o f  25 t o  30 k r a d  and t h a t  

there  i s  no s i g n i f i c a n t  impact on f r u i t  

q u a l i t y  a t  t h i s  l e v e l .  The h i d e - i r r a d i a t i o n  

t e s t s  have shown t h a t  a dose o f  about 2 Mrad 

'. 
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i s  r e q u i r e d  f o r  p reserva t ion ,  b u t  a t  t h i s  
dose damage from the r a d i a t i o n  occurs. 

s p i c e - i r r a d i a t i o n  t e s t s  show t h a t  a dose 

l e v e l  o f  about 2 Mrad i s  s u f f i c i e n t  to pro- 
v i d e  complete c o n t r o l  o f  a l l  microorganisms. 

The purpose f o r ,  and a general d e s c r i p t i o n  

o f ,  the  rad io iso tope thermomechanical gener- 

a t o r  (RTMG) was prov ided i n  the prev ious 

semiannual repor t .  The d e t a i l e d  design o f  

the RTMG has now been completed, and subcon- 

t r a c t s  have been p u t  i n t o  p lace f o r  purchase 

o r  f a b r i c a t i o n  of a l l  the  components. 

(WESF) capsule was f i l l e d  w i t h  a nonradio- 

a c t i v e  s a l t  m i x t u r e  prepared to s imulate 
ces iua c h l o r i d e  t h a t  had decayed f o r  one 

h a l f - l i f e .  Th is  capsule was heated i n  an 

800°C furnace f o r  90 min to examine the  pos- 

s i b l e  e f f e c t s  from an acc identa l  f i r e .  Wi th  

heat ing,  the  s a l t  expanded, causing a small 

c rack i n  the inner  capsule weld t h a t  a l lowed 

s a l t  to f l o w  i n t o  the  space between the i n n e r  

and ou ter  capsules. 

n o t  damaged, however, and no s a l t  was re-  

1 eased from the o u t e r  capsule. 

Based on these r e s u l t s ,  those capsules 

w i t h  s u f f i c i e n t  s a l t  (-20% o f  the t o t a l )  are 
expected t o  behave s i m i l a r l y  i f  exposed to an 

acc identa l  f i r e  f o r  2 o r  3 h r .  I n  t h i s  un- 

1 i k e l y  event, these capsules would be unsui t- 

ab le  f o r  cont inued use and should be re tu rned 
f o r  re-encapsulat ion and/or d isposal  . 

A f i n i t e - e l e m e n t  ana lys is  o f  thermal cy- 
c l  i n g  o f  WESF-type capsules due to t r a n s f e r  

from a water s torage pool to an a i r  environ- 
ment o f  an i r r a d i a t o r ,  has been completed. 

The r e s u l t s  o f  t h i s  ana lys is  show t h a t  the 
most severe thermal s t resses are placed on 

the  ou ter  capsule bottom end-cap weld. The 

s t resses generated are p r o j e c t e d  t o  produce a 
crack-growth r a t e  of 2.9 x in . /cyc le .  

Thus a weld crack o f  0.001 in .  cou ld  be ex- 

The 

A Waste Encapsulat ion and Storage F a c i l i t y  

The ou ter  capsule was 

pected from a capsule a f t e r  3.5 x lo5 cyc les .  
These data suggest a l i f e t i m e  i n  excess o f  

100 years  f o r  capsules cyc led  once per day 
d u r i  ng i r r a d i a t o r  o p e r a t i  on. 

I r r a d i a t i o n  o f  Northwest A g r i c u l t u r a l  
Products  - 0. E. Eakin and F. P. Hungate 

 ADD^ es 

Dur ing  1984, apples were obta ined from s i x  
packing houses and d i v i d e d  i n t o  s i x  l o t s  f o r  

i r r a d i a t i o n  f o l l o w i n g  s i x  s torage- t ime i n t e r -  
va ls .  Thus an equal number o f  apples from 

each packing house were i r r a d i a t e d  a t  each 

dose l e v e l  (0, 20, 40, 60, 80, and 100 krad)  
a f t e r  each s torage- t ime i n t e r v a l .  The i n i -  

t i a l  i r r a d i a t i o n  was done on f r e s h l y  packed 

apples (no contro l led-atmosphere s torage) .  

I r r a d i a t i o n  t e s t s  were then conducted on 

o t h e r  batches o f  apples f o l l o w i n g  2 ,  4 ,  6, 8, 
and 10 months o f  c o n t r o l  1 ed-atmosphere s t o r -  

age. Fo l low ing  i r r a d i a t i o n ,  the apples were 

p laced i n  c o l d  s torage f o r  2 months. 

removal from c o l d  storage, 20 apples from 

each dose l e v e l  and each packing house were 

t e s t e d  f o r  q u a l i t y .  Q u a l i t y  t e s t s  were then 
conducted on f i v e  apples f o l l o w i n g  3,  7, 10, 

and 14 days r i p e n i n g  time. These t e s t s  i n -  
c l  uded pH, v i s u a l  inspec t ion ,  mois ture,  and 

f irmness. 
I n  genera l ,  i r r a d i a t i o n  reduced apple 

f i rmness a t  h igher  doses b u t  d i d  n o t  s i g n i f i -  

c a n t l y  a f f e c t  o t h e r  q u a l i t y  p r o p e r t i e s .  

sec t  c o n t r o l  can be achieved i n  apples a t  

doses lower  than those which reduce f i rmness.  

I r r a d i a t i o n  thus appears t o  be d t e c h n i c a l l y  

f e a s i b l e  technique f o r  meeting i n s e c t  quaran- 

t i n e  requirements. These t e s t s  a l s o  demon- 

s t r a t e d  t h a t  apples can be removed from con- 
t r o l  1 ed-atmosphere s torage throughout  t h e  

year  f o r  i r r a d i a t i o n .  Th is  demonstrates the  

A f t e r  

I n -  
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t e c h n i c a l  feas i  b i l  i t y  o f  year-round o p e r a t i o n  

o f  an i r r a d i a t i o n  f a c i l i t y  where o t h e r  com- 

m o d i t i e s  such as c h e r r i e s  would be i r r a d i a t e d  

o n l y  dur ing  the f r e s h  season. 

would be i r r a d i a t e d  dur ing  the remaining 

time. 

Thus apples 

Soices 

Comnercial samples c o n s i s t i n g  o f  155 l b  
o f  whole b lack  pepper i n  a b u r l a p  bag and 

110 l b  o f  ground papr ika  i n  a po lye thy lene 

bag were obta ined fran Crescent Foods, 

Seat t le ,  Washington, f o r  i r r a d i a t i o n  t e s t -  

ing.  

na l  sp ice bags were used to perform the 
p r e i  r r a d i  a t  i o n  m i c r o b i o l o g i c a l  t e s t i n g .  I t  

was n o t  p o s s i b l e  to g e t  d i s t i n c t  samples from 

the  o u t s i d e  l a y e r  o f  t h e  bag versus the i n -  

s ide.  

f o r  t o t a l  aerobic  b a c t e r i a l  count, c o l i f o r m s ,  

E. c o l i ,  yeast/mold, and coagulase-posi t ive 

Staphylococcus. The o t h e r  s i x  samples from 

each sp ice were used to count  Salmonella. 
Twelve prebagged sampl es were p l  aced back 

i n t o  the o r i g i n a l  sp ice  bags f o r  i r r a d i a t i o n  

treatment. I n  s i x  samples, a chromic f i l m  
dosimeter was p laced i n  the center  o f  each 

sp ice  bag; i n  s i x  o t h e r  samples, dos imeters 

were p laced a t  the sur face o f  the l a r g e  bag. 

A f t e r  the  samples were p laced back i n  the  

l a r g e  bags, the bags were f i l l e d  to the top 

w i t h  the sp ice t h a t  had been removed 

p r e v i o u s l y .  

The cardboard sh ipp ing conta iners  conta in -  

i n g  the  two sp ices and prebagged samples were 

p laced v e r t i c a l l y  n e x t  to the 6oCo source. 

The sp ices were i r r a d i a t e d  f o r  56 h r  and then 

were r o t a t e d  180" and i r r a d i a t 2 d  f o r  an addi- 

t i o n a l  56 hr. A f t e r  the samples were ro-  

ta ted ,  a dosimeter was p u l l e d  froin the center  

Twelve samples fran each o f  the  o r i g i -  

S i x  samples from each sp ice were used 

o f  each bag and the dose determined; the ob- 
served doses were 1.9 Mrad f o r  papr ika  and 

1.7 Mrad f o r  pepper. 

p l e s  fran each sp ice  bag were tes ted  i n  t h e  

same manner as the p r e i  r r a d i a t e d  samples f o r  

m i c r o b i a l  l o a d  and i d e n t i f i c a t i o n .  In t h i s  

case, samples from the sur face o f  the  sacks 

were d i s t i n g u i s h e d  from those l o c a t e d  a t  t h e  

center .  

When i r r a d i a t i o n  was complete, the  12 sas- 

The sur face  dose to each sp ice  was about 
2.9 Wad, and t h e  dose a t  t h e  center  was 

about 1.7 Mrad f o r  the pepper and 1.9 Mrad 
f o r  the  papr ika.  M i c r o b i o l o g i c a l  t e s t s  

showed t h a t  t o t a l  aerobic  counts  ranged froin 

lo5  t o  IO6 organisms per  gram i n  pepper and 
f r o m  lo6 t o  l o7  i n  p a p r i k a  f o r  t he  p r e i r r a -  

d i a t e d  samples. P o s t i r r a d i a t e d  samples 

showed 0 counts  f o r  a l l  microorganisms f o r  

each sp ice  and a l l  samples. Data from t h e  
m i c r o b i o l o g i c a l  t e s t s  f o r  each sp ice are 

shown i n  Tables 1.16 and 1.17. 
No Salmonella was de tec ted  i n  any presam- 

The p l e s  a f t e r  i n c u b a t i o n  i n  l a c t o s e  bro th .  

r e s u l t s  c l e a r l y  show t h a t  doses o f  about 

2 grad are  very e f f e c t i v e  i n  s t e r i l i z i n g  

these b u l k  spices. 

Hides 

C u r r e n t l y ,  h ides are  soaked i n  s a l t  b r i n e  
be fore  e x p o r t  i n  sh ipp ing conta iners .  The 

s a l t  s o l u t i o n  i s  c o r r o s i v e  to the conta iners ,  

t r a i l e r s ,  sh ipp ing  docks, barges, and han- 

d l i n g  equipment, which r e s u l t s  i n  consider-  

ab le  added expense o f  sh ipp ing.  Removal o f  

s a l t  from the h ides p r i o r  t o  tanning a lso  

adds costs .  Thus i r r a d i a t i o n  i s  be ing inves-  

t i g a t e d  as an a l t e r n a t i v e  method t o  p revent  

m i  c r o b i  a1 d e t e r i o r a t i o n .  

i 
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TABLE I .  16. Pepper Sampl es (number of organi  sms/g spice) 

Sample 

P re i  r r a d i a t i o n  
1 A  

2A 

3A 

4A 

5A 

6A 

P o s t i r r a d i a t i o n  

1 B / S i  de 

2BISide 
3B/Side 

4B/Cen t e r  

5B/Center 

6B/Center 

Total  Aerobic 
counts 

415,000 

720,000 

P ,035,000 

365,000 

835,000 

490,000 

Mol d/Y eas t 
counts 

<loo 
< l o o  
(100 

(100 

<loo  
(100 

0 
0 

0 

I) 

0 
0 

Staphyl ~ C O C C U S  

150,000 

120,000 

>1,100,000 

120,000 
-- 
-- 

TABLE 1.17. Papr ika Sampl es ( number of organi  sms/g sp ice)  

Sample 

P r e i  r r a d i  a t i o n  

Total  Aerobic 
counts 

7 A  

8A 

9 A  
10A 

1 1 A  

12A 

P o s t i r r a d i a t i o n  
7B/Side 
8B/Side 

9B/Si de 

10B/Center 

1 lB/Cen t e r  
12B/Center 

14,500 ,000 

8,000,000 

8,500,000 
21,000,000 

9,500,000 

8,500,000 

Mol d/Yeast 
counts 

100 /1150 

1 50 /44 50 

200/2600 
110/2300 

1100/1050 

50/1300 

0 

I) 

0 
0 

0 

0 

Col i forms 

>11,000 

>11,000 

4,600 
11,000 

11,000 

>11,000 

-- 
-- 
-- 
-- 
-- 
-- 

Staphyl ococcus 

>110,000,000 

>110,000,000 

110,000,000 
>110,000,000 
>110,000,000 

>110,000,000 
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Hide samples were obtained from the Iowa 
Beef Processors plant in Pasco, Washington, 
fo r  irradiation testing. 
-5 x 7 in. Three samples were folded i n  half 
and then rolled together to form a cylindri-  
cal rol l  -2.5 in. high -4.5 in. in dlameter. 
The rolled hides were placed in a Ziploc@ bag 
that  was then placed i n  a polyethylene bag, 
heat- seal ed, and taped. Four bagged sampl es 
were prepared in th i s  manner and irradiated 
t o  nominal doses of 0.5, 1, 2 ,  and 5 Mrad. 
These samples were then sent to Dr. David 
Bailey, Research Leader, Hides and Leather 
Research, a t  the U.S. Department of Agricul- 
t u r e ' s  Animal Biomaterial s Laboratory i n  

Phi 1 adel phi a .  

ture ,  the samples were washed in s t e r i l i zed  
peptone b r o t h .  The bacterial count in the 
broth was determined on conventional agar 
pl a t e s ,  and the hide sampl es were processed 
into crust  leather ( the  stage just prior t o  
f inish application).  A t  the stage a t  which 
the hide samples were washed, i t  was apparent 
t ha t  most of the samples had deteriorated 
badly. The samples had a strong, putrid 
odor, and the hair had loosened extremely on 

all  samples except the one that  had received 
5 Mrad. These 5-Mrad samples were also quite 
s t i f f ,  particularly along the creases where 
they had been folded to f i t  into the irradia- 
tion chamber. All other samples were a s  

Each sample was 

After 36 days of storage a t  room tempera- 

r e s i l i e n t  as fresh hide. The crust  leather 
prepared from each sample was examined visu- 
a l ly .  The grain ( t o p  surface) of the leather 
was intact  in the samples that  had been 
irradiated a t  2 and 5 Mrad. I t  was com- 
pletely destroyed a t  the two lower levels.  
Three physical t e s t s  were made on each of the 
samples to  compare their  relative strengths. 
The summary d a t a  obtained are presented i n  
Table 1.18. 

Values for tensi le  strength, s l i t  tear ,  
and ball burst vary from hide t o  hide and 
a1 so within the hide. The Val ues a t  1 Mrad 
are probably a b o u t  normal for sal t- treated 
hi des. 

Microbial growth on the hide samples was 
completely i n h i b i t e d  on ly  a t  t h e  highest 
level o f  i r radiat ion tested.  Physical 
strength was significantly reduced, however, 
a t  t h i s  level.  A t  the 2-Mrad level and 
lower, microbial growth was not completely 
prevented, b u t  l i t t l e  damage to the grain was 
observed a t  2 Mrad. Reduction in the values 
of the physical t e s t s  a t  the 0.5-Mrad level 
was most l ikely due t o  microbial damage. 
These resul ts  are in l i ne  with other pub- 
lished information on the level o f  irradia- 
tion needed t o  preserve hides as well as the 
1 eve1 which weakens the result ing 1 eather.  
The r e su l t s  do n o t  rule o u t  t h a t  some level 
o f  i r radiat ion between 2 and 5 Mrad might be 
adequate for preservation w i t h  l i t t l e  o r  

TABLE 1.18. Sumnary of Hide-Irradiation Data 

Sample Irradiation, Microbial Tensile S l i t  Tear, Ball Burst, 
Number Wad Countlg Strength, psi l b / in .  l b l i n .  

A 5 0 903 271 522 
C 2 5 x 106 1523 666 1315 
D 1 10 x 106 1861 614 1712 
€3 0.5 0.5 x 106 1455 561 1300 
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i n s i g n i f i c a n t  impa i rgent  o f  s t rength .  Fur- 
thermore, lower  doses may be adequate f o r  

s h o r t e r  per iods.  

Radio i  so tope Thermomec hani  c a l  Generator 
(RTMG) Development - E. J .  Wheelwright 

S t i r l i n g  Engine Generator 

The generator i s  a f r e e - p i s t o n  "Spike 11" 
engine manufactured by Sunporrer, Inc., o f  

Athens, Ohio. I n  i t s  normal c o n f i g u r a t i o n ,  

t h i s  engine has a f l u t e d  dome head through 

which heat  i s  t r a n s f e r r e d  f r a n  an ex terna l  

propane burner  to the working gas (he l ium) 

i n s i d e  the  engine. In the  engine designed 

f o r  use w i t h  a r a d i o i s o t o p i c  heat source, the  

f l u t e d  dome head i s  rep laced w i t h  a head ma- 

ch ined w i t h  a smooth conic  sur face t h a t  w i l l  
f i t  in to  the  matching sur face  o f  the heat- 

t r a n s f e r  b lock  o f  the iso tope heater  assem- 

b l y .  The engine generator  i s  f u l l y  f a b r i -  

ca ted  except f o r  the head, which i s  c u r r e n t l y  

be ing completed. The completed engine w i l l  
be tes ted  a t  Sunpower, us ing a f l u t e d  head 

and a propane heater. The f l u t e d  head w i l l  

then be rep laced w i t h  the specia l  conic head 
and the  assembly shipped to PNL. 

Heat Source 

The heat  source c o n s i s t s  o f  f o u r  component 
par ts :  1) a s t a i n l e s s  s t e e l - c l a d  copper c y l -  
i n d e r  w i t h  s i x  2-1/2-in.-dia ho les on one end 

and a conic  sur face on the  o ther  end, 2 )  a 

lead-sh ie lded c y l i n d r i c a l  vessel, and 3)  a 

lead-sh ie lded cover. When assembled, t h e  

S t i r l i n g  engine i s  fastened t o  the bottom o f  

t h e  lead-sh ie lded c y l i n d r i c a l  vessel wi th  t h e  

dome up. The s t a i n l e s s  s t e e l - c l a d  copper 

c y l i n d e r  i s  then i n s e r t e d  i n t o  the  s h i e l d i n g  

vessel so t h a t  the two conic  sur faces f i t  

together  w i  t h  very c l o s e  to1 erances. M i  n-K@ 
i n s u l a t i o n  f i l l s  the space between the  copper 

h e a t - t r a n s f e r  b lock  and the  s h i e l d i n g .  A f t e r  

s i x  WESF capsules are i n s e r t e d  i n t o  the ho les  

i n  the s t a i n l e s s - c l a d  copper b lock,  i n s u l a -  
t i o n  i s  p laced on top o f  the  assembly and t h e  

lead-sh ie lded cover i s  fastened i n  p lace.  

F igure  '1.25 o f  the prev ious  r e p o r t  shows t h e  

assembled RTMG. 

o f  the  heat  source and c a s t i n g  o f  the  l e a d  

gamma s h i e l d  has been completed. Cast ing o f  

the  copper i n t o  the s t a i n l e s s  s tee l  s h e l l  o f  

the  heat  accumulator and the  assembly o f  coin- 
ponents w i l l  bo th  be completed soon. 

F a b r i c a t i o n  o f  the s t a i n l e s s  s tee l  p a r t s  

S t r o n t i  um Capsules 

E i g h t  WESF s t ron t ium capsules have been 
se lec ted  f o r  use i n  the  RTMG. Only s i x  cap- 

su les  w i l l  be used, w i t h  the  o t h e r  two char- 

a c t e r i z e d  as spares i f  needed. The capsules 

a r e  l i s t e d  i n  Table 1.19 a long w i t h  t h e i r  

thermal ou tpu t .  
To ensure t h a t  the se lec ted  capsules w i l l  

a l l  f i t  i n t o  the holes i n  the s t a i n l e s s  

s t e e l - c l a d  copper b lock,  a 20- in . - long tube 
was machined to an ID between 2.695 and 

TABLE 1.19. Thermal Output o f  E i g h t  WESF 
S t r o n t i  un Capsules 

Capsule Heat Output, Wt 
Number Decayed t o  10-1-84 

S-88 820 

5-112 804 

S-83 749 

5-95 746 

s-77 722 

5-471 736 

s-533 711 

s-79 700 
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2.700 i n .  from s t a i n l e s s  steel  p ipe. The 

capsules were removed from the water pool a t  

WESF and al lowed t o  warm to ambient tempera- 
tu re ,  and then each capsule was i n s e r t e d  i n t o  

the  gauge. A l l  capsules se lec ted  were found 

to have an acceptable f i t  i n  the gauge and, 

t he re fo re ,  should f i t  i n t o  the heat source 
f o r  f i n a l  assembly. 

RTMG Performance Test P1 an 

A p r e l  im inary  p lan  has been prepared f o r  
t e s t i n g  the  assembled RTMG. 

a schematic o f  the component par ts .  Power 
generated by the RTMG w i l l  be cont inuous ly  

measured. The load  w i l l  be a bank o f  incan- 
descent 1 ights .  Engine performance and heat- 

b lock  telnperatures w i l l  be cont inuous ly  

F igure  1.7 shows 

moni tored and alarmed i n  the event o f  over- 
heat ing.  Cool ing water w i l l  au tomat i ca l l y  

cool  the system down i f  p rese t  temperatures 

are exceeded f o r  any reason. AI1 components 

a re  designed f o r  f a i l - s a f e  operat ion.  

WESF Cesium Capsule Behavior - G. L. Tingey, 
W. 3. Gray, R. J. Shippe l l ,  and 

Y. B. Katayama 

Doubl e-wal 1 ed , s ta in1  ess s tee l  capsul es 
prepared f o r  storage o f  r a d i o a c t i v e  137Cs 
from defense waste are now being shipped f o r  

use as sources f o r  commercial i r r a d i a t i o n .  

Cesium was recovered a t  B P l a n t  f rom the 

high-1 eve1 r a d i o a c t i v e  waste generated du r ing  
processing o f  the  defense nuc lear  f u e l ,  and 

p u r i f i e d ,  conver ted to the  c h l o r i d e  form, and 

I Incandescent Adapiive 
Power Control Light Bank 

FIGURE 1.7.  Schematic o f  RRrlG Component Par ts  
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encapsulated a t  the Hanford Waste Encapsul a- 
tion and Storage Faci l i ty  (WESF). 

capsule integrity during a 90-min f i r e  in 
which capsule temperatures reach 800°C. 
Tests are nearing completion to assess the 
e f f ec t s  of thermal cycling caused by periodic 
transfer of the capsules from a water storage 
pool t o  the a i r  environment of an i r radiator  
f aci 1 i ty . 

Recently completed studies have reaffirmed 

Capsule Swelling Due to  Thermal Expansion 
of Cesium Chloride a t  800°C 

Pure cesi um chl oride expands to about 

This expansion includes: 
1.5 times i t s  i n i t i a l  volume when heated from 
25°C t o  800°C. 
I )  thermal expansion of the solid and l iquid 
phases; 2 )  an 18% expansion during the crys- 
t a l l  ine phase transit ion from body-centered 
cubic to the face-centered cubic structure,  
which occurs a t  469°C; and 3) a 10% expansion 
during the sol id-to-liquid transit ion a t  
645°C. This s a l t  volume expansion could 
s t r e s s  a few of the most -heavily loaded WESF 
137Cs capsules in a f i r e  t h a t  would markedly 
increase the temperature of the capsule and 
i t s  contents. 

Capsule-loading factors ( s a l t  weight/ 
capsule volume a t  25°C) have been determined 
for the WESF capsules using the measured s a l t  
mass and the nominal capsule volume. These 
data allow estimation of the extent of swell- 
ing required to accommodate the s a l t  volume 
a t  any temperature i f  the s a l t  were pure 
cesium chloride. However, since there . i s  
10 t o  20% impurity i n  the s a l t  i n i t i a l l y  and 
since the 137Cs decays t o  137Ba, the specif ic  
volume of the s a l t  as a function of tempera- 
ture cannot  be calculated direct ly .  We have, 
therefore, conducted an experiment using a 
nonradioactive s a l t  mixture t o  simulate the 
WESF capsule s a l t  a f t e r  one half- l i fe  

(30 years) of decay time to obtain a direct  
measure of the potential for  swelling of the 
capsules. 

was 3.29 g/cm3 compared with a density of 
4.0 g/cm3 for  pure CsCl  (Tingey, Wheelwright 
and Lytle 1984, p. 28). 

sured for both pure CsCl and a sample from 
the f i r s t  melt using a Perkin-Elmer TMS-2 

thermomechanical analyzer. A value of 1.23 x 
10-4/0C in the range 141 t o  325°C was ob- 
tained for the impure mixture. Results for 
pure CsCl were 1.70 x 10-4/"C over the range 
200 to  450"C, compared t o  the published value 
of 1.89 x 10-4/0C over the range 200 t o  460°C 
(Tingey, Wheelwright and Lytle 1984, p. 28). 

into the inner capsule inside an argon glove 
box whose oxygen concentration was kept below 
10 ppm. Even though the capsule was as  fu l l  
as possible, the total weight of s a l t  was 
only 2854 g,  113 g s h o r t  of the preselected 
amount, apparently because of the lower 
density of the s a l t  mixture. This gives a 
loading factor of 3.11 g/cm3. 

The inner capsule was placed inside the 
outer capsule in a helium glove box, and the 
end cap welded in place. The en t i r e  capsule 
was leak-checked; no leaks were detected a t  
a sensi t ivi ty  of 2 x 
he1 i urn/ sec . 

furnace preheated t o  810°C and heated for  
90 min. 

The measured density of the sal t mixture 

Thermal expansion coefficients were mea- 

The s a l t  mixture was melted and poured 

std.  cm3 of 

The double capsule was placed in a large 

Post Heat-Treatment Analyses. After heat 
treatment, the outer capsule was again leak- 
checked a t  2 x std.  cm3 of helium/sec 
and found to  be leak-free. 
suffered essentially no dimensional changes 
(<0.35% increase in diameter and decrease in 
length) as a resul t  of the heat treatment. 

The outer capsule 
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The ends were cu t  from the outer capsule, 
and the inner capsule was removed. Consider- 
able force was required to push the inner 
capsule from the outer because the thin-wall 
region a t  the top of the inner had bulged o u t  
against the outer capsule wall. Furthermore, 
the end-cap weld had developed a mal l  crack, 
allowing 150 g of s a l t  to flow into the annu- 
lus  between the inner and outer capsules. 
Figure 1.8 shows the 
weld which permitted 

The inner capsule 
i n  the region of the 

failed region of the 
the sal t to flow. 
swelled 0.150 in. ( 6 % )  
bulge where the wall had 

845 154-14cn 

FIGURE 1.8. 
After Salt  Was Cleaned Off. Nbte bulge and 
f a i  1 ed we1 d . 

Photograph of Inner Capsule 

been machined as pa r t  of the weld preparation 
and to allow insertion of the retainer ring 
t h a t  supports the sintered metal disc.  Other 
than the bulge, the average swelling of the 
inner capsule was 0.037 in. (1.4$) in diam- 
e t e r  and 0.027 in. (0.1%) in length. This 
compares with the diametral gap between the 
inner and outer capsules of 0.149 in. Obvi- 
ously, the bulged region of the inner capsule 
contacted the outer capsule, preventing addi- 
tional bulging. Had the weld no t  cracked, 
allowing the s a l t  to flow from the inner cap- 
sul e,  a calculation based on extrapol ation 
of the swelled inner capsule volume and the 
weight of s a l t  remaining in the capsule shows 
that  the diameter would have had to swell an 
average of 0.092 in. t o  accommodate the en- 
t i r e  s a l t  volume. 

Discussion 

This study was done primarily t o  determine 
the behavior of a WESF cesiun capsule with a 
high loading of s a l t .  
reached, and also more basic data can be in- 
ferred,  such as s a l t  density a t  8OO0C, load- 
ing factors which capsules can accommodate, 
and capsule corrosion rates.  

i n i t i a l  capsule swelling will occur in the 
section of the capsule wall that  has been 
machined to 0.080 i n .  thick. Expansion of 
t h i s  area of the capsule continues until i t  
reaches the outer capsule wall and apparently 
places considerable torque on the t o p  weld. 
Additional expansion of the s a l t  will expand 
the thicker area of the wall, or i t  will 
fracture the weld, release s a l t ,  and relieve 
the s t ress ;  the actual behavior will depend 
upon the duct i l i ty  of the capsule wall and 
the strength of the weld. In the test  con- 
ducted for t h i s  study, only minimal swelling 

This objective was 

The resul ts  of t h i s  t e s t  clearly show t h a t  
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r 

occurred (0.037 i n .  i n  diameter and 0.027 i n .  
i n  l eng th )  be fore  a small crack developed i n  

the weld. 
Careful  measurement o f  capsule volume and 

s a l t  quan t i t y  e lu ted  f r a n  the i nne r  capsule 
shows t h a t  the maximum room-temperature load- 

i n g  f a c t o r  which would not produce capsule 
swe l l i ng  i s  2.84 g/cm3. O f  the 1500 cesium 

capsules s to red  i n  the WESF pool, about 300 

(20%) have load ing  fac to rs  above t h i s  value 
(Tingey, Wheelwright, and L y t l e  1984) and 

thus have po ten t i  a1 f o r  inner-capsul  e we1 d 

f r a c t u r e  i f  subjected to a f i r e  t h a t  r e s u l t s  

i n  a s a l t  temperature o f  800°C. 

mol t en  r a d i o a c t i v e  s a l t  f l ow ing  i n t o  the 

annulus o f  the  ou ter  capsule. This capsule 

has the same wal l  th ickness and weld param- 

e t e r s  as the i nne r  capsule bu t  has on ly  

minimal machining o f  the wal l  to a l low f o r  

i n s e r t i n g  the end caps. Furthermore, t h i s  

capsule Has n o t  subjected to high-temperature 

s a l t  dur ing  f i l l i n g ,  storage, o r  use, and has 

met qual i t y - c o n t r o l  standards f o r  the we1 ds, 

i n c l u d i n g  u l t r a s o n i c  weld inspec t ion .  There- 

fo re ,  the r a d i o a c t i v i t y  would be contained i n  

the h igh -qua l i t y  ou ter  capsule. The radioac- 
t i v e  s a l t ,  however, would no longer be doubly 
encapsulated and, thus, the capsules may no t  
con t inue to meet regu l  a to ry  requirements f o r  

use i n  an i r r a d i a t o r  a f t e r  being subjected t o  

an 800°C f i r e .  I n  t h i s  case, i t  would be 

necessary t o  r e t u r n  them f o r  re-encapsul a t i o n  

and/or disposal  . 
p o t e n t i a l  o f  ou ter  capsule swe l l ing .  I f  the  

annular volume were a v a i l a b l e  to the s a l t ,  

e i t h e r  f r a n  the swe l l i ng  o f  the i nne r  capsule 

o r  from weld f rac tu re ,  and i f  sa l t  f lows i n t o  

the annulus. the s a l t  volume cou ld  reach 
1120 cm3 a t  800°C before  mechanical s t ress  on 
the ou te r  capsule would occur. 

Inner-capsule weld f r a c t u r e  r e s u l t s  i n  the  

It i s  i n s t r u c t i v e  to a lso  assess the 

Therefore,  

2.69 g/cm3 x 1120 an3 = 3013 g of  s a l t  cou ld  
be accommodated. 

below 3013 g/918 an3 = 3.28 g/cm3 would no t  

produce ou te r  capsule s t ress  i f  the s a l t  

composi t ion were the same as used i n  t h i s  

study. 

on ly  one has a l oad ing  f a c t o r  above 3.28 g/ 

cm3. 

capsules w i t h  the h ighes t  l oad ing  f a c t o r  has 

been reserved f o r  re-encapsul a t i o n  f o r  o ther  

source needs (Tingey, Wheelwright, and L y t l e  

1984, p. 37). Thus the maxinum load ing  fac- 
t o r  i n  capsules a v a i l a b l e  f o r  i r r a d i a t o r  use 

would be about 3.16 g/cm3, we l l  below t h a t  

requ i red  to cause any s t ress  o? the  ou te r  

capsule. 
The subs tan t i a l  amount o f  co r ros ion  ob- 

served on the i nne r  sur face  o f  the  capsule 

w a l l  i s  apparent ly  due to r e a c t i o n  o f  impur- 

i t i e s  i n  the s a l t  w i t h  the s t a i n l e s s  s t e e l .  

Although i n s u f f i c i e n t  data are a v a i l a b l e  to 

thoroughly evaluate the  c o r r o s i o n  r a t e  as a 

f u n c t i o n  o f  temperature, the r a t e  observed i s  

n o t  i nconsi s t e n t  w i t h  r e s u l t s  o f  s tud ies  con- 

ducted a t  450°C (Bryan 1953). The combina- 

t i o n  o f  these data suggests t h a t  co r ros ion  
r a t e s  a t  temperatures below 300°C would be so 

low as t o  be unmeasurable except from very  
long- term tes ts .  

s i s t e n t  w i t h  e a r l i e r  s tud ies  on capsules used 

i n  the Sandia I r r a d i a t o r  f o r  D r ied  Sewage 

So l i ds  (SIOSS) (Kenna and Schul tz 1983). 
Thus co r ros ion  r a t e s  a t  h igh  temperatures 

cou ld  be o f  concern f o r  l ong  per iods,  b u t  

f o r  a sho r t -du ra t i on  f i r e  (1 t o  3 h r ) ,  they 

should be o f  1 i t t l e  consequence. 

The t e s t  performed used a nonrad ioac t ive  

s a l t  m ix tu re  prepared to s imu la te  the  con- 

t e n t s  o f  a t y p i c a l  WESF capsule. The impur- 

i t y  conten t  o f  the s a l t  i n  WESF capsules i s  

somewhat v a r i a b l e  and no t  we l l  known. The 

Thus any l oad ing  f a c t o r  

O f  the  present  capsules i n  the WESF poo l ,  

Furthermore, about 1 M C i  o f  137Cs i n  

Th is  f i n d i n g  i s  a l so  con- 
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composi t ion se lec ted  f o r  t h i s  t e s t  was based 
on the  l i m i t e d  data ava i l ab le .  Some d i f f e r -  

ences i n  dens i ty  are expected f o r  d i f f e r e n t  
composit ions. The s a l t  volume a t  800"C, how- 

ever, i s  no t  expected to be v a s t l y  d i f f e r e n t  
because the measured dens i t y  o f  the s a l t  mix- 

t u r e  used was very c lose  to t h a t  o f  pure CsCl 
a t  800°C even though roomtemperature den- 
s i t i e s  were q u i t e  d i f f e r e n t .  The absence o f  

r a d i o a c t i v i t y  i n  the s imulated s a l t  i s  n o t  

expected to g r e a t l y  a f f e c t  e i t h e r  the swe l l -  

i n g  o r  the co r ros ion  r e s u l t s .  

f i r e ,  the heat f l ow  w i l l  be mainly from 

outs ide  in;  so the  r e l a t i v e l y  small heat- 
genera t ion  r a t e  from the sal t should have 
l i t t l e  e f f e c t  on the  s a l t  temperatures, and 

t h i s  e f f e c t  was accommodated by heat ing  the 
capsule t o  810°C r a t h e r  than 800°C requ i red  
f o r  the standard tes ts .  The e f f e c t  o f  gama 

i r r a d i a t i o n  on the  co r ros ion  was examined t o  
a l i m i t e d  ex ten t  e a r l i e r  a t  low temperatures 

(Fu l lam 1972) w i t h  l i t t l e  observable e f f e c t .  

A t  h igh  temperature, t h i s  e f f e c t  i s  expected 
t o  be n e g l i g i b l e  because the  r a d i o l y t i c  im-  

pac t  on the r a t e  i s  n o t  markedly a f f e c t e d  by 

temperature. Thus the thermal r a t e  would be 

very much grea ter  than the r a d i o l y t i c  ra te .  

I n  the  800°C 

Ana lys is  o f  Thermal Stress Dur ing Thermal 

Cycl i ng 

I n i t i a l  s tud ies  on 'XSF capsules consid- 

ered p r i m a r i l y  underwater storage and u l  ti- 
mate disposal  e i t h e r  near the surface o f  the 

ea r th  o r  i n  a deep geologic r e p o s i t o r y .  I n  

bo th  cases, the capsules reach a quasi- 

steady-state temperature which decreases 

s lowly  w i t h  t ime as the iso tope decays. 

s i m i l a r  environment i s  encountered i n  the  

SIDSS i r r a d i a t o r  o r  any dry storage, dry 
opera t ion  systen where the  capsules are main- 

A 

t a ined  i n  a i r  dur ing  both i r r a d i a t i o n  and 
storage. I n  these instances, the capsules 

are  n o t  subjected to l a r g e  temperature 

c y c l  i ng . 
Most i r r a d i a t o r s  i n  use today, however, 

s to re  the  capsules i n  a water bas in  when no t  

i n  use and l i f t  them f r o m  the water dur ing  
the i r r a d i a t i o n  processing. This design 

cyc les  the  source capsules from the water 
bas in  t o  a i r  one to several t imes each day. 

A study was, there fore ,  undertaken to examine 

the e f f e c t s  o f  the thermal stresses generated 

du r ing  t h i s  thermal c y c l i n g .  This r e p o r t  

descr ibes the  r e s u l t s  o f  a f i n i t e - e l e m e n t  

ana lys i s  o f  these thermal stresses. An ex- 

per imental  program has a1 so been i n i t i a t e d ,  
and the r e s u l t s  w i l l  be repo r ted  f o l l o w i n g  
complet ion o f  the  5-month (3200-cycl e) t e s t .  

Resu l ts  

Thermal . Thermal r e s u l t s  were generated 
f o r  a se r ies  o f  so lu t i on - t ime  steps so t h a t  a 
reasonably d e t a i l e d  p i c t u r e  o f  the steady- 

s t a t e  and t r a n s i e n t  response cou ld  be made. 

The maximum r a d i a l  temperature d i s t r i b u t i o n  

corresponds to the s teady-s ta te  i n - a i r  solu- 

t i o n  a t  the thermal center  o f  the capsule. 

Th is  i n fo rma t ion  i s  shown i n  F igu re  1.9, 
a long w i t h  an a d d i t i o n a l  p r o f i l e  t h a t  co r re -  

sponds to the  in-water steady-state cond i -  

t i o n .  The peak temperature o f  about 260°C 

(500°F) i s  found a t  the  c e n t e r l i n e  o f  t he  

assembly. 
power func t i on ,  through the f u e l  to about 

205°C (400°F) a t  the f u e l - i n n e r  capsule in -  
t e r face .  The c a n i s t e r  wa l l  ac ts  as a thermal 

shor t ,  and there  i s  no no t i ceab le  temperature 

drop across the  wa l l .  There i s  a s u b s t a n t i a l  

drop o f  about 50°C (120°F) across the i nne r  

annulus to the  140°C (28OOF) ou ter -wa l l  

Th i s  temperature var ies ,  as a 
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f o r  the s teady-state in-water  c o n d i t i o n  w i t h  
t h e  temperatures sh i  f t e d  downward. 

to the  temperature d i f f e r e n t i a l  between t h e  

end cap and near-weld reg ion  o f  the capsule. 

The temperatures associated w i t h  the  maximum 

end cap t o  weld area d i f fe rences ,  between the 

in-water  and i n - a i r  t r a n s i e n t s ,  w i l l  be used 

i n  the s t r e s s  p o r t i o n  o f  t h i s  study. The 

t r a n s i t i o n  temperatures when the  capsule goes 

from the i n - a i r  t o  in-water  c o n d i t i o n  f o r  the 

upper weld are shown i n  F i g u r e  1.10. Th is  

f i g u r e  shows the temperatures f o r  the center  
c a p ,  c o r n e r  c a p ,  w e l d  s i d e ,  a n d  m i d - h e i g h t  

A s i m i l a r  p r o f i l e  i s  observed 

The crack-propagat ion d r i v i n g  f o r c e  i s  due 
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FIGURE 1.10. Lower Weld Area Response t o  
Water Quench 

l o c a t i o n s .  The mid h e i g h t  s t a r t s  a t  a 
s teady-state i n - a i r  temperature o f  about 

145°C (290°F). The quench lowers the tem- 

pera ture  e x p o n e n t i a l l y  u n t i l  30°C (85°F) i s  

reached a f t e r  about 90 t o  100 sec. The 
t rends  are s i m i l a r  when the  o t h e r  p o r t i o n s  o f  

the  c a n i s t e r  are examined. The c e n t e r l i n e  o f  

t h e  end cap s t a r t s  frm about 130°C (265°F) 

and coo ls  t o  65°C (140°F). The corner  o f  the 

end cap and the  weld s ide  s t a r t  a t  120°C 

(250°F) and cool to about 45°C (115°F) and ta 
35°C (95'F), r e s p e c t i v e l y ,  a f t e r  t h e  90- t o  

100-sec quench time. The d i f f e r e n c e s  i n  

s t a r t i n g  temperatures, c o o l i n g  r a t e s ,  and 

f i n a l  temperatures are  determined by the  

l o c a l  heat  t r a n s f e r  c o e f f i c i e n t s ,  heat  load,  

and thermal mass. 
The area o f  i n t e r e s t  i s  the  maximum tem- 

pera ture  d i f f e r e n c e  t h a t  e x i  s t s  between t h e  

end cap and the weld s ide  w a l l .  Th is  w i l l  

occur somewhere between t h e  c e n t e r  cap and 

weld o r  the corner  cap and weld temperatures. 

These temperature d i f f e r e n c e s  are shown i n  

F i g u r e  1.11. The d i f f e r e n c e s  s t a r t  a t  +S"C 
(+15"F) and +5"C (+9"F) a t  steady s t a t e  i n  

a i r  f o r  the center  o f  the end cap and the 

corner  o f  t h e  end cap r e l a t i v e  t o  the  weld, 
r e s p e c t i  v e l  y . Thi s means  t h a t  t h e  we1 d a r e a  
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s i d e  wal l  i s  a t  a lower  temperature than 

e i t h e r  o f  t h e  end-cap l o c a t i o n s .  

o f  the end cap l o s e s  heat  more r a p i d l y  than 

does the  center  cap area. Th is  accounts f o r  
the  decrease to about -8°C (-15°F) f o r  the 

d i  f fe rence between t h e  'corner  cap and the  

we1 d and an increased d i f f e r e n c e  between the 

c e n t e r  cap and the weld. The extreme d i f f e r -  

ences noted between the center  cap and the 

weld are about -8°C (-15OF) and t8"C (t15OF). 

The corner  cap- to-we1 d d i f f e r e n c e s  a r e  about 

+8"C (t15OF) t o  +36"C ( t65"F) .  

The above i n f o r m a t i o n  covers the steady- 

s t a t e  i n - a i r  and in-water  t r a n s i e n t  p o r t i o n  

o f  the thermal r e s u l t s .  The second p o r t i o n  

o f  the  thermal c y c l e  i s  concerned w i t h  t h e  
s teady-state in-water  and i n - a i r  t r a n s i e n t  
r e s u l t s .  These d i f f e r e n c e s  are r e l a t i v e l y  

small  , w i t h  extreme temperature d i f f e r e n c e s  

around -7°C f o r  the  upper weld and t8"C f o r  
the lower. 

The corner  

Mechanical. The capsules are  p e r i o d i c a l l y  
moved between the i n - a i r  and in-water  condi -  

t i o n s .  Th is  c y c l i n g  and the d i f f e r e n c e  i n  

thermal mass fran the  end cap to the  s i d e  

wa l l  induce a thermal s t r e s s  around the 

weld. The s t ress  pass o f  the f i n i t e - e l e m e n t  

s o l u t i o n  prov ides  i n f o r m a t i o n  on fo rces  o f  

the  crack opening and the  crack t i p .  Th is  
can be used to est imate the peak-to-peak 

c y c l i c  s t r e s s  i n t e n s i t y  (K) .  The change i n  
K can be used to generate the fa t igue-c rack  

propagat ion r a t e  (da/dN) by r e l a t i n g  i t  

through experimental data (Simonen, Mayf ie ld ,  

F o r t ,  and Jones 1983). 

in . /cyc le .  
The upper weld da/dN was l e s s  than 

The lower  weld da/dN was 

about 2.9 x in . /cyc le .  Wi th  these fa- 
t igue-crack propagat ion ra tes ,  i t  w i l l  t ake  

about 1 x lo6 and 3.5 x l o 5  cyc les  t o  observe 

c rack  growths o f  0.001 i n .  i n  the upper and 
lower  welds, r e s p e c t i v e l y .  I f  the s e r v i c e  

l i f e  o f  the capsule i s  30 years  w i t h  one 

c y c l e  per  day ( e q u i v a l e n t  to about 1.1 x 
104 cyc les) ,  there  should be l i t t l e  chance 

o f  l o s s  o f  weld i n t e g r i t y .  I f  t h e  capsules 

were c y c l e d  once each day, a crack o f  

0.001 in .  would have developed on ly  a f t e r  

90 years  o f  use. The r e s u l t s  o f  the study 

i n d i c a t e  t h a t  the  WESF c e s i m  capsule welds 

can r e a d i l y  w i ths tand the thermal cyc les  

expected fran c y c l i n g  fran a water s torage 

b a s i n  to the a i r  environment. Experimental 

s tud ies  are  c u r r e n t l y  under way on two 137Cs 

capsules removed from the WESF pool a One o f  

these capsules w i l l  be d e s t r u c t i v e l y  examined 
a f t e r  3200 c y c l e s  and the r e s u l t s  r e p o r t e d  i n  

the summer o f  1985. 
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1.4 HANFORD GROUT TECHNOLOGY 

( AR-05-10-02 - CD5509) 

R. L. T rea t  - Program Manager 

The object ive  of t h i s  program i s  to  p o -  
vide Rockwell Hanford Operations with teck-  
nical support fo r  disposing grouted low-level 
m s t e s  i n  skaZlow-land s i t e s .  This program 
supports Rockwell's Transportable Grout 
Facil i ty  ITSF) Project. 

Resu l ts  o f  i n i t i a l  t e s t i n g  o f  the quar te r -  
sca le  g rou t  process system i n d i c a t e  t h a t :  

1) mixing does no t  c o n t r i b u t e  to a i r  entrap- 

ment i n  the  grout; 2) g rou t  i s  easy to pump; 

and 3 )  continuous fl ushi  ng , a f t e r  compl e t i  on 
o f  mix ing  and pumping, i s  adequate t o  remove 

res idua l  g rou t .  

Regul a t o r y  Requirements - T. J. McLaughl i n  

Sumnary 

App l i cab le  federa l ,  s ta te ,  and l o c a l  regu- 

l a t i o n s  are being analyzed t o  determine the  

c m p l  iance requirements f o r  d isposing of low- 

l e v e l  waste g rou t  a t  Hanford. I n i t i a l  re -  

s u l t s  from t e s t s  on grou t  cons t i t uen ts  i n d i -  
ca te  t h a t  Washington Sta te  hazardous waste 

regu la t i ons  may need to be considered. 
The f i r s t  r a d i o a c t i v e  Hanford f a c i l i t i e s  

waste (HFW) grou t  samples were prepared using 

a fo rmu la t i on  provided by Oak Ridge Nat iona l  

Laboratory  (ORNL) . Pre l im ina ry  s tud ies  were 

made o f  the e f f e c t s  of vary ing  the r a t i o  o f  

s u l f a t e  and phosphate waste contents i n  HFW. 

These s tud ies  i n d i c a t e  t h a t  a moderate change 

from the re fe rence 50/50 waste feed composi- 

t i o n  can probably be accommodated w i t h  some 
adjustment  i n  the g r o u t  f o r m u l a t i o n .  

P re l im ina ry  r e s u l t s  from leach t e s t s  con- 

ducted on r a d i o a c t i v e  HFW grou t  i n d i c a t e  t h a t  

wastes species leach a t  acceptably low ra tes .  

Of the waste species tested, manganese leached 
more r a p i d l y  than coba l t ,  cesium, o r  stron- 
tium. Ind ian  Red Po t te ry  Clay was found to 

be very e f f e c t i v e  i n  reducing the leach ing  o f  
ces i  um from the grout.  

t e s t  samples o f  r a d i o a c t i v e  grou t  under 

r e a l  i s t i  c d i  sposal cond i t ions .  Radioact ive 

HFW g rou t  was i n s t a l l e d  i n  one s t a t i o n  w i t h  

s o i l  t h a t  i s  rep resen ta t i ve  o f  s o i l  a t  the 

g rou t  disposal  s i  te .  

Four l ys ime te r  s t a t i o n s  were i n s t a l l e d  to 

The a p p l i c a b i l i t y  o f  Washington Sta te  
regu l  a t i  ons regard ing  hazardous wastes i s  

being analyzed w i t h  respec t  t o  g rou t  d i s -  

posal .  P re l im ina ry  Washington Department o f  
Ecology t e s t s  on a simulated HFW g r o u t  i n d i -  

ca ted  t h a t  the grou t  would be c l a s s i f i e d  as 

c o r r o s i v e  due to a pH o f  g rea te r  than 12.5. 

Add i t i ona l  t e s t s  were conducted to f u r t h e r  
quan t i f y  t h i s  f i n d i n g  and to i s o l a t e  the  

c o n s t i t u e n t  o f  g rea tes t  i n f l uence .  

i n d i c a t e d  t h a t  grouts,  as we l l  as Por t l and  

cement, are considered dangerous/ hazardous by 

the  c o r r o s i v i t y  index and cou ld  be sub jec t  t o  

regu la t i on .  

the pr imary g rou t  c o n s t i t u e n t  causing cor ro -  

s i v i t y  l i m i t s  t o  be exceeded. In a d d i t i o n  to 

ana lys i s  of s t a t e  regu la t i ons ,  a c t i v i t i e s  a re  
a1 so c o n t i n u i n g  to determine appl i c a b i l  i t y  o f  

federal  as we l l  as l o c a l  r e g u l a t i o n s  to the 

Transpor tab le  Grout F a c i l i t y .  

Resul t s  

Po r t l and  cement appears t o  be 

Rad ioac t ive  Grout P repara t i on  - R. 0. Lokken, 

P. F. C. Mar t i n ,  and L. A. Bray 

Labora tory  equipment was i n s t a l l e d  i n  an 
open-face hood to enable p roduc t ion  o f  rad io -  

a c t i v e  g rou ts  f o r  the purpose o f  t e s t i n g  

l e a c h a b i l i t y  i n  s o i l  columns and l ys ime te rs .  
Fol  1 owing successful t r i a l  s o f  procedures 

designed t o  min imize personnel c o n t a c t  and 

the p o t e n t i a l  f o r  contaminat ion,  the f i r s t  

g rou t  samples con ta in ing  r a d i o a c t i v e  HFW were 
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prepared. These grou ts  were made using an 

ORNL g rou t  fo rmula t ion  t h a t  inc luded 41% 

Por t l and  cement, 40% Class F Cen t ra l i a  f l y  

ash, 11% At tapu lg i te -150 c lay ,  and 8% Ind ian  
Red P o t t e r y  C1 ay . Pre l  i m i  nary resu l  t s  i n d i  - 
cated t h a t  the  rheo log i ca l  p r o p e r t i e s  o f  t h i s  

r a d i o a c t i v e  grou t  very c l o s e l y  matched those 

e x h i b i t e d  by i t s  nonrad ioac t ive  coun te rpa r t  

made immediately beforehand. 

Grout V a r i a b i l i t y  T e s t i n q -  R. 0. Lokken, 
P. F. C. Mar t in ,  and C. R. Turney 

A se r ies  o f  g rou ts  were produced to assess 
the e f f e c t s  o f  v a r i a b i l i t y  i n  the ORNL-recom- 

mended fo rmu la t i on  f o r  HFW grouts.  Six dry- 
so l  i d s  b l  ends were prepared using the ranges 
f o r  i n d i v i d u a l  components t h a t  a re  repor ted  
by ORNL t o  y i e l d  acceptable grouts.  Most 

o f  the blends had a c r i t i c a l  f l ow  r a t e  o f  
<30 gpm, w i t h  no d ra inab le  l i q u i d s ,  and were 

considered acceptable. Prel  im inary  s tud ies  
o f  the e f f e c t s  o f  vary ing  the  r a t i o  o f  su l -  

f a t e  and phosphate waste conten ts  i n  HFW 
i n d i c a t e  t h a t  a moderate change frcm the  

re fe rence 50150 waste feed composi t ion can 

probably be accommodated w i t h  some adjustment  

i n  the dry sol i d s  blend o f  the re fe rence 

g rou t  fo rmula t ion .  

Var ious grou ts  were produced using a new 

l o t  o f  g rou t - fann ing  s o l i d s  purchased f o r  

t e s t i n g  a quar te r -sca l  e grout  process. 

d ry  sol  i d s  are c u r r e n t l y  undergoing t e s t s  t o  

determine dens i ty ,  surface area, coinposi t i o n ,  

and morpho1 ogy. Pre l  i m i  nary resu l  t s  o f  t e s t -  

i n g  i n d i c a t e  t h a t  g rou ts  produced w i t h  these 

ma te r ia l s  using the ORNL fo rmula t ion  f o r  HFW 

are  considerably th inne r  than those prepared 

w i t h  the previous ma te r ia l s ,  b u t  i t  appears 

t h a t  they w i l l  meet the performance and ope- 
r a t i o n a l  c r i t e r i a  f o r  which they were tested. 

However, a higher sol i d s - t o - l i q u i d  r a t i o  may 

These 

be requ i red  to prevent an excess o f  separated 
l i q u i d  on the  grou t .  

Leach Tes t ing  - R. J.  Serne, W. J .  Mar t in ,  
M. E. Dodson, and S. B. McLaurine 

Rad ioac t ive  HFW grouts  are undergoing 

l each  t e s t i n g  to e s t a b l i s h  r a t e s  o f  re lease 

o f  waste species from grout.  Two types o f  
grout-1 eachi  ng t e s t s  were s t a r t e d  w i t h  rad io -  

a c t i v e  HFW grout  specimens produced p rev i -  

ously.  A t  s p e c i f i c  times, leachate  i s  re -  

moved and sampl ed. Parameters being measured 

on the  1 eachates i nc l  ude pH, Eh, temperature, 

major  ca t ions ,  major anions, se lec ted  t race  

metals,  t o t a l  organic carbon, and gama- 
e m i t t i n g  rad ionuc l ides .  The leachates  are  
be ing  rad iocounted t o  develop 1 each-di f f u s i o n  

c o e f f i c i e n t s  f o r  these nuc l ides .  The rad io -  

a c t i v e  g rou t  con ta ins  measurable concentra- 

t i o n s  o f  137Cs, 85Sr,  90Sr, 6oCo, and 54Mn. 

The leach  data c o l l e c t e d  t o  date (up  t o  
47 days leach ing)  suggest t h a t  manganese 

leaches more r a p i d l y  than coba l t ,  cesium, o r  

s t ron t ium.  However, a l l  o f  these species are 

be ing  re leased a t  very low ra tes  ( f rom 1% t o  

about 10% o f  total a c t i v i t y  f o r  each rad io -  

nuc l i de .  It appears t h a t  I nd ian  Red Po t te ry  

Clay, a s o l i d  component o f  the grout,  i s  

e f f e c t i v e  i n  reducing the leach ing  o f  cesium. 

Lys imeter  Tes t ing  o f  Radioact ive Grouts - 
G. V.  L a s t  

Lys imeters w i l l  be used t o  t e s t  samples o f  

r a d i o a c t i v e  g rou t  under r e a l i s t i c  d isposa l  

cond i t i ons .  Four l ys ime te r  vessels were 

emplaced i n  the  l ys ime te r  t e s t  s i t e  l o c a t e d  

near the 400 Area. Each l ys ime te r  vessel ,  

25 f t  long, was cons t ruc ted  o f  a 6 - f t - d i a  

c u l v e r t  p ipe  w i t h  the bottom capped. HFW 

grou t  was i n s t a l l e d  i n  one o f  the s t a t i o n s  
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w i t h  s o i l  t h a t  i s  rep resen ta t i ve  o f  s o i l  a t  

the g rou t  disposal  s i t e .  Charac te r i za t i on  

s tud ies  o f  s o i l  froin the 200-E Area are under 

way since t h i s  s o i l  i s  used to b a c k f i l l  t h e  

l ys ime te r  vessel s a f t e r  the r a d i o a c t i v e  g rou t  

samples are placed i n  the  l ys ime te rs .  

Quarter-Scal  e Grout Process System - 
D. H. M i t c h e l l ,  M. K. W .  Chan, and 

C. R. Hymas 

A quar te r -sca le  g rou t  process system i s  
being tes ted  t o  ga in  opera t ing  experience 

t h a t  can be appl i e d  to the Transpor tab le 

Grout F a c i l i t y  (TGF). An experiment was 

performed t o  e s t a b l i s h  the f r i c t i o n  f a c t o r  

data f o r  the quar te r -sca le  g rou t  puinp system 

us ing  successively:  water; a m ix tu re  o f  f l y  

ash and water; and grou t .  F r i c t i o n  f a c t o r  
data are requ i red  f o r  p r e d i c t i n g  pressure 

drops i n  the TGF pumping system. The var ious  

f l u i d s  were pumped, using the progressive- 

c a v i t y  g rou t  pump, through -400 f t  o f  1 - i n .  

rubber hose. 

ad jus t i ng  pump speeds and by regu l  a t i  ng f l  ow 

through a bypass l i n e  l oca ted  a t  the  pump 

discharge. 

c a l i b r a t e d  gauge and a water manometer. 

r a t e s  were determined vol u m e t r i c a l l y  w i t h  

time. 

obtained. 

Flow ra tes  were va r ied  by 

Pressures were measured using a 

Flow 

E x c e l l e n t  r e p e a t a b i l i t y  o f  data was 

During a grout-mixer t e s t ,  120 gal o f  

s imulated HFW grout  were produced. The one- 

quar te r -sca le  g rou t  mixer i s  p i c t u r e d  i n  F ig -  
ure 1.12. The e f f e c t  o f  m ix ing  a t  150, 200, 

and 250 rpm was observed a t  g rou t -p roduc t ion  

8406122-4cn 

FIGURE 1.12. One-Quarter-Scale Grout Mixer 
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r a t e s  o f  5, 8, and 13 gpm. Mixing was n o t  
observed t o  c o n t r i b u t e  to a i r  entrapment i n  

the grou t  a t  any speed o r  g rou t -p roduc t ion  
r a t e  tested. Dur ing opera t ion  w i t h  grout,  

minor  dus t ing  was observed a t  low mixer 
speeds (150 rpm), and more dus t ing  was gen- 

e ra ted  when high-sol  i d s  load ing  occurred due 

to f l ood ing  o f  the s o l i d s  feed. 

A f t e r  complet ion o f  var ious  grou t -mix ing  

and pumping tes ts ,  the system was f lushed t o  

determine whether continuous fl ushi  ng would 

adequately remove res idua l  grout.  Resu l ts  

i n d i c a t e d  t h a t  continuous f l u s h i n g  f o r  a 

l i m i t e d  t ime pe r iod  should be adequate. 

the quar te r -sca le  system, a water f l u s h  o f  

8 gpm f o r  4 rnin was adequate to remove res id -  
ual  g rou t .  D r y  s o l i d s  were observed i n  the 
so l i ds - feed  sec t ion  o f  the mlker  a f t e r  f l ush -  

ing .  

a t  the base o f  the pump in take .  It i s  recom- 
mended t h a t  a system to f l u s h  the  s o l i d s  

i n l e t  sec t i on  o f  the  mixer and the pump i n l e t  

be inc luded i n  the design. It i s  a lso  recom- 
mended t h a t  the g rou t  surge tank between t h e  

mixer  and pump have a sloped base ( -45 " )  t o  

e l im ina te  a bu i l dup  o f  g rou t .  

For 

Grout accumulations were a1 so observed 

1.5 TANK CORROSION 

(AR-05-15-10 - 80681 I 
J. R. D i v ine  - Program Manager 

and Hanford f a c i l i t i e s  wastes a t  temperatures 
from 40°C t o  the tank design temperature o f  

about 180°C. 

the work responding to the i n i t i a l  need t o  

q u a l i f y  the DSS tanks, was completed i n  

FY 1984. That phase o f  the program i s  be- 

i n g  wrapped up by complet ing the data 

acqui s i  tion/manageinent system i n  FY 1985. 

L i m i t e d  extensions o f  t h i s  previous work 

t o  t r a n s f e r  1 ines  and evaporators have been 

s ta r ted .  These tasks w i l l  be completed i n  

l a t e  FY 1985 o r  e a r l y  FY 1986. 

The experimental p o r t i o n  o f  t h i s  work, and 

Technical Progress 

Dur ing the pas t  4 years, an ex tens ive  
experimental program has been conducted to  
eva lua te  the behavior  o f  the waste-tank 

s t e e l s  exposed to a range o f  waste env i ron-  
ments. Because the tanks are cons t ruc ted  

o f  m i l d  s tee l s ,  the process ac ids  a re  neu- 

t r a l i z e d  and then, to reduce volume, 

concentrated. 

As a resu l  t o f  the process design, the  

wastes i n  the tank can run  from nomina l l y  

pure water a t  the s t a r t  t o  concentrated 

s l u r r y  a t  the  end. 

work a t  the Savannah River Laboratory,  m in i -  

mum concent ra t ions  have been es tab l i shed  t o  

Based on t h i s  and e a r l i e r  

p revent  excess ive co r ros ion  dur ing  the i n i -  
m e  object ive  of  t h i s  study i s  t o  provide 

the operating personneZ of the Hanford waste 
storage tanks with corrosion data t o  def ine 
acceptable, safe operating speci f icat ions 
a t  various compositions , temperatures and 
mixtures.  

t i a l  phases o f  tank f i l l i n g .  

A summary r e p o r t  o f  the program has been 

prepared and i s  p resen t l y  being reviewed. I t  
descr ibes  the var ious  mathematical models and 

equat ions used as p r e d i c t o r s  o f  co r ros ion  

r a t e  as a f u n c t i o n  o f  composit ion, time, and 

temperature o f  the  waste. 

equat ions have been found to be q u i t e  e f fec -  

t i v e  w i t h i n  the  ranges o f  the  v a r i a b l e  used. 

Because the p r e d i c t o r  equat ions do not, i n  

summary 
The p r e d i c t o r  

The Tank Corrosion program has, over the 
pas t  several years, examined the co r ros ion  

behavior  o f  the tank cons t ruc t i on  ma te r ia l s  

i n  double-shel l  s l u r r y  (DSS), f u t u r e  PUREX, 
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themselves, con ta in  l i m i t s ,  care must be 
exerc ised to perform c a l c u l a t i o n s  w i t h i n  

au tho r i  zed 1 i m i  t s .  

t he  

Work i s  being conducted i n  FY 1985 and 

e a r l y  FY 1986 to examine the  behavior  o f  

var ious  waste composit ions on evaporator  

tubes and the e f f e c t  o f  s l u r r y  f l o w  i n  the  

t r a n s f e r  p ipe l i nes .  These t e s t s  are cur- 

r e n t l y  i n  progress. 

1.6 CESIUM CHLORIDE COMPATIBILITY 
(AR-05-15-10 - 80682) 
G. H. Bryan - Program Manager 

The object ive  of t h i s  study is t o  evaluate 
the compatibil i ty of WESF-prduced CsCl with 
316L s ta in l e s s  s t ee l  capsule m t e r i a t  under 
the thermal conditions that would be encoun- 
tered in a geologic repository.  A secondary 
e f f o r t  involves an evaZuation of the  compati- 
b i l i t y  of CsCl with 316L s ta in l e s s  s t ee l  i n  
VESF Pool Cell capsules. 

Sumnary 

Th is  program i s  eva lua t i ng  the compati- 
b i l i t y  o f  WESF-produced ces iun  c h l o r i d e  w i t h  

316L s t a i n l e s s  s tee l  ( S S )  under the worst 

thermal cond i t i ons  t h a t  migh t  be encountered 

i n  a geologic repos i to ry .  Six WESF-produced 
CsCl capsules are he ld  a t  a nominal CsClI  

metal i n t e r f a c e  temperature o f  450°C f o r  d i f -  
f e r e n t  t ime i n t e r v a l s  ranging up t o  4 yr. A 

secondary e f f o r t  i nvo l ves  eva lua t i on  o f  the 

c o m p a t i b i l i t y  o f  CsCl w i t h  316L SS capsules 

a t  WESF Pool Ce l l  cond i t ions .  

In both  tes ts ,  when a t e s t  i s  completed, 
t he  ou ter  capsule i s  opened and the i nne r  

capsule removed. The i n n e r  capsule i s  sec- 

t ioned,  and metal r i n g  samples are obtained 

from var ious  l oca t i ons .  

a re  subjected to meta l lograph ic  examination 
to d e t e n i n e  the ex ten t  o f  metal a t tack  by 

the CsCl. 

The capsule samples 

Thermally Aged Capsul es 

A t o t a l  o f  e i g h t  WESF CsCl capsules i s  
requ i red  f o r  the  c o m p a t i b i l i t y  s tud ies .  

o f  the capsules were sect ioned and examined 

immediately a f t e r  they were f i l l e d  w i t h  CsC1. 

The remaining s i x  capsules are  aged a t  a 

nominal 450°C f o r  t imes o f  0.25, 0.5, 1, 2, 

3, and 4 yr. The s i x  capsules placed i n  i n -  

d i v i d u a l  i n s u l a t e d  con ta ine rs  are al lowed t o  

sei f - h e a t  t o  the des i red  t e s t  temperatures. 

t e s t  were provided by Rockwell Hanford 

Operations. The Oak Ridge Nat iona l  Labora- 

t o r y  (ORNL) provided sec t i on ing  o f  the cap- 

sules and meta l lograph ic  examination o f  t h e  

capsule specimens. 

To date, the two capsules t h a t  were exam- 

ined immediately a f t e r  f i l l i n g  w i t h  CsCl and 

the capsules aged a t  a nominal 450°C f o r  

0.25, 0.5, 1, and 2 yr, have been examined. 

The est imated metal a t tack  on these capsules 
i s  shown i n  Table 1.20. 

Two 

The WESF CsCl capsules requ i red  f o r  t he  

Pool Ce l l  Capsules 

Two WESF cesium c h l o r i d e  capsules, which 
had been s tored  a t  WESF f o r  5 and E? yr re -  
spec t i ve l y ,  were removed from the storage 

pool and shipped to ORNL f o r  sec t i on ing  and 

examinat ion dur ing  FY 1984. Sec t ion ing  and 

examinat ion o f  the capsules were done i n  t h e  

same way as w i t h  the the rma l l y  aged capsules. 

The t w o  s to red  capsules examined were typ-  
i c a l  WESF CsCl capsules, and each conta ined 

more than 70 kCi o f  137Cs a t  the t ime o f  

load ing .  Because the capsules had been 

s to red  i n  a water pool, the  316L SS/CsC l  i n -  
t e r f a c e  temperature du r ing  storage was much 

lower  (<150"C) than t h a t  encountered by the  

t e s t  capsules dur ing  thermal aging. 
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TABLE 1.20. Metal At tack i n  Thermally Aged dESF CsCl Capsules, 
Es t imated from Photomicrographs 

Ring No. 1 
Avq. Attack.  Avq. Attack.  

Capsule Exposure, Temp., fl Temp e , 
No. h r  O C  ( m i l s )  O C  

C-1266 2,208 415 60 455 
(2.4) 

C-1365 4,392 430 110 449 

C-1451 8 784 432 30 460 

(4.3) 

(1.2) 

C-1486 17,544 431 200 454 
(7.9) 

Estimates o f  metal a t tack  i n  the s to red  

capsules by the CsCl , based on photomicro- 
graphs, are g iven i n  Table 1.21. Very l i t t l e  
a t tack  was observed i n  the storage capsules. 

The depth o f  metal a t tack  f o r  the storage 

capsules was compared w i t h  t h a t  o f  the two 
thermal ly  aged capsules t h a t  had been exam- 

i n e d  immediately a f t e r  f i l l i n g  w i t h  cesium 

c h l o r i d e .  The r e s u l t s  i n d i c a t e  t h a t  most o f  
the a t tack  observed i n  the two s to red  cap- 
sules probably occurred du r ing  the  CsCl 

l oad ing  opera t ion .  

Eighteen add i t i ona l  Pool Ce l l  capsules 
have been opened a t  the WESF f o r  the  removal 

o f  the CsCl i n  support  o f  the P i l o t - S c a l e  

um 
( m i l s )  

30 
(0.12) 

80 
(3.21 

30 
(1 - 2 )  

260 
(10.2) 

Ring No. 3 
Avg . At tack .  

Temp., um 
"C ( m i l s )  

(1.2) 
420 30 

400 85 
(3.4) 

415 40 
(1.6) 

428 160 
(6.3) 

Ring No. 4 
Avg. A t tack ,  

Temp - , um 
"C ( m i l s )  

(1.4) 
3 54 35 

3 50 50 
(2.0) 

356 20 
(0.8) 

392 40 
(1.61 

L iqu id-Fed Ceramic Me1 t e r  Program. 
ou te r  capsule was removed, the i nne r  capsule 
was coarse ly  sectioned, the CsCl removed, and 
the  center  sec t i on  t ranspor ted  to the  PNL- 

operated h o t  c e l l s  i n  the  324 B u i l d i n g  o f  t h e  

300 Area f o r  f i n a l  sec t ion ing .  The coarse 

sec t ions  were c u t  by a diamond saw to a s i z e  
sui  tab1 e f o r  metal 1 ographic exaini n a t i o n  i n  

the Westi nghouse Hanford Company's Post- 

I r r a d i a t i o n  Tes t ing  Laboratory.  Examination 
o f  the photomicrographs produced dur ing  t h e  

examinat ion to assess the c o m p a t i b i l i t y  o f  
the  WESF Pool Ce l l  capsules w i t h  the  enclosed 

CsCl i s  i n  progress. 

A f t e r  t h e  

TABLE 1.21. Metal At tack i n  WESF CsCl Capsules Taken from Storage Pool, 
Est imated f rom Photomicrographs 

Storage 
Capsule Time; Depth o f  At tack,  um ( m i l s )  

No. Y r  l i n g  No. 1 Ring No. 2 Ring No. 3 Ring No. 4 

C-312 5 16 (0.6) 25 (1.0) 20 (0.8) 18 (0.7) 

C-67 8 12  (0.51 16 (0.6) 14 (0.6) 18 (0.7) 
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1.7 PNL TECHNICAL SUPPORT ON HANFORD 

PROTECTIVE BARRIERS 

(AR-05-15-10 - 80970) 

J .  N. H a r t l e y  - P r o g r m  Manager 

The object ive  of th i s  program is t o  pro- 
vide technical support t o  Rockwell Hanford 
Operations in se l ec t ing ,  evaluating and 
demonstrating protect ive  barriers .  

Summary 

E f f o r t s  dur ing  the f i r s t  two quar te rs  o f  

FY 1985 have focused on s o i  se lec t ion ,  mate- 

r i a l  c h a r a c t e r i z a t i o n ,  p r e l  minary model 

s imulat ions,  and rev iewing  a1 t e r n a t i v e  bar-  

r i e r  concepts. 

Tec hn i c a l  Progress 

S o i l s  from two s i t e s  west o f  the 200 Nest 
Area were found to have s u i t a b l e  p r o p e r t i e s  

f o r  cover s o i l s  i n  the mu1 t i l a y e r e d  b a r r i e r  

system. Water- re tent ion c h a r a c t e r i  s t i c s  and 

p a r t i c l e - s i z e  d i s t r i b u t i o n s  were comparable 

to those o f  a s imulated s o i l  t h a t  prevented 

recharge under c o n d i t i o n s  o f  30-cm annual 

p r e c i p i t a t i o n .  

w i t h  a d d i t i o n s  o f  rock i n  the sur face s o i l  

demonstrated tha t ,  f o r  bare s o i l s ,  15 vol% 
rock had 1 i t t l e  i n f l u e n c e  on the  performance 

o f  the sur face s o i l  i n  p revent ing  i n f i l t r a -  
t i o n .  Add i t ions  o f  up t o  50 vol%, however, 

s i  g n i  f i  c a n t l y  reduced water s torage and s i  g- 

n i f i c a n t l y  increased i n f i l t r a t i o n  and re-  

charge o f  water through the b a r r i e r .  

Model s imu la t ions  o f  f o u r  se lected cover  

m a t e r i a l s  w i l l  be completed dur ing  the n e x t  

t w o  quar ters .  Add i t iona l  1 aboratory  t e s t s  

w i l l  be conducted to evaluate the i n f l u e n c e  

o f  rock a d d i t i o n s  on the  water r e t e n t i o n  and 

dra inage c h a r a c t e r i s t i c s  o f  the se lec ted  sur- 

face s o i l  mater ia ls .  

Model simulat ions o f  b a r r i e r  performance 

M a t e r i a l  c h a r a c t e r i z a t i o n  work was com- 
p l  e ted  on se l  ected samples o f  sur face so i  1 s. 
Eighteen compos1 t e  samples from 14 d i f f e r e n t  

l o c a t i o n s  i n  the  200 Areas were t e s t e d  f o r  

w a t e r - r e t e n t i o n  c h a r a c t e r i s t i c s .  These CM- 

p o s i t e  samples had water - re ten t ion  p r o p e r t i e s  

t h a t  c o r r e l a t e d  wel l  w i t h  the  dry -s ieve  ana- 

l y s i s .  Four o f  the  18 composite samples were 

r e t a i n e d  f o r  f u r t h e r  c h a r a c t e r i z a t i o n ,  i n -  

c l  ud ing measurement o f  sa tura ted  and unsatu- 
r a t e d  h y d r a u l i c  c o n d u c t i v i t i e s .  Water s t o r -  

age est imates f o r  these samples range f rom 

24 t o  39 cm o f  water f o r  a s o i l  l a y e r  1.5 m 

t h i c k .  The c o r r e l a t i o n s  o f  water r e t e n t i o n  

and dry  s ieve  data f o r  these 200 Area s o i l s  

suggest t h a t  an acceptable percentage f o r  

f i n e s  ( m a t e r i a l  l e s s  than 63 wnl can be as 

low as 20% and s t i l l  p rov ide  adequate water- 

r e t e n t i o n  p r o p e r t i e s  f o r  the sur face  s o i l  

m a t e r i a l .  A d d i t i o n a l  t e s t s  t o  c o n f i r m  t h i s  

a re  i n  progress. Four w e l l - c h a r a c t e r i z e d  

m a t e r i a l s  from these composite samples w i l l  
be used i n  a d d i t i o n a l  model s i m u l a t i o n  t e s t s  

f o r  b a r r i e r  performance. 

i4ater s torage values from t e s t  s o i l s  taken 

from t h e  200 Areas were compared wi th  t h e  

water  s torage f o r  a s imulated s o i l - c o v e r  sys- 
tem t h a t  was ab le  to prevent recharge under 

c o n d i t i o n s  o f  30-cm annual p r e c i p i t a t i o n .  

The amount o f  water h e l d  f o r  the  s imu la ted  
s o i l  was 24 an, which c w p a r e s  w i t h  the  min i -  

mtnn va lue  observed f o r  the  t e s t e d  s o i l .  The 
U.S. Oepartnent o f  A g r i c u l t u r e  c l a s s i f i c a t i o n  

f o r  t h e  s imulated s o i l  i s  a sandy loam w i th  

33% f i n e s  ( s i l t  and c l a y )  as determined by 

wet-sieve ana lys is .  These va lues a l s o  com- 

pare  we l l  w i t h  the  t e s t  s o i l s .  Samples from 

two t e s t  s i t e s ,  l o c a t e d  j u s t  west o f  t h e  

200 West Area, were found to have water- 

r e t e n t i o n  and s i z e - d i s t r i b u t i o n  va lues com- 

parab le  to those o f  the  s imulated s o i l .  

Table 1.22 l i s t s  t h e  va lues ob ta ined f o r  b o t h  
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TABLE 1.22. Wet- and Dry-Sieve Analys is  and 
Water Storage f o r  Test -Soi l  M a t e r i a l  

Water 
Wet D r Y  Sto 

T e s t  Sieve, ( a )  Sieve, ( b )  age , 
M a t e r i a l  % % cm 

Simul a t i o n  33 34 24 
S o i l  

Area 1 37 36 34 
(10 samples) 

Area 2 27 20 24 
( 4  samples) 

Wet Sieve = m a t e r i a l  passing 53-um 
screen. 
Dry Sieve = m a t e r i a l  passing 63-pm 
screen. 
Water Storage = amount o f  water i n  
1 . 5 - m t h i c k  s o i l  p r o f i l e ;  amount o f  
s torage est imated from l a b o r a t o r y  
drainage t e s t s  a t  0.1 and 3.0 b a r  
pressure on a Richards '  c e l l  (ASTM 
02325). 

wet- and dry-s ieve a n a l y s i s  and water re ten-  

t i o n  f o r  the t e s t  s o i l s  and f o r  the  s imu la ted  

s o i l .  

S imu la t ions  o f  the p r o t e c t i v e  b a r r i e r - -  

c o n s i s t i n g  o f  a 1 . 5 4  s o i l  l a y e r  o v e r l y i n g  a 

rock subsurface--were performed f o r  condi- 

t i o n s  o f  30 cm o f  annual p r e c i p i t a t i o n  and 
u t i 1  i z i n g  a sur face  s o i l  t h a t  conta ined 

e i t h e r  15 o r  50 vo l% rock. The computer runs  

s imulated per iods  up t o  8 y r  with repeated 

p r e c i p i t a t i o n  cyc les  o f  30 cm/yr d i s t r i b u t e d  
i n  the normal f a l l - w i n t e r ,  dominant r a i n  pat- 

t e r n  t y p i c a l  o f  the  Hanford S i te .  For these 

s imu la t ions  we observed no increased dra inage 

w i t h  the a d d i t i o n  o f  15 volX rock, b u t  d i d  so 
when 50 vol% rock was added to the sur face  

s o i l .  The s i a u l a t i o n s  suggest t h a t  1 i m i  t e d  

rock  a d d i t i o n s  to  the sur face s o i l  cou ld  be 

made w i t h  l i t t l e  major impact on t h e  bar- 

r i e r ' s  performance. Tests  a re  under way t o  

conf i rm the e f f e c t s  o f  rock a d d i t i o n s  on t h e  

water  r e t e n t i o n  and drainage o f  the sur face  

s o i l  m a t e r i a l s .  

A I  t e r n a t i v e  p r o t e c t i v e  b a r r i e r  concepts 
were reviewed t h a t  incorpora te  e i t h e r  a c l a y -  

s o i l  admix o r  an aspha l t  l a y e r  as the pr imary 

m a t e r i a l .  Use o f  these m a t e r i a l s  cou ld  po- 

t e n t i a l l y  r e s u l t  i n  a more c o s t - e f f e c t i v e  

b a r r i e r  system. These systems w i l l  be con- 

s idered  f o r  model s imu la t ions  dur ing  the n e x t  

two quar te rs .  

1.8 HANFORD SITE PERFORMANCE ASSESSMENT 

(AR-05-15-10 - 80991) 
F. H. Dove - P r o g r m  Manager 

Tke objectiues of the S i t e  Perfomance 
Assessment Progrm are t o :  

e Evaluate the e f f ec t i veness  o f  various d i s -  
posal options i n  protecting present and 
fu ture  humans and t h e i r  environments from 
Hanford defense m s t e .  

e Develop and maintain the m a l g t i c a l  tech- 
niques,  models, and data bases neczssary 
t o  assess postulated disposal a t i o n s  on a 
systems pzrfonance basis .  

e Provide a technical basis for decisions 
concerning s i t e  s e l ec t ion ,  conceptual sys- 
tems design,  system trudeoff  s tud ie s ,  de- 
velopment of c r i t e r i a  a d  s t a n d a d s ,  and 
research and developvent p r i o r i t i e s .  

Program Management and I n t e g r a t i o n  

The S i t e  Performance Assessment Program 

f o r  FY 1985 o f f i c i a l l y  began on November 8 ,  

1984, w i t h  an o r i e n t a t i o n  meeting o f  l e a d  

personnel. I n i t i a t i o n  o f  program a c t i v i t i e s  

f o l l o w e d  a verbal  commitment o f  funding 

approval from t h e  Rockwell Hanford Opera- 

t i o n s '  Naste Management Program O f f i c e  on 

October 31, 1984. 
Prepara t ion  o f  a Q u a l i t y  Assurance Plan 

began i n  November. A v a i l  ab le  documentation 

from o ther  programs, i n c l u d i n g  the QA Plan 
f o r  PNL suppor t  o f  the  B a s a l t  Waste I s o l a t i o n  

Program (BWIP) , were reviewed f o r  appl i c a -  

b i l  i t y  t o  c u r r e n t  and f u t u r e  performance 
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assessment requirements. A d r a f t  Q u a l i t y  
Assurance Plan (GSE-83) was submitted t o  
Rockwell f o r  review and comment on Jan- 

uary 30, 1985. The plan, which received PNL 
management approval on February 22, 1985, 
i d e n t i f i e s  procedures f o r  t h e  development, 

documentation, and c o n t r o l  o f  computer so f t -  

ware, and f o r  the  t r a c e a b i l i t y  o f  data and 
c a l c u l a t i o n s  used i n  performance assessment 

app l i ca t ions .  The i d e n t i f i c a t i o n ,  shipping, 
handl ing,  and h y d r a u l i c  t e s t i n g  t o  determine 

unsaturated c h a r a c t e r i s t i c s  o f  rock samples 

i n  t h e  labora tory  are a lso  inc luded i n  t h e  
reference procedures. 

The d r a f t  l e t t e r  r e p o r t  "Unsaturated Water 

Flow a t  the  Hanford S i t e :  A Review o f  L i t e r -  
a t u r e  and Annotated B ib l iography"  was sub- 

m i t t e d  t o  Rockwell f o r  review and comment on 
January 31, 1985. Comments were fo rmal ly  

discussed w i t h  Rockwell and PNL s t a f f  on 
Yarch 12, 1985. The repor t  reviews 24 key 

techn ica l  documents r e l a t e d  t o  the  e s t i m a t i o n  

o f  i n f i l t r a t i o n  and recharge a t  Hanford i n  

the  past  20 years. The r e p o r t  i d e n t i f i e s  re-  

maining techn ica l  issues o f  mois ture migra- 

t i o n  i n  the  unsaturated zone and recommends 

s p e c i f i c  research lead ing  t o  t h e i r  resolu-  
t i o n .  The r e p o r t  w i l l  be publ ished as a 

D a c i f i c  Northwest Laboratory  t o p i c a l  r e p o r t  
(PNL-5428) a f t e r  clearance. 

by Rockwell and PNL s t a f f  on February 5, 
1985. Although the  work described i n  t h e  
Technology Program Plan (TPP) f o r  FY 1985 
suf fe red  a delayed beginning, the  program i s  

genera l ly  on schedule. The review committee 
agreed t e n t a t i v e l y  t o  meet once each quar ter .  

Add i t iona l  meetings w i l l  be scheduled on an 

A peer review o f  the  program was conducted 

and comment on March 29, 1985. The r e p o r t  
inc ludes  a compi la t ion  o f  thermochemical data 

f o r  se lec ted  organic  l igands  t h a t  reac t  w i t h  

metal ions. These organic  complexants may 
a f f e c t  t h e  s o l u b i l i t y  and t r a n s p o r t  o f  objec- 

t i o n a b l e  c o n s t i t u e n t s  i n  Hanford defense 

wastes. The new data are in tended f o r  scop- 

i n g  c a l c u l a t i o n s  and must be subjected t o  
c a r e f u l  e v a l u a t i o n  be fore  more r igorous  ap- 

p l i c a t i o n s  are attempted. 

ment programs a t  PNL i s  viewed as p o t e n t i a l l y  

b e n e f i t i n g  s i t e  performance assessment a p p l i -  
cat ions.  It i s  expected t h a t  i t  w i l l  p r o v i d e  

f o r  t h e  i n t e r d i s c i p l i n a r y  s t a f f  commitment, 

t h e  consistency, and t h e  s i n g l e - p o i n t  focus 

needed i n  assessing d isposal  op t ions  f o r  
Hanford defense waste. 

The upcoming r e a l  i gnment o f  waste manage- 

Performance Assessment Appl i c a t  i ons 

An o u t l i n e  was prepared f o r  the  l e t t e r  
r e p o r t  i d e n t i f i e d  as a d e l i v e r a b l e  f o r  t h e  

Systems I d e n t i f i c a t i o n  and Conceptual Models 

Task due i n  May 1985. A copy o f  t h e  o u t l i n e  

was given t o  Rockwell on November 16, 1984, 
f o r  rev iew and comment. There are  c u r r e n t l y  
no a d d i t i o n a l  plans f o r  performance assess- 

ment a p p l i c a t i o n s  i n  t h i s  program d u r i n g  
FY 1985. 

Performance Assessment Technology Development 

The UNSAT-H code i s  be ing formulated from 

t h e  PNL code UNSAT-1D and w i l l  be used t o  

model unsaturated water f low a t  Hanford. 
Test cases have been assembled t o  compare 
UNSAT-H s imu la t ions  w i t h  measured data. I n i -  

ad hoc basis. t i a l l y  two t e s t s  cases w i l l  compare computed 
and measured water s torage and/or drainage 

i c a l  Model: Prov is ionary  Organic Database" from lys imeters  a t  t h e  Hanford S i te .  Data 
was fo rmal ly  submitted t o  Rockwell fo r  review w i l l  be taken from both t h e  200 and 300 Areas. 

The d r a f t  l e t t e r  r e p o r t  "MINTEQ Geochem- 
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Computer codes UNSAT-H and EVAP t h a t  model 
unsaturated f l ow  a t  the  Hanford S i t e  are be- 

i n g  compared. EVAP i s  a code developed f o r  

use on the  IBM PC t h a t  a t  present s imulates 

water balance on ly  f o r  bare s o i l s ;  UNSAT-H 

s imulates water balance from both bare and 

vegetated s o i l s .  
c l i m a t i c  inpu t ,  i n c l u d i n g  d a i l y  p r e c i p i t a -  

t i on ,  d a i l y  wind run, maximum and minimum 

temperatures, so la r  r a d i a t i o n  and water-vapor 

dens i t y  (humid i t y ) ,  as w e l l  as measured s o i l  

hyd rau l i c  p roper t ies .  The EVAP code and 

UNSAT-H both  c a l c u l a t e  a p o t e n t i a l  evapo- 

t r a n s p i r a t i o n  value f o r  each day e n t i r e l y  

from the c l i m a t i c  var iab les .  The ac tua l  

evapo t ransp i ra t i on  requ i res  i n p u t  o f  s o i l  
and p l a n t  c h a r a c t e r i s t i c s .  

Both codes r e q u i r e  d e t a i l e d  

Several methods o f  p r e d i c t i n g  p o t e n t i a l  
evapo t ransp i ra t i on  and the e f f e c t  t h a t  these 

methods have on es t ima t ing  storage changes 

and dra inage are being evaluated. One model 
s imu la t i on  run  f o r  a 2-year pe r iod  demon- 

s t r a t e d  t h a t  the t o t a l  water storage i n  the 
top meter o f  the s o i l  p r o f i l e  changed l e s s  

than 10% f o r  a 40% change i n  p o t e n t i a l  evapo- 
t r a n s p i r a t i o n .  Add i t i ona l  methods o f  calcu- 

l a t i n g  p o t e n t i a l  evapo t ransp i ra t i on  w i l l  be 
tested, and t h e i r  e f f e c t  on es t imat ions  o f  

dra inage w i l l  be evaluated. Neutron-probe 

measurements o f  water storage changes a t  t he  

300 Area lys imeters ,  coup1 ed w i t h  measured 

drainage values, are being used to eva lua te  

the  performance o f  the models i n  p r e d i c t i n g  

water movement over a 5-year per iod.  

u l a t e  data from the GEOCHEM database to a 

form compat ib le w i t h  the MINTEQ database. 

The man ipu la t i ve  code performs the f o l l o w i n g  

func t i ons  : 

A computer code has been w r i t t e n  to manip- 

0 se lec ts  reac t i ons  to be re t r i eved ,  i nc lud -  

0 c a l c u l a t e s  the charge on the species 

i n g  metal species and l i g a n d s  

0 separates aqueous reac t i ons  f r o m  reac t i ons  

e assembles index numbers f o r  each r e a c t i o n  

0 i d e n t i f i e s  chemical species being f o n e d  

by the r e a c t i o n  

e mod i f i es  reac t i ons  i n v o l v i n g  OH’ t o  be 

w r i t t e n  i n  terms o f  H+ and water 

0 generates a readabl e r e a c t i o n  f i  1 e 

0 generates a data f i l e  i n  MINTEQ format. 

t h a t  form sol  i d s  

Planned Work f o r  Subsequent Months 

D r a f t  l e t t e r  r e p o r t s  are to be completed 
f o r  Rockwell review i n  May 1985 as fo l l ows :  

0 re1 ease model s 
m uncer ta in t y  a n a l y s i s  
e systems/codes/pr ior i  t i e s .  

1.9 ORGANIC COMPLEXANT DESTRUCTION 
(AR-05-15-10 - 80932) 

D. M. Strachan - Program Manager 

The object ive  of t h i s  program is t o  deter-  
mine whether processable grouts that  meet 
regulatory and sa fe t y  c r i t e r i a  can be made 
using complezant concentrate wastes which 
have been treated to  remove TRU. Accomplish- 
ing  t h i s  object ive  All allow a decision that  
the or3anics present i n  these m s t e s  will not 
need t o  be destroyed. - 

Summary 

Grouts  are the waste form o f  cho ice  f o r  
most l i q u i d ,  low- leve l  non-TRU wastes a t  

Hanford. I f  grou ts  can be made us ing  com- 
p lexan t  concent ra te  wastes as a feed, inex- 

pensive TRU-removal technology can be used 

and the  resu l  t i n g  non-TRU waste can be 

grouted. I f  s a t i s f a c t o r y  g rou ts  cannot be 

made, o rgan ic  components o f  the  waste must 

be destroyed. Th is  program i s  aimed a t  pro- 
v i d i n g  data to support  a f u t u r e  dec i s ion  

regard ing  organ ics  i n  compl exant  concent ra te  

wastes. 

I 

4 
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I n  FY 1985, e f f o r t s  have been d i r e c t e d  i n  
th ree  main areas: 

i c a l  ana lys i s  of an actual  waste sample; 

ana lys i s  o f  the  organic components o f  t h a t  
ac tua l  waste sample; and t e s t i n g  o f  the 

s e n s i t i v i t y  t o  g rou t i ng  o f  known organic 
c o n s t i t u e n t s  o f  the waste stream. Inorgan ic  

and radiochetnical analyses are now complete. 

Ana lys is  o f  the h y d r o p h i l i c  organic f r a c t i o n  

i s  e s s e n t i a l l y  complete, represent ing  more 

than 40% o f  the t o t a l  organic carbon i n  the 

sample. 

i d e n t i f i e d  organics has been analyzed, and 

scoping s tud ies  to determine the e f f e c t s  o f  

sugar d e n i t r a t i o n  have been performed. Two 
low-molecular -weight  acids, t a r t a r i c  and 

g lucon ic  acids, appear to i n h i b i t  g rou t i ng  a t  

t he  0.01 - M l e v e l .  Organic ana lys is  w i l l  con- 

t i n u e  u n t i l  a t  l e a s t  90% o f  the organ ics  are 
i d e n t i f i e d ,  using t o t a l  organic carbon as an 

index , f o l  1 owed by eval u a t i  ons o f  the iden- 

t i f i e d  organics f o r  t h e i r  s e n s i t i v i t y  t o  

g rou t i ng  . 

inorgan ic  and rad iochem 

The s e n s i t i v i t y  t o  g rou t i ng  o f  f o u r  

I n t r o d u c t i o n  

Several waste tanks a t  the Hanford S i t e  
conta in  l i q u i d s  and so l ids  w i t h  high concen- 

t r a t i o n s  o f  organic complexant, ranging from 

1 t o  11M organic carbon i n  the  l i q u i d s  and 

5 t o  30 w t %  i n  the so l i ds .  These wastes re- 

s u l t e d  f r a n  a number o f  reprocessing a c t i v -  

i t i e s  and tank farm operat ions.  Because 

these wastes have been shown to con ta in  TRU 

components i n  concent ra t ions  grea ter  than 

100 nCi/g, they must be p re t rea ted  to reduce 

the  TRU conten t  be fore  they can be disposed 

as low- leve l  wastes. The reference tech- 

nology f o r  disposal  o f  these wastes as out- 

l i n e d  i n  the Hanford Waste Management Tech- 

nology Plan c a l l s  f o r  pretreatment using 

ozone, fo l lowed by grou t ing .  

The o v e r a l l  o b j e c t i v e  o f  t h i s  program i s  
t o  determine whether processable g rou ts  t h a t  

meet regu la to ry  and sa fe ty  c r i t e r i a  can be 

made us ing  compl exant concentrate wastes t h a t  

have been t rea ted  to remove T R U  elements. 

Grouts are the  waste form o f  choice f o r  the  
bu lk  o f  the l i q u i d ,  low- leve l  non-TRU Hanford 

wastes. I f  s a t i s f a c t o r y  g rou ts  can be made, 

on l y  the TRU conten t  o f  the waste needs t o  be 
reduced to acceptable l e v e l s  p r i o r  t o  g rou t -  

ing .  I f  grou ts  cannot be made from the 
ex i  s t i n g  compl exant waste t h a t  meet regu l  a- 

t o r y  c r i t e r i a  concerning the re lease o f  the 

organics,  then those organ ics  must be de- 

s t royed using the ozone process o r  another 

technology. One o f  the obvious drawbacks i f  
organ ics  must be destroyed i s  the h igh  f a c i l -  
i t y  and opera t ing  cos ts  o f  t he  requ i red  pro- 

cess i  ng p l  ant .  

t h i s  f i s c a l  year i d e n t i f i e d  a range o f  g r o u t  

composit ions, us ing  syn the t i c  waste, t h a t  

should be processable i n  the Transpor tab le  

Grout F a c i l i t y  (TGF) and t h a t  a re  cons is ten t  

w i t h  the  requirements o f  the TGF. 

the  grou t  made w i t h  ac tua l  r a d i o a c t i v e  waste 

behaved d i f f e r e n t l y  than those made w i t h  syn- 
t h e t i c  waste. The r a d i o a c t i v e  waste used i n  

t h i s  t e s t  was analyzed i n  FY 1983 t o  i d e n t i f y  

the  organic complexants thought a t  t h a t  t ime 

t o  be present. However, t h i s  ana lys i s  iden- 
t i f i e d  on ly  40% o f  the t o t a l  organic carbon. 

It was suspected t h a t  the organ ics  i n  the re -  

main ing 60% o f  the t o t a l  organic carbon con- 

t e n t  caused the  d i f f e r e n t  behavior  o f  t h e  

grou t .  

t i f i e d  e a r l i e r  were found on the  l i s t s  o f  

hazardous chemical s from the Envi ronmental 

P r o t e c t i o n  Agency o r  the Resource Conserva- 

t i o n  and Recovery Act, the remaining uniden- 

t i f i e d  f r a c t i o n  may con ta in  species t h a t  a re  

dork perfonned f o r  t h i s  program p r i o r  to 

However, 

Although none o f  the organ ics  iden- 
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known hazards. Thus there  i s  a need to iden- 
t i f y  the  organics present i n  the actual  waste 

t o  see whether any u n i d e n t i f i e d  organics are 

hazardous chemicals o r  cause s i g n i f i c a n t  
changes i n  g rou t  p roper t ies .  Consequently, 

t he  goals o f  t h i s  program i n  FY 1985 are t o  
i d e n t i f y  and q u a n t i t a t e  a t  l e a s t  90% o f  the 

organ ics  t h a t  e x i s t  i n  complexant concent ra te  
waste and to determine the s e n s i t i v i t y  o f  

g rou t  p r o p e r t i e s  to those organics as they 

are  determined. 

1.24, respec t i ve l y .  These r e s u l t s  were gen- 
e r a l  l y  i n  good agreement w i t h  those repo r ted  
by Rockwell, w i t h  one except ion:  

r e s u l t s  show a markedly h igher  concen t ra t i on  

o f  americium. 

p resent  

Organic Ana ly is  o f  Compl exant  Concentrate 

Waste 

Analyses o f  the organic conten t  o f  organic 
complexant concent ra te  waste f r a n  Tank 107AN 

are  under way. The goal i n  these measure- 

ments i s  t o  account f o r  a t  l e a s t  90% o f  a l l  Technical Progress t o  Date i n  FY 1985 

E f f o r t s  to date i n  FY 1985 have addressed 

inorgan ic  and radiochemical analyses o f  a 
waste sample from Tank 107AN. ident i f icat ion 

and q u a n t i t a t i o n  o f  organic components o f  t h e  

waste stream, and t e s t i n g  o f  the s e n s i t i v i t y  
o f  known organics t o  g rou t ing .  

Inorgan ic  and Radiochemical Ana lys is  
o f  Complexant Concentrate Waste 

Inorgan ic  and radiochemical analyses o f  a 

sample drawn f r a n  Tank 107AN were performed, 

c h i e f l y  to determine the TRU conten t  and to 

con f i rm  prev ious  analyses performed by Rock- 

we1 1 Hanford Operations. Radiochemical and 

i n d u c t i v e l y  coup1 ed argon plasma spectroscopy 

(ICP) r e s u l t s  a re  given i n  Tables 1.23 and 

TABLE 1.23. Radiochemical Analyses 

nCi/mL i n  
Tank 107AN Sample 

Radionucl i des  Present  Rockwell 

Element 

Fe 
A1 

Mg 
Na 

MO 

C r  

Zn 
Mn 

Cd 

Ca 

cu 

Pb 

K 

Z r  

S i  

Ba 

La 

N i  

TABLE 1.24. I C P  Analyses 

M i n  107AN So lu t i on  
PNL Rockwell 

1 0 0 0 - f o l d  2000- f 01 d 

4.2 x 10" 
2.2 x 10-1 
7.5 x 10-3 

6.2 10-4 

4.6 x 10-3 

8.3 x 10-4 

8.0 10-3 
NA( b )  

2.5 x 10-2 

8.3 x l o o  

NA 

NA 

4.4 x 10-2 

1.0 x 10-3 

5.4 x 10-2 

7.3 x 10-4 

7.3 x 10-3 

NA 

4.4 x 10-2 3.3 x 10-2 

1.7 10-2 1.0 x 10-3 

N D ( ~ )  6.0 x 10-4 
4.6 10-3 4.4 x 10-3 
1.7 x 10-3 6.2 x 10-4 

8.0 10-3 6.4 x 
NA 5.4 x 10-4 

NA 4.2 x 10-4 
NA 1.8 10-3 

2.4 x 10-I 

8.7 x loo  

2.0 x 10-1 

1.0 x l o1  

3.8 x 1.7 x 

5.1 x 4.4 x lo-' 
1.4 10-3 8.0 x 

2.5 10-3 5.0 x 10-5 

NA 2.8 x 10-4 

1.5 x (7.2 x 

6.8 x 8.8 x 
Pu( 238+239+240 1 100 108 B 1.6 x 2.6 x NR(C)  

2 4 1 h  757 130 Nd 7.6 x 1.2 X NR 
244cm 5 S r  5.7 x 10-5 9.1 x 10-5 NR 
6OCO 847 859 

137cs 3.55 (lo5) 4.50 ( l o 5 )  ( a ]  ND = n o t  detected. 

154Eu 

- 

2.61 (103) 2.69 (103) ( b )  NA = no t  analyzed. 
( c )  NR = no t  reported. 
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o f  the organ ics  i n  the waste, w i t h  the t o t a l  

organic carbon (TOC) conten t  as the index. 

The 90% mate r ia l  balance should r e s u l t  i n  the 

i d e n t i f i c a t i o n  of the  organics t h a t  are i m -  
p o r t a n t  f o r  g rou t  f o n u l  a t i o n  and regu la to ry  

purposes. 

rec ted  i n  i d e n t i f y i n g  and q u a n t i t a t i n g  the  

h y d r o p h i l i c  organic f r a c t i o n  from the 

Tank 107AN sample. 
e t h y l  enediaminetetraacet i  c ac id  (EDTA, 

21.9%); N-(2-hydroxyethyl )ethylenediamine- 

t r i a c e t i c  ac id  (HEDTA, 10.6%); and n i t r i l o -  

t r i a c e t i c  ac id  (NTA, 5.1%) are the main 
components o f  t h i s  f r a c t i o n .  

n ine  degradat ion products o f  c h e l a t i n g  

agents, o r  c h e l a t o r  fragments, have been 

i d e n t i f i e d .  

ethylenediaminetriacetic ac id  (ED3A; 11 .O%). 
The o the r  che la to r  fragments range i n  molecu- 

l a r  weight from 122 to 302, w i t h  r e l a t i v e  

abundances ranging from 0.3 to 8.6% o f  t he  

h y d r o p h i l i c  organic f r a c t i o n .  The gas chro- 

matography (GC) ana lys i s  o f  t h i s  f r a c t i o n  i s  
given i n  F igure  1.13 and Table 1.25. The 

h y d r o p h i l i c  f r a c t i o n  represents about 40% o f  

the  TOC i n  the Tank 107AN sample. Emphasis 
i s  now being s h i f t e d  to o the r  organic f rac-  
t i ons ,  which i nc lude  po la r  low-molecular- 

weight  acids, polymeric species, and v o l a t i l e  

compounds. 

P r i n c i p a l  a t t e n t i o n  to date has been d i -  

C i t r i c  a c i d  (33.3%), 

I n  add i t i on ,  

The most abundant fragment i s  

S e n s i t i v i t y  o f  Grout ing to Known Organic 
Components 

Several organic compounds were i d e n t i f i e d  
by Rockwell as having been added to the waste 

streams. Four o f  these organics have been 

used i n  making grouts. Magnif loc 835A@, a 

f l o c c u l a t i n g  agent, when mixed w i t h  a syn- 

t h e t i c  complexant concentrate,  r e s u l t e d  i n  a 

s a t i s f a c t o r y  grout,  w i t h  no apparent pro- 
cessing problems. S i m i l a r l y ,  o x a l i c  a c i d  

(0.2 g/L TOC) gave s a t i s f a c t o r y  grouts.  Both 

t a r t a r i c  and g lucon ic  acids, however, y i e l d e d  
poor g rou ts  when mixed w i t h  syn the t i c  

complexant concentrate waste a t  t he  0.01 fi 
l e v e l  (0.48 g/L and 0.72 g/L TOC, respec- 

t i v e l y ) .  The g rou t  specimens had very poor 

s e t  p roper t i es ,  g rea ter  than 10% f ree-  

standing l i q u i d s ,  and very low compressive 

strengths.  A1 though these organic complex- 

ants were added to a l i m i t e d  volume o f  waste 

du r ing  B P l a n t  opera t ions ,  the low l e v e l s  

used i n  these scout ing s tud ies  i n d i c a t e  the  

p o t e n t i a l  magnitude o f  the e f f e c t  on the 

g rou t  p roper t i es .  

Synthe t ic  complexant concent ra te  ac id  

wastes were d e n i t r a t e d  by use o f  sugar as 

p a r t  o f  a scoping study on the s e n s i t i v i t y  

o f  o rgan ics  t o  g rou t i ng .  Sucrose i s  used a t  

Hanford i n  the PUREX process t o  destroy 

n i t r i c  acid. 
fo rmat ion  o f  low-molecul a r -we igh t  ac ids  such 

as g lucon ic  and t a r t a r i c  acids, which are 

a l ready  known t o  i n h i b i t  g rou t i ng  i n  very low 

concent ra t ions .  When s y n t h e t i c  compl exant  

concent ra te  a c i d  waste was deni t r a t e d  w i t h  
sucrose and n e u t r a l i z e d  as d i rec ted  by 

Rockwell and fo l lowed by g rou t i ng  o f  the 
supernate, the se t  p r o p e r t i e s  and compres- 

s i v e  s t rengths  o f  t h a t  g rou t  were s a t i s f a c -  
t o r y  al though 2 t o  3% f ree-s tand ing  l i q u i d s  
remained. Organic analyses o f  the sugar 

deni t r a t i o n  products are under way. 

O f  p a r t i c u l a r  concern i s  t he  

Expected Future  Accompl i shments 

I d e n t i f i c a t i o n  o f  the organic components 
i n  a t  l e a s t  one complexant waste i s  expected 

t o  be complete t h i s  year. Th is  w i l l  s a t i s f y  

the need f o r  ana lys i s  preceding syn thes is  o f  
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t Identified as methyl esters (BF,/Methanoll 
Species A-G: Chelator Fragments 

Citi Acid 

EDTA 

II I 

10 20 30 
Time lminuterl 

FIGURE 1.13. GC Analys is  o f  Hyd roph i l i c  
Organicsf i n  Organic Complexant Waste from 
Tank 107AN 

a nonrad ioac t ive  waste f o r  use i n  the grou t  
s tud ies  and the  need t o  address the regu la -  

t o r y  issues concerniny the re lease ra tes  o f  

grouted wastes. Organics t h a t  are i d e n t i f i e d  

dur ing  N 1985 w i l l  be inc luded i n  a s t a t i s -  

t i c a l  study t o  de f i ne  the range o f  g rou t  corn 

ponents t h a t  y i e l d  processable grouts. It i s  

a n t i c i p a t e d  t h a t  on ly  a l i m i t e d  number o f  the  

unknown organ ics  w i l l  be i n  concent ra t ions  

h igh  enough t o  cause the  observed f ree-  

s tand ing  1 i q u i d s  o r  o the r  undes i rab le  g rou t  

p roper t i es .  Therefore, on ly  those organ ics  

t h a t  cause processing problems might  be 

v a r i e d  i n  the s t a t i s t i c a l  study t o  develop 

the mathematical models f o r  op t im iz ing  the 

g rou t  fo rmula t ion .  
Some o f  the organics t h a t  are i d e n t i f i e d  

i n  FY 1985 may be regu la ted  hazardous chem- 

i c a l s  and, there fore ,  the g rou t  w i l l  be re- 

qu i red  t o  meet c e r t a i n  re lease ra tes  w i t h  

TABLE 1.25. Hydroph i l i c  Organ ics(a)  I d e n t i f i e d  i n  Organic Compl exant 
Waste from Tank 107AN 

Chelatina/Comolexina Aamts 

Citric Acid 
Ethylenediaminetetraacetic Acid (EDTA) 
N-(2-Hydroxyethyl)ethylenediaminetriacatic Acid (HEDTA)Ic' 
Nitrilotriacetk Acid INTA) 

Chelator Fraaments 

Ethv~nediaminetriacetic Acid (ED3Alla1 
N-(Methyllethylenediamin~N. N'-diacetic Acid (MeEDD'A) 
lminodiacetic Acid (IDA) 
N-(2-hydmxyethyl)iminodiacetic Acid (HEIDAI 
Molecular Weight (MWI Speciesl.l 

A: MW 122 
B: MW 190 
C: MW 198 
D: MW 188 
E: MW 230 
F: MW 230 
G: MW 302 

SlL 

15.01 
10.93 
10.81 

1.71 

4.37 
0.19 
0.10 
0.04 

0.11 
3.29 
0.42 
0.17 
0.55 
0.42 
0.69 

64.39 
31.41 
37.53 

7.33 

17.91 
1.02 
0.62 
0.23 

0.90 
17.32 
2.14 
0.90 
2.39 
1.83 
2.28 

I.) Identified aa methyl esters (BF,)/methandl 
Ib1 Quantitation based on six GC analyses with FID detection; the standerd deviations are: 

citric acid. * 5.7%; EDTA. f: 7.0%. HEDTA. f: 12.2%: NTA. f: 3.1 %; ED3A. f 2.6%; 
MeEDD'A. * 9.1 %, and species A-G, f 7.0% each. 

I* Identified by GC-MS as MW 288 lactone 
Id) Identified by GC-MS as MW 244 lactam 
Id MWs assigned to unknown chalator fragments on the basis of electron impact 

(70 eVI GC-MS 

i 

c 

I 
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respec t  to those organics. Guidance i s  

expected f r a n  the Hanford Disposal C r i t e r i a  

and Standards Program on the release r a t e  
l i m i t s  requ i red  f o r  the organics from the 

disposed grout.  Th is  i n fo rma t ion  i s  p i v o t a l  

to the dec is ion  to destroy o r  no t  t o  des t roy  

the organ ics  i n  these wastes. I f  the c r i -  

t e r i a  cannot be met, then the  organics may 

need t o  be destroyed regardless o f  the pro- 

c e s s a b i l i t y  o f  the g rou t  fo rmula t ions .  

One waste stream no t  y e t  i nves t i ga ted  i s  
t h a t  r e s u l t i n g  f r a n  the  reference process o f  

ozono lys is  o f  the compl exant  concentrate 
wastes. The r e a c t i o n  o f  ozone w i t h  the  

organ ics  i s  complex, and the in te rmed ia te  

r e a c t i o n  products have no t  been i d e n t i f i e d .  

The quest ion t h a t  must be addressed i s ,  "How 

much t rea tment  by ozone i s  requ i red  t o  render 

the waste s u i t a b l e  f o r  d isposal  by the grou t  
process?" This quest ion w i l l  be addressed i n  

the nex t  f i s c a l  year. 



2.0 NUCLEAR WASTE MATERIALS CHARACTERIZATION 
CENTER 

The objective the the Nuclear Waste Materials Characterization Center (MCC) 
is to support the development of an authoritative data base that will include 
information on the components of the waste emplacement package (the spent 
fuel or processed waste form and the engineered barriers), their interactions 
with each other, and the effects of their environment. The MCC works with 
waste-form producers and repository developers to standardize test methods 
and obtain materials data and submits these to the Materials Review Board 
(MRB). After test methods and data have been approved by the MRB, the MCC 
publishes the approved methods and data in the Nuclear Waste Materials 
Handbook. 
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2.0 NUCLEAR WASTE MATERIALS CHARACTERIZATION CENTER (MCC) 

( AR-05-15-10/DB-04-04-03/DB-01-03/DB-01-01-02/ 
AR-05-15-30/AR-05-10-02/AH-10-30 - 80145) 

J .  E. Mendel 

SUMMARY 

Much t ime and e f f o r t  was expended i n  t h i s  
r e p o r t i n g  pe r iod  t o  conver t  the MCC's  q u a l i t y  

assurance p rac t i ces  to conform to NQA-1. 
This inc luded p rov id ing  comnents on d r a f t s  o f  

t he  new QA manual and i n p u t  to the new MCC QA 

plan. Comnents were a lso  provided on numer- 
ous a d m i n i s t r a t i v e  procedure d r a f t s ,  and the 

MCC coordinated peer review o f  many techn ica l  

procedure d r a f t s .  Several t r a i n i n g  sessions 
were he ld  f o r  MCC s t a f f  on the a d m i n i s t r a t i v e  

and techn ica l  procedures. The MCC i s  sched- 

u led  t o  have a l l  i t s  a c t i v i t i e s  being con- 

ducted according to NQA-1 requirements by 

J u l y  1, 1985. 

MCC s t a f f  presented ten papers i n  a spe- 

c i a l  session (Session N6, Research a t  the  

U.S. Departinent o f  Energy Ma te r ia l s  Charac- 

t e r i z a t i o n  Center) a t  the 1984 F a l l  Meet- 
i n g  o f  the Ma te r ia l s  Research Society,  
November 26-30, Boston, MA. A l l  o f  the 

papers w i l l  be publ ished i n  the symposium 

proceedings. They are ava i l ab le  a lso  as 

PNL-SA-13016. 
Rad ioac t ive  t e s t i n g  o f  "The BWIP Compli- 

ance Test on Radionucl ide Release f o r  Deter-  

min ing  Acceptance o f  a Loaded Waste Form" 

(MCC-14.4) was i n i t i a t e d  using p l u t o n i u m  and 

neptunium-doped waste glass Approved Tes t ing  
Ma te r ia l s  (ATMs). Plutonium concent ra t ions  

i n  0.0018-~1m f i l t r a t e s  remained cons tan t  

between 3 and 12 weeks, al though the  g lass  

cont inued to d i sso l ve  slowly; neptunium 

r e s u l t s  are not y e t  conclusive.  I n i t i a l  

Program Manager 

t e s t i n g  o f  MCC-105.1 Basa l t  S t a t i c  Radiat ion- 
Corrosion Test was a lso  s ta r ted .  

An i n i t i a l  d r a f t  o f  the Waste Acceptance 

S p e c i f i c a t i o n s  Data Plan was prepared. I t  

i d e n t i f i e s  the i n fo rma t ion  waste-form pro- 

ducers must supply to a r e p o s i t o r y  and how 

t h i s  i n fo rma t ion  can p o t e n t i a l l y  be obtained. 

MCC and ASTM(a) t e s t  methods are i d e n t i f i e d  

t n a t  can be used to ob ta in  the requ i red  data. 
I n  the  remaining h a l f  o f  FY 1985 the p lan  

w i l l  be reviewed w i t h  personnel a t  PNL, the 

th ree  r e p o s i t o r y  s i t es ,  Basa l t  Waste Is01 a- 

t i o n  P r o j e c t  (BWIP), Nevada Nuclear Waste 

Storage I n v e s t i g a t i o n  ( N N W S I ) ,  O f f i c e  on 

Nuclear Waste I s o l a t i o n  (ONWI), and waste- 

form-producing 1 ocat ions,  Defense Waste Pro- 

cessing F a c i l i t y  (DWPF), West Va l ley  Nuclear 

Services (WVNS) Hanford Waste V i t r i f i c a t i o n  

P r o j e c t  (HWVP), and Idaho Chemical Processing 

P1 an t  ( ICPP) . 
f o r  a d d i t i o n a l  spent f ue l  Approved Reference 

M a t e r i a l s  (ARMS) i n c l u d i n g  b o i l i n g  water 
reac to r  (BWR) and high-burnup pressur ized  

water  reac to r  (PWR) spent f u e l .  The repos i -  
t o r y  p r o j e c t s  are being consu l ted  as t o  

which f u e l s  w i l l  bes t  meet t h e i r  t e s t i n g  

requirements. 

The MCC i n i t i a t e d  a new task (Task 5 - 
Test Method Submissions) t o  f a c i l i t a t e  the  
o b t a i n i n g  o f  M a t e r i a l s  Review Board (MRB) 

approval o f  key t e s t  methods f o r  use by the  

Proposals were rece ived  f r o m  th ree  sources 

( a )  American Society f o r  Tes t ing  and 
Ma te r ia l s .  
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r e p o s i t o r y  p ro jec ts .  
Reposi tory P r o j e c t  ( SRP) t e s t  methods have 

been i d e n t i f i e d  f o r  submi t ta l  to the i4RB. 

A t  mid-year two o f  these had been readied f o r  

MRB submi ssion, pending SRP approval . 

Th is  year 12 S a l t  

WASTE MATERIALS INTERACTIONS - 
K. M. Krupka (Task 1 Leader) - R. L. Er ikson,  
R. W. Fu l ton ,  and 3 .  W. Shade 

MCC-14.4 Waste-Form Compliance Test Method 

Development 

The MCC con t i  nued development and bench- 
mark t e s t i n g  o f  "The BWIP Compliance Test on 

Radionucl ide Release f o r  Determin ing Accep- 
tance o f  a Loaded Waste Form" (MCC-14 .4 ) .  

The purpose o f  the MCC-14.4 t e s t  i s  t o  mea- 

sure steady-state rad ionuc l i de  concent ra t ions  

i n  so lu t i ons  f o l l o w i n g  hydrothermdl i n te rac -  

t i o n s  o f  a syn the t i c  b a s a l t  ground water, 

b a s a l t  rock, and a r a d i o a c t i v e  waste-form 
mate r ia l .  The r e s u l t s  obtained du r ing  t h i s  

r e p o r t i n g  pe r iod  inc lude 1) completion o f  the 

MCC-14.4 t e s t  us ing  ATM-4(a) ( p l  utonium-doped 

76-68 waste g lass)  w i t h  b a s a l t  and syn the t i c  

b a s a l t  ground water, 2) i n i t i a t i o n  o f  MCC- 

14.4 t e s t s  i n v o l v i n g  ATM-3 (neptunium-doped 

76-68 waste g lass)  w i t h  b a s a l t  and s y n t h e t i c  

b a s a l t  ground water, and 3) development o f  a 

procedure t o  remove rad ionuc l i de  contamina- 

t i o n  from reac t i on  vessels used i n  NCC-14.4 

t e s t  w i t h  r a d i o a c t i v e  waste forms. 

i n g  ATM-4 and ATM-3 are l i s t e d  i n  Table 2.1. 

The experimental equipment, s t a r t i n g  mate- 

r i a l s ,  and t e s t i n g  procedures are descr ibed 

i n  S t r i c k e r t ,  Erikson, and Shade (1984). 

Leachant chemical composit ions are detenni  ned 

f o r  s o l u t i o n  a l i q u o t s  sampled from quenched 

dup l i ca te - reac t i on  vessels a t  each s p e c i f i e d  

Test cond i t i ons  f o r  the MCC-14.4 t e s t s  us- 

( a )  MCC Approved Tes t ing  Ma te r ia l  

TABLE 2.1. 
ATM-4 and ATM-3 

Cond i t ions  o f  MCC-14.4 Test Using 

Temperature 

Pressure 

S o l u t i o n  

Basa l t  p a r t i c l e  s i  ze 

Glass p a r t i c l e  s ize  

Mass r a t i o  o f  s o l i d s  

So lu t i on /so l  i d  r a t i o  

Run d u r a t i o n  

Tes t  rep1 i c a t i o n  

150°C 

Vapor pressure 

Synthe t ic  GR-4 b a s a l t  
ground water 

60 t o  120 mesh 

120 t o  230 mesh 

1:l 

1O:l (mL/g) 

3, 6, 9, 12 weeks 

2 vessels 

pe r iod  o f  run  dura t ion .  
s o l u t i o n  are then f i l t e r e d  us ing  bo th  0.45-um 

and 0.0019-pm pore-s ized membranes. The 
s o l u t i o n  analyses i nc lude  1) pH and Eh f o r  

u n f i l t e r e d  f r a c t i o n s ;  2) rad ionuc l i de  con- 
c e n t r a t i o n s  f o r  u n f i l t e r e d ,  0.45-1~m, and 

0.0018-vm f r a c t i o n s ;  3) concent ra t ions  o f  

nonrad ioac t ive  c a t i o n i c  cons t i t uen ts  f o r  bo th  

0.45-rm and 0.0018-um f r a c t i o n s ;  and 4) con- 
c e n t r a t i o n s  o f  nonrad ioac t ive  an ion ic  con- 

s t i t u e n t s  f o r  the  0.45-um f r a c t i o n s  on ly .  

For  the MCC-14.4 t e s t  us ing  ATM-4, the 

s o l u t i o n  concent ra t ions  o f  most elements 

agreed we l l  ( ~ 1 0 %  d i f f e r e n c e )  f o r  s o l u t i o n  
a1 i quots sampled f r a n  the dupl i c a t e  vessel s 
a t  3, 6, 9, and 12 weeks. The pH values 

remained cons tan t  between 9.70 and 9.80. 
The concent ra t ions  o f  boron, sodium, molyb- 

denum, and s i l i c o n  had n o t  reached a steady 

s t a t e  a f t e r  12 ueeks, i n d i c a t i n g  t h a t  the 

glass waste form i s  s t i l l  d i s s o l v i n g  a f t e r  

12 weeks. There was no evidence f o r  forma- 

t i o n  o f  col l o i d a l -  s i  ze p a r t i c l e s  i n v o l v i n g  

boron, sodium, molybdenum, o r  s i l i c o n .  The 
measured concent ra t ions  o f  p l u t o n i m  i n  t h e  

MCC-14.4 t e s t  us ing  ATM-4, however, suggest 

t h a t  c o l l o i d - s i z e d  p a r t i c l e s  con ta in ing  

A l i quo ts  o f  each 
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p lu ton ium formed dur ing the experiment. 
The concent ra t ion  of p lutonium f o r  the u n f i l -  

t e r e d  and 0.45-pm f i l t r a t e s  between 3 and 

12 weeks run du ra t i on  decreased from l o g  
p lu ton ium values o f  -7.0 t o  -8.0 and -8.3 t o  
-8.8 moles/L, respec t i ve l y .  The l o g  p lu to -  
nium values f o r  the 0.0018-pm f i l t r a t e s  re -  

mained cons tan t  a t  about -10.0 moles/L f o r  
the same run per iod.  This experiment i s  con- 

t i n u i n g  t o  determine whether the behavior o f  

the  s o l u t i o n  concent ra t ions  o f  these elements 

changes s i g n i f i c a n t l y  a t  t ime per iods longer  

than 12 weeks. 

An MCC-14.4 t e s t  using ATM-3 i s  a lso  i n  

progress. 
under r u n  cond i t i ons  (see Table 2.1)  iden- 

t i c a l  to those used f o r  the MCC-14.4 t e s t  

i n v o l v i n g  ATM-4. 

completed f o r  3- and 6-weeks run dura t ion .  

The measured s o l u t i o n  concent ra t ions  o f  the 

major aqueous cons t i t uen ts  from the d u p l i c a t e  

vessels were i n  good agreement ( ~ 1 0 %  d i f f e r -  

ence) f o r  s o l u t i o n  a l i q u o t s  sampled fran t h e  

d u p l i c a t e  vessels a t  3 weeks. 

nonrad ioac t ive  cons t i t uen ts  f o r  the 6-week 

s o l u t i o n  a l i q u o t s  have no t  y e t  been CM- 

p le ted . )  The measured pH values f o r  s o l u t i o n  
samples from the dup l i ca te  vessels were 10.01 
and 9.97. 

concent ra t ions  f o r  the u n f i l t e r e d  and the 

0.45-tin f r a c t i o n s  a f t e r  6-week run du ra t i on  

are  approximately -6.10 and -7.61 moles/L, 

respec t i ve l y .  However, an order o f  magnitude 

d i f f e r e n c e  was observed f o r  the l o g  neptunium 

concent ra t ions  (-7.30 and -8.20) f o r  t he  

0.0018-pm f i l t r a t e s  from the dup l i ca te  ves- 

sels.  The discrepancy i s  under i nves t i ga -  

t i o n .  Our data on nonrad ioac t ive  cons t i t u -  

ents a1 so suggest t h a t  the neptuni um-doped 

ATM-3 has a f a s t e r  r a t e  o f  d i s s o l u t i o n  than 

t h a t  f o r  the p l  u ton i  um-doped ATM-4 a t  the  

This experiment i s  being performed 

So lu t i on  sampling has been 

(Analyses o f  

Average values o f  l o g  neptunium 

same run cond i t ions .  The mechanisms respon- 

s i b l e  f o r  t h i s  d i f f e r e n c e  are no t  p resen t l y  

known. New c h a r a c t e r i z a t i o n  and composi t ion 

data being obtained by MCC Task 4 f o r  these 
g lass  waste forms may be h e l p f u l  i n  under- 

standing these mechanisms. 

Tes t  requ i red  t h a t  a v i a b l e  method be found 

t o  c lean r a d i o a c t i v e  contaminat ion f rom the 

ti t a n i  um r e a c t i o n  vessels be fore  reuse. D i  f- 
f e r e n t  treatrnents, which i nvo l ved  2M and 

6M HNO3 a c i d  a t  25' and 60'C and a comner- 
c i a l l y  a v a i l a b l e  rad ionuc l i de  complexing 
so l ven t  ( I soc lean )  together  w i t h  scrubbing 

w i t h  ny lon  and s tee l  brushes, were found 

i n e f f e c t i v e .  However, a s o l u t i o n  recomnended 

by PNL s t a f f  and composed o f  100 g NaCl , 
100 g NaN03, 58 mL o f  93% H2SO4, and 693 mL 

of H20 proved successful i n  removing smear- 
able plutonium contaminat ion the  f i r s t  t ime 
used. Thi  s c lean ing  procedure requ i res  im-  

mersing the vessel i n  t h i s  m ix tu re  a t  60-80°C 

f o r  3 h r .  The procedure was used t o  decon- 
taminate a l l  vessels i n  p repara t i on  f o r  t he  

MCC-14.4 t e s t  us i  ng neptuni um-doped ATM-3. 

The development o f  the MCC-14.4 Compliance 

Br ine  Sampl i n g  and Measurement Techniques 

The MCC began an e f f o r t  t o  a s s i s t  t he  
SRP/WPP(a) i n  developing a technique f o r  

sampling concentrated b r i n e  so lu t i ons  from 

Dickson autoclaves (Sey f r i ed ,  Gordon, and 
Dickson 1979) a t  the  i n  s i t u  temperature and 

pressure cond i t i ons  used f o r  hydrothermal 

t e s t i n g  o f  nuc lear  waste forms i n  b r ines .  

more adequately i n v e s t i g a t e  the i n t e r a c t i o n s  

o f  nuc lear  waste forms w i t h  b r ines ,  sampling 
must be done i n  s i t u  to avo id  changes i n  

To 

( a )  S a l t  Reposi tory Pro ject /Waste Package 
Program. 



b r i n e  composi t ions caused by quenchi ng the 
s o l u t i o n  t o  roan temperature. 

made to modify Dickson autoc laves to i n c l u d e  

an i n - l i n e ,  small-volume sampling vessel pre- 

p ressur ized  w i t h  argon gas. Temperature 

grad ien ts  between the autoc lave and the  sam- 

p l i n g  vessel w i l l  be minimized by wrapping 
sampling tubes, valves, and vessel w i t h  

heater  tape o r  res is tance windings and ade- 

quate i n s u l a t i o n .  

sampling technique w i l l  begin dur ing  May 

1985. 

sampling technique by determin ing the solu- 

b i l i t y  o f  NaCl ( h a l i t e )  i n  H20 a t  e leva ted  
temperatures. 

Plans were 

Tes t ing  o f  the  i n  s i t u  

We p l a n  t o  v e r i f y  the  adequacy o f  t h e  

Sol u b i l  i ty-Cont ro l  1 ed Concentrat ion Data f o r  
Rad ioac t ive  Elements i n  Nuclear Waste 

Accurate thermochemical data f o r  aqueous 
complexation constants  and s o l u b i l i t y  prod- 
u c t s  are needed to  p r e d i c t  the geochemical 

behavior  o f  nuc lear  waste elements (e.g., 

a c t i n i d e s )  i n  surface-water and ground-water 

systems. 

Test  Method (MCC 19841 i s  be ing used w i t h  
minor  m o d i f i c a t i o n s  to study the s o l u b i l i t i e s  

o f  U(V1) hydrox ide as a f u n c t i o n  o f  pH and 

temperature i n  carbonate- f ree s o l u t i o n s .  The 

experimental procedure and sol u b i l  i t y  i e a -  

surements a t  25°C f o r  schoepi te  (U03-2H20) 
a r e  descr ibed i n  Krupka e t  a1 . (1984). Dur- 

i n g  the  r e p o r t i n g  per iod,  U(V1) hydrox ide 

s o l u b i l i t y  measurements were made a t  70" and 

90OC. Our r e s u l t s  a t  25O, 70°, and 90°C con- 

f irm the amphoteric behavior  o f  d isso lved 

UIVI)  and suggest t h a t  the  s o l u b i l i t y  o f  

U(VI1 hydrox ide may be independent o r  may 
decrease s l i g h t l y  over t h i s  temperature 

range. 
e v a l u a t i o n  o f  t h e  r e s u l  t s  are c o n t i n u i n g  . 

The MCC-3S A g i t a t e d  Powder Leach 

Sol u b i l  i t y  rneasureinents a t  90°C and 

2 . 4  

Plans were made to study the  s o l u b i l i t y  o f  
uranium-si1 i c a t e  minera ls  and Pu(IV1 hydrox- 

i d e  as a f u n c t i o n  o f  pH and temperature. 

Uranium-si1 i c a t e  minera ls  c o n t a i n i n g  u ( I v )  

[e.g., c o f f i n i t e  (USIO4)l and U(VI)  [e.g., 

weeks i te  eK2(UO2)2Si6015*4(H20)1 are found i n  
n a t u r a l  environments i n  primary o re  and sec- 

ondary minera l  depos i ts  o f  u ran i  um, respec- 
t i v e l y .  Uran ium-s i l i ca tes  (e.g., weeks i te l  

have a l s o  been repor ted  as leach products  i n  
waste-package i n t e r a c t i o n  t e s t s  [e.g., see 

Chapter 2.0 i n  Mendel (198411. The solu- 

b i l i t y  o f  Pu( IV)  hydrox ide has been used as a 

conserva t ive  1 i m i t  f o r  the  maximum concen- 

t r a t i o n s  o f  d isso lved p lu ton ium i n  ground- 

water systems. However, s o l u b i l i t y  da ta  f o r  
Pu( I V )  hydrox ides are l i m i t e d  f o r  s o l u t i o n s  
w i t h  pH values g r e a t e r  than 7 and nonex is ten t  

f o r  superambient temperatures. Sol u b i l  i ty  

s tud ies  o f  U(V1) s i l i c a t e  minera ls  and Pu(1V) 

hydrox ides w i l l  be i n i t i a t e d  dur ing  the 

second h a l f  o f  FY 1985. 

CORROSION - M. D. Merz (Task '2 Leader1 - 
R. Wang and W. E. Anderson 

T e s t  methods are being developed and v a l i -  
dated f o r  e v a l u a t i o n  o f  c o r r o s i o n  o f  m e t a l l i c  

c o n t a i n e r  and c a n i s t e r  m a t e r i a l s  i n  nuc lear  

waste r e p o s i t o r y  environments. The methods 

w i l l  be a p p l i c a b l e  to b a s a l t ,  s a l t ,  t u f f ,  and 

c r y s t a l l i n e  rock r e p o s i t o r i e s .  The MCC pro- 

gram i s  emphasizing the development o f  meth- 

ods t h a t  a re  c o n s i s t e n t  w i t h  the  t e s t  p l  ans 

o f  the waste-package programs f o r  the var ious  

r e p o s i t o r i e s  and t h a t  w i l l  p rov ide  a b a s i s  
f o r  e s t a b l i s h i n g  r e p r o d u c i b i l i t y  o f  c o r r o s i o n  

t e s t s  and s t a t i s t i c a l  statements o f  the  pre- 

c i s i o n  o f  c o r r o s i o n  data. 

The MCC i n i t i a t e d  experimental a c t i v i t i e s  

on two new c o r r o s i o n  t e s t s  t h i s  r e p o r t i n g  
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per iod ,  KC-105.1 Basa l t  S t a t i c  Radiat ion- 
Corrosion Test and MCC-105.4 Basa l t  Flowby 

Test. Equipment was i n s t a l l e d ,  and 30-day 

t e s t s  a t  100°C were completed. 

The MCC completed 30-day, 100°C MCC-105.1 

benchmark t e s t s  f o r  nonrad ia t ion-cor ros ion  i n  
b a s a l t  e a r l i e r  t h i s  year  and has cont inued 

t h i s  t e s t i n g  f o r  longer  dura t ions .  The 
300-day , 100°C nonradi a t i  on-corros ion t e s t s  

were completed i n  January, and the data are 

be ing  analyzed. A repo r t ,  MCC-105.1 Bench- 

mark Test Report, f o r  t e s t s  f o r  30 days and 

120 days a t  lOO"C,  was reviewed by the BWIP 

and was re tu rned w i t h  a Review Comnent Record 

i n  a r c h .  This t e s t  r e p o r t  w i l l  provide sup- 

p o r t i v e  evidence f o r  ob ta in ing  MRB approval 

o f  MCC-105.1, and the KC w i l l  submit i t  to 

the  MRB i n  A p r i l  a f t e r  ob ta in ing  BWIP concur- 

rence on changes. 
A p resen ta t i on  on MCC co r ros ion  was given 

a t  the  Ma te r ia l s  Research Society Meeting i n  

November 1984 e n t i t l e d  "Test Methods t o  Pre- 

d i c t  Long-Term Corrosion o f  Container Mate- 

r i a l s  i n  Reposi tor ies."  The paper w i l l  be 

pub l i shed i n  the proceedings o f  the meeting. 

A 1-1/2-day review o f  the co r ros ion  task 

a c t i v i t i e s  was presented to an MRB ad hoc 
panel on November 9-10, 1984. MCC i n v e s t i -  
ga tors  who presented var ious aspects o f  t he  

co r ros ion  task were Dan Merz ( t a s k  overview 
and re1 a t i o n  to repos i to ry  p ro jec ts ) ,  Rong 

Wang ( t e s t i n g )  , Don Shannon ( 1 oca1 i zed cor- 

ros ion ) ,  B i l l  Anderson ( s t r e s s  cor ros ion)  , 
Lee Daniel ( re fe rence mater ia l  S I ,  and Mike 

Bowen ( s t a t i s t i c s ) .  The panel cons is ted  o f  
the  chairman o f  the MRB and s i x  co r ros ion  

experts from u n i v e r s i t i e s  and indus t r y .  The 
panel intends to review the BWIP, SRP, and 

NNWSI cor ros ion  programs, as we l l .  

Test Method Development 

The s ta tus  o f  each MCC co r ros ion  t e s t  
method was summarized i n  the p r i o r  Semiannual 

Progress Report; the s ta tus  o f  MCC-103Py 

-104, and -105.2 remains unchanged f r a n  the  

l a s t  repo r t .  MCC-101 and MCC-102 were pre- 

pared f o r  p u b l i c a t i o n  i n  PNL-3990, Test Meth- 
ods Submitted f o r  Nuclear Waste Ma te r ia l  s 
Handbook. The s ta tus  o f  the o ther  methods i s  
summari zed be l  ow. 

Tests Method f o r  Long-Term Corrosion i n  
Repos i to ry  Environments 

Tes t  Methods are being developed and codi-  

f i e d  f o r  basa l t ,  s a l t ,  and t u f f .  Seven t e s t  
methods have been i d e n t i f i e d ,  MCC-105.1 

through MCC-105.6 and MCC-102.1, f o r  appl i c a -  

t i o n  to th ree  types o f  geo log ic  media. Four 

o f  the t e s t  methods, t w o  f o r  b a s a l t  and two 

f o r  s a l t ,  have been d r a f t e d  and reviewed by 

BWIP and ONWI waste-package i n v e s t i g a t o r s .  

Methods f o r  t u f f  are s t i l l  i n  a p re l im ina ry  

stage. 

Development (OCRD) program has n o t  i d e n t i f i e d  

any co r ros ion  t e s t i n g  y e t .  The MCC has 
i n i t i a t e d  benchmark t e s t i n g  f o r  the b a s a l t  
s t a t i c  t e s t ,  MCC-105.1 and f o r  the b a s a l t  

f l  owby t e s t ,  MCC-105.4. 

The O f f i c e  o f  C r y s t a l l i n e  Reposi tory  

MCC-105.1 Basa l t  S t a t i c  System. The 
benchmark t e s t s  according to  i n i t i a l  d r a f t s  

o f  t h i s  t e s t  method were completed f o r  30 and 

120 days a t  100°C dur ing  the  l a s t  r e p o r t i n g  

per iod ,  and 300-day, 100°C t e s t s  were 

completed i n  January. The o v e r a l l  average 

u n i f o n  pene t ra t i on  r a t e s  f o r  100°C are shown 

i n  F igu re  2.1. The average r a t e  f o r  t he  
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MCC-105.3 S a l t  L im i ted  Reactants System. 
The f u r t h e r  development o f  the s a l t  s t a t i c  

system t e s t  was delayed by a dec is ion  to 

prepare a s u i t e  o f  13 t e s t  procedures f o r  

ONWI, i n c l u d i n g  four  add i t i ona l  co r ros ion  

tes ts .  Experimental a c t i v i t i e s  w i l l  be de- 

l ayed  by p repara t i on  and submission o f  t h i s  

s u i t e  o f  t e s t  methods. The MCC i n i t i a t e d  

p repara t i on  o f  MCC-105.3 i n  ASTM format i n  

March e 

MCC-105.4 Basa l t  Flowby System. The MCC 
completed i n s t a l l a t i o n  o f  two f l ow ing  auto- 

FIGURE 2.1. 
Versus Time (days) f o r  100°C Tests. Data 
Do in ts  are the averaqe o f  the pene t ra t i on  packets were completed. A rev i sed  l o a d i n g  

Penet ra t ion  Rate (mm/yr x 1000) cepts  o f  specimen handl ing and load ing  o f  the 

procedure was i d e n t i f i e d  to e f f e c t  more com- 

p l e t e  con tac t  between packing ma te r ia l  and 

ra tes  o f  a l l  specimens, and each e r r o r  bar 
i s  one standard d e v i a t i o n  f o r  i n d i v i d u a l  
specimens above and below the average. 

specimens. 

the prev ious  r e p o r t i n g  pe r iod  and cont inued 

t o  rev i se  t h i s  according to t e s t  experience. 

these data w i l l  be inc luded w i t h  the submis- 

s ion  i n  S a l t  Br ines.  As a r e s u l t  o f  an ONWI t e s t  method and to submit the t e s t  method to 

review o f  the proposed submission o f  S a l t  
Reposi tory  P r o j e c t  Waste Package Procedures 

t o  the MRB, the MCC i s  p repar ing  the proced- MCC-105.5 Basa l t  Water Vapor System. 
ures i n  ASTM format. A procedure very siin- I n v e s t i g a t o r s  f o r  the BWIP have requested the  

i l a r  to MCC-102s was i d e n t i f i e d  and was MCC t o  c o d i f y  a t e s t  method wherein the cor-  

rev i sed  to ASTM format and submitted to ONWI ros ion  specimens are placed i n  a s lowly  

f o r  review. The MCC w i l l  perform t e s t i n g  as re f reshed water vapor environment to s imu la te  

needed to ob ta in  MRB approval. A data pack- cond i t i ons  i n  the opera t iona l  pe r iod  o f  t he  

age and d e s c r i p t i o n  o f  t e s t  experience, based 

on t e s t i n g  already completed by the WPP a t  

PNL was prepared i n  support  o f  the method. 

MCC c o d i f i e d  a t e s t  method dur ing  

300-day t e s t  was 0.0121 m/yr  w i t h  a specimen 
standard dev ia t i on  o f  4.0006 mn/yr, o r  r e l a -  

t i v e  standard d e v i a t i o n  o f  5%. Longer, 120-day t e s t s  were i n i t i a t e d ,  and 

MCC-102.1 Test Method f o r  General Corro- s ion  t o  the MRB. The MCC plans t o  r e v i s e  the  

the MRB i n  FY 1985. 

b a s a l t  repos i to ry .  Westinghouse Hanford 

Company (WHC) i n v e s t i g a t o r s  have b u i l t  an 

apparatus fo r  performing McC-lQ5.5-type t e s t -  

ing ,  and the MCC w i l l  f o l l o w  progress o f  
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t h e i r  t e s t i n g  program i n  FY 1985. 

p lans  t o  i n i t i a t e  benchmark t e s t i n g  and sub- 

m i t  the t e s t  method t o  the MRB i n  FY 1986. 

The MCC 

WASTE-FORM CHARACTERIZATION - 
G. B. Me l l i nge r  (Task 3 Leader) - 
0. H. M i t c h e l l ,  K. M. Olsen, P. A. Scott ,  

J .  W. Shade, S .  C. Slate,  and W. J. Weber 

The major accomplishments of Task 3 dur ing  
the  f i r s t  h a l f  of FY 1985 have been d r a f t i n g  

a Waste Acceptance Spec i f i ca t i ons  Data Plan, 

submi t t i ng  a rev i sed  ve rs ion  o f  MCC-7 f o r  

f u l l  MRB approval, and completing the evalu- 

a t i o n  o f  quar te r -sca le  MCC-15 c a n i s t e r  drop 

t e s t s  conducted dur ing  FY 1984. These accom- 

p l  i shments are descr ibed i n  the progress 

summaries given below f o r  each o f  the work 

areas. 
Dur ing the remainder o f  the year,  Task 3 

w i l l  have th ree  emphases; the f i r s t  w i l l  be 

t o  produce a formal comment d r a f t  o f  the 

Waste Acceptance Spec i f i ca t i ons  Data Plan. 

The second emphasis w i l l  be to begin the 

prepara t ion  o f  new t e s t  methods t h a t  are 

i d e n t i f i e d  as needed i n  the Data Plan. The 

t h i r d  emphasis w i l l  be to r e v i s e  e x i s t i n g  
t e s t  methods f o r  resubmission to the MRB. 

Waste Acceptance Spec i f i ca t i ons  Data Plan 

The purpose o f  the Data Plan i s  to iden- 

t i f y  the  i n fo rma t ion  t h a t  waste-form pro- 

ducers must supply to a repos i to ry  and t o  
show how t h i s  i n fo rma t ion  i s  t o  be obtained. 

The p lan  addresses the  i n fo rma t ion  needs and 

performance requirements i d e n t i f i e d  by the 

s i t e s ;  i t  i s  no t  meant to address regu la to ry  

issues. 

The document combines, i n t o  a se t  o f  73 
speci f i c a t i o n s ,  the  requirements proposed by 

each o f  the th ree  r e p o s i t o r y  s i t e s  i n  t h e i r  

d r a f t  waste acceptance requirements. For 

each s p e c i f i c a t i o n ,  each o f  the s i t e s '  re-  

quirements i s  l i s t e d  and a method(s) t o  p ro-  
v ide  the needed in fo rma t ion  i s  proposed. 

Depending on the s p e c i f i c a t i o n ,  the suggested 
method o f  ob ta in ing  the i n fo rma t ion  may be by 

t e s t i n g ,  a d m i n i s t r a t i v e  c o n t r o l ,  o r  process 

i n fo rma t ion .  I f  t e s t i n g  i s  requ i red ,  the 

ma te r ia l  t o  be tes ted  i s  i d e n t i f i e d  (doped o r  

c o l d  l abo ra to ry  samples o r  ho t  o r  c o l d  pro- 
duc t i on  m a t e r i a l )  * When t e s t i n g  i s  spec i -  

f i e d ,  a proposed t e s t  method i s  given. 

methods i nc lude  both e x i s t i n g  and proposed 

MCC and ASTM tes ts .  A t o t a l  o f  13 MCC and 

16 ASTM t e s t s  are i d e n t i f i e d  i n  the p lan .  

I n  the  remaining h a l f  o f  the year, the 

p lan  w i l l  be presented to personnel a t  PNL, 

t o  the th ree  r e p o s i t o r y  s i t e s  (BWIP ,  NNWSI, 

ONWI), t o  waste-form producers (DWPF, WVNS, 

HWVP, ICPP) ,  and to Weston. Based on i n p u t  

rece ived as a r e s u l t  o f  these presenta t ions ,  
the p lan  w i l l  be rev i sed  and a formal comment 

d r a f t  o f  the p lan  forwarded t o  the Ma te r ia l  s 
I n t e g r a t i o n  O f f i c e  i n  August o f  t h i s  year.  

These 

MCC-1P and MCC-2P S t a t i c  Leach Test Methods 

MCC-1 t e s t i n g  w i t h  ARM-1 g lass was essen- 
t i a l l y  completed. Th is  has i nc luded t e s t s  i n  

br ine ,  s i l i c a t e  water, and de ion ized water 

( D I W ) .  

90°C f o r  per iods  o f  up t o  364 days. 

the  28- and 56-day t e s t s  a t  90°C i n  D I W  

showed unexpectedly h igh  leach losses. 

t e s t s  a re  c u r r e n t l y  being re run  t o  determine 

whether t h i s  behav io r  i s  reproduc ib le .  

most recen t  ve rs ion  o f  MCC-1, which was sub- 
m i t t e d  f o r  f u l l  approval. F u l l  approval was 

no t  granted. Several rev iewers  r a i s e d  ques- 

t i o n s  about the e f f e c t s  o f  sur face  f i n i s h ,  

oxygen fugac i t y ,  and f l u o r i n e  re lease from 

leach  conta iners  on the t e s t  r e s u l t s .  Re- 

v iewers a lso  questioned the bases used f o r  

Tests have been performed a t  40' and 

Data f o r  

These 

Comments were rece ived from the MRB on the  
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the P rec i s ion  and Accuracy statements made i n  

the t e s t  method. Several o the r  issues were 

r a i s e d  by the MRB. The i r  comments w i l l  be 
addressed i n  a new r e v i s i o n  o f  the method. 

The t im ing  f o r  complet ion o f  t h i s  r e v i s i o n  

w i l l  depend upon whether f u r t h e r  experimental 

work i s  found necessary. 

56 days. 

364 days are c u r r e n t l y  i n  progress and w i l l  
be completed by December o f  t h i s  year. 

Br ine ,  s i l i c a t e  water, and DIW leachants are 

be ing  used, and a l l  t e s t s  are performed a t  

105°C. Tes t ing  a t  190°C has no t  been pursued 

due t o  unacceptable leachant l o s s  from the 
t e s t  vessels, and t e s t i n g  a t  t h i s  temperature 

has been e l im ina ted  from the c u r r e n t  vers ion  

MCC-2 t e s t i n g  was completed through 
Tests w i t h  dura t ions  o f  182 and 

O f  MCC-2. 

Comments regarding the submission o f  MCC-2 

f o r  f u l l  approval were rece ived from the MRB. 

Three primary issues were raised. Concern 

was expressed t h a t  no -data f o r  r a d i o a c t i v e  

samples e x i s t .  These data w i l l  be needed to 

support  the c la im t h a t  the t e s t  i s  a p p l i c a b l e  

t o  r a d i o a c t i v e  ma te r ia l s .  Quest ions  were 

a l so  ra i sed  about surface f i n i s h .  F i n a l l y ,  

the MRB s ta ted  t h a t  data on the Reference 

Standard Leachate and a f u l l  se t  o f  ARM-1 

data f o r  the MCC-2 t e s t  need to be reviewed 

by the MRB be fore  f u l l  approval o f  t h i s  t e s t  
procedure can be considered. 

MCC-3S Agi tated-Powder Leach Test Method 

Leach t e s t i n g  o f  ARM-1 g lass us ing  the  
MCC-3 procedure has been performed a t  90" and 

150°C w i t h  s i l i c a t e  water, b r ine ,  and DIW. 

Unacceptable water losses have been found f o r  

a number o f  91- and 182-day t e s t s  a t  150°C. 

New 91-day t e s t s  are c u r r e n t l y  being per- 

formed. The need f o r  a d d i t i o n a l  182-day data 

w i l l  be assessed when the c u r r e n t  182- and 

new 91-day data have been analyzed. I f  
steady-state cond i t i ons  are achieved w i t h i n  

91 days, data f o r  182 days may n o t  be neces- 

sary. A1 t e r n a t i v e  t e s t  vessels and a g i t a t i o n  

methods are c u r r e n t l y  under i n v e s t i g a t i o n  t o  
determine t h e i r  e f f e c t  on l o s s  o f  leachant.  

pared and submit ted f o r  MRB review l a t e r  i n  

the  year. Th is  r e v i s i o n  w i l l  take i n t o  

account the  comnents rece ived on the  l a s t  

submission and the more recen t  comments re- 

ce ived from the MCC-1 and MCC-'2 submissions. 

A rev ised vers ion  o f  MCC-3 w i l l  be pre- 

MCC-7 Method f o r  Prepar ing I so the rma l l y  Heat- 
Treated Waste Forms 

T h i s  method was submi t ted f o r  the  f i r s t  

t ime f o r  f u l l  MRB approval. It was n o t  

approved. 

w i t h  the need t o  be more s p e c i f i c  about t e s t  
c o n d i t i o n s  i n  order to e l i m i n a t e  poss ib le  

sources o f  b i a s  e r r o r .  One reviewer ques- 

t ioned,  however, whether a procedure o f  t h i s  

type i s  appropr ia te  f o r  f u l l  approval ,  s ince  

i t  does n o t  y i e l d  any waste-form charac te r i -  

z a t i o n  data and does no t  l end  i t s e l f  i n  i t s  

p resent  form to the use o f  standards and sta- 

t i s t i c a l  data ana lys is .  This quest ion and 

the  o ther  comments w i l l  be considered and a 

de terminat ion  made o f  whether another submis- 

s ion  o f  MCC-7 should be made t h i s  year. 

The comments rece ived d e a l t  mainly 

MCC-15 Waste/Cani s t e r  Acc ident  Tes t ing  and 
Ana lys is  Method 

The eva lua t i on  o f  a se r ies  o f  drop t e s t s  
o f  qua r te r - sca le  c a n i s t e r s  was completed. 

These t e s t s  had been performed i n  FY 1984 t o  

determine the  most severe cond i t i ons  f o r  can- 

i s t e r  impact t e s t i n g .  The r e s u l t s  o f  these 

t e s t s  w i l l  be used t o  guide the design o f  
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f u l l - s c a l e  DWPF c a n i s t e r  t e s t i n g .  Such f u l l -  
scale t e s t i n g  w i l l  support  the  design of the  

defense h igh - leve l  waste shipping cask. 

mod i f i ed  to i nc lude  quar te r -sca le  t e s t i n g .  
The v a r i a b l e s  i n v e s t i g a t e d  included: 

The MCC-15 t e s t  procedure was s l  i g h t l y  

a Impact O r i e n t a t i o n  - bottom corner,  f l a t  

bottom, f l a t  on side, and "slapdown" from 

12 degrees above ho r i zon ta l  

a Can Temoerature - 30" and 90°C 
e F i l l i n g  Rate - two times and four  t imes 

the DWPF design f i l l  ra te .  

F igu re  2.2  shows the e f f e c t  o f  impact o r i -  
e n t a t i o n  on glass p a r t i c l e  s i z e  d i s t r i b u t i o n  

f o r  the quar te r -sca le  tes ts .  Most f i n e s  were 

produced when the c a n i s t e r  was dropped on i t s  

corner.  S l i g h t l y  fewer f i n e s  were produced 

by dropping the  c a n i s t e r  on i t s  end. 

lease f i nes  were produced by s ide  and slap- 

down impacts. No e f f e c t  o f  can temperature 
o r  f i l l i n g  r a t e  was noted i n  these impact 

t es ts .  
F igu re  2.3 shows a comparison o f  measured 

and ex t rapo la ted  p a r t i c l e  s i ze  d i s t r i b u t i o n s  

The 

0 
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FIGURE 2.2.  E f f e c t  o f  Impact O r i e n t a t i o n  on 
Glass Par t i c l e -S ize  D i s t r i b u t i o n  i n  Quar te r -  
Scale DWPF Can is te rs  

- Log-Normal 

I 
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FIGURE 2.3. Comparison o f  Measured and Ex- 
t r a p o l  a t e d  P a r t i c l  e-Si ze D i  s t r i b u t i o n s  from 
Quar te r -Sca le  DWPF Can is te rs  

from the quar te r -sca le  tes ts .  As can be seen 
i n  t h i s  p l o t ,  l e s s  ma te r ia l  o f  (44 pm s i z e  

was present than would be p red ic ted  f r o m  a 

log-normal e x t r a p o l a t i o n  o f  the  data from 
l a r g e r  s ize  f r a c t i o n s .  Although t h i s  cou ld  

be due t o  the  d i f f i c u l t y  o f  c o l l e c t i n g  a l l  o f  

the very f i n e  m a t e r i a l ,  t h i s  does n o t  appear 

t o  be the  case. There are i n d i c a t i o n s  t h a t  

the r e l a t i o n s h i p  between cumulat ive mass 

f r a c t i o n  and p a r t i c l e  s i z e  may be d i f f e r e n t  

f o r  the coarse and f i n e  f r a c t i o n s .  The mass 

f r a c t i o n / p a r t i c l e  s i ze  r e l a t i o n s h i p  f o r  t he  

coarser  ma te r ia l  may be r e l a t e d  t o  the s ize  
o f  the  c a n i s t e r  wh i le  the  r e l a t i o n s h i p  f o r  

the smal ler  ma te r ia l  may be r e l a t e d  t o  the 

p r o p e r t i e s  o f  the waste form. 

case, i t  may be poss ib le  t o  accura te ly  pre- 
d i c t  the  genera t ion  o f  f i n e s  i n  f u l l - s c a l e  

impact t e s t s  from reduced-scale- test  data 

s ince  the p r o p e r t i e s  o f  the waste form w i l l  
n o t  change s i g n i f i c a n t l y  w i t h  c a n i s t e r  s ize.  

The e f f e c t s  o f  scaleup on impact t e s t  data 

w i l l  be i n v e s t i g a t e d  du r ing  the r e s t  o f  the 

year. 

I f  t h i s  i s  t h e  
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REFERENCE MATERIAL AND HANDBOOK DATA - 
J .  L. Danie l  (Task 4 Leader) - J .  0. Earner, 

H. E. Kjarmo, and J .  W. Wald 

Technical Support A c t i v i t i e s  

I n  the  MCC's c o n t i n u i n g  r o l e  i n  c o l l a b -  
o r a t i o n  w i t h  ASTM's nuc lear  fue l  a c t i v i t i e s ,  

a proposed new procedure f o r  "Ana lys is  of 
Aqueous Leachates from Nuclear Waste Mate- 

r i a l s  Using I n d u c t i v e l y  Coupled Plasma Emis- 
s i o n  Spectrometry" was submitted to the 

C-26.05 Test  Methods Task. This  procedure 
complements the Leach Test procedure a1 so 
submi t ted to ASTM by the  MCC, which i s  

near ing  f i n a l  ASTM approval. The a n a l y s i s  
procedure i s  based l a r g e l y  on methods used 
r o u t i n e l y  by the  MCC, w i th  s i g n i f i c a n t  

a d d i t i o n a l  c o n t r i b u t i o n s  from t h e  Nat iona l  

Bureau o f  Standards, the Exxon Research and 

Engineer ing Co., and members o f  ASTM C-26.05 

Plasma Task group. The procedure i s  cur-  

r e n t l y  undergoing i n t e r n a l  ASTM committee 

reviews. 

Shie lded A n a l y t i c a l  F a c i l i t i e s  f o r  Charac- 
t e r i z a t i o n  o f  Zad ioac t ive  Nuclear Waste 

M a t e r i a l s  

The t e s t i n g  and debugging o f  the sequen- 
t i a l  scanner module on the  MCC's sh ie lded I C P  

spectrometer was completed. Several i n i t i a l  

d e f i c i e n c i e s  were t raced to sof tware anom- 

a l i e s  and were cor rec ted .  The ins t rument  i s  

a v a i l a b l e  f o r  r o u t i n e  use on r a d i o a c t i v e  

so lu t ions .  

Technical suppor t  r e l a t e d  to MCC's 

sh ie lded a n a l y t i c a l  inst ruments was prov ided 
t o  two o f f s i t e  l a b o r a t o r i e s .  The West V a l l e y  

p r o j e c t  sent  a two-man team t o  MCC t o  d iscuss 
d e t a i l s  o f  the  sh ie lded I C P  design and opera- 

t i o n .  Arrangements have been made t o  h o s t  

another such team from AECL(a)/Whiteshell f o r  
a d e t a i l e d  rev iew o f  the  sh ie lded x- ray 

d i  f f r a c  tometer. 

Reference M a t e r i a l s  

A "Revised Schedule f o r  MCC Prepara t ion  o f  
Reference and Tes t ing  M a t e r i a l  s" f o r  FY 1985 

was d i s t r i b u t e d  to managers o f  U.S. waste re-  

pos i  t o r y  devel opment and waste g lass  produc- 

t i o n  programs (Table 2.2). The schedule re- 

f l  e c t s  new DOE-HQ d i r e c t i o n  t h a t  emphasi zed 

a c q u i s i t i o n  o f  spent f u e l  t e s t i n g  m a t e r i a l s  

and reduced FY 1985 gener ic  fund ing  f o r  

p r e p a r a t i o n  o f  g lass ATMs. 

i n  t h e  schedule i s  the  postponement o f  t h e  
West V a l l e y  g l a s s  A M  u n t i l  an adequate 
d e f i n i t i o n  o f  t h e  re fe rence composi t ion i s  
a v a i l a b l e  from the West V a l l e y  p r o j e c t ,  a 

s p e c i f i c  need f o r  the  ATM i s  i d e n t i f i e d  by 

p o t e n t i a l  users, and s u f f i c i e n t  fund ing  i s  

assured f o r  p r e p a r a t i o n  and c h a r a c t e r i z a t i o n .  

A no tab le  change 

ATM Glasses 

Two new g lass  Approved Tes t ing  M a t e r i a l s  
( ATMs) were completed and del  i v e r e d  t o  t h e  

i n i t i a l l y - r e q u e s t i n g  r e p o s i t o r y  development 

programs. 

ATM-11 was completed t o  s p e c i f i c a t i o n s  
prov ided by the BWIP (des ignated  BWIP 

Glass 0 ) .  ATM-11 i s  a s imulated Savannah 

R iver - type  g lass  us ing SRL "Black F r i t "  

t ype  165 t o  which bo th  r a d i o a c t i v e  and s t a b l e  

i s o t o p e  dopants were added t o  s imu la te  

a n t i c i p a t e d  waste-stream composit ion. I n  

compliance wi th  the  FY 1985 BWIP/MCC State-  
ment o f  Work (SOW) , a small q u a n t i t y  o f  

ATM-11 was crushed and s ieve-s ized t o  BWIP 

s p e c i f i c a t i o n s  f o r  a powder specimen. The 

( a )  Atomic Energy o f  Canada L i m i t e d .  
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TABLE 2.2. Revised Schedule f o r  MCC Prepara t ion  o f  Reference and Tes t ing  
M a t e r i a l s  (October 1984) 

Category 

Compl e t i  on 
o f  FY 1984 
commitments 

De l i ve ry  o f  
e x i  s t i n g  
ma te r i  a1 s 

New spent 
f u e l  s 

Charac ter i  za- 
t i o n  o f  e x i s t -  
i n g  g lass  
mater i  a1 s 

New glass 

I d e n t i  f i c a t i  on 

ATM-12 

ATM- 11 

ATM- 5 

ATM- 10 1 

ATM-102 

ATM-103 

ATMS-1 t o  -9 

ATM-10, 17 

ARM-2 

Requestor 

NNWSI 

BWIP 

ONWI 

ONW I ; 
NNWSI 

ONW I ; 
NNWSI 
A l l  s i t e s  

Various 
s i t e s  

Var ious 
s i t e s  

MCC 

Desc r ip t i on  

Aged 76-68 + 
dopants 

SRL + 
dopants 

1 oaded) 

H.B. Robinson 
spent f u e l  

BWR 
Spent f u e l  
"Extreme" 
spent f u e l  

Var ious 

76-68 ( f u l l y  

West Val 1 ey 
g lass  

Rad ioac t ive  
ARM 

Scheduled Acqui s i  t i o n  
o r  F a b r i c a t i o n  

10/84 

12 184 

Upon request  

Upon request 

12/84( a) 
12/84( a) 
6/85 

Charac te r i za t i on  
r e p o r t s  to be 
completed betw e 
11/84 and 4/85 ?by 

>3/85 ( c )  

( a )  Delayed beyond 4/85 by a c q u i s i t i o n  problems. 
( b )  ATM-5 i s  a poss ib le  exception, depending on a v a i l a b l e  funding. Reports may be 

delayed pending r e s o l u t i o n  o f  u n c e r t a i n t i e s  i n  a n a l y t i c a l  data. 
( c )  Fabr i ca t i on  i s  cont ingent  on adequate d e f i n i t i o n  o f  West Va l ley  composi t ion,  

i d e n t i f i c a t i o n  o f  s p e c i f i c  needs f o r  the ma te r ia l ,  and a v a i l a b i l i t y  o f  funding. 
( d )  Fabr i ca t i on  cont ingent  on a v a i l a b i l i t y  o f  funding. 

ma te r ia l  supp l ied  to BWIP cons is ted  o f  143 g 
o f  powder s ized a t  -250 tdn +125 m, 62 g a t  

-125 pm t63  urn, and 45 g o f  -63 um powder. 
Other as - fab r i ca ted  glass bars a1 so s p e c i f i e d  

by the SOW f o r  shipment to BWIP have been re -  

t a ined  by MCC a t  BWIP request u n t i l  needed i n  

the  BWIP t e s t  program. A special  sample o f  crushed ATM-9 

ATM-12 i s  a v a i l a b l e  i n  as-cast bars t o  
o the r  users. As- fabr ica ted  analyses 

i n  progress. 

ATM Specimen Prepara t ions  

r e  

doped 
ATM-12, represent ing  type 76-68 a f t e r  

300 years o f  aging, was completed according 
t o  s p e c i f i c a t i o n s  issued by the NNWSI pro- 

gram. The glass, con ta in ing  f i v e  r a d i o a c t i v e  

dopants, was supp l ied  to NNWSI i n  the s i x  

forms and q u a n t i t i e s  requested by NNWSI. 

SRL g lass)  was prepared t o  the BWIP s p e c i f i -  

ca t ions .  E i g h t y - f i v e  grams o f  crushed ATM-9 

i n  the th ree  Ty le r  mesh s ize  f r a c t i o n s ,  

-60+115, -115+250, and -250, were de l i ve red  
t o  the  BWIP. 
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S ix  d i f f e r e n t  specimen forms (-150 p ieces)  

have been prov ided as requested by NNWSI f o r  

each o f  the ATMs -1, -8, and -12 t a r g e t e d  on 
NNWSI s p e c i f i c a t i o n s .  O f  those, the  NNWSI 

has t e n t a t i v e l y  judged the Form F specimens 

o f  ATM-8 and ATM-12 prepared by the MCC t o  be 
u n s a t i s f a c t o r y  f o r  t h e i r  in tended purpose, 

a1 though the specimens were prepared i n  c l o s e  

consul t a t i o n  w i t h  NNWSI sen io r  s c i e n t i f i c  

s t a f f .  The MCC w i l l  r e f a b r i c a t e  the speci- 

mens f o r  NNWSI. The e x i s t i n g  s p e c i f i c a t i o n s  

f o r  the f a b r i c a t i o n  procedures w i l l  be re- 

viewed i n  d e t a i l  w i t h  NNWSI cognizant  s t a f f ,  
and any r e v i s i o n s  judged d e s i r a b l e  w i l l  be 

incorpora ted  i n t o  the new run s p e c i f i c a t i o n s .  

NNWSI personnel w i l l  p a r t i c i p a t e  i n  o n s i t e  

s u r v e i l l a n c e  o f  MCC's r e f a b r i c a t i o n  work and 
i n s p e c t i o n  o f  the i n d i v i d u a l  specimens pro- 

duced and a l s o  prov ide  more d e f i n i t i v e  speci- 

f i c a t i o n s  f o r  the f i n i s h e d  produc t  requi red.  

Glass ATM C h a r a c t e r i z a t i o n  

D e t a i l e d  c h a r a c t e r i z a t i o n  o f  e x i s t i n g  
g lass ATMs continued. 

and Analysis/Characterization r e p o r t s  f o r  

several g lass ATMs have been completed and 

a r e  undergoing i n t e r n a l  MCC review. Addi- 

t i o n a l  radiochemical and I C P  analyses were 

completed. D e t a i l e d  study o f  the I C P  anal- 

yses o f  several ATMs revea led  a s i g n i f i c a n t l y  

low (<go%) mass balance (sum o f  ICP-analyzed 

concent ra t ions  and o t h e r  known c o n s t i t u e n t s ) .  

The "shortage" may have r e s u l t e d  from incom- 

p l e t e  f u s i o n / s o l u t i o n  o f  the crushed g lass  

d u r i n g  I C P  sample prepara t ion .  

samples w i  11 be prepared and analyzed a1 ong 

w i  t h  b l  i nd-numbered known sol i d  sampl es sub- 

m i t t e d  t o  th ree  PNL I C P  l a b o r a t o r i e s  f o r  com- 

p a r a t i  ve analyses. 

D r a f t s  o f  F a b r i c a t i o n  

Therefore new 

Spent Fuel ATM C h a r a c t e r i z a t i o n  

The c h a r a c t e r i z a t i o n  p lan was prepared f o r  

complet ing examinations o f  spent f u e l  ATM-101 

and was approved by PNL cognizant  s t a f f ;  re-  

view comnents rece ived fran BWIP were added 

as appropr ia te .  The c h a r a c t e r i z a t i o n  p lan  

has been implemented, and most o f  the i n -  

tended work on t h i s  ATM was completed. Pub- 

l i c a t i o n  o f  the  c h a r a c t e r i z a t i o n  r e p o r t  i s  on 
schedule f o r  June 1985. 

Discuss ions were conducted w i t h  l o c a l  rep- 

r e s e n t a t i v e s  o f  each r e p o s i t o r y  p r o j e c t  re -  
gard ing  t h e i r  i n d i v i d u a l  needs f o r  more i n -  

depth c h a r a c t e r i z a t i o n  o f  spent f u e l  ATMs. 

A l l  p a r t i c i p a n t s  agreed t h a t  the gener ic  

database now being supp l ied  by MCC i s  ade- 
quate b u t  t h a t  some a d d i t i o n a l  i n f o r m a t i o n  

would be use fu l .  I n  p a r t i c u l a r ,  some addi- 
t i o n a l  r a d i o i s o t o p e  analyses were suggested, 

and t h e  de terminat ion  o f  the  s to ich io ine t ry  o f  

uranium ox ide a c t u a l l y  p resent  i n  the spent 

f u e l  was recommended. The need f o r  a com- 
p l e t e  l i t e r a t u r e  search and p u b l i c a t i o n  o f  a 

summary regard ing  the  e x t e n t  o f  i n f o r m a t i o n  

known about spent f u e l  phases should precede 

any a d d i t i o n a l  experimental work. An i n i t i a l  

MCC proposal was prepared d e s c r i b i n g  t h i s  

a d d i t i o n a l  spent f u e l  c h a r a c t e r i z a t i o n  work, 

which c o u l d  begin by FY 1986. 

A c q u i s i t i o n  o f  A d d i t i o n a l  Spent Fuel ATMs 

The MCC' s a c q u i s i t i o n  o f  addi t i o n a l  spent  
f u e l  ATMs has encountered more problems than 

expected, so t h e  e a r l i e s t  expected acqu is i -  

t i o n  o f  the n e x t  m a t e r i a l  (ATM-102, t y p i c a l  

BWR spent f u e l )  has been delayed u n t i l  May 

1985. Problems have i n c l  uded reduced funding 
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f o r  r e l a t e d  programs t h a t  had planned to par- 
t i c i p a t e  i n  a j o i n t  acqu is i t i on ,  D O E ' S  un- 

c e r t a i n t y  regard ing  var ious  regul  a t i  ons on 

government a c q u i s i t i o n  o f  p r i v a t e  u t i l i t y  
spent f ue l ,  and the re luc tance o f  p r i v a t e  

u t i l i t i e s  to e x t r a c t  and t r a n s f e r  a f ? w  spent 

f u e l  p ins  from f u l l  f ue l  assemblies. 

A source has been loca ted  f o r  BWR spent 

f u e l  comprising 12 experimental (one- four th  
f u l l  1 ength) i n t a c t  "rod1 e ts "  w i t h  burnups 

from 20 t o  30 MWd/kgM, and nego t ia t i ons  f o r  

a c q u i s i t i o n  are proceeding s a t i s f a c t o r i l y .  

I f  arrangements are completed as planned, the 

MCC should have the BWR f u e l  i n  hand i n  May 

1985. Gamma-scanning and f i ss ion-gas  anal- 

yses f o r  each r o d l e t  would proceed i n e d i -  

a t e l y ,  and d i s t r i b u t i o n  to repos i to ry  t e s t  

programs cou ld  probably be s t a r t e d  i n  J u l y  

1985. 
Meanwhile, o ther  sources o f  l a r g e r  quan- 

t i t i e s  o f  BWR spent fue l  are being sought, as 

we l l  as rep resen ta t i ves  o f  o ther  spent fue l  

types. To t h a t  end, a "sources sought" re -  

quest was pub1 ished i n  the Commerce Business 

D a i l y  on 1/26/85, and several p o t e n t i a l  sup- 

p l i e r s  were contacted d i r e c t l y  by telephone 

encouraging t h e i r  response t o  MCC' s request.  
E i g h t  p o t e n t i a l  suppl ie rs  were sent the 

request f o r  procurement (RFP), and two 

d e t a i l e d  proposals have been received which 

w i l l  enable the MCC to embark on the long- 

term pl  ans descr ibed bel ow. 

Long-Term Plans f o r  Spent Fuel ATMs 

The MCC has embarked on a long-range p lan  

f o r  the a c q u i s i t i o n  and supply o f  spent fuel 

ATMs. By t h i s  plan, the MCC r e c o n e n d s  

1) the con t inu ing  use o f  ATMs-101 and -102 

f o r  near-term scoping experiments and 21 the  

a c q u i s i t i o n  by the MCC o f  s i g n i f i c a n t l y  

l a r g e r  q u a n t i t i e s  o f  add i t i ona l  spent f u e l  

ATMs f o r  d i s t r i b u t i o n  to repos i to ry  R&D pro- 
grams f o r  t h e i r  l i c e n s i n g  s tud ies .  

a c q u i s i t i o n  o f  l a r g e r  q u a n t i t i e s  o f  edCh 

spent fue l  type w i l l  pe rm i t  use o f  the  same 
spent fue l  ATM types i n  common by a l l  devel- 

opment programs over a longer  per iod,  e.g., 
10 t o  20 years. Thi s w i l l  improve re1 i a b i  1 - 
i t y  and t r a c e a b i l i t y  o f  the  data generated 

du r ing  i n c r e a s i n g l y  more cornpl ex experimen- 

t a t i o n .  Spent fue l  ATM t e s t  ma te r ia l s  up t o  

f u l l - l e n g t h  rods can then be d i s t r i b u t e d  more 
exped i t i ous l y  " o f f - t h e  s h e l f  ,I' i n  the  charac- 

t e r i z e d  cond i t i on .  Therefore,  the MCC pro- 

poses t o  acquire several types o f  spent f u e l  

i n  q u a n t i t i e s  up t o  an e n t i r e  assembly o f  

each. The c u r r e n t  MCC p lan  inc ludes  the  

f o l l o w i n g  acqu is i t i ons ,  i n  a d d i t i o n  to the 

ATM-102 ( t y p i c a l  BWR) a l ready being obtained: 

l o w - f i  ssion-product-re1 eas i  ng ( i n- reac tor )  

PWR spent fue l .  
0 ATM-104 - a moderate-burnup (-30 MWd/kgM) , 

1 ow- f i s s i  on-product- re1  eas i  ng ( i n- reac tor )  

PWR spent f u e l .  ATM-104 w i l l  be s i m i l a r  
t o  ATM-101, and may be a s i b l i n g  t o  

ATM-103, i .e., bo th  fue l  s f a b r i c a t e d  a t  

the same t ime and i r r a d i a t e d  i n  the same 
r e a c t o r  ( b u t  f o r  d i f f e r e n t  p e r i o d s ) .  

The 

0 ATM-103 - a high-burnup (>45 MWd/kgM), 

0 ATM-LO5 - a moderate-burnup ( 2 5  t o  30 MWd/ 

kgM) , low- f i ss ion -p roduc t - re leas ing  

( i n - r e a c t o r )  BWR spent f u e l ,  s i m i l a r  t o  

0 ATM-106 - a moderate-burnup, h i g h - f i s s i o n -  

p roduc t - re leas ing  ( i n - r e a c t o r )  spent f u e l ,  
e i t h e r  a PWR o r  BWR spent f u e l .  

It i s  a n t i c i p a t e d  t h a t  the above f o u r  ATMs 

ATM-102. 

can be acquired i n  q u a n t i t i e s  compr is ing one 
f u e l  assembly o f  each type, through negot ia -  

t i o n s  w i t h  sources already i d e n t i f i e d  i n  

MCC's c u r r e n t  search f o r  new ATMs. I n i t i a l  

d e l i v e r i e s  o f  these ATMs might  be poss ib le  as 
e a r l y  as the f o u r t h  qua r te r  o f  1985. Ten t o  
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20 rods from each AM cou ld  be charac ter ized  
dur ing  FY 1986, w i t h  d i s t r i b u t i o n  t o  repos i -  

t o r y  p r o j e c t s  to begin on request  a f t e r  the 
second q u a r t e r  o f  1986. To prov ide  f o r  han- 

d l i n g  these s i g n i f i c a n t  q u a n t i t i e s  o f  Spent 

f u e l  assemblies and f u l l - l e n g t h  rods, an 
upgrade i n  PNL h o t  c e l l s  c a p a b i l i t i e s  w i l l  be 

requi red,  t o  rece ive  the high-burnup spent  

f u e l  d ismant le  the fue l  assemblies, and 

c h a r a c t e r i z e  the  i n d i v i d u a l  1 2 - f t - l o n g  rods. 
P lanning and i n i t i a l  phases o f  t h i s  upgrading 

have begun. 

TEST METHOD SUBMISSIONS - R. D. A l l e n  
(Task 5 Leader) 

The Test  Method Submissions task i s  a new 

MCC task t h i s  f i s c a l  year, funded t o t a l l y  by 
t h e  S a l t  Reposi tory  P r o j e c t  (SRP). The pur- 

pose i s  t o  o b t a i n  MRB approval o f  key t e s t  

methods c u r r e n t l y ,  o r  soon t o  be, i n  use by 

SRP i n v e s t i g a t o r s  a t  PNL, Brookhaven Nat iona l  
Laboratory  (BNL) , and Lawrence Berkeley La- 

bora tory  (LBL). The goal i s  to submit twe lve  

SRP t e s t  methods t o  the MRB i n  FY 1985. 
These t e s t  ,nethods are i d e n t i f i e d  by t i t l e  

be l  ow: 

e Standard Test Method f o r  Determinat ion o f  
General Corros ion Rate o f  Candidate St ruc-  

t u r a l  M a t e r i a l s  i n  Br ines and Br ine-Sa l t  

M ix tu res  

e Standard Test %?thod f o r  Determinat ion o f  

D i f f e r e n t  Ox ida t ion  States o f  P luton ium 

and Neptunium Using Solvent  E x t r a c t i o n  

Techniques 

r o s i o n  Tests i n  Sal t - B r i n e  Mix tu res  Under 

Excess S a l t  Condi t ions 

e Standard Test  Method f o r  Conducting Cor- 

e Standard Test  Method f o r  R a d i o l y s i s  o f  

e Standard Test  Method f o r  Spent Fuel Leach 

e Standard Test Method f o r  pH i n  Br ines 

Sal t Br ines 

Tes t ing  

0 Standard Test ?.lethod f o r  Tota l  Base Deter- 

m i n a t i o n  i n  Natura l  Rock S a l t  
e Standard Test Method f o r  Waste Glass 

I n t e r a c t i o n s  T e s t i  ng 

o Standard Test  Method f o r  Stat ic -Load Crack 

Growth Tes t ing  w i t h  M o d i f i e d  Wedge Opening 

Load 
o Standard Test  Method f o r  U-Bend Tes t ing  o f  

M e t a l l i c  Specimens ( t o  be developed from a 

t e s t  procedure i n  p repara t ion  a t  PNL) 

e Standard Test  Method f o r  Ch lor ine  Gas 
E v o l u t i o n  from I r r a d i a t e d  Rock S a l t  ( t o  be 

developed from a t e s t  procedure i n  prepa- 

r a t i o n  a t  BNL) 

Spec ia t ion  i n  Br ines ( t o  be developed from 
a t e s t  procedure scheduled f o r  p repara t ion  

a t  LBL) 
The MCC i s  respons ib le  f o r  p repar ing  the 

e Standard Test  Method f o r  Radionucl ide 

t e s t  methods f o r  MRB rev iew and p u b l i s h i n g  

them i n  the Nuclear Waste M a t e r i a l s  Handbook 

a f t e r  MRB approval I n  some cases consider-  
a b l e  r e f o r m a t t i n g  o f  the procedures i s  r e -  

qu i red,  b u t  the most ex tens ive  j o b  o f  the  MCC 

i s  rev iew and a n a l y s i s  o f  the  SRP data, which 

have been obta ined by each t e s t  method, so 
t h a t  a statement concern ing p r e c i s i o n  and 

b i a s  can be inc luded i n  the t e s t  method. 

A t  mid-year, d r a f t s  o f  two standard t e s t  

methods have been completed and reviewed i n -  

t e r n a l l y :  1) standard t e s t  method f o r  d e t e r -  

m i n a t i o n  o f  general c o r r o s i o n  r a t e  o f  candi- 

date s t r u c t u r a l  m a t e r i a l s  i n  b r i n e s  and 

b r i n e - s a l t  m ix tu res  and 2 )  standard t e s t  

method f o r  pH o f  br ines.  

cedure i s  us ing B a t t e l l e  Form BPMD-234-1 & 2 

t o  document rev iewer  c o m e n t s  and w r i t e r  re -  

sponses, thereby p r o v i d i n g  t r a c e a b i l i t y  f o r  

NQA-1. Both were submi t ted to SRP on 
A p r i l  1, 1985, f o r  t h e i r  rev iew before  sub- 

m i t t a l  t o  the  MRB. 

are b r i e f l y  r e l a t e d  as f o l l o w s :  

The rev iew pro- 

The perspec t ives  o f  these two t e s t  methods 
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1. The method deal i n g  w i t h  the c o r r o s i o n  r a t e  

o f  s t r u c t u r a l  m a t e r i a l s  i n  b r i n e s  and 
br ine-sa l  t mix tu res  i s  a p p l i c a b l e  to the 

r e l a t i v e  chemical res is tances  o f  candidate 

c a n i s t e r  and conta iner  meta ls  and a l l o y s  

to these p o t e n t i a l l y  c o r r o s i v e  f l u i d s .  
Br ines  o r i g i  n a t i  ng from d i  sso l  u t i  on of 

rock s a l t  i n  ground water and b r i n e s  t h a t  

were inc luded w i t h i n  the rock s a l t  dur ing  

i t s  fo rmat ion  are considered separa te ly  
because o f  t h e i r  d i f f e r i n g  chemical compo- 

s i t i o n s ;  i.e., d i s s o l u t i o n  b r i n e  conta ins  

sodium and c h l o r i n e  ions as p r i n c i p a l  

so lu tes,  whereas i n c l u s i o n  b r i n e s  a1 so 
c o n t a i n  l a r g e  amounts o f  magnesium. Th is  

method a lso  at tempts t o  d u p l i c a t e  reposi -  

t o r y  c o n d i t i o n s  w i t h  respect  to b r i n e  f l o w  

r a t e ,  temperature, pressure, and i r r a d i a -  

t i o n  i n t e n s i t y .  

2. The method dea l ing  w i t h  measurement o f  pH 

values i n  b r i n e s  was developed t o  enable 

e l i m i n a t i o n  o f  e r r o r s  i n h e r e n t  i n  conven- 

t i o n a l  pH measurements where b r i n e s  a r e  

concerned. I t  i s  impor tan t  to be ab le  to 

make t h i s  c o r r e c t i o n  because pH i s  a domi- 

nant  f a c t o r  i n f l u e n c i n g  the c o r r o s i o n  

r a t e s  o f  meta ls  i n  contac t  w i t h  b r ines .  
Development o f  successful numerical model s 
w i l l  depend upon accurate assessments o f  

pH i n  the var ious  b r i n e  composit ions. 
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3.0 SUPPORTING STUDIES 

The objectives of the Waste Management Supporting Studies are to do the 
following: 1) focus technical analysis on the independent assessment of the 
information base upon which to make decisions to implement waste man- 
agement systems and technologies of interest, 2) review on-going technol- 
ogy base activities, both domestic and foreign, 3) provide support to DOE’S 
Office of Civilian Radioactive Waste Management, 4) conduct environ- 
mental impact studies and analyses, and 5) provide R&D support to the 
low-level lead Site Program Office at Idaho and to the Consolidated Fuel 
Reprocessing Program at Oak Ridge. 
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3.0 SUPPORTING STUDIES 

J .  V. Robinson and L. T. Lakey - Program O f f i c e  ihnagers 

3.1 HANFORD DEFENSE WASTE STUDIES - PREP- 

ARATION OF AN ENVIRONMENTAL IMPACT 
STATEMENT FOR DISPOSAL OF HANFDRD 

DEFENSE WASTES 

(AR-05-10-02 - 80381 I 
J. 6. Burnham - Program Manager 

The object ive  i s  t o  as s i s t  WE-RL in the 
preparation of a Draft a d  II Finat Environ- 
mental Impact Statement f o r  the disposal of 
exis t ing and f u ture  Hanfod radioactive high- 
t eve t  and transuranic defense m s t e s .  

Sumnary 

Work performed dur ing thi s r e p o r t i n g  

pe r iod  i s  sumnarized as fo l l ows :  

0 DOE and DOE c o n t r a c t o r ' s  review o f  the 
p re l im ina ry  d r a f t  E I S  (PDEIS) 

0 O f f s i t e  peer review o f  the PDEIS 
0 Organ iza t ion  o f  techn ica l  comnents and 

p repara t i on  o f  responses received from 

techn ica l  reviewers 

0 I nco rpo ra t i on  o f  comments and rev 
o f  PDEIS  

0 Workshops and r e s o l u t i o n  o f  techn 

i ssues 
0 Review o f  EPA proposed standard 

40 CFR 191, D r a f t  5. 
A b r i e f  d e s c r i p t i o n  o f  each a c t i v i t y  

DOE and DOE Cont rac tor  Review 

s i  on 

ca l  

fo l lows.  

The Pre l im inary  Hanford Defense Waste 

D r a f t  (POEIS working papers) was submitted t o  

DOE-RL on September 20, 1984. I n  the  months 
fo l l ow ing ,  DOE Richland Operations O f f i ce ,  

DOE Headquarters, and DOE f i e l d  o f f i c e s /  

con t rac to rs  provided in-depth review o f  the 

PDEIS  and associated techn ica l  appendices. 

O f f s i t e  Peer Review 

An o f f s i t e  peer review was h e l d  by PNL on 
January 3 and 4, 1985, i n  Seat t le .  The re -  

view focused p r i m a r i l y  on the c r e d i b i l i t y  o f  

the a n a l y t i c a l  methods and r e s u l t s  repo r ted  

i n  the PDEIS. Recent model changes and new 
a n a l y t i c a l  r e s u l t s  were a l so  i d e n t i f i e d  f o r  

the  rev iewers '  group. The f o l l o w i n g  re- 
viewers were selected: O r .  T. P ig fo rd ,  
Pro fessor  Nuclear Engineering, Un ivers i  t y  o f  

C a l i f o r n i a ,  Berkeley; O r .  T. M. Beasley, 

Professor  o f  Marine Sciences, Oregon State 
Un ive rs i t y ,  Newport; O r .  J .  A. K i t t r i c k ,  

Pro fessor  o f  So i l s ,  Geology, Washington State 
Un ive rs i t y ,  Pullman; O r .  S. N. Davis, Pro- 

fesso r  o f  Hydrology, U n i v e r s i t y  o f  Arizona, 

Tucson; O r .  K. Jackson, Pro fessor  o f  Radia- 

t i o n  Sciences, U n i v e r s i t y  o f  Washington, 

Seat t le ;  O r .  0. F. H i l l ,  Nuc lear  Engineer ing,  

P r i v a t e  Consul tant,  Vancouver, Washington. 

Reviewers were se lec ted  on the  bas i s  o f  
t h e i r  e x p e r t i s e  i n  geohydrology, soil sci-  

ence, rad ionuc l i de  pathway ana lys is ,  human 

dosimetry  and source terms, r i s k  and acc ident  

ana lys i s ,  and nuclear engineer ing.  Reviewers 
were requested to focus t h e i r  review on key 

appendices o f  the PDEIS (Vols.  2 and 3) as 

we1 1 as on key sec t ions  o f  Vol . 1. 

Organ iza t ion  o f  Comnents and Prepara t i on  
o f  Responses 

Several hundred comments were rece ived 

fran DOE-RL, DOE-HQ and DOE f i e l d  o f f i c e s /  

c o n t r a c t o r s  f o l l o w i n g  review o f  the  Pre l  i m i -  
nary D r a f t  Environmental Impact Statement. 

PNL presented a p lan  to DOE-RL f o r  responding 
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t o  each comment received. Eva lua t ions  o f  the 

comnents were made i n  o rder  t o  determine 

whether the comments addressed e d i t o r i a l  , 
pol i cy - re la ted ,  NEPA-related o r  techn ica l  

issues. The more s i g n i f i c a n t  comments/ 
responses were i d e n t i f i e d  f o r  p resen ta t i on  

a t  DOE-HQ on November 29, 1984. 
Comments/responses were ca tegor ized  by 

reviewer o r  reviewer agency and compiled as 
f o l l  ows: 

1. I n i t i a l  DOE and con t rac to rs  comments and 

responses prepared f o r  the November 29, 

1984, DOE-HQ, RL and PNL b r i e f i n g  

2. Add i t iona l  DOE-HQ comnents and responses 

3. Rockwell-Basal t Waste I s o l a t i o n  P r o j e c t  

reviewer comnents and responses 
4 .  DOE-RL comments and responses 
5. Rockwell Hanford Operations comments and 

responses. 

F o r t y  o f  the more s i g n i f i c a n t  comments/ 
responses were a lso  i d e n t i f i e d  and compiled. 

Copies o f  a l l  comments/responses were d is -  

t r i b u t e d  f o r  i n i t i a l  review. A consensus 

meeting was he ld  among DOE-RL, Rockwell and 

PNL s t a f f  to ensure t h a t  the  40 more s ig -  

n i f i c a n t  comments/responses had been ade- 

quate ly  addressed. Subsequently, requ i red  
r e v i s i o n s  were made, and copies o f  the 

coments/ responses package were prepared f o r  

t r a n s m i t t a l  to, and a c t i o n  by, DOE-HQ, 

DOE-RL, Rockwell and PNL program s t a f f .  

I nco rpo ra t i on  o f  Comments and Revis ion 
of PDEIS 

Rev is ion  o f  the PDEIS working papers was 

Revisions were made i n  response completed. 

t o  comments received f r o m  DOE-HQ, DOE-RL, DOE 

f i e l d  o f f i c e s ,  DOE con t rac to r  (Rockwell  1, PNL 

techn ica l  reviewers, and PNL's independent 
( o f f s i  t e )  peer reviewers.  The r e v i  sed PDEIS  

w i l l  be submitted to DOE-RL i n  ea r l y  April 

f o r  review. Copies w i l l  a lso  be forwarded 

f o r  Rockwell ' s review. 

Environmental analyses i n  support o f  
impact assessments t o  be descr ibed i n  the  

HDW-DEIS were a lso  completed. Revis ions t o  

appendices t h a t  inc lude the more d e t a i l e d  

techn ica l  back-up in fo rma t ion  were 95% com- 

p l e t e  by the  end o f  March. 

when completed, was forwarded to DOE-RL and 
Rockwell f o r  review. 

Each appendix, 

Reso lu t ion  o f  Technical Issues 

Workshops were he ld  between PNL and 
Rockwell techn ica l  and program s t a f f  to seek 

r e s o l u t f o n  on the i n p u t  parameters t o  be used 

f o r  modeling rad ionuc l i de  t r a n s p o r t  v i a  d i  f- 

f u s i o n  mechanisms. Consensus was reached on 
t h e  modeling approach t o  be used, as w e l l  a s  

the q u a n t i t a t i v e  i n p u t  parameters t o  be used. 
Other workshops were he ld  among PNL, 

DOE-RL, and Rockwell techn ica l  and program 
s t a f f ,  to achieve consensus on responses t o  

techn ica l  comments rece ived and to review 

updated Rockwell engineer ing data. 

Review o f  EPA Proposed 40 CFR 191 D r a f t  5 
(March 1985) 

An in -depth  review o f  EPA proposed 40 CFR 
191 D r a f t  5 was performed t o  determine the  

p o t e n t i a l  impact o f  the proposed r u l e  on the 

disposal  a1 t e r n a t i v e s  o f  Hanford Oefense 

Wastes. 

3.2 KRYPTON ION IMPLANTATION 
(AP-02-01 - 86116) 
E. D. McClanahan - Program Manager 

The object ive  of t h i s  program is t o  de- 
velop the process of implanting krypton i n  c1 
sputter-deposited metal . m t r i x  fo r  the u l t i -  
mate storage of 85&. 
t i o n  of the process, using nonradioactive 
krypton a d  small laboratory-scale t e s t s  
using 8sKr wilt be conducted. 

Pilot-scale demonstra- 
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Summary 

Procedures were developed to measure 85Kr 
release from 150-Ci 85Kr-copper-yttri um de- 
posits stored a t  temperatures tha t  bracket 
anticipated long-term storage temperatures of  
ion-imp1 anted 85Kr i n  sputter-deposi ted waste 
forms. 
85Kr-nickel -lanthanum deposit stored a t  
ambient temperature i n  an a i r  environment. 
The total 85Kr released within 1.6 years was 
33.9 UCi. The projected fraction released 
over a 10-year storage period would corre- 
spond t o  on ly  2.1 x 
of t e n  lower than previously estimated 
f r m  el evated-temperature release data on 
a nickel-lanthanum-krypton deposit. 

The procedure was tested on a 10-Ci 

This i s  a factor 

85Kr Release Measurements - E. R. Bradley 
and E. L. McDonald 

Long-term s t ab i l i t y  of the sputter- 
deposited krypton-metal matrix i s  an 
important factor in evaluating the sputter- 
deposition process for  immobilizing rad io-  
active 85Kr gas. Laboratory experiments 
using nonradioactive krypton trapped in a 
nickel-lanthanum sputter-deposi ted matrix 
have shown that krypton gas i s  released from 
the metal inatrix a t  low rates  by a diffusion 
process (McClanahan e t  a1 .). 
ra tes  and s tdb i l i ty  of the metal inatrix may, 
however, be affected by the radiation f ie ld  
and transmutation products i n  an actual 85Kr 
storage container. Consequently, procedures 
have been developed and used to measure the 
amount of 85Kr released fran a 10-Ci 85Kr- 
nickel-lanthanum deposit stored a t  ambient 
temperature. The same procedures will be 
used to measure 85Kr release from 150-Ci 
85Kr-copper-yttri um deposits stored a t  el e- 
vated temperatures. 

Gas-release 

4 schematic diagram of the gas-measuring 
system i s  shown i n  Figure 3.1. 
active deposi t i s  contai ned w i  t h i  n a d i  spos- 
able gas-trapping u n i t  ( D G T U )  which has i n l e t  
and exhaust l ines  w i t h  valves for connecting 
to  the gas-measuring system. 
consis ts  of an expansion chamber of known 
volume, a manometer t o  tneasure the system 
pressure, two mall  (-20 0113)  sample con- 
tainers for gas analysis, a dry nitrogen-gas 
source for p u r g i n g  the system, and a Tritona 
gas monitor  calibrated f o r  85Kr. 
!nanometer and glass expansion chamber were 
used fo r  the i n i t i a l  experiments. However, 
these components have been replaced by a 
capacitance manoineter and a s ta inless  steel 
chamber to simplify the procedures and reduce 
radiation exposure to  operating personnel. 

Two methods for measuring 85Kr release 
were evaluated. The f i r s t  method was based 
on the technique commonly used to  measure 
fission-gas release f r m  the oxide fuels  i n  
nuclear fuel rods. Gas from the DGTU was 
expanded into the evacuated systan and the 
resul t i  ng pressure lneasured wi t h  the manom- 
e t e r .  The volume of the expansion system was 
designed t o  provide subatmospheric pressure 
i n  t h e  system even fo r  t h e  u n l i k e l y  re lease 

of large quantities of krypton during storage 
( u p  t o  20% fo r  the 150-Ci deposits). T h e  

DGTUs are typically stored under 1 atrn 

nitrogen gas, and for  the expected low 
release of krypton gas the system pressure 
a f t e r  expansion would be less  than 0.5 atm. 
This negative pressure minimizes the poten- 
t i a l  for accidental release of 85Kr from 
the sample containers d u r i n g  transport and 
anal y s i  5 .  

measured by mu1 tidimensional gamma-ray 
spectrometry of two gas samples. Sample con- 
ta iners  were fabricated from 16-mm-dia Pyrex@ 

The radio- 

The system 

A mercury 

The 85Kr concentration of the gas was 
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FIGURE 3.1. Schematic P i p i n g  Diagram f o r  8 5 K r  Release Measurements 

tub ing ,  -10 an long, sealed a t  one end and 
f i t t e d  w i t h  a vacuum stopcock and ground 

g lass  j o i n t  a t  the  o t h e r  end. 

each sample conta iner  was determined by the 
d i f f e r e n c e  i n  weight  between the  c o n t a i n e r  

when i t  was evacuated and when i t  was f i l l e d  

wi th  water. The measured volumes o f  f i v e  

conta iners  ranged from 18.8 t o  19.5 an3. 

a f t e r  expansion and were counted on two 

gama-ray spectrometer systems. A 8 5 K r  

standard das prepared i n  one o f  the e x t r a  

sample conta iners  and was used t o  c a l i b r a t e  

t h e  spectrometer systems. I d e n t i c a l  sample 

and standard geometries were used t o  min imize 

e f f e c t s  o f  geometry on count ing e f f i c i e n c y .  

Counting ti ines ranged from 30 t o  40 min, and 

The volume o f  

Gas samples were removed f r a n  the  system 

s i m i l a r  r e s u l t s  were obta ined f o r  bo th  sam- 
p l e s  on each o f  the  two systems. The mea- 

sured 8 5 K r  c o n c e n t r a t i o n  was 0.0234 * 
0.0004 uCi/cm3 f o r  bo th  samples. 

m a t r i x  was c a l c u l a t e d  f r a n  a n a l y s i s  o f  t h e  

samples and the combined volumes o f  the  gas 

expansion system and DGTU by the  r e l a t i o n  

The t o t a l  8 5 K r  gas re leased froin the metal 

To ta l  8 5 K r  Release = C(V, + V2) 

where C = 8 5 K r  concent ra t ion ,  uCi/cm3 

VI = expansion system volume, cm 

V2 = OGTU volume, cm 

3 
3 

Volumes o f  the  expansion system and OGTU 
were determined f r a n  the  w e l l - e s t a b l i s h e d  

pressure/vo l  ume r e l a t i o n s h i p s  o f  i d e a l  gases. 
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Gas from a c a l i b r a t e d  volume a t  atmospheric 
pressure was expanded i n t o  the  evacuated ex- 

pansion syste,n, and the r e s u l t i n g  pressure 

was measured w i t h  t h e  manometer t o  determine 

t h e  expansion system volume. Th is  expansion 

was made a f t e r  the  system had been connected 

t o  the DGTU and inc ludes  the volume o f  the  

p i p i n g  up to the  DGTU valve.  I n t e r n a l  volume 

o f  the  DGTU was determined, a f t e r  the gas- 

re1 ease measurements were completed, by 
expanding n i t r o g e n  gas a t  atmospheric pres- 

sure from the  DGTU i n t o  the  evacuated sys- 

tem. A barometer was used to measure atmos- 

pher ic  pressure when t h e  measurements were 

conducted . 
A T r i t o n @  gas moni tor ,  c a l i b r a t e d  f o r  

85Kr ,  was used t o  lneasure gas re lease by t h e  

second method employed. The gas conta ined i n  
t h e  expansion system and DGTU was exhausted 

through the  mon i to r  by purg ing the system 
wi th  n i t rogen.  A f l o w  o f  pure n i t r o g e n  gas 

a t  50 sccm was e s t a b l i s h e d  be fore  the 

k ryp ton-conta in ing  gas was in t roduced to t h e  

mon i to r .  Gas from the expansion system and 

DGTU was then vented through t h e  moni tor .  

p a r a l l e l  f l o w  o f  pure n i t r o g e n  was mainta ined 

dur ing  the i n i t i a l  purg ing  to ensure t h a t  t h e  
8 5 K r  concent ra t ion  i n  the gas d i d  n o t  ex- 

ceed t h e  measuring capac i ty  of  the  moni tor ,  

0.0125 uCi/cm3. 

recorded on a s t r i p  c h a r t  and the  peak area 

i n t e g r a t e d  to o b t a i n  the t o t a l  8 5 K r  content .  

The r e s u l t s  f r a n  the  gas-release measure- 
ments show minimal k ryp ton  re lease from the  

sput te red  depos i t  a f t e r  storage a t  ambient 

temperature f o r  1.6 years, Table 3.1. The 

t o t a l  8 5 K r  re lease measured by gamma-ray 

spectrometry was 33.9 uCi, which corresponds 
t o  a re lease f r a c t i o n  o f  on ly  2.1 x 10-5 

a f t e r  10 years  o f  storage. Th is  i s  a f a c t o r  

o f  t e n  lower  than p r e v i o u s l y  est imated from 

A 

The 8 5 K r  a c t i v i t y  was 

TABLE 3.1. Krypton Release from a Sput tered 
NI-La-Kr Oeposit A f t e r  1.6 Years Storage a t  
Ambient Temperature 

Ex t rapo la ted  
Re1 ease 

Tota l  8 5 K r  F r a c t i o n  A f t e r  
Method Re1 ease, vCi 10-Year Storage 

Gama- Ray 33.9 2.1 10-5 

T r i t o n  Gas I .6 1.0 x 10-6 

Spectrometry 

Mon i to r  

e leva ted  temperature re1 ease data o f  nonra- 
d i o a c t i v e  n icke l - lanthanum-krypton depos i ts  
(McClanahan e t  a1 . I ,  i n d i c a t i n g  t h a t  the 

s t a b i l i t y  o f  t h e  depos i t  was n o t  a f f e c t e d  by 

t h e  r a d i a t i o n  f i e l d  o r  decay products .  

Release data f o r  8 5 K r  a r e  needed t o  ensure 

t h e  s t a b i l  i ty  o f  the c o p p e r - y t t r  i um a1 1 oy a t  

e leva ted  temperatures t h a t  b racket  t h e  a n t i c -  

i p a t e d  long-term storage c o n d i t i o n s .  These 
data w i l l  be obta ined from the  150-Ci 8 5 K r -  

c o p p e r - y t t r i  urn depos i ts  c u r r e n t l y  be ing 

prepared. 

sured by the  T r i t o f l  gas mon i to r  i s  thought  

t o  be r e l a t e d  to a h igher  pressure i n  the 

i o n i z a t i o n  chamber o f  t h e  mon i to r  d u r i n g  

c a l i b r a t i o n .  The T r i t o n @  i s  equipped w i t h  an 
i n t e r n a l  pump t o  p rov ide  a cont inuous gas 

f low through the  mon i to r .  
t i o n ,  a 8 5 K r  standard was pumped through t h e  

m o n i t o r  a t  atmospheric pressure v i a  a c losed 
l o o p  system. However, when connected t o  t h e  
gas measuring system, the  f l o w  r e s t r i c t i o n  

prov ided by t h e  needle va lve  reduced t h e  

pressure i n  the mon i to r  and thereby i n v a l i -  

dated the  c a l i b r a t i o n .  The i n t e r n a l  pump 

w i l l  be deac t iva ted  d u r i n g  f u t u r e  exper i -  

ments. 

methods of  measuring 8 5 K r  re lease i s  

expected. 

The low va lue f o r  the 8 5 K r  re lease mea- 

Dur ing  ca l  i b r a -  

B e t t e r  agreement between t h e  two 
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3.3 ENGINEERED SORBENT B A R R I E R S  
(AR-05-15-15 - 80763) 

J.  L. B u e l t  - Program Manager 

The object ive  of t h i s  study is t o  provide 
a d  evaluate new a d  cost  e f f e c t i v e  tech- 
nology for  res t r i c t ing  the +ration of 
radionuclides frm low-level wastes using 
sorbent and ion exchange materials as engi- 
neered barriers.  

Summary 

Sorbent m a t e r i a l s  are be ing s tud ied  f o r  
DOE'S Low-Level Waste Management Program as 
engineered b a r r i e r s  under ly ing  low- level  
waste (LLW) d isposal  s i t e s .  The study 

comprises experimental eva lua t ions  i n  two 

stages : 
Screening StiJdi eS, which eval i i a te  the  
performance o f  a wide v a r i e t y  o f  sorbent 

inater ia ls .  
E f fec t i veness  evaluat ions,  which v e r i f y  

the  e f fec t i veness  o f  sorbent b a r r i e r  

ina ter ia ls  as a system under s imulated 
f i c l d  condi t ions.  

Screening Studies - H. D. Freeman, 
M. R .  Elmore, and J. L. Rue l t  

The purpose o f  the  screening s tud ies  i s  t o  

i d e n t i f y  four o f  the  most promis ing sorbent 

b a r r i e r s  t o  be evaluated i n  large-d iameter  

(0.6 m) columns. The approach o f  t h i s  task 
was t o  i d e n t i f y  candidate sorbent mater ia ls ,  

develop s e l e c t i o n  c r i t e r i a ,  perform batch 

i n t e r a c t i o n  t e s t s  t o  determine t h e  r e l a t i v e  

e f f e c t i v e n e s s  o f  each m a t e r i a l  i n  sorb ing  
rad ionuc l ides ,  and per form a m a t r i x  of i n t e r -  

a c t i o n  t e s t s  w i t h  v a r i a b l e  concentrat ions of 

rad ionuc l ides  and competing ions. 
Mi les tone 1 A  was f i r s t  completed t h i s  

h a l f - y e a r  by i d e n t i f y i n g  t h e  m a t e r i a l s  t o  be 
s t u d i e d  d u r i n g  t h e  screening tes ts .  The 

m a t e r i a l s  se lec ted  f o r  screening s t u d i e s  

i n c l u d e  greensand, f o u r  s y n t h e t i c  z e o l i t e s ,  

f o u r  i o n  exchange res ins,  i n s o l u b l e  s t a r c h  

xanthate, a decomplexant, sodium t i t a n a t e ,  

carbon sorbate, a c t i v a t e d  charcoal, c l  i nop- 
t i l o l i t e ,  v e r m i c u l i t e ,  and red p o t t e r y  clay. 

S e l e c t i o n  c r i t e r i a  were developed f o r  
those m a t e r i a l s  as a bas is  f o r  i d e n t i f y i n g  

sorbent m a t e r i a l s  f o r  t h e  large-column effec- 
t i veness  evaluat ions.  The c r i t e r i a  inc lude:  

0 R e l a t i v e  cost  e f f e c t i v e n e s s  
0 Long-term s t a b i l i t y  

0 S e l e c t i v i t y  f o r  rad ionuc l ides  over more 

preva len t  c a t i o n s  

The r e l a t i v e  cost  e f f e c t i v e n e s s  i s  based 

0 A v a i l a b i l i t y .  

on t h e  cost  o f  the  sorbent m a t e r i a l  r e q u i r e d  

t o  increase t h e  e f f e c t i v e  d i s t r i b u t i o n  coef-  

f i c i e n t  o f  t h e  s o i l / s o r b e n t  m a t e r i a l  b a r r i e r  
t o  a va lue s u f f i c i e n t  t o  meet the  10 CFR 

P a r t  20, Appendix B, Table I 1  re lease l i m i t s  

(Code o f  Federal Regulat ions 1984). A f i x e d -  

bed model w i t h  s o r p t i o n  by l i n e a r - e q u i l i b r i u m  

i o n  exchange was used t o  c a l c u l a t e  t h e  con- 

c e n t r s t i o n  o f  rad ionuc l ides  i n  t h e  leachate  
pass ing through a h y p o t h e t i c a l  h a r r i e r .  The 

c a l c u l a t i o n s  were based on a 30-cm b a r r i e r  
and a leachate composed o f  1 pCi /L  each of 
l3'cs 6oco, and %r. ( 8 5 S r  was s u b s t i t u t e d  
f o r  gbSr f o r  d e t e c t i o n  purposes.) 

Long-term s t a b i l i t y  i s  an impor tant  c r i -  

t e r i o n  because t h e  ion-exchange p r o p e r t i e s  o f  

t h e  sorbent b a r r i e r  must not  degrade s i g n i f i -  
c a n t l y  w i t h  t ime i f  i t  i s  t o  p r o t e c t  the  

environment from rad ionuc l ides  i n  t h e  LLW. 

A t ime p e r i o d  o f  300 years i s  necessary t o  

c 

J' 



3.7 

I 

a l l o w  the l o n g e r - l i v e d  rad ionuc l ides  such as 

90Sr and 137Cs t o  decay t o  safe l e v e l s .  

Three hundred years  would reduce the a c t i v i t y  
o f  the  waste by a f a c t o r  o f  more than 1000. 

As the mass of  the rad ionuc l ides  i n  LLW i s  

q u i t e  small ,  i t  i s  u n l i k e l y  t h a t  the sorbent  
c a p a c i t y  o f  the b a r r i e r  m a t e r i a l s  w i l l  be 

exceeded by the  rad ionuc l ides .  However, i f  
the  b a r r i e r  a lso  sorbs o ther  more abundant 

species, such as i r o n ,  aluminum, o r  calcium, 

these species cou ld  p o s s i b l y  l o a d  the  b a r r i e r  
so much t h a t  i t  becomes i n e f f e c t i v e  as a 

r a d i o n u c l i d e  sorbent. Th is  cons idera t ion  i s  

t h e  b a s i s  f o r  the  s e l e c t i v i t y  c r i t e r i a .  

the  candidate sorbent  m a t e r i a l  must be a v a i l -  

a b l e  i n  l a r g e  enough q u a n t i t i e s  t o  c o n s t r u c t  

LLW disposal  s i t e s .  Considerat ion w i l l  be 

a1 1 owed f o r  sorbent  mater ia l  s t h a t  cou ld  be 

generated i n  l a r g e  q u a n t i t i e s  i f  there  were a 

demand f o r  the Ina ter ia l .  

The batch i n t e r a c t i o n  t e s t s  used s imulated 

LLW leachate  sp iked w i t h  1 pCi/L each o f  

6oCo, 8 5 S r ,  and 137Cs, w i t h  and w i thout  1 ppm 

EDTA. C r i t i c a l  reduc t ion  fac to rs ,  R f ( c r i t ) ,  

which are  the ininimum R f ' s  necessary f o r  a 

b a r r i e r  o f  a g iven th ickness  t o  meet d i s -  

charge l i m i t s  w i t h i n  es tab l i shed d r i n k i n g  
water standards f o r  s t ront ium,  cesium, and 

cobal t, have been c a l c u l a t e d  froin a model . 
The batch t e s t s  e s t a b l i s h e d  minimum equi -  
l i b r i u m  d i s t r i b u t i o n  c o e f f i c i e n t s ,  K d ( c r i t ) ,  

o f  each sorbent  m a t e r i a l  and two types o f  

s o i l .  The measured Kd' s o f  the sorbents and 

s o i l s  were then used t o  c a l c u l a t e  t h e  mass 

f r a c t i o n s  o f  s o i l  and sorbents f o r  p a r t i c u l a r  

b a r r i e r  fo rmula t ions .  The r e s u l t i n g  c o s t s  o f  

the  sorbent -bar r ie r  fo rmula t ions  determined 

by t h e  mathematical model and measured K d ' s  

ranged from <$O.Ol/lb to $2.30/1b. The most 
promi s ing  m a t e r i a l s  were Synthe t ic  Z e o l i t e  
A-51 f o r  s t ron t ium ($0.18/10), greensand and 

r e d  p o t t e r y  c l a y  f o r  cesium (<$O.Ol/ lb), and 

The f i n a l  s e l e c t i o n  c r i t e r i o n  i s  t h a t  

a c t i v a t e d  charcoal and Dowex 21Ka i o n  ex- 

change r e s i n  f o r  c o b a l t  ($0.05/ lb) .  

used f o r  t h e  m a t r i x  i n t e r a c t i o n  t e s t s  i n  
small  columns t o  determine the  e f f e c t s  o f  

competing i o n s  and r a d i o n u c l i d e s  concen- 

t r a t i o n .  A 2 x 2 m a t r i x  o f  competing i o n s  

such as calcium, sodium, and magnesium a t  

10 and 1000 ppm and r a d i o n u c l i d e s  a t  1 and 

100 pCi/L formed the  f o u r  leachates used i n  

t h e  column t e s t s .  The leachates  were made up 

o f  1 ppm ETDA and ad jus ted  t o  pH 5. The 

major  observed e f f e c t  o f  the  m a t r i x  i n t e r a c -  

t i o n  s tud ies  was t h a t  t h e  leachates w i t h  t h e  

h i g h  concent ra t ions  o f  competing ions  e f f e c -  
t i v e l y  reduce the  s o r p t i o n  o f  s t r o n t i u m  f o r  

a l l  fo rmula t ions .  Cesium breakthrough was 

n o t  seen a t  60 pore volumes, and c o b a l t  was 

e v i d e n t  i n  on ly  two o f  the 24 column t e s t s .  
Add i t iona l  screening s tud ies  are r e q u i r e d  

t o  i d e n t i f y  a c o s t - e f f e c t i v e  sorbent  f o r  

s t ron t ium.  

Four d i f f e r e n t  s imulated leachates were 

E f f e c t i v e n e s s  Eva lua t ions  - J .  L. B u e l t  

The purpose o f  the  e f f e c t i v e n e s s  eval ua- 
t i o n s  i s  t o  evaluate the performance o f  pro- 

spec t ive  sorbent  b a r r i e r s  i n  1 arge columns 
under c o n d i t i o n s  r e p r e s e n t a t i v e  o f  the  f i e l d .  
F i g u r e  3.2 i s  a schematic o f  t h e  columns t o  

be used. Leachate loaded wi th  1 uCi /L  each 

o f  8 5 S r ,  6oCo and 137Cs, competing ions,  and 
EDTA w i l l  be in t roduced and a l lowed t o  perme- 

a t e  through t h e  sorbent  b a r r i e r .  The leach-  

a t e  w i l l  be c o l l e c t e d  from the bottom o f  the  

column and analyzed. The columns are  capable 

o f  c o n t r o l  1 i ng temperature, h y d r o s t a t i c  pres- 

sure o f  t h e  leachate  above t h e  b a r r i e r ,  and 

t h e  s t a t i c  l o a d  o f  s o l i d  wastes on the  bar-  

r i e r .  The f i r s t  phase o f  the  t e s t s  w i l l  

expose two sorbent  m a t e r i a l s  and one c o n t r o l  
m a t e r i a l  (Hanford s o i l )  t o  leachate  f o r  

4 months. 



3.8 

HYDRAULIC LOAD DEVICE 

AIR 
SUPPLY 

L l a u l o  LEVEL 
SIGHT GLASS \ 

PERFORATED 
PLATE PRESS 

LINER 

FIGURE 3.2. 
ua t ions  o f  Sorbent B a r r i e r  E f fec t i veness  

Large-Column Schematic f o r  Eva l -  

Dur ing t h i s  ha l f -year  an i n t e r n a l  PNL peer 

review was conducted t o  o b t a i n  t e c h n i c a l  i n -  
put  f o r  the  e f fec t i veness  evaluat ions.  Com- 

ments from the  peer review were incorpora ted  

i n t o  t h e  Experimental Test Plan f o r  t h e  ef -  

fec t i veness  evaluat ions.  The comments i n -  
cluded i n  t h e  f o l l o w i n g :  

0 Use t h e  same s t o c k p i l e  o f  Hanford s o i l  
used i n  the  screening s tud ies  t o  e l i m i n a t e  

v a r i a t i o n s  i n  the  measured s o r p t i v e  be- 
hav io r  o f  t h e  c o n t r o l  mater ia ls .  

0 Perform a shaker t e s t  o f  m a t e r i a l s  used t o  

promote drainage be fore  i n t r o d u c i n g  them 
i n t o  the  columns t o  ensure t h a t  these 

mater i  a1 s do not s i g n i f i c a n t l y  i n t e r f e r e  

w i t h  s o r p t i o n  o f  the  rad ionuc l ides  by t h e  

sorbent b a r r i e r .  
0 Compact the sorbent b a r r i e r  i n  t h e  coliimns 

only  t o  the  p o i n t  o f  s imu la t ing  the  s t a t i c  

load o f  s o i l  and s o l i d  wastes over the  
sorbent b a r r i e r  i n  the  f i e l d .  Th is  i s  

equ iva len t  t o  14 ps i .  

, 

0 Core and analyze t h e  sorbent b a r r i e r  as a 
f u n c t i o n  o f  depth a t  t h e  conclus ion of t h e  

exposure period. 
e Obtaln leachate samples o f  a t  l e a s t  500 mL 

t o  improve d e t e c t a b i l i t y .  Consider evapo- 

r a t i n g  t h e  leachate t o  f u r t h e r  improve 
d e t e c t a b i l i t y .  

Code o f  Federal Regulat ions 1984, T i t l e  10, 
P a r t  20, Appendix B. Washington, D.C. 

3.4 SPECIAL WASTE-FORM LYSIMETERS - A R I D  
(AP-05-20-15 - 80749) 

M. J.  Graham - Program Manager 

Tke primary object ive  of t h i s  program i s  
to conduct waste-form teaching t e s t s  i n  a 
f i e l d  f a c i l i t y  in order to determine typical 
source t e n s  genera td  by c m e r c i a t  so l id i -  
f i e d  tow-level m s t e .  The s o l i d i f i c a t i o n  
agent8 t o  be tested are cement, v inyl  es ter-  
s t y r a s ,  and bitumen. 
laboratory research, the chemical a d  phys- 
ical  processes t ha t  control the concentra- 
t i ons  of radionuclides in the so i l  solut ion 
surrounding the m s t e  i n  an a r 2  climate will  
be iden t i f i ed .  ,Methods for representing 
source-term boundary conditions i n  radio- 
nuclide transport models w i l l  be determine?. 

Tllrougk f i e l d  and 

The Specia l  Waste-Form Lys imeters - A r i d  
Task was begun i n  FY 1983 f o r  t h e  long- term 

f i e l d  e v a l u a t i o n  o f  so l  i d i  f i ed low-1 eve1 

waste (LLW) forms intended f o r  shal low- land 

b u r i a l .  A s i m i l a r  task i s  ongoing a t  the 
Savannah R i v e r  Laboratory  (SRL) f o r  a humid 

c l imate.  A f i e l d  l y s i m e t e r  f a c i l i t y ,  con- 
s i s t i n g  o f  ten  lys imeters  around a c e n t r a l  

inst rument  caisson, has been const ructed i n  

which t o  per form the  f i e l d  tes t ing .  Waste 
samples have been emplaced i n  the  f a c i l i t y ,  

which became opera t iona l  a t  the  end of t h e  
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second quar te r  o f  FY 1984. Two bitumen waste 
forms were added t o  the f a c i l i t y  i n  September 

1984. Waste samples have been c o l l e c t e d  from 

the  d ra ins  a t  t he  bottorn o f  the  l ys ime te rs .  

No rad ionuc l ides  were present i n  these 

samples. 
A l l  l abo ra to ry -sca le  s o l i d i f i e d  samples 

f o r  the  leach t e s t s  have been prepared by 

Brookhaven Nat ional  Laboratory (BNL) . The 
leach t e s t s  are scheduled f o r  completion t h i s  

f i s c a l  year.  PNL has completed the organic 
analyses o f  t h ree  o f  the  fou r  l i qu id -was te  

sampl es. 

program has been selected, and d e f i c i e n c i e s  

i n  the thermodynamic data base have been 
i d e n t i f i e d .  Cobal t  was added to  the  thenno- 

dynamic data base f o r  the geochemical com- 

p u t e r  code. 

Basel ine data on the l ys ime te r  s o i l s  have 

been c o l l e c t e d  and pub l ished i n  a t o p i c a l  

r e p o r t  (Walter,  Graham and Gee 19841. These 

data i nc lude  wa te r - re ten t i on  c h a r a c t e r i s t i c s ,  

hyd rau l i c  c o n d u c t i v i t i e s ,  and p a r t i c l e - s i z e  

The geochemical computer code used i n  t h i s  

d i s t r i b u t i o n s  f o r  s o i l s  c o l l e c t e d  from each 
o f  ten l ys ime te rs .  

Lys imeter  Study 

The Special Waste-Form Lys imeters Study i s  
designed t o  q u a n t i f y  the re lease and migra- 

ti on o f  rad ionuc l  i des f r o m  sol i d i  f i ed commer- 

c i a l  LLW. A f i e l d  t e s t  f a c i l i t y  has been 

b u i l t  t o  con ta in  se lec ted  waste forms i n  
s p e c i a l l y  cons t ruc ted  l ys ime te rs .  Sol i d i -  

f i e d  LLW samples from commercial power reac- 

t o r s  have been emplaced i n  the f a c i l i t y  

(Tab1 e 3.2). The waste forms are be ing  

cha rac te r i zed  by standard 1 abora tory  t e s t s  

such as MCC-1 and the IAEA leach t e s t  t o  
ob ta in  es t imates  o f  rad ionuc l i de  re lease.  

Sol ub i1  i ty s tud ies  are a1 so being conducted 

t o  determine the amount o f  contaminant a v a i l -  

ab le  f o r  t r a n s p o r t  a f t e r  re lease. Data c o l -  

l e c t e d  from t h i s  research w i l l  be used t o  

re1 a t e  l abo ra to ry  measurenents o f  waste-form 

c h a r a c t e r i s t i c s  t o  the re lease ,and m i g r a t i o n  

r a t e s  observed i n  the f i e l d .  Resu l ts  from 

TABLE 3.2. Waste Forms Obtained f o r  the Special Waste-Form 
Lys imeters  - A r i d  Program 

Waste Stream Reactor Sol i d i  f y i  ng Agent 

Bor ic  ac id  concentrate waste PWR( a) Masonry cement 

Bo r i c  ac id  concentrate vraste P'UIR Bitumen 

Evaporator-concentrate ( regenera t ive)  BWR(b) Por t l and  Type I 1 1  cement 
waste 

Evaporator-concentrate ( regenera t i  ve) BWR Por t l and  Type I 1 1  cement 
waste and ion-exchange-resin waste 

Evaporator-concentrate ( regenera t i  ve) BWR V iny l  es te r -s ty rene 
waste and ion-exchange-resin waste 

( a) Pressur i  zed-water reac to r .  
( b )  B o i l  ing-water reac tor .  
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t h i s  a r i d  s i t e  f a c i l i t y  can be compared w i t h  
those from t h e  humid s i t e  a t  SRL. 

to accommodate ten  waste forms. Ten closed- 
bot tom lys imeters ,  3 m deep by 1.8 m did,  a re  

arranged around a c e n t r a l  ins t rument  c a i  s o n ,  

4 m deep by 4 rn d ia  ( F i g u r e  3.3). 

t r a l  ca isson houses a l l  data and sample- 

c o l l e c t i o n  equipment w h i l e  p r o v i d i n g  access 

to sampling p o r t s  i n  each l y s i m e t e r  f o r  se- 
l e c t i v e  sampling o f  the s o i l  and waste forms. 

Leachate from each closed-bottom l y s i m e t e r  

The f i e l d  l y s i m e t e r  f a c i l i t y  i s  designed 

The cen- 

d r a i n s  t o  the c e n t r a l  ca isson,  where i t  can 

be c o l l e c t e d ,  measured, and sampled. 

Suc t ion  candles (ceramic cups) p laced i n  

t h e  bottom and around the  waste w i l l  be used 

t o  c o l 1  e c t  s o i l  water samples p e r i o d i c a l l y  

f o r  chemical ana lys is .  Mo is tu re  conten t  and 

s o i l  temperature are  being moni tored a t  12-hr 

i n t e r v a l s .  The data are sent  over a phone 

l i n e  to a computer; a backup c a s s e t t e  tape 

data-s torage system i s  a l s o  i n  p lace.  Radio- 

l o g i c a l  analyses w i l l  be performed i n  s i t u  
and through s e l e c t i v e  sampling. These w i l l  

SOLIDIFIED INSTRUMENT AND INSTRUMENT 
COMMERCIAL 

MICROCLIMAT 

WELL 
\ 

E 
,1 'ION 

FIGURE 3.3. Conceptual Drawing o f  F i e l d  Lys imeter  F a c i l i t y  
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provide DOE ' s Low-Level Waste Management 
Program with direct  f ie ld  results regarding 
leach and migration rates from actual commer- 
cial solidified waste. 

PNL has completed the organic analyses of 
the liquid fraction of the boric acid concen- 
t r a t e  waste (from a PWR) that  was solidified 
with masonry cement. A variety of organic 
chelating agents were identified in the 
hydrophilic organic fraction of the sample. 
Two of them, ethyl ene-di ami netetraacetic acid 
( E D T A )  and c i t r i c  acid, are typically used in 
the decontamination operations a t  nuclear 
f ac i l i t i e s .  Also completed are the organic 
analyses ( l iquid and solid fractions) of t h  
RWR waste streams (evaporator-concentrate 
waste and evaporator-concentrate waste with 
ion-exchange-resin waste) and the solid res 
due from the PWR waste stream (boric-acid 
concentrate waste). The PWR solid residue 
contains chelating agents similar t o  those 
found in the liquid fraction of the sample. 
The organic contents of the RWR waste stream 
are quali tatively different.  The major com- 
ponents are phenols and phosphate esters. 
Such compounds are used as plasticizers and 
hydraulic fluids. The solid portion of the 
BWR evaporator-concentrate waste a l s o  con- 
tained a significant concentration of EDTA. 

i s  the central purpose of the t a s k ,  a series 
of 1 ahoratory testing and geochemical model - 
ing exercises i s  under way. These t e s t s  will 
h e l p  t o  predict expected leach rates and 

help to  interpret the f ie ld  data. The ion 
speciation-solubility and mass transfer geo- 
chemical code MINTEQ will be used to  model 
the waste stream, the waste form, and any 
column effluent and batch solutions. The 
geochemical model i ng e f for t s  are being 
focused on the organics t o  deteraine the 
effects of these organics on the behavior 

I n  addition t o  the f ie ld  monitoring, which 

of radionucl ides in the environment. Speci - 
f ica l ly ,  the goals of the laboratory and 
modeling work will he t o  identify the mecha- 
nisms controlling the rate  of release of 
nuclides from the waste form. 

Reference 

Walter. M. B.. M. J. Graham and G. W. Gee. 
198i. 
Evaluating the Performance of Commercial 
Solidified Low-Level Waste. PNL-5253, 
Pacific Northwest Laboratory, Richland, 

A Field Lysimeter Facil i ty fo r  

Washington. 

3.5 PATHWAY AND DOSE-TO-MAN ASSESSMENT 
(AR-05-15-15 - 80894) 
0. A. Myers - Program Manager 

The object ive  of t h i s  s tudy  is t o  provide 
the National Low-Level Waste fdanagement 
Progrcmr (NLMMPI with a means t o  compare 
radiotogicat dose pathways used a t  DOE low- 
l eve l  m s t e  s i t e s .  

This t a s k  i s  working toward the develop- 
ment of a consistent means of assessing the 
pathways and doses to  man resulting from the 
operation of D O E ' S  low-level waste ( L L W )  
s i t e s .  To th i s  end, i n i t i a l  work has been 
directed toward developing guidelines f o r  the 
development of appropriate simulation models. 
These guidelines are intended to  provide s i t e  
operators with the basic tools that will 
allow t h e m ,  in t u r n ,  t o  direct  the establish- 
ment of consistent, defensible analyses of 
the long-term performance of t he i r  s i t e s .  
These guidelines then form the basis for the 
further performance of t h i s  task. 

The  Pathway and Dose-to-Man Assessment 
task has contracted a team of recognized 
experts in the f ie lds  of geohydrology, mete- 
orology, modeling, source-term def in i t ion ,  
and dose assessment. This team of experts 
will provide a c r i t i ca l  review of individual 
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s i t e  a c t i v i t i e s  and programs based on data t h a t  t h e  review accomplished by t h e  team o f  
prov ided by each s i t e .  The data t o  be pro-  exper ts  i s  cons is ten t  from s i t e  t o  s i t e ,  a 

vided by t h e  s i t e s  cons is ts  o f  a s e r i e s  of se t  o f  Assessment C r i t e r i a  Quest ions has been 

essays concerning the  var ious aspects o f  t h e  
environment and s i t e  a c t i v i t i e s .  To ensure 

devel oped. 

k 
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Columbia River." I n  Proceedings o f  1 8 t h  
Mid-Year Topica l  Symposium o f  the Hea l th  - 
Physics Society ,  Colorado Springs, 
Colorado, January 6, 1985. 

Columbia River." 
M i  d-Year 
Phys ics Col orado Springs , 
-Exaij ' 6, 1985. 

I n  Proceedings o f  1 8 t h  
Symposium o f  the Hea l th  - 

Chick, L. A., W. M. BOwen, R. 0. Lokken, 
J. W. Wald, L. R. Bunnell  and D. M. 
Strachan. 1984. West Va l ley  High-Level 
Nuclear Waste Glass Development: A 
S t a t i s t i c a l l y  Designed Mix tu re  Study. 
'PNL-4992 , P a c i f i c  Northwest Laboratory ,  
Richland, Washington. 

Chick, L. A., and G. F. P iepel .  1984. "Sta- 
ti s t i c a l l y  Designed O p t i m i z a t i o n  o f  a 
Glass Composition." Journal  o f  the  Pmeri- 
can Ceramic Society ,  
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opment Programs, Toronto, Ontar io ,  Canada, 
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I n  Proceedings o f  the 
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