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EXTENDED STORAGE-IN-PLACE OF MSRE FUEL SALT 
AND FLUSH SALT 

Karl J. Notz 

ABSTRACT 

The s o l i d i f i e d  f u e l  sa l t  and f l u s h  sa l t  from t h e  Molten 

S a l t  Reactor Experiment (MSRE) have been s t o r e d  a t  t h e  Oak 

Ridge Nat ional  Laboratory (ORNL) s i n c e  the  r e a c t o r  w a s  shut  

down in 1969. The f l u o r i d e  sa l t  e u t e c t i c ,  conta in ing  37 kg of 

uranium plus  plutonium and f i s s i o n  products ,  i s  s a f e l y  con- 

t a ined  i n  t h r e e  heavy-walled Has te l loy  tanks ,  which are loca ted  

i n s i d e  a r e in fo rced  concre te  cell .  Removal of t h e s e  s a l t s  t o  a 

remote l o c a t i o n  i s  no t  f e a s i b l e  u n t i l  an appropr i a t e  r e p o s i t o r y  

has  been i d e n t i f i e d ,  b u i l t ,  and placed i n  opera t ion .  Since 

t h i s  may t ake  many yea r s ,  extended s torage-in-place w a s  c r i t i -  

c a l l y  evaluated.  The eva lua t ion ,  which involved a pre l iminary  

assessment of s e v e r a l  op t ions  f o r  enhancing t h e  i n t e g r i t y  of 

in-place s t o r a g e ,  inc luding  containment improvement, t h e  addi- 

t i o n  of chemical g e t t e r s  and neutron poisons,  and entombment i n  

concre te ,  showed t h a t  t h i s  approach was a r a t i o n a l  and s a f e  

s o l u t i o n  t o  t h e  problem f o r  t h e  s h o r t  term. Entombment is 

e s s e n t i a l l y  nonrevers ib le ,  but  t h e  o t h e r  op t ions  are open- 

ended; t hey  do not  l i m i t  t h e  f u t u r e  s e l e c t i o n  of a f i n a l  dispo- 

s a l  opt ion.  S p e c i f i c  a c t i o n s  and improvements t h a t  would 

enhance s a f e  containment dur ing  extended s t o r a g e  and would a l s o  

be  of f u t u r e  b e n e f i t ,  r e g a r d l e s s  of which d i s p o s a l  op t ion  is  

f i n a l l y  s e l e c t e d ,  were i d e n t i f i e d .  

. 
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1. EXECUTIVE SUMMARY 

1 . 1  HISTORY 
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The Molten Salt Reactor Experiment (MSRE) w a s  concluded i n  1969 

a f t e r  s e v e r a l  years  of well-planned and h igh ly  success fu l  work. This 

homogeneous r e a c t o r  concept was based on t h e  th0rim-U-233 f u e l  cyc le  

and used a molten f l u o r i d e  e u t e c t i c  as t h e  ope ra t ing  medium. 

is thoroughly documented. 

This work 

A t  shutdown, t h e  f u e l  sa l t  conta in ing  most of t h e  uranium and 

f i s s i o n  products  w a s  d iv ided  and dra ined  i n t o  two sepa ra t e  tanks ,  t hus  

ensur ing  c r i t i c a l i t y  s a f e t y .  The f l u s h  s a l t ,  conta in ing  1 t o  2% of t h e  

uranium and f i s s i o n  products ,  was dra ined  i n t o  a t h i r d  tank. The sal ts  

were allowed t o  cool  and f r e e z e ,  thereby  prec luding  any leakage and 

decreas ing  f u r t h e r  t h e  already-low co r ros ion  rate. 

made of h e a v y r a l l e d  Has te l loy  N,  a special  a l l o y  c rea t ed  f o r  t h e  

program, which has supe r io r  s t r e n g t h  a t  h igh  temperatures  and 

outs tanding  co r ros ion  r e s i s t a n c e  toward the  e u t e c t i c  f l u o r i d e  system 

used f o r  t h e  MSRE. These tanks are contained wi th in  a he rme t i ca l ly  

s e a l e d ,  s t a i n l e s s  s teel- l ined,  re inforced-concrete  ho t  cel l ,  l oca t ed  

below grade except f o r  a double set of roof plugs.  

The d r a i n  tanks  are 

A s u r v e i l l a n c e  and monitoring program, which inc ludes  d a i l y  and 

monthly measurements, has  been i n  f o r c e  s i n c e  shutdown. 

a n  annual r ehea t  (bu t  no t  ho t  enough t o  remelt) t o  recombine any 

f l u o r i n e  t h a t  might have formed from r a d i o l y s i s  by (a,n) r e a c t i o n s  on 

t h e  f l u o r i d e  sal t .  There have been no adverse i n c i d e n t s  o r  releases of 

r a d i o a c t i v i t y  s i n c e  t h e  r e a c t o r  was shu t  down 16 years  ago. 

p r i o r  s t u d i e s  have been made of decontamination and decommissioning (D&D) 
of  t h e  f a c i l i t y ,  based on removal and reprocess ing  of t h e  salts  and on 

t h e  assumption t h a t  a s i t e  o r  r e p o s i t o r y  would be a v a i l a b l e  t o  accept  

t h i s  ma te r i a l .  In f a c t ,  t h e r e  i s  no such s i t e  o r  r e p o s i t o r y  a t  present .  

Nor i s  i t  f e a s i b l e  t o  reprocess  t h e  salts without major cons t ruc t ion  of 

such c a p a b i l i t y ,  which would be very  c o s t l y  and would in t roduce  a f i n i t e  

p r o b a b i l i t y  of r a d i a t i o n  exposure o r  release. 

There is  a l s o  

Several  
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The present  s tudy  focused on extended s t o r a g e  and any enhancements 

t o  t h e  s t o r a g e  mode t h a t  would b e n e f i t  t h e  s t o r a g e  per iod and a l s o  be 

b e n e f i c i a l  i n  view of even tua l  f i n a l  d i sposa l .  T ime  frames of 1 t o  20 

years ( s h o r t  term),  20 t o  100 years  (nea r  term),  100 t o  1000 years 

(midterm), and more than  1000 yea r s  ( long  term) were considered.  . 

1.2 PROJECTIONS 

The most important  of t h e s e  is t h e  r a d i o a c t i v i t y  p r o j e c t i o n ,  which 

was c a r r i e d  out  t o  1 m i l l i o n  years  by us ing  t h e  ORIGEN2 code. ( P r i o r  

p r o j e c t i o n s  were t runca ted  a t  5 and 20 years . )  This  p r o j e c t i o n  showed 

two major aspects: decay of f i s s i o n  product (FP)  a c t i v i t y ,  as a n t i c i -  

pated;  and decay/ingrowth/decay of a c t i n i d e  a c t i v i t y ,  which i s  somewhat 

unusual and de r ives  from t h e  slow ingrowth of t h e  U-233 decay chain.  The 

FP a c t i v i t y  has  dec l ined  by a f a c t o r  of 50 s i n c e  d ischarge ,  w i l l  d e c l i n e  

by another  f a c t o r  of 8 a t  100 yea r s  a f t e r  d i scha rge ,  and w i l l  e s s e n t i a l l y  

d isappear  a t  1000 years. The f i s s i o n  products  are t h e  major source  of 

' b e t a  and gamma a c t i v i t y .  The a c t i n i d e  a c t i v i t y  w i l l  i n i t i a l l y  decay by a 

f a c t o r  of 4 a t  1000 yea r s  but  w i l l  then  grow back i n  t o  about i t s  o r i g i -  

n a l  l e v e l  a t  40,000 yea r s  before  commencing f i n a l  decay. 

The a c t i n i d e  behavior  i s  t h e  n e t  r e s u l t  of U-232 ( h a l f - l i f e  of 72 
years) and plutonium decay, a long wi th  U-233 ( h a l f - l i f e  of 158,000 years )  

ingrowth and then decay. Each a c t i n i d e  decay spawns an a d d i t i o n a l  f i v e  

o r  s i x  a lpha  decays (along wi th  some beta-gamma a c t i v i t y ) .  

a c t i v i t y  is  important f o r  several reasons:  i t  is  a long-term source  of 

neut rons  from (a ,n)  r e a c t i o n s  on Be-9, F-19, and Li-7, which are major 

components of t h e  f l u o r i d e  e u t e c t i c ,  and i t  c o n t r i b u t e s  about 50 W of 

decay energy f o r  a very  long t i m e .  The neut rons  must be cons idered  i n  

s h i e l d i n g  c a l c u l a t i o n s  but  do not  pose an undue problem. The decay 

energy i s ,  i n d i r e c t l y ,  a problem, no t  because of hea t  but because of 

r a d i o l y s i s .  

The a lpha  

--. 
i 



5 

Radio lys i s  of f l u o r i d e  y i e l d s  f l u o r i n e  p lus  f r e e  metal. A t  s l i g h t l y  

e l eva ted  temperatures  (>150°F) recombination is  rap id  enough t o  preclude 

a bui ldup of f l u o r i n e ;  however, a t  lower temperatures ,  f r e e  f l u o r i n e  w i l l  

even tua l ly  form ( a f t e r  an incubat ion  per iod of 25 years )  and w i l l  then  

cont inue  t o  be produced. Unless t h e  r a d i o l y s i s  problem is brought under 

c o n t r o l ,  d i s p o s a l  of t h e  salts i n  t h e  f l u o r i d e  form w i l l  p r e sen t  a s ign i -  

f i c a n t  problem. One p o s s i b l e  way t o  l i m i t  t h e  formation of free f l u o r i n e  

i s  by t h e  a d d i t i o n  of a g e t t e r  - an a c t i v e  metal t h a t  reacts r e a d i l y  wi th  

f l u o r i n e .  

The phys ica l  i n t e g r i t y  of t h e  d r a i n  tanks  and c e l l  i s  of obvious 

importance. This f a c t o r  w a s  considered i n  terms of pene t r a t ions  and 

c o n t r o l  of water. No d e f i c i e n c i e s  t h a t  would j eopa rd ize  extended s t o r a g e  

a re  ev ident  a t  t h i s  t i m e  i n  e i t h e r  area, but  some a d d i t i o n a l  work i n  

t h e s e  areas would be b e n e f i c i a l .  

-.A 

1.3 CONCLUSIONS 

. 

A t  t h i s  t i m e ,  extended s to rage  of t h e  s o l i d i f i e d  f u e l  s a l t s  i s  t h e  

most prudent and r a t i o n a l  course. Actions t h a t  can be eas i ly  taken  out- 

o f - c e l l  t o  enhance s t o r a g e  should be implemented. An eventua l  d e c i s i o n  

t o  remove t h e  f u e l  sa l ts  t o  a f i n a l  d i s p o s a l  s i t e  w i l l  be tempered by 

s i t e  a v a i l a b i l i t y  i n  20 yea r s  o r  so. 

whether t o  reprocess  o r  no t  w i l l  be con t ro l l ed  by t h e  a b i l i t y  t o  l i m i t  

r a d i o l y s i s ,  which i s  an open ques t ion  a t  t h i s  t i m e  but must be resolved 

i n  t h e  inter im.  

A f u t u r e  d e c i s i o n  concerning 
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2 INTRODUCTION 

. 

The MSRE w a s  a graphite-moderated, homogeneous-fueled r e a c t o r  b u i l t  

t o  i n v e s t i g a t e  t h e  p r a c t i c a l i t y  of t h e  molten-sal t  r e a c t o r  concept f o r  

a p p l i c a t i o n  t o  c e n t r a l  power s t a t i o n s .  It w a s  operated from June 1965 t o  

December 1969 a t  a nominal full-power l e v e l  of 8.0 MW. The c i r c u l a t i n g  

f u e l  s o l u t i o n  was a e u t e c t i c  mixture of l i t h i u m  and beryl l ium f l u o r i d e s  

conta in ing  uranium f l u o r i d e  as t h e  f u e l  and zirconium f l u o r i d e  as a che- 

mical s t a b i l i z e r .  

which was la ter  rep laced  wi th  a charge of 233U. 
were included as p a r t  of t h e  f a c i l i t y  f o r  on-line f u e l  a d d i t i o n s ,  removal 

of  i m p u r i t i e s ,  and uranium recovery.  A t o t a l  of 105,737 MWh w a s  accumu- 

l a t e d  i n  t h e  two phases of operat ion.  Following r e a c t o r  shutdown, t h e  

The i n i t i a l  f u e l  charge w a s  h ighly  enriched 235U, 

Processing c a p a b i l i t i e s  

f u e l  sa l t  was dra ined  i n t o  two c r i t i c a l l y  s a f e  s t o r a g e  tanks and i s o l a t e d  

i n  a sea l ed  hot  ce l l ,  a long wi th  a t h i r d  tank  conta in ing  t h e  f l u s h  s a l t .  

When t h e  r e a c t o r  was f i r s t  shu t  down, t h e  assumption was made t h a t  

t h e  f a c i l i t y  and t h e  f u e l  and f l u s h  sal ts  would probably be u t i l i z e d  

aga in  a t  some l a t e r  da te .  Therefore,  t h e  shutdown procedure was essen- 

t i a l l y  a mothballing ope ra t ion  followed by s u r v e i l l a n c e  and maintenance 

(S&M) procedures.  These procedures were designed t o  ensure  s a f e  t e m -  

porary  s t o r a g e  and t o  maintain t h e  ope ra t iona l  c a p a b i l i t y  of t h e  f a c i l i t y .  

Some years  l a t e r ,  i t  became evident  t h a t  t h e  f a c i l i t y  would not  be 

r e s t a r t e d ,  a t  least no t  as a molten-salt  r eac to r .  A decommissioning 

s tudy  w a s  done i n  which two op t ions  were considered:  ( 1 )  removal of t h e  

f u e l  and f l u s h  sa l t s ,  followed by complete d ismant l ing  of t h e  ho t  cells; 

and ( 2 )  removal of t h e  f u e l  and f l u s h  s a l t s ,  followed by entombment of 

t h e  s t r u c t u r a l  components w i th in  t h e  r e a c t o r  and f u e l  d r a i n  cells. The 

second op t ion  i s  f a r  less c o s t l y  than  t h e  f i r s t ,  but  both are q u i t e  

expensive because of t h e  removal of t h e  r a d i o a c t i v e  salts ,  which must be 

processed and repackaged. Obviously, both op t ions  r e q u i r e  a r epos i to ry  

which w i l l  accept  t h e  processed and repackaged salts. No such r e p o s i t o r y  

c u r r e n t l y  exis ts ;  nor  is  t h e r e  any assurance t h a t  one w i l l  be a v a i l a b l e  i n  
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t h e  reasonably near  f u t u r e ,  even though t h e r e  are s e v e r a l  p o s s i b i l i t i e s .  

Therefore ,  our t a s k  i s  t o  determine what s t e p s  should be taken  t o  extend 

t h e  s t o r a g e  per iod s a f e l y  and what measures, i f  any, should be adopted t o  

enhance t h e  present  s t o r a g e  condi t ions .  

In dea l ing  wi th  these  ques t ions ,  t h e r e  are s e v e r a l  t i m e  frames t h a t  

r ep resen t  var ious  ope ra t iona l  l i m i t s .  These can be def ined  and descr ibed  

as  fol lows:  

1. Short term: 1 t o  20 years .  This  i s  t h e  per iod  dur ing  which i n - c e l l  

F i n a l  d i s p o s a l  ope ra t ions  can s t i l l  be c a r r i e d  ou t  wi th  confidence.  

op t ions  w i l l  be more c l e a r l y  de f ined  a t  t h e  end of t h i s  per iod.  

During t h i s  t i m e  span,  t h e  f i s s i o n  product a c t i v i t i e s  w i l l  decay t o  

about  two-thirds of t h e i r  p re sen t  l e v e l .  

2. Near term: 20 t o  100 years .  During t h i s  per iod ,  i n s t i t u t i o n a l  

c o n t r o l  can be maintained; t h e r e f o r e ,  i t  is  t h e  l o g i c a l  t i m e  t o  

t r a n s f e r  t he  f u e l  (and f l u s h )  salts  t o  t h e  f i n a l  r epos i to ry .  The 

f i s s i o n  product a c t i v i t i e s  w i l l  decay t o  about 15% of t h e i r  p resent  

l e v e l  during t h i s  t i m e  span. 

3. Midterm: 100 t o  1000 years .  This i s  a reasonable  l i f e t i m e  f o r  a 

man-made concre te  s t r u c t u r e .  During t h i s  t i m e ,  t h e  f i s s i o n  product 

a c t i v i t i e s  w i l l  decay t o  e s s e n t i a l l y  zero ,  wh i l e  t h e  U-232 and plu- 

tonium a c t i v i t i e s  w i l l  decay t o  about 3% of t h e i r  p re sen t  l e v e l ;  

however, t h e  U-233 a c t i v i t y  w i l l  grow in t o  about 180% of i t s  pre- 

s e n t  l e v e l .  

4. Long term: 1000 t o  1 m i l l i o n  years .  Geology w i l l  be t h e  

c o n t r o l l i n g  f a c t o r  f o r  t h i s  per iod.  During t h i s  t i m e ,  on ly  t h e  

U-233 decay cha in  w i l l  have any s i g n i f i c a n c e .  Its a c t i v i t y  w i l l  

peak a f t e r  40,000 years  a t  about 900% of t h e  p re sen t  l e v e l  and w i l l  

t hen  decay permanently. 

. 
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3. HISTORY 

3.1 DE SCRIPTION 

p 

e r  
6 

The primary reactor and drain system components are contained within 
two interconnected cells; the coolant and fuel processing systems are 

located separately within adjoining cells (Figs. 1 and 2). 

and drain tank cells are sealed pressure vessels that serve as secondary 

containment for the fuel. The reactor cell is a 24-ft-diam steel tank, 

while the drain tank cell is a stainless steel-lined reinforced concrete 
rectangular tank. 

with a stainless steel membrane seal that must be cut open for access. 

The coolant system and fuel process systems are located within shielded 

cells that are kept at a slightly negative pressure and are swept by a 

containment ventilation system. Access is gained via removable top 

shield plugs. 

transite structure that has containment features. Both the containment 

cells and the high-bay area are maintained under negative pressure, with 

an active ventilation system consisting of centrifugal fans and roughing 
and HEPA filters that exhaust through a 100-ft steel discharge stack. 

The reactor heat dissipation system included a salt-to-air radiator 

exhausting through a steel stack and a drain tank for storage of the 

coolant salt, where this material now resides. 

is essentially nonradioactive. 
an office building, a diesel generator house, a utility building, a 
blower house, a cooling-water tower, and a vapor condensing system. 
These facilities have been described in detail in other reports .4 s 5  9 5, 

The three cells of most concern to this study (reactor, drain, and pro- 
cessing) are described in terms of penetrations and "containment enve- 

lopes" in Sect. 4.3.1. A fuel-salt drain tank is shown in Fig. 3; the 

properties and the major components of  the material of construction, 

Hastelloy N (also called INOR-8), are listed in Table 1.15 

The reactor 

Each cell has removable roof beams and shield blocks 

The associated equipment is housed in a steel-concrete- 

This stored coolant salt 
Ancillary facilities at the site include 

The presence of the solidified, stored fuel and flush salts is the 

most significant aspect of the MSRE. 

4300 kg of flush salt, containing about 37 kg of uranium (primarily U-233) 

More than 4600 kg of fuel salt and 
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FUEL SALT SYSTEM 1 
FILL AND DRAIN LINE 

INSPECTION. SAMRER, AND 
LEVEL PROBE ACCESS r 

- TANK FILL LINE 

MSR Primary Drain and Fill Tank 

Fig. 3. Fuel-salt  drain tank. 



. :  : 

. 
1 3  

L 

L 

Table 1. Composition and p r o p e r t i e s  of INOR-8 
( a l s o  known as Has te l loy  N) 

Chemical compositon, % 

Ni 
Mo 
C r  
Fe, max 
C 
T i  + A l ,  max 
S ,  max 
Mn, max 
Mn, max 
Si, max 
Cu, max 
B ,  rnax 
W ,  max 
P,  max 
Co, rnax 

Physical  p rope r t i e s :  

Densi ty ,  l b / i n .  

Melting p o i n t ,  O F  

66-7 1 
15-18 
6-8 
5 
0.04-0.08 
0.5 
0.02 
1.0 
1.0 
1.0 
0.35 
0.01 
0.5 
0.015 
0.2 

0.317 

2470-2555 

Thermal conduc t iv i ty ,  B t  u/ (h*f  t 0°F) 
a t  1300°F 

Modulus of e l a s t i c i ty  a t  -1300°F, p s i  

S p e c i f i c  h e a t ,  Btu/lb*"F a t  1300°F 

Mean c o e f f i c i e n t  of thermal expansion, 
70 to 1300°F range, in./in.-OF 

Mechanical p rope r t i e s :  

Maximum a l lowable  stress,a p s i  

1000°F 
1100°F 
1200°F 
1300°F 

17,000 
13,000 
6,000 
3,500 

12.7 

24.8 x lo6 

0.138 

- 6  
8.0 x lo'> 

a ASME Boi le r  and Pressure  Vessel Code, Case 1315. 
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-- 
and 743 g of plutonium ( p r i m a r i l y  Pu-239) are p resen t  i n  t h e  d r a i n  tanks.  

Calcu la ted  f i s s i o n  product a c t i v i t i e s  (mainly beta-gamma) of t h e s e  sal ts ,  

decayed t o  1985, t o t a l  about 32,000 C i .  The a lpha  a c t i v i t y  from tran-  

s u r a n i c  i so topes  and t h e i r  daughters  amounts t o  about 2000 C i .  These 

i s o t o p e s  are d iv ided  roughly 99% i n  t h e  f u e l  s a l t  and 1% i n  t h e  f l u s h  

sa l t .  The t o t a l  a lpha  a c t i v i t y  of t h e  f u e l  sa l t  is very  h igh ,  about 

400,000 nCi/g, whi le  t h a t  of t h e  f l u s h  s a l t  is about 6000 nCi/g. The 

t o t a l  decay hea t  a t  p re sen t  is  about 200 W ,  w i th  three- four ths  coming 

from t h e  beta-gamma component and t h e  remainder from t h e  a lpha  emissions.  

The compositions of t h e  f u e l ,  f lush ,and  coolan t  sa l ts  are g iven  i n  Table 

2. The l a t t e r  s a l t ,  which served as a secondary coo lan t ,  is  no t  radioac- 

t i v e  and i s  s t o r e d  i n  t h e  coolan t  ce l l .  It is  of i n t e r e s t  p r imar i ly  

because i t  con ta ins  338 kg of high-puri ty  Li-7. 

A s  expected,  t h e  r a d i a t i o n  hazards  a s s o c i a t e d  wi th  t h e  s t o r e d  f u e l  

are s i g n i f i c a n t .  

s t o r a g e  cel ls  a r e  i n  t h e  l o3  rad /h  range. 

r e s u l t s  from (a,n) r e a c t i o n s  wi th  t h e  e u t e c t i c  salt  base. The h igh  

r a d i a t i o n  f i e l d  a l s o  causes  t h e  gene ra t ion  of some f r e e  f l u o r i n e ,  which 

s lowly  accumulates. Since recombination (wi th  t h e  metal s imultaneously 

set  f r e e  i n  t h e  r a d i o l y s i s )  is  a c c e l e r a t e d  by inc reased  temperature ,  t h e  

s a l t  i s  rehea ted  p e r i o d i c a l l y ;  however, i t  i s  not  melted. The s t o r e d  

s a l t s  are in a s t a b l e ,  noncorrosive s ta te ,  as d r y  f rozen  s o l i d s .  

Gamma and neut ron  dose rates w i t h i n  t h e  r e a c t o r  and 

Some of t h i s  r a d i a t i o n  

In  a d d i t i o n  t o  t h e  s t o r e d  f u e l ,  t h e  p r i n c i p a l  areas of concern a t  

t h e  MSRE are t h e  r e a c t o r  components and process  equipment remaining i n  

t h e  below-grade containment cells .  These components are i n t e r n a l l y  con- 

taminated and, i n  some cases, h igh ly  neut ron  a c t i v a t e d .  Exposure r a t e s  

o f  up t o  2200 R/h have been measured i n  the r e a c t o r  v e s s e l ,  a t t r i b u t e d  

p r i m a r i l y  t o  Co-60. The inventory  of r e s i d u a l  r a d i o a c t i v e  materials in 

t h e  r e a c t o r  and f u e l  process ing  cel ls  i s  e s t ima ted  t o  be s e v e r a l  thousand 

c u r i e s ,  w i t h  the m a j o r i t y  of t h a t  a c t i v i t y  being a s soc ia t ed  w i t h  f i s s i o n  

and a c t i v a t i o n  products .  The remaining ce l l s ,  process  p ip ing ,  and asso- 

c i a t e d  ope ra t ing  areas are known t o  be s l i g h t l y  contaminated. The 

r e a d i l y  a c c e s s i b l e  areas of t h e  r e a c t o r  bu i ld ing  ( inc lud ing  the r e a c t o r  

bay and o f f i c e  areas) are g e n e r a l l y  uncontaminated and are being used f o r  

l a b o r a t o r y  and o f f i c e  space,  as w e l l  as f o r  s t o r a g e  of va r ious  materials. 

*.- 

e 

k. 

. 
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Table 2. Stored MSKE sal ts  
-. 
_. 

Fuel  s a l t  Flush s a l t a  Coolant sa l ta  

T o t a l  mass, kg 4650 

66.4 

4290 2610 

42.5 Volume, f t 3  a t  room 
t empera t u r e  

Density,  g/cm3 

69.9 

2.47 2.17 2.17 

Composition, m o l  % 
L i  F 66b 

34b 

66b 

3 4b 

64.5 

30.3 

5.0 

0.13 

BeF2 

ZrF4 

UF4 

Uranium con ten t ,  kg 
U-232 
U-233 
U-234 
U-235 
U-236 
U-238 

C 

0.19 
0.02 
0.09 
0.00 
0.19 

0.49 
- 

C 

30.82 
2.74 
0.85 
0.04 
2.01 

36.46 T o t a l  

Plutonium c o n t e n t ,  g 
Pu-239 
Pu-240 
Other PU 

r 

657 
69 

2 

728 
- 

13 
2 
0 

15 
- 

T o t a l  -- 
Lithium composition, % 

Li-6 
Li-7 

0.009d 
99.991d 

0.009 
99.991 

aTrace-element a n a l y s e s  of 39 batches used f o r  both s a l t s  gave 
16 ppm C r ,  39 ppm N i ,  and 121 ppm Fe. Tbelve o t h e r  ana lyses  of the  f l u s h  
s a l t  gave 38, 22, and 118 ppm, r e s p e c t i v e l y .  (Note: Could t h e  C r  and 
N i  have been interchanged?)  In  another  series of  22 ba tches ,  t h e  
corresponding va lues  were 19, 25, and 166 ppm. 

37%, c a l c u l a t e d  from repor t ed  va lues  of 12.95 w t  % L i ,  9.75 w t  % B e ,  and 
77.1 w t  % F. For batches 101-130, t h e  c a l c u l a t e d  composition was 64.3 
and 35.7%. 

bReported values .  Ana ly t i ca l  d a t a  f o r  batches 116-161 gave 63 and 

CPresent a t  220 ppm, U-basis. 
dFor batches 116142.  The va lues  are 0.0065/99.9935 f o r  batches 

1 4 3 1  6 1 

c 

_,_< 

c -. 
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The MSRE f a c i l i t y  appears  t o  be s t r u c t u r a l l y  sound and capable  of 

r e t a i n i n g  t h e  c u r r e n t  r ad ionuc l ide  inventory.  No s i g n i f i c a n t  spread of 

contaminat ion o r  personnel  exposure has  occurred s i n c e  f a c i l i t y  

shutdown. 

3.2 SURVEILLANCE AND MAINTENANCE 

A comprehensive maintenance and s u r v e i l l a n c e  program i s  provided t o  

ensure  adequate  containment of t h e  r e s i d u a l  r a d i o a c t i v i t y  a t  t h e  MSRE. 

Routine i n s p e c t i o n s  of t h e  containment systems and bui ld ing  s e r v i c e s ,  

r a d i o l o g i c a l  s u r v e i l l a n c e  of ope ra t ing  areas and v e n t i l a t i o n  exhaus t ,  

s t o r e d - s a l t  monitoring ( tempera ture  and p res su re ) ,  and p e r i o d i c  t e s t i n g  

of  s a f e t y  systems are performed as p a r t  of t h i s  program. In a d d i t i o n ,  

t h e  f u e l  and f l u s h  sa l t  are rehea ted  i n  o rde r  t o  a l low recombination of 

f luo r ine , and  t h e  containment cel ls  are sub jec t ed  t o  a l e a k  t es t ,  

both on an annual b a s i s .  F a c i l i t y  maintenance inc ludes  gene ra l  r e p a i r s ,  

exhaust  duc t  f i l t e r  changes,  and ins t rumenta t ion  and c o n t r o l s  main- 

tenance. Consol idat ion of t h e  s u r v e i l l a n c e  in s t rumen ta t ion  and pe r iod ic  

h e a t e r  and c o n t r o l s  tests are planned as major improvements t o  t h e  

c u r r e n t  program. 

The sa l t  s t o r a g e  cel ls  have been under a planned program of r egu la r  

s u r v e i l l a n c e  and maintenance s i n c e  t h e  r e a c t o r  w a s  shu t  down in l a t e  

1969. This program inc ludes  d a i l y  obse rva t ions  of c e r t a i n  parameters  by 

t h e  Waste Control  Operat ions Center and monthly obse rva t ions  by t h e  

Reactor Operations Group. The d a i l y  obse rva t ions  inc lude  measurements of 

i n t e r n a l  cell  temperature ,  bu i ld ing-a i r  r a d i o a c t i v i t y ,  p r e s s u r e  d i f f e r e n -  

t i a l s  of t h e  cel l  v e n t i l a t i o n  system, and s t a c k  off-gas r a d i o a c t i v i t y  

l e v e l s  in terms of a lpha ,  beta-gamma, and r ad io iod ine .  These obser- 

v a t i o n s  are recorded on l o g  s h e e t s  ( t h e  logs  have been kept  s i n c e  1969). 

The r a d i o a c t i v i t y  d a t a  are now a l s o  computerized and coordinated through 

t h e  c e n t r a l  Waste Control  Operat ions Center.  A primary inpu t  po in t  t o  

t h e  Center i s  l oca t ed  i n  t h e  c o n t r o l  room i n  7503. 

The monthly c h e c k l i s t  involves  a complete walk-through i n s p e c t i o n  

o f  t h e  e n t i r e  f a c i l i t y  p lus  record ings  of i n - c e l l  temperatures  and sump 

l e v e l s  a t  seven l o c a t i o n s .  Any necessary  maintenance items are noted and 

added t o  t h e  l ist  of work t o  be scheduled. 

kept  s i n c e  1969.) 

(These logs  have a l s o  been 

. 

* 
a- 

, . 

. 
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On an  annual  b a s i s ,  t h e  t h r e e  f u e l  and f l u s h  s a l t  tanks  are 

rehea ted  t o  recombine any e lementa l  f l u o r i n e  t h a t  may have formed from 

r a d i o l y s i s .  The accep tab le  temperature  range f o r  t h e  r ehea t ing  i s  

>300"F ( t o  ensure  t h a t  t h e  d i f f u s i o n  rate is  f a s t  enough) but <500°F 
( w e l l  below t h e  mel t ing  poin t  of t h e  salts). 

cel ls  are a l s o  leak- tes ted  annual ly ,  and a check is  made of about 40 

equipment items. In add i t ion ,  s p e c i a l  checks are made of t h e  ven- 

t i l a t i o n  system, two of t h e  sump pumps, and t h e  DOP e f f i c i e n c y  of t h e  

v e n t i l a t i o n  f i l t e r .  

The r e a c t o r  and d r a i n  tank  

During t h e  course of t h i s  s tudy ,  i t  became apparent  t h a t  d a t a  on 

bu i ld ing  groundwater were needed. Therefore ,  two a d d i t i o n a l  items were 

added t o  t h e  S&M procedures:  a pe r iod ic  check of t h e  r a d i o a c t i v i t y  of 

t h e  bu i ld ing  sump d ischarge ,  and a pe r iod ic  check of t h e  ope ra t ing  f r e -  

quency of t h e  bu i ld ing  sump pump. The r a d i o a c t i v i t y  measurements, which 

were i n i t i a t e d  i n  June, have c o n s i s t e n t l y  shown no a c t i v i t y  above 

background. The sump pump monitoring was s t a r t e d  on August 19, and 

d a i l y  readings  show an ope ra t ing  cyc le  of about 1 h/d. 

t h e  per iod was g r e a t e r  than normal. The pump c a p a c i t y  i s  about 35 

gal/min. 

o rde r  t o  e s t a b l i s h  a d a t a  base t h a t  covers  one complete annual weather 

cycle .  

R a i n f a l l  dur ing  

These measurements w i l l  be continued f o r  a t  least 1 year  i n  

3.3 PRIOR STUDIES 

Decommissioning of t h e  MSRE presen t s  some unique problems because of 

t h e  presence of t h e  f u e l  and f l u s h  salts. Plans f o r  s i te  decommissioning 

w i l l  f i r s t  have t o  address  t h e  i s s u e  of d i s p o s i t i o n  of t h e  f u e l .  In t h e  

e a r l y  s t u d i e s ,  i t e w a s  g e n e r a l l y  assumed t h a t  t h e  s t o r e d  f u e l  would be 

removed from t h e  MSRE cel ls ,  w i th  o r  without reprocess ing  ( f l u o r i n a t i o n )  

t o  s t r i p  out  t h e  uranium and some of t h e  f i s s i o n  products ,  and then s e n t  

t o  a f i n a l  r e p o s i t o r y  o r  t o  r e t r i e v a b l e  s to rage ;  however, t h e s e  ope ra t ions  

are complex and p o t e n t i a l l y  hazardous and, t h e r e f o r e ,  expensive. 3 ,  5, 6 ,  l 8  

Thus f a r ,  no need f o r  t h e  recoverable  U-233 o r  f o r  t he  cel l  space has  

been e s t ab l i shed .  Therefore ,  t h e r e  has  been no i n c e n t i v e  from t h a t  

d i r e c t i o n  t o  proceed wi th  decommissioning. Fu r the r ,  t h e r e  i s  no known 

s i t e  t h a t  w i l l  accept t h e  f l u o r i d e  f u e l  sa l t  f o r  d i s p o s a l  i n  i t s  p resen t  

cond i t ion ,  e i t h e r  now o r  i n  t h e  near  fu tu re .  Consequently, i t  a p p e a r s  
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t h a t  t h e  s o l i d i f i e d  salts must cont inue  t o  be s t o r e d  i n  t h e i r  p resent  

mode and l o c a t i o n ,  r e g a r d l e s s  of f u t u r e  p o s s i b i l i t i e s ,  needs,  o r  dec i -  

s ions .  For tuna te ly ,  t h i s  is  p o s s i b l e  because t h e  sal ts ,  t h e i r  contain-  

ment, and t h e  f a c i l i t y  are i n  e x c e l l e n t  condi t ion .  However, i t  i s  

e s s e n t i a l  t o  address  two i s s u e s  not  d i r e c t l y  considered i n  p r i o r  

s t u d i e s  : 

1. Is i t  r a t i o n a l  t o  cont inue  s t o r i n g  these  s a l t s  i n  t h e i r  p re sen t  

s i t u a t i o n  and, i f  so ,  what g u i d e l i n e s  should be followed t o  enhance 

t h i s  s t o r a g e  i n  terms of s a f e t y  and s t a b i l i t y  f o r  an extended 

per iod  of t i m e ?  

2. What o t h e r  op t ions  exis t  f o r  t h e  f u t u r e ,  and what s t e p s  should be 

t aken  i n  t h e  near  t e r m  t o  f a c i l i t a t e  f u t u r e  decision-making? 

This s tudy  g ives  an a f f i r m a t i v e  answer t o  t h e  f i r s t  ques t ion  and 

i d e n t i f i e s  s p e c i f i c  areas where improvements should be made. It a l s o  

p inpo in t s  needs t h a t  should be addressed i n  t h e  s h o r t  term t o  provide 

necessary  informat ion  f o r  f u t u r e  s e l e c t i o n  among a v a i l a b l e  opt ions .  

F i n a l l y ,  a pre l iminary  work p lan  is  ou t l ined  t o  achieve  t h e  above 

o b j e c t i v e s  . 
3 . 4  OPTIONS 

P r i o r  s t u d i e s  of MSRE decommissioning have focused on t h e  f i n a l  

d i s p o s i t i o n  of both the sal ts  and t h e  f a c i l i t y .  ,Se lec t ion  among opt ions  

involved many p o s s i b l e  d e c i s i o n  p o i n t s ,  i nc lud ing  t h e  fol lowing:  

A. Should t h e  s a l t  be chemical ly  processed t o  s e p a r a t e  t h e  uranium 

(and some f i s s i o n  products)  from t h e  bulk of t h e  f l u o r i d e  

s a l t s ?  

B. Should t h e  f l u o r i d e  sal ts  be chemical ly  converted t o  another  

form? 

C. Should t h e  s a l t s  (wi th  o r  without  processing and/or  conversion) 

be packaged and s e n t  t o  an o f f - s i t e  r e p o s i t o r y  o r  an on-s i te  

s t o r a g e / d i s p o s a l  area, o r  should they  be disposed of i n  t h e  

MSRE f a c i l i t y  i t s e l f ?  

Should t h e  MSRE f a c i l i t y  be t o t a l l y  o r  p a r t i a l l y  dismantled and 

po r t ions  of i t  entombed i n  concre te?  

D. 

A t  p re sen t ,  t h e r e  i s  no f i r m  b a s i s  f o r  s e l e c t i n g  among t h e s e  

opt ions .  Options A o r  B, i f  exe rc i sed ,  would r e q u i r e  s o p h i s t i c a t e d  chem- 

i c a l  process ing  of h igh ly  r a d i o a c t i v e  materials; new f lowshee ts  and 

-_ 

- 
. 



. 19 

,- 

I_ 

P 

processing equipment would a l s o  be needed (and t h e  equipment would u l t i -  

mately have t o  be disposed o f ) .  

a s  high as $10 t o  $20 mi l l i on .  

a t  t h i s  t i m e  because t h e r e  i s  no o f f - s i t e  o r  on-s i te  l o c a t i o n  t h a t  can 

accep t  t h i s  material a t  p re sen t ,  and w e  do no t  have an adequate b a s i s  a t  

p re sen t  t o  recommend permanent d i s p o s a l  in t h e  MSKE f a c i l i t y  i t s e l f .  

Option D could cos t  as much as $10 mi l l i on  and r e q u i r e s  a p r i o r  d e c i s i o n  

on op t ions  A, B ,  and C. 

The t o t a l  c o s t  of processing might be 

No choice can be exe rc i sed  on op t ion  (C) 

In s h o r t ,  w e  need t o  d e f e r  a f i n a l  dec is ion .  Continued s t o r a g e  of 

t h e  f u e l  and f l u s h  sal ts  is forced upon u s  by e x t e r n a l  condi t ions .  The 

i s s u e s  of concern,  then ,  revolve around t h r e e  ques t ions  t h a t  need t o  be 

considered : 

1. Is i s  reasonable  and s a f e  t o  p lan  continued storage-in-place f o r  up 

t o  20 years  o r  so?  

2. Before d e l i b e r a t e l y  embarking on such extended s t o r a g e ,  what, i f  

anything,  should be done t o  enhance t h e  s t o r a g e  environment? 

3. During t h i s  s t o r a g e  per iod,  o r  p r i o r  t o  i t ,  what should be done t o  

f a c i l i t a t e  a f u t u r e  dec i s ion  of a f i n a l  na ture?  

In orde r  t o  g a i n  a sense  of pe r spec t ive ,  i t  is i n s t r u c t i v e  t o  

d e f i n e  a range of op t ions  and sys t ema t i ca l ly  eva lua te  them a g a i n s t  

va r ious  c r i te r ia .  The s i x  op t ions  t h a t  have been t r e a t e d  t h i s  way as 

p a r t  of t h e  eva lua t ion  are l i s t e d  and def ined i n  Table 3. (Option 0, 

which is e s s e n t i a l l y  t o  cont inue t h e  present  practice,  i s  not  accep tab le  

f o r  an extended per iod of time.) Options 1, 2, and 3 focus on t h e  f i n a l  

dec i s ion  and bracket  a wide range of p o s s i b i l i t i e s ;  t h i s  provides  a 

broad, long-term perspec t ive .  Options 4 ,  5, and 6 focus on three 

v a r i a t i o n s  of enhanced s torage-in-place in orde r  t o  br ing  short-term and 

near-term needs i n t o  view. The s t e p s  used f o r  a s ses s ing  each op t ion  are 

as fol lows:  

1. L i s t  t h e  process  ope ra t ions  involved and compare them q u a l i t a t i -  

ve ly .  

2. Evaluate them semiquan t i t a t ive ly  on t h e  bases  of ( a )  process  readi-  

nes s ,  (b)  economics, ( c )  short-term hazard,  (d)  long-term hazard,  

and ( e )  conserva t ion  (i.e., b e n e f i c i a l  u t i l i z a t i o n  of t h e  bu i ld ings  

and contained materials). 
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Table 3 .  Options f o r  t h e  Decontamination and Decommissioning of t h e  MSRE 

Option Action t o  Be Taken 

0 

4 

5 

6 

~~ 

Continue as i s ,  wi th  no dec is ion .  Requires cont inued 

s u r v e i l l a n c e  and maintenance, i n t roduces  maximum uncer- 

t a i n t y ,  and even tua l ly  s t i l l  needs a d e c i s i o n  between t h e  

“ rea l”  op t ions  o u t l i n e d  below. 

Complete dismantlement of ho t  ce l l s  fol lowing removal of 

f u e l  and f l u s h  salts .  

Entombment of r e a c t o r  and d r a i n  t ank  cel ls  fo l lowing  remo- 

v a l  of f u e l  and f l u s h  sa l t s .  

Entombment of r e a c t o r  and d r a i n  tank  ce l l s ,  w i th  f u e l  and 

f l u s h  sal ts  in-place.  

Enhanced near-term s t o r a g e  of s o l i d i f i e d  s a l t s  (which 

s t i l l  l eaves  a l l  o t h e r  op t ions  a v a i l a b l e ) .  

Enhanced s t o r a g e  in-place,  i nc lud ing  remelt and add i t ion  

of g e t t e r s  (which s t i l l  l eaves  op t ions  1 ,  2, 3 ,  and 6 

a v a i l a b l e ) .  

Enhanced s t o r a g e  in-place,  i nc lud ing  remelt, a d d i t i o n  of 

g e t t e r s ,  and repackaging (which s t i l l  l eaves  o p t i o n s  1 ,  2, 

and 3 a v a i l a b l e ) .  

-. 

. 

. 

, ’- 

e 

. 



2 1  

.... 

1 

. 

3. I d e n t i f y  

Of n e c e s s i t y  , 
t h e  l i m i t i n g  f a c t o r ( s ) .  

t h e s e  eva lua t ions  are s u b j e c t i v e  and only  semiquan t i t a t ive  

a t  t h i s  s t age .  

The f i r s t  eva lua t ion  (Table  4 )  l is ts  t h e  major process  s t e p s  t h a t  

would be r e q u i r e d ' f o r  t h e  va r ious  op t ions  and i n d i c a t e s  which s t e p s  are 

requi red  i n  each case. 

r e p r e s e n t s  a more-or-less equ iva len t  e f f o r t  o r  cos t .  Evaluat ion then 

simply r e q u i r e s  count ing t h e  number of s t e p s  f o r  t h e  p a r t i c u l a r  op t ion  

i n  quest ion.  C l e a r l y ,  from t h i s  po in t  of view, op t ions  1 and 2 are pro- 

h i b i t i v e l y  complex (and c o s t l y )  and would not  be s e l e c t e d  un le s s  t h e r e  

were an ove r r id ing  reason f o r  doing so. 

The s t e p s  were def ined  i n  such a way t h a t  each 

The second eva lua t ion  involves  "scoring" each op t ion  f o r  every 

a p p l i c a b l e  process  s t e p ,  as i d e n t i f i e d  i n  Table 4. These r e s u l t s  are 

t abu la t ed  i n  Appendix B. Scoring, which w a s  done on f i v e  d i f f e r e n t  

bases ,  was set up so t h a t  a low sco re  i s  more favorable  than a high 

score .  The a v a i l a b l e  sco r ing  ranges were s e l e c t e d  t o  balance t h e  r e l a -  

t i v e  importance of each of t h e  f i v e  f a c t o r s ,  on t h e  assumption t h a t  

near-term hazard,  long-term hazard,  and conserva t ion  were each about 

twice  as important  as e i t h e r  process  r ead iness  o r  economics. Scores f o r  

each c r i t e r i o n ,  as w e l l  as t o t a l s ,  are summarized i n  Table 5. The 

t o t a l s  were converted t o  a more normal scale of 0 t o  100, wi th  a high 

s c o r e  more favorable ,  by tak ing  r e c i p r o c a l s  of each t o t a l  and then nor- 

mal iz ing by d iv id ing  by t h e  l a r g e s t  va lue  ( t h e  0.0161) and mul t ip ly ing  

by 100. On t h i s  bas i s ,  Options 3, 4 ,  and 5 are d i s t i n c t l y  supe r io r  t o  

Options 1, 2, and 6 .  

The t h i r d  eva lua t ion  (Table  6 )  i d e n t i f i e s  l i m i t i n g  f a c t o r s  t h a t  

would d i s q u a l i f y  an op t ion  from f u r t h e r  cons ide ra t ion  a t  present .  While 

t h i s  eva lua t ion  is  t h e  least q u a n t i t a t i v e ,  i t  is ,  nonethe less ,  h ighly  

s i g n i f i c a n t  because i t  seeks  t o  i d e n t i f y  c o n t r o l l i n g  f a c t o r s .  The 

l i m i t i n g  f a c t o r s  are those  which, i f  no t  w i th in  an acceptab le  range,  

would e l imina te  t h a t  op t ion  no matter how favorable  t h e  o the r  aspects 

might be. Thus, i n  terms of t h e  f i v e  cr i ter ia  a l r eady  e s t a b l i s h e d ,  

Options 1 and 2 should not  be considered f u r t h e r  a t  t h i s  time. When two 

a d d i t i o n a l  cr i ter ia  were introduced,  based on a n t i c i p a t e d  pub l i c  reac- 

t i o n  and on r e v e r s i b i l i t y  regard ing  f u t u r e  choice of op t ions ;  Option 3 

w a s  a l s o  removed from cons idera t ion .  
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Table 4.  Process s t e p s  r equ i r ed  f o r  MSRE op t ions  

Option 

Process  s t e p  1 2 3 4 5 6 

Melt salts  (and add g e t t e r s )  

Remove s a l t s  

Build salt  process  f a c i l i t y  

Process  o r  convert  saltslu 

Package s a l t s  (and U) 

Dismantleldispose of f a c i l i t y  

Transport  packaged products  

S t o r e l i s o l a t e  products  

Decontaminate ce l l s lequipment  

Dispose of l i q u i d  LLW 

Remove equipment 

Dispose of s o l i d  LLW 

Dismantle c e l l  s t r u c t u r e  

Dispose of s o l i d  LLWIrubble 

Res tore  area 

Sea l  p i p e s l p e n e t r a t i o n s  

I n t e r n a l  entombment 

Ex te rna l  s t r u c t u r e s  

S t a b i l i z e  drain- tank ce l l  

Continue s u r v e i l l a n c e  

Number of more-or-less 
equa l  process  s t e p s  
i nv o l  v ed 

X 

X 
X 

X 
X 
X 

X 

X 

X 

X 

X 
X 
X 

X 

X 
- 
- 
- 
- 
- 

15 

. 



Table 5. Summary of semiquantitative evaluation 

Factor 1 2 3 4 5 6 

A. Process readiness 47 4 1  15 15 19 23 

B. Economics 54 47 15 15 20 28 

C. Near-term hazard 66 47 14 16 21  31  

D. Long-term hazard 4 6 12 17 12 10 

E. Conservation 14 6 6 6 6 6 

To tal 185 147 62 69 78 98 

Reciprocal 0.0054 0.0068 0.0161 0.0145 0.0128 0.0102 

Normalized 34 42 100 90 80 63 

N w 
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T a b l e  6 .  L i m i t i n g  f a c t o r s  f o r  MSKE o p t i o n s  
~~~ ~~ 

F a c t o r  1 2 3 4 5 6 

A .  Process r e a d i n e s s  

D e c i s i o n  nowa XXX xxx 
D e c i s i o n  i n  5-20 y e a r s  ? ? ?  ? ? ?  

B. E c o n o m i c s  xxx xxx 

C. Near-term h a z a r d  xxx xxx 

D. Long- t e rm h a z a r d  

M i n i m a l  f o r  a l l  o p t i o n s  

E. C o n s e r v a t i o n  

F. I n s t i t u t i o n a l  p e r c e p t i o n  
of  . a n t i c i p a t e d  p u b l i c  
react i o n  

D e c i s i o n  now 
D e c i s i o n  i n  5-20 y e a r s b  

xxx 

xxx 
? ? ?  

. 

. 
G. R e v e r s i b i l i t y / f u t u r e  xxx xxx xxx 

c h o i c e  of o p t i o n s  

amere i s  no i d e n t i f i e d  l o c a t i o n  a t  t h i s  t i m e  w h e r e  t h e  r emoved  s a l t s  

b P u b l i c  r e a c t i o n  may become more r a t i o n a l  w i t h  time, or i n s t i t u t i o n a l  
c o u  1 d b e  t a k e  n . 
l e a d e r s  may r e g a i n  p u b l i c  c o n f i d e n c e .  

. 
. 
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, 

The r e s u l t s  of a l l  t h r e e  eva lua t ions  are consol ida ted  i n  Table 7. 

In summary, i n  terms of t h e s e  t h r e e  eva lua t ions ,  and a t  t h i s  t i m e :  

1. 

2. 

3. 

Options 1 and 2 are r e j e c t e d  on t h e  b a s i s  of each eva lua t ion .  

Option 3 i s  r e j e c t e d ,  based on l i m i t i n g  f a c t o r s  but recognizing 

t h a t  pub l i c  r e a c t i o n  may change i n  f u t u r e  yea r s ,  and t h a t  l a c k  

o f  r e v e r s i b i l i t y  may not  be de t r imen ta l  when judged a g a i n s t  more 

d e f i n i t i v e  cr i ter ia .  

Option 6 deserves  f u r t h e r  cons ide ra t ion  based on t h e  semiquan- 

t i t a t i v e  eva lua t ion .  

This  l eaves  Options 4 and 5, and poss ib ly  Option 6 ,  a v a i l a b l e  f o r  

short- term s e l e c t i o n .  These opt ions  are addressed i n  Sec ts .  4 and 5. 

Some t o p i c s  r e l evan t  t o  t h e  o t h e r  op t ions  are a l s o  addressed;  however, 

much of t h e  informat ion  presented i s  of broad and gene ra l  a p p l i c a b i l i t y ,  

and is  germane t o  a l l  op t ions .  

.- 

I( 

. 
I 
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T a b l e  7. O p t i o n s  a n d  e v a l u a t i o n s  f o r  d e c o n t a m i n a t i o n  a n d  d e c o m m i s s i o n i n g  

O p t  i o n  D e s c r i p t i o n  Ab BC Cd 

C o n t i n u e  a s  i s ,  w i t h  n o  d e c i s i o n .  R e q u i r e s  con-  
t i n u e d  s u r v e i l l a n c e  a n d  m a i n t e n a n c e ,  i n t r o d u c e s  
maximum u n c e r t a i n t y ,  a n d  e v e n t u a l l y  s t i l l  n e e d s  
a d e c i s i o n  b e t w e e n  t h e  "real" o p t i o n s  o u t l i n e d  
b e l o w .  

.Kernova l  o f  f u e l  a n d  f l u s h  s a l t s ;  c o m p l e t e  d i s -  
m a n t l e m e n t  o f  h o t  ce l l s .  

Kemoval of f u e l  a n d  f l u s h  s a l t s ;  e n t o m b m e n t  of 
reactor and d r a i n  t a n k  cells .  

Entombment of d r a i n  t a n k  c e l l ,  w i t h  f u e l  a n d  
f l u s h  sa l ts  i n - p l a c e .  

Enhanced  n e a r - t e r m  s torage  of s o l i d i f i e d  s a l t s  
( w h i c h  s t i l l  l e a v e s  a l l  o t h e r  o p t i o n s  a v a i l a b l e ) .  

E n h a n c e d  s torage i n - p l a c e ,  i n c l u d i n g  remelt a n d  
a d d i t i o n  o f  g e t t e r s  ( w h i c h  s t i l l  l e a v e s  O p t i o n s  
1 ,  2 ,  3, a n d  6 a v a i l a b l e ) .  

E n h a n c e d  s torage i n - p l a c e ,  i n c l u d i n g  remelt ,  
a d d i t i o n  of ge t t e r s ,  a n d  r e p a c k a g i n g  ( w h i c h  s t i l l  
l e a v e s  O p t i o n s  1 ,  2,  a n d  3 a v a i l a b l e ) .  

15 185 5 

11 147 4 

3 b 2  2 

3 bY u 

4 7 8  u 

a l l  cases, a Low score is s u p e r i o r .  
bNumber of p r o c e s s  s t e p s  i n v o l v e d .  
C S e m i q u a n t i t a t i v e  r a t i n g  of p r o c e s s  s t e p s .  
dNumber of l i m i t i n g  €actors .  

. 
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4 .  PROJECTIONS 

i 

4.1 RADIOACTIVITY 

The o r i g i n a l  decay c a l c u l a t i o n s ,  made using ORIGEN and MSRE-specific 

i npu t  da t a ,  were t runca ted  a t  5 years.’ 

been ex t r apo la t ed  t o  t h e  year 2000. l 6  

permanent emplacement r e q u i r e  decay d a t a  out  t o  a m i l l i o n  years ,  as w e l l  

as a d e t a i l e d  knowledge of r a d i o l o g i c a l  p r o p e r t i e s  i n  t h e  10- t o  10,000- 

year  time span. I d e a l l y ,  t h e  e n t i r e  c a l c u l a t i o n  (genera t ion  and deple- 

t i o n )  should be repea ted  using ORIGEN2, t h e  updated and improved ve r s ion  

o f  ORIGEN. However, ORIGEN2 does not  have a molten sa l t  r e a c t o r  model, 

and cons t ruc t ion  of such a model would be p r o h i b i t i v e l y  expensive. 

Therefore ,  t h e  approach was t o  take  t h e  o l d  ORIGEN output  d a t a  a t  

d ischarge  and then make t h e  decay c a l c u l a t i o n s  wi th  ORIGEN2. When these  

t w o  sets of d a t a  a t  5 years  a f t e r  d i scharge  were cross-checked, on ly  

inconsequent ia l  o r  r e a d i l y  exp la inab le  d i f f e r e n c e s  were noted. This 

Subsequently,  t h e s e  d a t a  have 

However, any dec i s ions  regard ing  

g i v e s  us confidence i n  using t h e  ORIGEN-generated r e s u l t s  as our s t a r t i n g  

poin t .  

The t runca ted  ORIGEN d a t a  were presented i n  fou r  groupings: f i s s i o n  

products  i n  both grams and c u r i e s ,  and a c t i n i d e s  i n  both grams and 

c u r i e s .  A t  least  one a c t i v a t i o n  product (Zr-93, from t h e  f l u o r i d e  sa l t  

mixture) was included i n  t h e  o l d  ORIGEN runs.  The two sets of l ists 

(grams and c u r i e s )  were gene ra l ly  mutually exc lus ive ;  t h a t  i s ,  i so topes  

l i s t e d  on t h e  grams output  (because they  were p resen t  i n  a quan t i ty  

g r e a t e r  than 0.1% of t h e  t o t a l  mass) were g e n e r a l l y  not  included on t h e  

c u r i e s  output  (where they  appeared i f  c o n t r i b u t i n g  g r e a t e r  than 0.1% of 

t h e  t o t a l  r a d i o a c t i v i t y ) .  By combining these  two sets of l i s t s ,  w e  

b e l i e v e  t h a t  t he  inpu t  d a t a  f o r  our  ORIGEN2 c a l c u l a t i o n s , w e r e  acceptab ly  

c ompl e t  e. 

The summary r e s u l t s  are g iven  in Tables 8 through 11 ( f i s s i o n  pro- 

d u c t s  and a c t i n i d e s ;  grams and c u r i e s )  f o r  t hese  times: 
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Ri? 87 
SR 88 
SR 8 9  
SR 9 0  
P 8 9  
Y 91 

ZB 9 0  
Z E  91 
Z R  9 2  
Z R  93  
ZR 9 4  
Z R  9 5  
Z B  96 
NB 93  
N E  9 5  
!lo 9 5  
no 97 
NO 98 
noioo 
TC 90 
a o  99 
BO101 
BO102 
RU103 
RU104 
R0106 
RE103 
PD105 
PD106 
PD107 
A6107 
58125  
TE125 
TE127ll 
TE128 
TE129H 

I 1 2 7  
I 1 2 9  

XE129 
CS137 
BA137 
EA138 
LA139 
CE140 
CE141 
CElU2 
CElUU 
PR141 
ND143 
N D 1 4 4  
ND145 

r ~ i 3 0  

Table 8. ORIGEN2 output  f o r  MSRE salts: 
grams of f i s s i o n  products  and daughters  

SOHMARY TABLE: CONCENTRATIONS, GRAMS 
ENTIRE COaE (f4SRE WITH 0-233 FUEL) 

DISCBARGE 1.OYE 10.OYR 100.OYR 1.ORY 1O.OKY 100.OKY 1.0flY 

8.480E*00 8.480E*00 8.480E*00 8.480E*00 8.48OE*00 8.480E*OO 8.48OE*OO 8.4803+00 
5.6UOE+00 5.6UOE*00 5.6UOE*00 5.6UOE+00 5.6UOE*00 5.6UOE*00 5.6UOE*00 5.640E*00 
5.573E*00 3.7053-02 9.3903-22 0.0 0.0 0.0 0.0 0.0 
9.8933+01 9.6603*01 7.798E*01 9.154E*00 4-552E-09 0.0 0.0 0.0 
6.660E+Ol 7.214E*Ol 7.217E*01 7.217E*01 7-2173*01 7.2173*01 7.2173*01 7.217E*01 
7.458E*OO 9.8463-02 1.201E-18 0.0 0.0 0.0 0.0 0.0 
U . U U O E * O O  6 .7683+00 2.540E+01 9.424E*O1 1.034E*02 1.034E*02 1.03UE*02 l.O3UE*02 
9.7303*01 l.O47E*02 1 .OUBE*02 1.048E*02 l.O48E*02 1.0483*02 1.048E*02 1.048E*02 
1.100E*02 1.100E+02 1.100E+02 1.100E*02 1-100E*02 1.100E*02 1.100E*02 l.lOOE*02 
1.190E*02 1.190E*02 1-190E*02 1-190E*02 1-189E*02 lS185E*02 14137E*02 7.56UE+01 
l.lEOZ*O2 1.18OE*O2 1.18OE+O2 1.180E*02 1-180E*02 1.18OE*02 1.180E+02 1.180E*02 
9.306E*00 1.7793-01 6.080E-17 0.0 0.0 0.0 0.0 0.0 
1.140E*02 1.140E+02 1.140E*02 l.lUOE*02 l.lUOE*02 l.lUOE+O2 1.140E*02 1.140E+02 
0.0 3.979E-06 1.379 E-04 4.39 3E- 03 5- 290E-02 5.3 69E-01 5.27OE*OO 4.3 3SE+O 1 
U.397E*00 2.194E-01 7.416E-17 0.0 0.0 0.0 0.0 0.0 
2.440E*01 3.772E*01 3.812E*01 3.8123*01 3.812E*01 3.812E+Ol 3.812E*01 3.8 12E*Ol 
3.2503*01 3.250E+01 3.250E*01 3.250E*01 3.250E+01 3.250E*01 3.250E*01 3.250E*01 
3.160E*01 3.160E+01 3.160E*01 3.160E*01 3.160E*01 3.160E*01 3.160E*01 3.160E*01 
2.850E+01 2.850E*01 2.8503+01 2.8503*01 2.850E*01 2.650E+01 2.850E*01 2.850E*01 
2.990E101 2.980E*01 2.9803+01 2.979E*Gl 2-370E*Oi 2.665B*01 Z.lSLE*Ol 1.151E*00 
0 .0  9.6973-05 9.6973-04 9.6968-03 9.6813-02 9.541E-01 8.277E*00 2.865E*01 
1.950E+01 1.950E*01 1.950E*01 1.950E*01 1.950E*01 1.950E*01 1.950E*01 1.950E+01 
1.560E+01 1.560E*01 1.560E*01 1.560E*01 1.560E*01 1.560E*01 1.560E+01 1.560E*01 
2.292E*00 3.6593-03 2.357E-28 0.0 0.0 0.0 0.0 0.0 
7.8803*00 7 . 8 8 O E * O O  7.8EOE*00 7.8803*00 7-880E*00 7.880E*00 7.680E*00 7.880E*00 
2.238E*00 1.125E*00 2-3093-03 3.0603-30 0.0 0.0 0.0 0.0 
5.070E*01 5.299E*01 5.299E*Ol 5.2993*01 5.299E*01 5.299E*Ol 5.299E*01 5.2998*01 
1.820E*01 1.620E+01 1.820E*01 1.8203*01 1-820E*01 1.820E*C1 1.820E*01 1.820E*01 
4 -61  OE*OO 5.723E*00 6.846E*00 6.8U8E*00 6.848E*00 6.8483*00 6.848E+00 6.8483*00 
5.6403*00 5.6UOE*00 5.6UOE*00 5.640E*00 5.639E*00 5.63UE*00 5.580E*00 5.069E*00 
0.0 6.0 18E-07 6.01 BE-06 6 - 01 8E-05 6 -  018 E-04 6.015 E-03 5.986 E- 02 5.7 08E- 0 1 
6. 176E-01 4.8093-01 5.057E-02 8.3683-12 0:O 0.0 0.0 0.0 
0.0 1.UOUE-01 5,767E-01 6.280E-01 6,2801-01 6.280E-01 6.280E-01 6.280E-01 
4.175E-01 4.0923-02 3.418E-11 0.0 0, 0 0.0 0.0 0.0 
9.460E*00 9.460E+00 9.460E*00 9.460E*00 9.460E*00 9.46OE*OO 9.460E*00 9.460E*00 
8,859E-01 4.731E-04 1.673E-33 0.0 0.0 0.0 0.0 0.0 
2.090E*0 1 2.090E*01 2.090E*01 2.090E*01 2.090E*O 1 2.090E*01 2.090E*01 2.090E*01 

1.490E+01 1.579E*01 1.579E*01 1.579E*01 1.579E*01 1.578E*01 1.572E*01 1.511E+01 
0.0 3.889E-01 4.299E-01 4.299E-01 4-299E-01 4.299E-01 U.299E-01 4.29SE-01 

0.0 6.972 E- 07 6 - 972 E-06 6 -97 2 E-05 6 - 9 72 E-0 4 6.97 1 E-03 6 - 9 5 7  E-02 6 -8 2 1 E- 0 1 
1.287E*02 1.2581*02 l.O21E*O2 1.277E*01 1.1883-08 0.0 0.0 0.0 
5.560E*00 8.500E*00 3.211E*01 1.215E*02 1.3U3E*02 1.3433*02 1.343E*02 1.343E*02 
7. U40E*O 1 7.440E+O 1 7.UUOE*O 1 7 .  UU OE+01 7 .  U40E*0 1 7. UYOE* 01 7 -44  OE*01 7 . U U O E + O  1 
1.700E*02 1.700E*02 1.700E*02 1.700E*02 1.700E*02 1.700E*02 1.700E+02 1.700E*02 
1.890E+02 1.890E+02 1.890E*02 1.890E+02 1.8903*02 1.890E*02 1.890E*02 1.890E+02 
1.439E+01 5.972E-03 2.183E-33 0.0 0.0 0.0 0 .o 0.0 
1.730E*02 1.7303*02 1.730E+02 1.730E+02 1.7303*02 1.73OE*02 1.7301*02 1.730E+02 
3.979E+01 1.6333*01 5.395E-03 8.319E-38 0.0 0.0 0.0 0.0 
1.700E*02 1.844E*02 1.844E*02 1.844E*02 1.84UE*02 1.8U4E*02 1.8UUE+02 l.I344E+O2 
1.670E*02 1.670E*02 1.670E+02 1.670E*02 1.670E*02 1.6703*02 1.670E*02 1.670E*02 
1.13OE*02 1.365E*02 1.528E*02 1.528E*02 1.528E*02 1.528E*02 1.528E*02 1.528E*02 
1.070E+02 1.070E*02 1.070E*02 1.070E+02 1.070E*02 1.0702*02 1.070E+02 1.070E*02 

. 

c 
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ND146 
ND148 
ND150 
?n 147 
?f!lU8tl 
s n l 4 7  
s n t u 8  
sniso 
51151  
SI3152 
E0151 
E0152 
EU153 
E0154 
E0155 
GD154 
G D 1 5 5  
SOHTOT 

Table 8. (continued) 

SULIIIARP TABLE: CONCENTBATIOYS, GRAtlS 
E N T I R E  CORE (NSRE WITH U-233 FUEL) 

DISCHARGE 1.OYR 10.OYR 100.OYR 1-OKY 1O.ORY 100.OKY 1 .ONY 

8. UlOE*Ol 8. 4 10E*O 1 8 -41  OE*O 1 8- 41 OE+01 8.4 10E*O 1 8. U l O E +  01 8. 41 OE+01 8. u 10E+01 
4.630E+Ol 4.630E*Ol 4.6303+01 4.630E+01 4.630E+01 4.630E1.01 4.630E+01 4.630E+01 
1.900E+01 1.900E+01 1.900E*01 1.900E+Ol 1.900E+01 1.9COE*01 1.900E*01 1.90OE+01 
U.OllE*Ol 3.080E*01 2.8563+00 1.345E-10 0.0 0.0 0.0 0.0 
4.912E-02 1.069E-04 1.1663-28 0.0 0.0 0.0 0.0 0.0 
2.390E+01 3.321E*01 6*115E+Ol 6-U01E+01 6.401E+01 6.401E+01 6.UOlE+01 6.401E+01 
0.0 4.9 0 1 E- 02 4 - 9 1 2 E-02 4 91 2E- 02 4.9 1 2 3-0 2 4 - 9  1 2 E- 02 U - 9  1 2 E-02 4 .9 12 5-0 2 
2.710E+01 2.710E+01 2.710E*01 2.710E*01 2.710E+01 2.710E1.01 2.710E*01 2.710E+01 
5.5853+00 5.542E+00 5.171E+00 2-585E+00 2.52UE-03 1.9823-33 0.0 0.0 
1. U60E+01 1.460E+01 l.U61E*O 1 1-46 2E+Ol 1.4623+01 1. U62E+01 1 .U62E+01 1 .462E+01 
0.0 4.2853-02 4.140E-01 3;000E+00 5.582E*00 5.585E+00 5.5853+00 5.585E+00 
3.110E-02 2.9553-02 1.868E-02 1.9033-04 2.2863-24 0.0 0.0 0.0 
5.4503+00 5.450E*00 5.4508*00 5.450E+00 5.450E+00 5.450E*00 5.450E+00 5.4503+00 
1.303E-01 1.202E-01 5.820E-02 U.ll8E-05 1.29UE-36 0.0 0.0 0.0 
7.629E-01 6.634E-01 1.886E-01 6.4533-07 0.0 0.0 0.0 0.0 
0.0 1.009E- 02 7 -2 1 OE- 02 1 -30 3 3-01 1.3 03E-0 1 1 - 3  03 E-01 1 - 3 0  3 E-01 1 - 3  03 E-0 1 
0.0 9.951E-02 5-743E-01 7-629E-01 7 -6293-01  7.629E-01 7.629E-01 7.629E-01 
2.7093+03 2.7093+03 2.709E+03 2.7092+03 2.709E+03 2.709E+03 2.709E+03 2.709E+03 

TOTAL 2.709 E+03 2.709E+03 2.709E+03 2.709E+03 2-7 09E+03 2 - 7  09E+ 03 2.709E+03 2.7 09E*03 

. 

.- 
L 



. 

30 

SR 89 
SR 90 

Y 9 0  
Y 91 

Z R  93  
Z R  9 5  

NB 9 5  
NE 95U 
TC 99 
80103  
RU106 
RH103U 
RHlO6 
PD107 

SB125 

TE127 
TEl27H 
TE129 
TE129n 

I 1 2 9  
c s 1 3 u  
CS137 

C El41 
CE142 
CE144 
PRlUU 
PR144fl 

N B  93n 

s N123n 

TE125n 

8 ~ 1 3 7 n  

~n 1 u7 
p n i u 8 n  
SU 151 
EU152 
EU154 
E0155 
S UIITOT 

TOTAL 

Table 9. ORIGEN2 output for MSRE salts: 
curies of fission products and daughters 

SOUtlARY TABLE: RADIOACTIVITY, CURIES 
ENTIRE CORE IHSRE WITH U-233 POEL1 ~~ 

DISCHARGE 1.OYR 1O.OYR’ 100.OYR 1.ORY 10.ORY 1OO.OKY 1.0uy 

1.6203405 1.077E+03 
1.350E+OU 1.318E*04 
1.360E+OU 1.319E+OU 
1.830E+05 L U 1 6 E + 0 3  

2.000 E 405 3.8 2UE+03 

1.720E405 8.58UE+03 

2.991E-01 2.991E-01 

0.0 1. 4 12E-02 

4. lU9E403 2.8373+01 
5.05UE-01 5.054E-01 
7.400E+04 1.181E+02 
7.491E403 3.7663+03 
7 .  40 lE+OU 1.065E+02 
8.909E403 3.7663+03 
2.90 2 E- 0 3 2.9 0 2E- 0 3  
1.390E402 0.0 
6.380E402 4.967E+02 
1.870E+02 1.216E402 
3.279E404 3.7823402 
3.9UOE403 3.862E402 
9.7903+04 9.2823+00 
2.670 E+04 1.4 26WO 1 
2.63 1 E-0 3 2.7 8 9E- 0 3 
5.519E+00 3.94UE+00 
1.12OE+OU 1.09UE4OU 
1.050E+OU 1.035E+OU 
U.lOlE405 1.7023+02 
4.153E-06 U.153E-06 
1.2703405 5.2 1 l E + O Y  
1.28OEi05 5.211E+OU 
0.0 6.254E402 
3.720 E+04 2.8 5 6 E +  04 
1.050E*03 2.286E+00 
1.470E402 l.U59E+02 
5.38 OE+OO 5.1 13Ei00  
3.519E401 3.246E401 

1.800E+06 2.0683405 
3.550E402 3.087E402 

2.7293-17 0.0 
1.064E+04 1.2493403 
1.06UE404 1.2493+03 
2.948E-14 0.0 
2.9913-01 2.99 1E-01 
1.3073-12 0.0 
1.1 3 5 E- 0 1 2.82 4 E- 0 1 
2.9018-12 0.0 
9.69UE-15 0.0 
5.05UE-01 5.0523-01 
7.611E-24 0.0 
7.730E+00 1.0203-26 
6.861E-24 0.0 
7.730E400 1.02UE-26 
2.902E- G 3  2.90 2E- 03 
0.0 0.0 
5.22 4E+01 8.64 4 E- 09 
1.2753+01 2,109E-09 
3.1603-07 0.0 
3.2263-07 0.0 
3.2RlE-29 0,O 
5.041E-29 0.0 
2-78  9E- 0 3 2.78 9E-03 
1 -91 4E- 0 1 1 .38 9E- 14 
8.889E403 1.11 1E+03 
8.409E403 1.051E+03 
6.220E-29 0.0 
4 -1  53E- 06 4. 15 3E-06 
1 -722Et01  2.6553-34 
1.72 2 E+O 1 2.65 5 E-34 
2.066E-01 3.186E-36 
2.649E403 1.2U 7E- 07 
2.492E-24 0.0 

3.232E+00 3.2921-02 
1.572E+01 1. 112E-02 
8.773 E+ 01 3.00 2E-04 
4.159E+04 4.730E403 

1.36 1 E402 6.804E+01 

0.0 0.0 0.0 0.0 
6.2123-07 0.0 0.0 0.0 
6.214E-07 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
2.990E-0 1 2.9783-01 2 -8593-01 1.9 01 E-01 
0.0 0.0 0.0 0.0 
2.8 40E-01 2.829E-01 2.716E-01 1.8 06E-01 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
5.038E-01 U.892E-01 3.650E-01 1.95223-02 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
2.9 0 2  E-0 3 2.8 99 E-03 2.87 1 E-03 2.6 08 E-03 
0.0 0.0 0.0 0.0 
0.0 0.0 0 .o 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.9 0.0 
0.0 c. c 0.0 d . 0  
0.0 0.0 0.0 0.0 
2.7 8 9  E- 0 3 2.7881- 03 2.77 6E- 03 2.6 68 E- 0 3 
0.0 0.0 0.0 0.0 
1.034E-06 0.0 0.0 0.0 
9.7838-07 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
4. 153E-06 4 .153 E-06 4.15 3E-06 4.153E-06 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0-0 0.0 
0.0 0.0 0.0 0.0 
6.643E-02 5.217E-32 0.0 0.0 
3.955E-22 0.0 0.0 0.0 
3.495E-34 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
1 - 159  E + O O  1.076E400 9.28 1E-01 3.956E- 01 

1 

. 1.800E406 2.0683405 4.159E+OU 4.730E403 1.159E+00 1.076E400 9.281E-01 3.956E-01 
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H E  4 
P E206 
PB207 
PB208 
61209 
EA226 
TH229 
TH230 
TB232 

U232 
0233 
0234 
0235 
U236 
0238 

NP237 
PO239 
PO240 
PO241 
AM241 
S UHTOT 

TOTAL 

Table 10. ORIGEN2 output  f o r  MSRE salts:  
grams of a c t i n i d e s  and daughters  

SUHUARY TABLE: CONCENTRATIONS, GRACIS 
ENTIRE CORE (8SRE YITH 0-233 FUEL) 

DISCHARGE 1.OYR 1O.OYR 100.OYR 1.OKY 10.OKY 100.OKY 1 . o m  
0.0 1.045E-02 1.051E-01 8.3543-01 4.487E*00 7.195B+Ol 1.1423+03 3.619E*03 
0.0 9.7893- 15 3.171E- 10  2.17 OE- 06 U.084E-03 2.036 E + O O  2.2081*02 2.352E+03 
0.0 8.4 14E- 1 4  8.777E- 1 1 5.07 7E- 08 8 -7  27 E-06 8.8 93 E-04 6.807 E- 02 1.3 03 E +OO 
0.0 6.2773-02 6.435E-01 4-U07E+00 7.207E*OO 7.207E*00 7.2073+00 7.207E*00 
0.0 5.3963-06 5.926E-04 5-96 1E-02 5.794E+00 4.4CSE+02 9.361E+03 2.861E+dU 
0.0 3.587E-08 3.5823-06 3.535E-04 3.1 O8E-02 1.217E*00 9.393E+00 1.576E*00 
0.0 1.389E-01 1.388E+00 1.382E+Ol 1.323E*02 8.765E*02 9.9583+02 1.947E*01 
0.0 8.111E-03 8.111E-02 8.107E-01 8.06UE+00 7.647E*01 4.560E+02 7.712E+Ol 
0.0 1.9 79 E-06 1 - 98 0 E- 05 1.99 0 E- 04 2.089 E-0 3 2.8 02 E- 02 3.9 1 7 E-0 1 4.0 45 E +  00 
7.846E+00 7.7713+00 7.126E+00 2.9963+00 5.161E-04 1.207E-41 0.0 0.0 
3.232E+04 3.2323+04 3.232E+04 3.23 lE+O4 3.218E+OU 3.094E+04 2.0873+04 4.081E+02 
2 .9113+03  2.9113+03 2.9113+03 2.91 OE*03 2.9031*03 2.830E*03 2.1938+03 1.711E+02 
9.860E+02 9.860E+02 9.8623*02 9.878E*02 1.003E+03 1.139E+03 1.563E+03 1.596E*03 
6.800E+0 1 6.80 1E+01 6.808E+01 6.87 8E+Ol 7 - 5  42 E+O 1 1.1623+02 1.4 1 UE+02 1.3 76 E+02 
2.370E+03 2.370E+03 2.370E+03 2.370E*03 2.370E+03 2.3703+03 2.3703*03 2.370E+03 
0.0 7.761E-04 3.27313-02 1.0652+00 7.028E+00 8-847E+00 8.593E+00 6.42OE*00 
6 .223E+02 6.223E+02 6.221E+02 6.205E+02 6.046E*02 4.666E+02 3.4921*01 1.925E-10 
7.501E+01 7.500E+01 7.493E*01 7.4223*01 6.746E*01 2.598E+Ol 1.866E-03 0.0 
8.742E+00 8.3313+00 5.402E*00 7.096E-02 1.0853-20 0.0 0.0 0.0 
2.7931-01 6.8943-01 3.586E*00 7.868E*00 1 -8753+00  1.015E-06 0.0 0.0 
3.937E+04 3.937E+OU 3.937E*04 3.937E*04 3.937E+04 3.9373*04 3.937E+OU 3.938E*04 

3.937EtOY 3.9373+04 3.937E+04 3.937E*04 3.937E*04 3.937E+04 3.9381*04 3.938E+04 

c 



32 

TL207 
TL2O8 
TL209 
PB209 
PB210 
PB211 
PB212 
PB2lU 
81210 
81211 
BIZ12 
BI213  
81214 
PO210 
PO212 
PO213 
PO214 
PO215 
PO21 6 
PO218 
AT217 
RN219 
RN220 
RN222 
F R22 1 
R A223 
RA224 
88225 
RA226 
AC225 
8C227 
T R227 
TA228 
TH229 
TK230 
TH231 
TH234 
PA231 
PA233 
PA23UPI 

U232 
0233  
U234 
023 5 
U236 
U238 

NP237 
20238 
PO239 
PU2UO 
PO241 
An241 
c n 2 u 2  
5 ONTOT 

TOTAL 

Table 11. ORIGEN2 output  f o r  MSRE salts: 
c u r i e s  of a c t i n i d e s  and daughters  

SUHHAEY TABLE: RADIOACTIVITY, CURIES 
ENTIRE CORE (PISRE YITA 0-233 FUEL) 

DISC A AB G E  1.OYB 1O.OYR 100.OPR 1.ORY 10.OKY 100.OKP 

0.0 7.08UE-10 6.467E-08 3.144E-06 USU92E-05 U.396E-04 2.795E-03 
5.491Ei01 5.672EiOl 5.618Ei.01 2.368E+01 U.086E-03 1.105E-09 1.544E-08 
0.0 6.385E-04 6.382E-03 6.3543-02 6 -0793-01  4.029E+00 4 .577E+00 
0.0 2.956E-02 2.955E-01 2.9423+00 2-815E+01 1.865E+02 2.1 19E+02 
0.0 3.591E-10 3.395E-07 1.94 1E-04 3-073E-02 1.204E+00 9.287E*00 
0.0 7. 10UE-10 6,486E-08 3.153E-06 4.504E-05 4.409E-04 2.8038-03 
1.530Ei02 1 .5793+02  1.56UE+02 6.590E+01 1.137E-02 3.074E-09 U.298E-08 
0.0 3.547E- 08 3 -54 2E- 06 3 -4953-04 3 -074  E-02 1 - 2 04E+00 9.289EiOO 
0.0 3.591E-10 3.3963-07 1-94 1E-04 3.0738-02 1.204E+00 9.2873+00 
0.0 7. IOUE-10 6.486E-08 3.1533-06 4.5043-05 4.409E-04 2.8033-03 
1.5301402 1.579E+02 1.56UE402 6.5903+01 1.1373-02 3.07UE-09 U.298E-08 
0.0 2.956E- 02 2.955E-01 2.94 2E+OO 2.8 15E+01 1 .865Ei02  2.119E+02 
0.0 3.5471-08 3.542E-06 3.495E-04 3.0743-02 1.204E+00 9.289Ei00 
0.0 1.16UE-10 3.396E-07 1.9UlE-04 3-073E-02 1.2CUE+00 9.287EiOO 
9.760Ei01 1.011E+02 1.002E+02 4.2225+01 7.2863-03 1.970E-09 2.7548-08 
0.0 2.8928-02 2.89lE-01 2.878EiOO 2.754E+01 1.825Ei02 2.073Ei02 
0.0 3.5463- 08 3.5423-06 3 .495E-O4 3-073E-02 1.2CUE*00 9.287Ei00 
0.0 7.1 OUE- 10  6.4 86 E- 08 3.15 3E- 06 4.5 00 E-05 4. 4 09 E-04 2.8 0 3  E- 03 
1.530Ei02 1.579E+02 1.564Ei02 6.590E+01 1.137E-02 3.07UE-09 U.298E-08 
0.0 3.5483-08 3.5433-06 3.496E-04 3.074E-02 1.20UE+00 9.291E+OO 
0.0 2.9561-02 2-9553-01 2.942E+00 2.815E+01 1.865E+02 2.119E+02 
0.0 7.104E-10 6.486E-08 3.1533-06 4.50UE-05 4.409E-04 2.803E-03 
1.53OEi02 1.579EiO2 1.564E+02 6.590E+01 1.137E-02 3.074E-09 4 .298E-08 
0.0 3.548E-08 3.543E-06 3.496E-04 3.07UE-02 1.204E+00 9.291Ei00 
0.0 2.9563-02 2.955E-01 2.942E+00 2.815E+01 1.8653+02 2.119E+02 
0.0 7. 104E-10 6.486E-08 3.1533-06 U.50UE-05 U.409E-04 2.8033-03 
1.530E+02 1 .579Ei02  1.564E+02 6.590E+01 1.1 37E-02 3.07UE-09 4.298E-08 
0.0 2.9563- 02 2 -955E- 01 2-94 2E+OO 2.8 1 5 E + O  1 1.865EiO2 2.119E+02 
0.0 3. SU8E-08 3.5438-06 3.496E-04 3.0743-02 1.20UE400 9.291Ei00 
0.0 2.956E- 02 2 -955  E- 0 1 2-94 2E+ 00 2.8 15E+O 1 1.865E+ 02 2.1 1 9 9  02 
0.0 7. 104E-10 6.482E-08 3.1533-06 U.50UE-05 U.409E-04 2.803E-03 
0.0 7.006E-10 6.396E-08 3.11 OE-06 4.442E-05 4.348E-04 2.76UE-03 
1 .530Ei02  1.573Ei02 1.562E402 6.590E+01 1-1373-02 3.074E-09 4.298E-08 
0.0 2.956%-02 2.955E-01 2.98 2E+OO 2.8 15E+01 1.865E+02 2 .119E+02 
0.0 1.638E-OU 1.6381-03 1.6373-02 1.628E-01 l.SUUE+OO 9.208E+OO 
0.0 2.1323-03 2.1331-03 2.1363-03 2.170E-03 2.463E-03 3.3811-03 
0.0 7.971 E-04 7.971 E- 04 7 -97 1 E- 04 7.971 E-04 7.971 E-04 7.97 1 E-04 
0.0 4.511E-08 4.51UE-07 4.51 1E-06 4.503E-05 4.407E-04 2.803E-03 
0.0 5. U73E-07 2.308E-05 7.508E-04 4.956E-03 6.2391-03 6.06OE-03 
0.0 7.971E-04 7.97 1 E-04 7.97 1 E- 04 7.971 E-04 7.9713-04 7.97 1 E-04 
1.680Ei02 1.66UE+02 1.5263+02 6.415E+01 1.105E-02 2.584E-40 0.0 
3.130E+02 3.130Ei02 3.130E+02 3.129E+02 3.116E+02 2.996E+02 2.021E+O2 
1 .820Ei01  1.820E+01 1.820Ei01 1.81 9E+01 1.815E+01 1.769EiOl 1 .371Ei01  
2.132E-03 2.1328-03 2.1331-03 2.136E-03 2-170E-03 2.463E-03 3.38 1E-03 
4 .U01E-03 U. UO2E-03 4.U06E-03 U . U 5  2E-03 4.8813-03 7.520E-03 9.149E-03 
7 -97  1 E-04 7.971E-04 7.971 E-04 7.97 1E-04 7.971E-04 7.9713-04 7 .97  1E-04 
0.0 5.4733-07 2.308E-05 7.508E-04 4.956E-03 6.239E-03 6.0601-03 
1.000E+00 1.090E+00 1.040E+00 5.108E-,Ol 4.173E-04 5.541E-35 0.5 

1 7 1 0 E+O 1 1.7 1 O E + O  1 1.7 08 E+O 1 1-69 2 E+ 0 1 1.5 38 E + O  1 5.9 22E+ 00 4 - 2  5 4 E- 04 
9.010E+02 8.586E+02 5.567Ei02 7-313E+00 1.1 18E-18 0.0 0.0 
9.590 E- 01 2.3 67E+00 1 -23  1 E +  01  2.70 1 E+ 01 6. 4 39 E + O  0 3.487E- 06 0.0 
2.450E+01 5.193E+00 4.511E-06 0.0 0.0 0.0 0.0 
2.553Ei03 2.525E+03 2.206E+03 9.70UE+02 6.149Ei02 1.857Ei03 2.006E+03 

3.870%01 3.870Ei01 3.869Ei01 3-859E+01 3.760E+01 2.901E+01 2.171Ei00 

1.OPIY 

3.442E-03 
1.595E-07 
8.9 515- 02 
U.lUUE+OO 

3.U52E-03 
4 .U 38 E-07 

1.558E+O0 

1.558Ei00 
1.5 58 E+OO 
3.4 52E-03 
4 .U 38E-07 
4 -144 5+00 
1.558E+ 00 
1.558E+00 
2.844E-07 
4. O55E+OO 
1.558Ei00 

1.559E+00 

3. US2E- 03 
4. 4 38E- 07 

U . l U U E + O O  
3 - 4  52E-03 
4. U 38E- 07 
1.559E+00 
4 .lUUE+00 
3.4 522-03 
4 .U 38 E- 07 
4.1 44E+00 
1.559E+00 
4.1 4UE+00 
3.4 52E-03 
3 - 4  OU E-03 
4.438E-07 . 
4.144E+00 

3 .U 521-03 
7.9 70 E-04 
3.4 52E- 03 
4. 5 27 E- 0 3 
7.970E-04 
0.0 
3.9 52 5+00  
1 .o t i95+00.  
3.U52E- 03 
8.909E-03 
7.970E-04 
4.5 27 E-03 
0.0 
1.197E-11 
0 .o 
0.0 
0.0 
0.3 
5.382E+01 

1.557E+00 
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Discharge ( t h e s e ' a r e  t h e  input  d a t a ,  as taken  from ORIGEN) 

1 year 

10  yea r s  

100 yea r s  

1000 yea r s  

10,000 years  

100,000 yea r s  

1 m i l l i o n  years  

Data were a l s o  ca l cu la t ed  f o r  those  times used i n  t h e  o r i g i n a l  

6 

ORIGEN runs: 

384 d ( 1  year  and 19 d, corresponding t o  January 1, 1971; 

used i n  t h e  o l d  ORIGEN c a l c u l a t i o n s )  

749 d (2 years  and 19 d) 

1115 d ( 3  yea r s  and 19 d) 

1480 d (4 years  and 19 d)  

1845 d (5  yea r s  and 19 d) 

Agreement between t h e  two ou tpu t s  was checked a t  t h e  1845-d output  

and found t o  be e x c e l l e n t ,  wi th  minor except ions.  A d e t a i l e d  l i s t i n g  is  

g iven  i n  Tables 12 through 15. In summary, t h e  except ions  a r e  as 

fo l lows  : 

0 Fis s ion  products  ( i n  grams): Of a t o t a l  of 45 i so topes ,  31 agreed 

e x a c t l y  and t h e  o t h e r  14 d i f f e r e d  by no more than 4%. 

mass was 2710 g i n  both cases. 

The t o t a l  FP 

0 Fis s ion  products  ( i n  c u r i e s ) :  Of a t o t a l  of 29 i so topes ,  7 agreed 

e x a c t l y ,  6 d i f f e r e d  by minor amounts (1  t o  4 % ) ,  3 d i f f e r e d  s i g n i f i -  

c a n t l y  (17% less,  50% less, and 250% more), and 13 d i f f e r e d  by l a r g e  

f a c t o r s  (20 t o  800). A l l  of t h e  l a r g e  d i f f e r e n c e s  were i n  minor 

i so topes  t h a t  con t r ibu ted  less than 0.1% of t h e  t o t a l  a c t i v i t y ,  

which agreed ve ry  w e l l  (5.70 x l o 4  vs 5.71 x l o 4  Ci) .  

t h e s e  d i sc repanc ie s  are twofold: rev ised  h a l f - l i v e s ,  and a numeri- 

ca l  e r r o r  i n  ORIGEN f o r  t h e  very  low a c t i v i t i e s .  

The causes  of 

0 Act in ides  ( i n  grams): Exce l len t  agreement f o r  a l l  nine i so topes ;  

two agreed e x a c t l y ,  f i v e  were wi th in  1%, one minor c o n s t i t u e n t  

(Pu-241) was wi th in  14%, and t h e  major c o n t r i b u t o r  (U-233) was 

wi th in  2%. The d i f f e r e n c e  f o r  U-233 w a s  t r a c e d  t o  a r e v i s i o n  i n  t h e  
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Table 12. 

R e c o n c i l i a t i o n  of ORIGEN/ORIGENZ R e s u l t s  

I: A c t i n i d e s  and Daughters ,  i n  C u r i e s  

C u r i e s  a f t e r  5 y r  

I s o t o p e  H a l f - l i f e  ORIGEN ORIGEN2 Comments 

T1-208 
Pb-212 
Bi-212 
Po-212 
PO-216 
Rn- 2 20 
Ra-224 
Th-228 
U-232 
U-233 
U-234 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Am-241 

Cm-242 

S u b t o t a l  

T o t a l  

3.05 mln 
10.6 h r  
60.6 min 
0.3 usec 
0.15 sec 
55.6 sec 
3.64 d 
1.91 y r  
72 yr 
1.58 E 3  y r  
245 E3 y r  
88 y r  
24.1 E3 y r  
6540 y r  
14.4 y r  
432 y r  

5.82 E l  a 
1.62 E2 a 
1.62 E2 a 
1.03 E2 1.04 E2 
1.62 E2 a 
1.62 E2 a 
1.62 E2 a 
1.62 E2 1.61 E2 
1.60 E2 a 
3.13 E 2  a 
1.82 E l  a 
1.09 EO 1.08 EO 
3.87 E l  a 
1.71 E l  a 
6.88 E2 7.07 E2 
6.97 EO 7.40 EO 

163 d 3.81 E-2 0.97 E-2 

2.37 E 3  2.40 E3 

2.38 E3b  2.40 E 3  

. 

In s e c u l a r  e q u i l i b r i u m  w i t h  U-232c 
In s e c u l a r  e q u i l i b r i u m  w i t h  U-232 
In s e c u l a r  e q u i l i b r i u m  w i t h  U-232 
In s e c u l a r  e q u i l i b r i u m  w i t h  U-232c 
In s e c u l a r  e q u i l i b r i u m  w i t h  U-232 
In secular e q u i l i b r i u m  w i t h  U-232 
In  s e c u l a r  e q u i l i b r i u m  w i t h  U-232 
In s e c u l a r  e q u i l i b r i u m  w i t h  U-232 

. 

ORIGEN used h a l f - l i f e  of 13.0 y r  
Daughter of Pu-241; ORIGEN h a l f - l i f e  
was 470 y r  
Assumed O R I G I N  i n c l u d e d  a p r e c u r s o r d  

D i f f e r e n c e  due mainly t o  Pu-241 

M f f e r e n c e  due mainly t o  Pu-241 

. 

aSame v a l u e  as  ORIGEN. 
bThis  t o t a l  i n c l u d e s  some minor c o n t r i b u t o r s  n o t  i n c l u d e d  I n  t h e  s u b t o t a l .  

CBranching decay product  of Bi-212. 

dAm-242 m (152 y r ) ;  0.04 C i  a t  d i s c h a r g e  would e x p l a i n  t h e  d i f f e r e n c e .  
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Table 13. 

R e c o n c i l i a t i o n  of ORIGEN/ORIGEN2 R e s u l t s  

11: A c t i n i d e s  and Daughters ,  i n  'Grams 

G r a m s  a f t e r  5 y r  

I s o t o p e  H a l f - l i f e  ORIGEN ORIGEN2 Comments 

U-232 
U-233 
U-234 
U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu- 24 1 

72.0 y r  
158 E 3  y r  
245 E3 y r  
704 E6 y r  
23.4 E6 y r  
4.47 E9 y r  
24.1 E3 y r  
6540 y r  
14.4 y r  

7.49 EO 7.47 EO 
3.30 E4 3.23 E4 
2.94 E 3  2.91 E3 
9.86 E2 a 
6.80 E l  6.81 E l  
2.37 E3 a 
6.31 E 2  6.22 E2 
7.74 E l  7.50 E l  
6.03 EO 6.86 EO 

ORIGEN used h a l f - l i f e  of 162 E3 y r  
ORIGEN used h a l f - l i f e  of 247 E3 y r  
ORIGEN used h a l f - l i f e  of 711 E6 y r  
ORIGEN used h a l f - l i f e  of 23.9 E6 y r  
ORIGEN used h a l f - l i f e  of 4.51 E9 y r  
ORIGEN used h a l f - l i f e  of 24.4 E3 y r  
ORIGEN used h a l f - l i f e  of 6758 y r  
ORIGEN used h a l f - l i f e  of 13.0 y r  

S u b t o t a l  4.01 E4 3.94 E4 M f f e r e n c e  due mainly t o  U-233 

To t a l  4.01 E4 3.94 E4 M f f e r e n c e  due mainly t o  U-233 

aSame v a l u e  as  ORIGEN. 

. 



b 

36 

Table 14. 

R e c o n c i l i a t i o n  of ORIGEN/ORIGENZ R e s u l t s  

111: F i s s i o n  Products ,  i n  Cur i e s  

C u r i e s  a f t e r  5 y r  

I s o t o p e  H a l f - l i f e  ORIGEN ORIGENZ Comments 

Sr-89 50.5 day 8.67 E-4 .016 E-4 Numerical e r r o r  i n  O R I G I N b  
Sr- 90 29.1 y r  1.19 E4 a 
Y-90 64 h r  1.19 E4 a 
Y-91 58.5 day 8.43 E-3 .059 E-3 Numerical e r r o r  in O R I G I N b  
72-95 64.0 day 7.31 E-2 .042 E-2 Numerical e r r o r  i n  O R I G I N b  
Nb-95 m 87 h r  7.76 E-4 ,031 E-4 Numerical e r r o r  in ORIGINC 
Nb- 95 35 day 8.56 E-2 .096 E-2 Numerical e r r o r  i n  ORIGINb 
Ru-103 39 day 1.79 E-7 .005 E-7 Numerical e r r o r  in O R I G I N b  
Rh-103 m 56 min 8.94 E-8 .049 E-8 Numerical e r r o r  i n  O R I G I N C  
Ru-106 368 day 2.30 E2 2.32 E2 O R I G I N  used h a l f - l i f e  of 366 days 
Rh- 106 30 s e c  2.30 E2 2.32 E2  In s e c u l a r  e q u i l i b r i u m  wi th  Ru-106 
Sn-123 m 40 min 7.99 E-2 0 O R I G I N  used h a l f - l i f e  of 129 daysd 
Sb-125 2.77 y r  1.83 E2 1.80 E2 ORIGIN used h a l f - l i f e  of 2.70 y r e  
Te-125 m 58 day 8.70 E l  4.4 E l  Daughter of Sb-125- r e v i s e d  

Te-127 m 109 day 1.09 EO .032 EO Numerical e r r o r  i n  O R I G I N b  
Te-127 9.35 h r  5.39 E-1 .31 E-1 Numerical e r r o r  i n  ORIGINC 
Te-129 m 33.6 day 6.40 E-10 ,008 E-10 Numerical e r r o r  i n  ORIGINb 
Te-129 69.6 min 2.05 E-10 .005 E-10 Numerical e r r o r  in ORIGINC 
Cs-134 2.06 y r  1.00 EO a 
Cs-137 30.0 y r  9.95 E3 a 
Ba-137 m 2.55 min 9.30 E3 9.43 E3 
Ce-141 32.5 day 1.52 E-9 .003 E-9 Numerical e r r o r  i n  ORIGINb 
Ce-144 284 day 1.41 E3 a 
Pr-144 17.3 min 1.41 E3 a 

branching r a t i o  I 

. 
8 

c 

t 
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' Table 14. (continued) 

R e c o n c i l i a t i o n  of ORIGEN/ORIGEN2 R e s u l t s  

111: F i s s i o n  Products ,  i n  C u r i e s  (Concluded) 

C u r i e s  a f t e r  5 y r  

I s o t o p e  H a l f - l i f e  ORIGEN ORIGEN2 Comments 

Pm-147 
Pm-148 m 
Sm-151 
Eu-152 
Eu- 154 
Eu-155 
Gd-162 
Tb-162 m 

S u b t o t a l  

T o t a l  

2.62 y r  
41.3 day 
90 y r  
13.6 y r  
8.6 y r  
4.96 y r  
8.6 min 
7.6 min 

1.02 E4 

1.42 E2 
4.02 EO 
2.83 E l  
5.14 E l  
8.27 E-2 
8.2 7 E-2 

1.61 E-8 
.98 E4 
.004 E-8 Numerical e r r o r  i n  ORIGENb 

4.16 EO ORIGEN used h a l f - l i f e  of  1 2  y r  
2.34 E ORIGEN used h a l f - l i f e  of 16 y r  

17.52 E l  ORIGEN used h a l f - l i f e  of 1.8 y r  

a 

0 ORIGEN used h a l f - l i f e  of  1.00 y r g  
0 In t r a n s i e n t  e q u i l i b r i u m  w i t h  Gd-162 

5.71 E4 5.70 E4 

5.71 E4 5.70 E4 

aSame v a l u e  as ORIGEN. 
bAl l  of t h e s e  had h a l f - l i v e s  of 32 t o  109 days.  ORIGEN gave t h e  c o r r e c t  

v a l u e s  a t  1 y r ,  bu t  t h e n  changed t o  a l o n g e r  h a l f - l i f e  (about  50X l o n g e r ) .  
L a t e r  v e r s i o n s  of ORIGEN do not  have t h i s  e r r o r .  

CDaughter of a p r e c u r s o r  t h a t  s u f f e r s  from t h e  e r r o r  d e s c r i b e d  i n  f f  
dORIGEN r e v e r s e d  t h e  h a l f - l i v e s  of Sn-123 and Sn-123 m. 
eORIGEN used a l o n g e r  h a l f - l i f e  d u r i n g  t h e  f i r s t  year .  
fORIGEN used 47%; l a te r  v a l u e  i s  23%. 
gThis  is a n  er roneous  v a l u e  used by ORIGEN. Later v e r s i o n s  of ORIGEN used 

"b". 

10.4 min, b e f o r e  g o i n g  t o  8.6 min. 

. 
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Table 15. 
R e c o n c i l i a t i o n  of ORIGEN/ORIGEN2 R e s u l t s  

IV: F i s s i o n  F'roducts, i n  Grams 

G r a m s  a f t e r  5 y r  

I s o t o p e  H a l f - l i f e  ORIGEN ORIGEN2 Comments 

Rb-87 
Sr-88 
Y-89 
Sr- 90 
Zr-90 
Zr-91 
Zr-92 
Zr-93 
Z r -  94 
Mo- 95 
Zr-96 
Mo- 97 
Mo-98 
Tc-99 
Mo- 100 
Ru-101 
Ru-102 
Rh-103 
Ru- 104 
Pd-105 
Pd- 106 
Pd-107 
Te-128 
1-129 
Te-130 
CS-137 
Ba-137 

4.7 E10 y r  
s t a b l e  
s t a b l e  
29.1 y r  
s t a b l e  
s t a b l e  
s t a b l e  
1.5 E6 y r  
s t a b l e  
s t a b l e  
s t a b l e  
s t a b l e  
s t a b l e  
2.1 E5 y r  
s t a b l e  
s t a b l e  
s t a b l e  
s t a b l e  
s t a b l e  
s t a b l e  
s t a b l e  
6.5 E6 y r  
s t a b l e  
1.57 E7 y r  
s t a b l e  
30.0 y r  
s t a b l e  

8.48 EO a O R I G I N  used h a l f - l i f e  of  5.0 E10 y r b  
5.64 EO a 
7.24 E l  7.22 E l  
8.44 E l  8.77 El O R I G I N  used h a l f - l i f e  of 28.1 y r  
1.57 E l  a 
1.05 E2 a 
1.10 E2 a 
1.19 E2 a 
1.18 E2 a 
3.97 E l  3.81 E l  
1.14 E2 a 
3.25 E l  a 
3.16 E l  a 

2.85 ~i a 
1.95 E l  a 
1.56 E l  a 
5.30 E l  a 
7.88 EO a 
1.82 E l  a 
6.77 EO 6.78 EO 
5.64 EO a O R I G I N  used h a l f - l i f e  of 7.0 E6 y r b  
9.47 EO 9.46 EO 
1.58 E l  a O R I G I N  used h a l f - l i f e  of 1.70 E7 y r b  
2.09 E l  a 
1.14 E2 1.15 E2 
1.97 E l  a 0 

2.99 ~i 2.98 ~i 

. 

-. 

. 
s . 
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Table 15. (continued) 

R e c o n c i l i a t i o n  of ORIGEN/ORIGEN2 R e s u l t s  

I V :  F i s s i o n  Products ,  i n  Grams (Concluded) 

G r a m s  a f t e r  5 y r  

I s o t o p e  H a l f - l i f e  ORIGEN ORIGEN2 Comments 

Ba-138 
La-139 
Ce- 140 
Pr- 141 
Ce- 142 
Nd-143 
Ce-144 
Nd-144 
Nd-145 
Nd-146 . 
Rn-147 
Sm-147 
Nd-148 
Nd-150 
Sm- 150 
Sm-151 
Sm-152 
Eu-153 

S u b t o t a l  

T o t a l  

s t a b l e  
s t a b l e  
s t a b l e  
s t a b l e  
s t a b l e  
s t a b l e  
284 d 
2.1 E15 y r  
s t a b l e  
s t a b l e  
2.62 y r  
1 .06 E l l  y r  
s t a b l e  
s t a b l e  
s t a b l e  
90 y r  
s t a b l e  
s t a b l e  

7.44 E l  
1.70 E2 
1.90 E2 
1.84 E2 
1.73 E2 
1.73 E2 
4.41 E-1 
1.52 E2 
1.07 E2 
8.41 E l  
1.10 E l  
5.46 E l  
4.63 E l  
1.90 E l  
2.71 E l  
5.21 EO 
1.46 E l  
5.49 EO 

2.71 E3 

2.76 E3f 

a 
a 

1.89 E2 
a 
a 

1.67 E2 
4.43 E-1 

a 
a 
a 

1.06 E l  
5.35 E l  

a 
a 
a 

5.37 EO 
a 

5.45 EO 

a 

2.71 E3 

Assume ORIGEN inc luded  a p r e c u r s o r C  

O R I G I N  used h a l f - l i f e  of mb 

Assume ORIGEN i n c l u d e d  a p r e c u r s o r d  
O R I G I N  used h a l f - l i f e  of 

O R I G I N  used h a l f - l i f e  of 87 y r  

. aSame v a l u e  as ORIGEN. 
bFor very long- l ived  i s o t o p e s  t h e  d i f f e r e n c e  i n  h a l f - l i v e s  has  no e f f e c t  

over  a 5 y r  per iod .  
CPr-143 (13.6 d a y s ) ;  6 grams a t  d i s c h a r g e  would e x p l a i n  t h e  d i f f e r e n c e .  
dNd-147 ( I1  day) ;  1.6 grams a t  d i s c h a r g e  would e x p l a i n  t h e  d i f f e r e n c e .  
e O R I G I N  had more p r e c u r s o r ,  Pm-147. 
fnis t o t a l  i n c l u d e s  some minor c o n t r i b u t o r s  n o t  i n c l u d e d  in t h e  s u b t o t a l .  
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half-life from 162,000 to 158,000 years. This accounts for the 

U-233 and also for the small difference in the total actinide mass 

of 4.01 x lo4 g vs 3.94 x l o4  g. 
constituent, also results from a revised half-life of 14.4 years vs 
the prior value of 13 years. 

The difference for Pu-241, a minor 

0 Actinides (in curies): Excellent agreement; of a total of 17 isoto- 

pes, 11 agreed exactly, 5 were within 6%, and an explanation was 

found for Cm-242, a minor constituent where ORIGEN2 was 75% low. A 

minor precursor for Cm-242, Am-242m (152-years half-life), would not 

have been shown in the summary ORIGEN printout because it was below 

the 0.1% cutoff; however, after 5 years, it would contribute the 
major part of the total Cm-242, which has a half-life of only 163 d. 
The old ORIGEN calculations were quite thorough, including allowance 

for activation of the eutectic salt and rather precise modeling of the 

U-235 and U-233 fuelings and operating cycles. Allowance was made for 
the continuous gas sparging, which resulted in partial stripping of tri- 

tium and rare gases; also, the fluorination processing after the U-235 
operation, which removed not only U, but also H, He, Se, Br, Kr, Nb, Mo, 

Tc, Ru, Te, I, Xe, and Np, was taken into consideration. Both Tc-99 and 

1-129, of potential concern for permanent emplacement, were in the grams 

printout. We were able t o  identify only two factors that were not 
included: activation of corrosion products, and activation by neutrons 

from (a,n) reactions on the Be-9 and F-19 in the eutectic salt mixture. 
Both of these are very minor contributors. 

A helpful view of the ORIGEN2 results is given in Figs. 4 and 5. 
Figure 4 shows the total FP activity and the major contributors out to 1 
million years. Figure 5 shows the total actinide activity and the major 

contributors, also to 1 million years. Both drawings were made to the 

same scale. The former is essentially all beta-gamma contributors, while 

the latter is mostly alpha emitters. 

include T1-208 (from the U-232 chain), which is noteworthy because of a 

very energetic (2.6 MeV) gamma accompanying the beta decay to *08Pb. 

each case, a relatively few isotopes contribute most of the activity over 

a rather distinctive time span. Tbo observations are particularly 

noteworthy : 

The actinide decay chain does 

In 

0 

r 

c 
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1. F i s s ion  product a c t i v i t y  dominates a t  p re sen t ,  by a f a c t o r  of 15, 

but  w i l l  d e c l i n e  by a f a c t o r  of 10 over t h e  next  100 years  and be a t  

a minimal l e v e l  a f t e r  1000 years. 

2. Act in ide  a c t i v i t y ,  p r e s e n t l y  c o n t r o l l e d  by plutonium and t h e  U-232 

cha in ,  i s  decaying s lowly,  whi le  t h e  U-233 cha in  is  very s lowly 

growing in .  The result i s  a minimum i n  a lpha  a c t i v i t y  a t  1000 

years ,  a long wi th  t h e  d e p l e t i o n  of t h e  T1-208 gamma, followed by a 

m a x i m u m  i n  a lpha  a c t i v i t y  a t  about 40,000 yea r s ;  t h e r e f o r e ,  per- 

manent decay occurs .  

The t o t a l  a c t i v i t y  has  decayed d rama t i ca l ly  s i n c e  d ischarge ,  from 

1.8 m i l l i o n  C i  t o  34,000 C i .  Most of t h i s  d e c l i n e  stems from t h e  deple- 

t i o n  of shor t - l ived  f i s s i o n  products ,  which accounted f o r  200,000 C i  a t  1 

year  a f t e r  d i scha rge  and now, a f t e r  1 5  yea r s ,  amounts t o  32,000 C i .  The 

a c t i n i d e s  have decayed s lowly,  from 2550 C i  a t  d i scharge ,  t o  2520 C i  

a f t e r  1 year ,  t o  2000 C i  a f t e r  15 years .  

It can be seen  t h a t  t h e  gamma a c t i v i t y  w i l l  cont inue t o  decay wi th  

h a l f - l i v e s  of about 2, 30, and 72 years  and w i l l  e s s e n t i a l l y  d isappear  

a f t e r  1000 yea r s ,  whi le  t h e  a lpha  a c t i v i t y  w i l l  f l u c t u a t e  wi th in  one 

o rde r  of magnitude f o r  t h e  next 500,000 years  before  dec l in ing  per- 

manently. Since a lpha  decay c o n t r i b u t e s  about one-fourth of t h e  decay 

energy a t  p re sen t ,  t h i s  long-term a lpha  c o n t r i b u t i o n  is  p e r t i n e n t  con- 

cern ing  r a d i o l y s i s  t o  y i e l d  f luo r ine .  

The neutron a c t i v i t y  of t h e  sal ts  from (a ,n )  r e a c t i o n s  i s  much 

g r e a t e r  than normal because of t h e  presence of Be-9, F-19, and Li-7. 

These i so topes ,  p a r t i c u l a r l y  t h e  Be-9 and F-19, are e x c e l l e n t  t a r g e t s  f o r  

(a ,n)  r eac t ions .  A t  p re sen t  (15 years  a f t e r  d i scha rge ) ,  t h e r e  are about 

6 x l o 9  neut rons /s  from t h i s  source.  Spontaneous f i s s i o n  a l s o  contr ibu-  

tes some neutron a c t i v i t y .  These va lues ,  l i s t e d  i n  Table 16, fo l low t h e  

a c t i n i d e  curve wi th  t i m e .  Less than 1% of t h e  a lphas  are converted t o  

neutrons.  

The t r a n s u r a n i c  a lpha  a c t i v i t y  of t h e  salts  i s  r e l a t i v e l y  h igh ,  

about 70,000 nCi/g i n  t h e  f u e l  s a l t  and about 1,000 nCi/g i n  t h e  f l u s h  

salt .  (The t o t a l  a lpha  a c t i v i t y ,  inc luding  t h a t  from a l l  t h e  daughters ,  

i s  about s i x  times g rea t e r . )  Removal of t h e  uranium and neptunium by 
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Table 16. Neutron a c t i v i t y  of f u e l  s a l t  

(a,n) neutrons/s 
T i m e  

(years)  9Be 'F 7 L i  S .F .a  neutrons/s 

Discharge 

1 

10 

100 

1000 

10,000 

100,000 

1,000,000 

1.8 E9 

1.8 E9 

1.6 E9 

7 E8 

4 E8 

1.3 E9 

1.4 E9 

4 E7 

4.7 E9 

4.7 E9 

4.1 E9 

1.8 E9 

1.1 E9 

3.5 E9 

3.7 E9 

1 E8 

1.6 E7 

1.6 E7 

1.4 E7 

6 E6 

4 E6 

1.2 E7 

1.3 E7 

0.4 E6 

1.86 E6 

1.75 E6 

1.69 E6 

9.30 E5 

5.23 E5 

1.74 E6 

1.89 E6 

4.64 E4 

aspontaneous fission. 

. 
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f l u o r i n a t i o n  could lower t h e  a c t i v i t y  of t h e  f l u s h  sa l t  below t h e  

c 

. 
. 

t h re sho ld  l e v e l  f o r  TRU waste, but  t h e  f u e l  sa l t  would s t i l l  be a TKU 

waste because of t h e  plutonium content .  

4.2 RADIOLYSIS 

One of t h e  more s i n g u l a r  s i d e  e f f e c t s  de r iv ing  from t h e  use of a 

f l u o r i d e  sa l t  e u t e c t i c  as t h e  matrix material f o r  t h e  MSRE f u e l  i s  t h e  

product ion of f l u o r i n e  i n  t h e  cooled s a l t  as a r e s u l t  of r a d i o l y s i s .  

This  e f f e c t  was f i r s t  observed i n  1962 i n  small t es t  capsules ,  where a 

f l u o r i n e  overpressure  w a s  noted a f t e r  removal from a heated environment. 

Subsequent experiments have confirmed t h a t  f l u o r i n e  forms i n  cooled 

f l u o r i d e  sal ts  as a consequence of gamma r a d i a t i o n  and r e c o i l  from t h e  

r e a c t i o n  
r ad i a  t ion  MF- M + F  

o r  
rad  i a  t ion  M'F2- M'F + F , 

followed by 

Afte r  an incubat ion  per iod ,  gaseous F2 may be observed. A t  e leva ted  t e m -  

p e r a t u r e s ,  recombination ( t h e  r eve r se  r e a c t i o n )  is f a s t  enough t o  prevent 

accumulation of F2. 

( a c t i v a t i o n  energy of 19.4 kcal/mol) but r e l a t i v e l y  independent of 

f l u o r i n e  pressure.  This i s  c o n s i s t e n t  with a s o l i d - s t a t e  d i f f u s i o n  

mechanism, which would account f o r  t h e  primary a s p e c t s  of f l u o r i n e  

gene ra t ion ,  t h e  incuba t ion  per iod ,  and t h e  r a t e -con t ro l l i ng  f a c t o r s  i n  

t h e  recombination r eac t ion .  

F + F -+ F2. 

The recombination r e a c t i o n  is  temperature dependent 

P r i o r  ana lyses  suggested t h a t  f o r  t h e  MSRE f u e l  sa l t  t h e  product ion 

rate f o r  r a d i o l y t i c  f l u o r i n e  ( i n  1984) would be about 26 cm3/h ( a t  STP) 
and t h e  induct ion  per iod would be about 5 y e a r ~ . ~ r l ~  

t h e  annual r ehea t  w a s  i n s t i t u t e d  a f t e r  shutdown. A temperature  of about 

350°F i s  u t i l i z e d ,  which i s  w e l l  below t h e  mel t ing  poin t  of t h e  sa l t  and 

w e l l  above t h e  es t imated  temperature of 145'F where t h e  recombination 

ra te  equals  t h e  formation rate. 

For t h i s  reason,  

In any d i scuss ion  of extended s t o r a g e ,  f l u o r i n e  product ion i s  of 

p o s s i b l e  concern f o r  two reasons:  pressure  rise, and corrosion.  The 
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fol lowing ana lyses  show t h a t  n e i t h e r  is  a concern f o r  extended s to rage ,  

bu t  both must be considered i n  terms of permanent d i sposa l .  In  t h e  

l a t t e r  case, m i t i g a t i o n  can poss ib ly  be achieved by t h e  a d d i t i o n  of a 

g e t t e r  - an a c t i v e  metal which w i l l  react r e a d i l y  wi th  e lementa l  

f l u o r i n e .  

To c a l c u l a t e  t h e  es t imated  product ion ra te  of F2, we use 

Haubenreich's d a t a 2  f o r  t h e  ne t  y i e l d  of F2 a t  ambient temperature:  

0.020 molecule/100 eV, o r  0.17 c m 3  (STP)/W-h. 

c a l c u l a t e d  from: 3.0 x eV/g, o r  1.3 W-h/g. 

The induc t ion  per iod  i s  

Table 17  g ives  t h e  thermal power f o r  a c t i n i d e s  (and daughters)  and 

f o r  f i s s i o n  products ,  as c a l c u l a t e d  by ORIGEN2.  These r e s u l t s ,  which are 

graphed i n  Fig. 6 ,  show t h a t  t h e r e  is  a r ap id  d e c l i n e  i n  thermal power 

dur ing  t h e  f i r s t  100 years  and a c t i n i d e  a c t i v i t y  is  t h e  c o n t r o l l i n g  fac- 

t o r  t h e r e a f t e r .  These curves are, of course ,  an analogue t o  t h e  radioac- 

t i v i t y  curves  shown previous ly ,  except  t h a t  t h e  a c t i n i d e  c o n t r i b u t i o n  is  

r e l a t i v e l y  g r e a t e r  s i n c e  t h e  average energy p e r  a lpha  decay i s  g r e a t e r  

t han  f o r  beta-gamma decays.  This  a l s o  in t roduces  conservat ism i n  t h e  

c a l c u l a t i o n s .  

a lpha  r a d i a t i o n  has a much h igher  l i n e a r  energy t r a n s f e r  (LET). 

Therefore ,  t h e  f r e e  r a d i c a l s  produced by a lpha  decay w i l l  be much c l o s e r  

t oge the r ,  and recombination is  more probable.  The induc t ion  per iods  and 

n e t  f l u o r i n e  y i e l d  rates w e r e  ca l cu la t ed  us ing  Haubenreich's va lues ;  

t h e s e  va lues  are a l s o  g iven  i n  Table 17. 

ra tes  are about twice t h e  n e t  y i e l d s ,  but  some recombination is  occurr ing  

even a t  ambient temperature.)  

Haubenreich' s d a t a 2  were obta ined  f o r  gamma r a d i a t i o n ,  but  

(The a c t u a l  F2 product ion 

The d a t a  i n  Fig. 6 were i n t e r p o l a t e d  t o  estimate induc t ion  per iods  

and F2 y i e l d  rates dur ing  t h e  10- t o  100-year per iod;  t h e  r e s u l t s  are 

g iven  i n  Table 18. 

y i e l d  ra te  w i l l  f a l l  t o  h a l f  i t s  p resen t  va lue  and w i l l  cont inue  dropping 

u n t i l  i t  reaches  a minimum a t  about 1000 years .  It w i l l  remain a t  an 

average va lue  of about 8 cm3/h f o r  t h e  next  500,000 years  before  com- 

mencing a f i n a l  dec l ine .  

In 35 years (50 years  a f t e r  d i scha rge ) ,  t h e  F2 

4.2.1 Pressure  Rise 

The p res su re  rise i n  t h e  f u e l  s a l t  d r a i n  tanks  can be c a l c u l a t e d  

from t h e  F2 y i e l d  ra te  and t h e  void volumes i n  t h e  tanks.  

i n .  diam by 86 in .  high)  has a c a p a c i t y  of 80 f t 3 ,  and the  volume of 

Each tank  (50 

.- 
.. 

. 

.C 
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Table 17. Thermal power and calculated f luorine  y i e l d  rate  

Thermal power ( W )  
Induction Fluorine 

T i m e  Actinides Fiss ion period y i e l d  
(years)  and daughters products Total (years)  (cm3/h) 

.. 

. 

' *- 

Discharge 49 5,655 5,704 a a 

1 50 682 732 0.9 124 . .  

116 165 4 28 

17 

. . ' >  ,! 100 29 14 43 16 7 
* ,  i 

17  40 3 
..a. I%: . 

48 - 48 14 8 .&/? +o, 000 
* .. . A i .  .' . .. :. , . .  :. .$ ,& 

. . .tgo,,ooo 51 - 51 13 9 
:, '." . .!. 

1;; 00,0~~000 1.3 - 1.3 530 0.2 
I..:. . - , .. '. . 

'!!'Salt is molten; recombination is very f a s t .  
i -. . .  . -  

1 ,  

, .  . .*I - 
u 

8 . -  1 '. 
. .. 
, ' , ?  . .  . .  . 
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Table 18. Radio lys i s  d a t a  f o r  t h e  10- t o  100-year per iod 

T i m e  a f t e r  Estimated Induct i o n  F1 uor ine  
dischargea thermal power per iod y i e l d  

(yea r s )  (W) (yea r s )  (cm3/h> 

10 

1 5  

20 

30 

40 

50 

60 

70 

80 

90 

100 

165 

140 

122 

98 

83 

72 

63 

57 

51 

47 

43 

4.2 

4.9 

5.7 

7.0 

8.3 

9.6 

11.0 

12.1 

13.5 

14.7 

16.0 

28 

24 

21 

17 

14 

12 

11 

10 

9 

8 

7 

aThe r e a c t o r  was shu t  down on December 12, 1969. 

. 

. 
". 
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s o l i d i f i e d  f u e l  sa l t  is  66.4 f t 3 .  Since t h e  f u e l  sa l t  i s  d iv ided  between 

two t anks ,  t h e  void volume of each  t ank  i s  47 f t 3 .  

s i d e r a b l e  room f o r  expansion. Assuming t h a t  t h e  1985 reheat, completed 

i n  June-July of t h i s  year ,  is  t h e  last  one, an incubat ion  per iod  of 5 

yea r s  would y i e l d  gaseous f l u o r i n e  s t a r t i n g  20 yea r s  a f t e r  discharge.  

The c a l c u l a t e d  p res su re  r ise pe r  year  i n  t h e  20th year  would be 2.0 p s i .  

Table 19 g ives  t h e  c a l c u l a t e d  va lues  ou t  t o  100 years .  The annual  

p re s su re  inc rease ,  a l though q u i t e  small, i s  no t  i n s i g n i f i c a n t  enough t o  

be  neglec ted  over a per iod of years .  

This provides  con- 

4.2.2 Corrosion Rates 

Corrosion d a t a  f o r  INOR-8 have been obta ined  only  a t  temperatures  

above t h e  melt ing po in t  of t h e  sa l t  because t h i s  w a s  t h e  obvious area of 

i n t e r e s t  f o r  r e a c t o r  operat ion.  Corrosion by t h e  molten f l u o r i d e  eutec- 

t i c  i s  extremely slow and, below t h e  mel t ing  p o i n t ,  would be even slower. 

I n  t h e  s o l i d  s ta te ,  t h e  co r ros ion  ra te  is l i m i t e d  by d i f f u s i o n  processes .  

I n  a d d i t i o n ,  as a co r ros ion  product b u i l d s  up, i t  s e r v e s  as a d i f f u s i o n  

b a r r i e r  and may act  as a p r o t e c t i v e  coa t ing .  Chromium is  t h e  most 

vu lne rab le  component, which was p red ic t ed  t h e o r e t i c a l l y  and confirmed 

expe r imen ta l lyO8  

f i l m s  i s  completed, t h e r e  i s  a very slow r e a c t i o n  wi th  UF4: 

Af t e r  i n i t i a l  r e a c t i o n  wi th  any i m p u r i t i e s  and oxide 

Cr + 2UF4 + CrF2 + 2 UF3 . 
Severa l  years of MSRE ope ra t ion  y ie lded  an es t imated  co r ros ion  ra te  of 

on ly  0.1 mi l /year  a t  ope ra t ing  temperature  ( 1  100-1400°F). 

Corrosion by elemental  f l u o r i n e ,  i n  t h e  molten s t a t e ,  i s  f a r  more 

severe .  

nium by conversion t o  Wg, a co r ros ion  ra te  of 0.1 mi l /h  was es t imated  

wh i l e  i n  t h e  molten cond i t ion  (50°F above t h e  l i q u i d u s  temperature  o r  

about 800°F) .6 

t u e  of i t s  l a r g e r  nega t ive  f r e e  energy of formation f o r  t h e  f l u o r i d e  

s a l t  r e l a t i v e  t o  t h e  o t h e r  components of INOR-8. The a t t a c k  on n i c k e l  

w a s  es t imated  a t  0.04 mil /h ,  whi le  t h a t  f o r  chromium was 0.14 mil/h.  

This s e l e c t i v e  a t t a c k  on t h e  chromium i s  i n  keeping wi th  t h e  chemical 

p r o p e r t i e s  of t h e  two metals. 

During reprocess ing  ope ra t ions ,  which used F2 t o  s t r i p  ou t  ura- 

Again, chromium i s  t h e  most vu lne rab le  component by v i r -  

._ 

. .- 
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Table 19. Calculated pressure r i s e  i n  f u e l  s a l t  drain tanks, 
assuming last reheat was i n  1985 

T i m e  a f t e r  Pressure r i s e  
dischargea (years)  rate  (ps i /year)  

Total pressure 
buildup ( p s i )  

20 

30 

40 

50 

60 

70 

80 

90 

100 

2.0 

1.6 

1.4 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

2 

20 

35 

48 

59 

70 

80 

88 

95 

reactor was shut down on December 12, 1969. 

. 
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The s i t u a t i o n  f o r  t h e  s o l i d  state is  q u i t e  d i f f e r e n t .  This is  

c l e a r l y  evidenced by t h e  f a c t  t h a t  f r e e  f l u o r i n e  can even be formed i n  

t h e  s o l i d i f i e d  sa l t  s i n c e ,  f o r  t h i s  t o  happen, e lementa l  E, B e ,  o r  Z r  

must a l s o  be formed. A l l  of t h e s e  metals are more r e a c t i v e  chemical ly  

than  N i ,  Mo, Cr, o r  Fe, t h e  major components of INOR-8. Fur the r ,  they ,  a r e  

d i spe r sed  throughout t h e  s a l t  on a molecular scale as a r e s u l t  of t h e  

r a d i o l y s i s  process .  The impl i ca t ion  i s  t h a t  e lementa l  f l u o r i n e  i s  q u i t e  

un reac t ive  wi th  metals when s o l i d - s t a t e  d i f f u s i o n  is  t h e  r a t e -con t ro l l i ng  

process .  Even i n  t h e  exposed p a r t s  of t h e  tank ,  where gaseous d i f f u s i o n  

al lows f r e e  access by t h e  l i b e r a t e d  f l u o r i n e ,  any i n i t i a l  a t t a c k  would 

immediately bu i ld  up a l a y e r  of metal f l u o r i d e ,  a f t e r  which s o l i d - s t a t e  

d i f f u s i o n  would become rate c o n t r o l l i n g .  

4.2.3 Use of Getters 

The preceding d i scuss ion  sugges ts  t h a t  r a d i o l y s i s  can be regarded as 

a minor f a c t o r  over t h e  next  10 t o  20 years  but  must be considered f o r  

prolonged s torage .  The a d d i t i o n  of chemical ly  a c t i v e  metals, t o  se rve  as 

g e t t e r s ,  has  been proposed. Comparison of t h e  amount of F2 t h a t  might be 

r e l eased  and t h e  void space a v a i l a b l e  i n  each tank  f o r  t h e  a d d i t i o n  of 

g e t t e r s  shows t h e  i d e a  t o  be f e a s i b l e .  Assuming an average F2 y i e l d  rate 

o f  15 cm3/h (Table  l8>, t h e  c a l c u l a t e d  product ion over  t h e  next  80 years  

i s  470 mol. Act ive metals t h a t  are e a s i l y  a v a i l a b l e  are l i s t e d  i n  Table 

20, a long wi th  the  r e a c t i o n s  and t h e  d e n s i t i e s  of t h e  metals. The volume 

of  metal requi red  t o  react wi th  470 mol of F2 was c a l c u l a t e d  from t h i s  

and was found t o  be q u i t e  small. Considering t h e  dec l in ing  r a d i o l y s i s  

ra te ,  t h e r e  i s  enough void volume i n  each  tank  f o r  metal t o  consume the  

t o t a l  F2 y i e l d  over t h e  next 10,000 t o  100,000 years .  

A t  100 yea r s ,  t h e  c a l c u l a t e d  470 mol of F2 r ep resen t  about 0.6% of 

t h e  f l u o r i d e  inventory  i n  t h e  tanks.  There would be about 3000 mol of 

F 2 ,  o r  about 4% of t h e  t o t a l  f l u o r i d e ,  a t  1000 years .  In any even t ,  as 

f l u o r i n e  i s  consumed by r e a c t i o n  wi th  g e t t e r ,  t h e  concen t r a t ion  of unre- 

combined f r e e  metal i n  t h e  body of t h e  s o l i d  sa l t  would i n c r e a s e  t o  t h e  

same degree and would, t h e r e f o r e ,  i nc rease  t h e  rate of t h e  recombination 

r eac t ion .  Thus, a t i m e  would come when recombination equaled product ion 

and t h e  n e t  F2 y i e l d  became zero.  

.- 

e -  

. 

-1 
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Active 

metal 

Table 20. Potential  f luor ine  g e t t e r s  

Volume of metal 

metal consume 470 mol 
Density of required, t o  

of F 2  ( f t 3 >  ( g / cm 

B e  Be + F 2  + BeF2 1.85 0.082 

Ca Ca + F2 + CaF2 1.55 0.43 

Zr Zr + 2F2 + ZrFq 6 . 4  0.12 

T i  , T i  + 2F2 -+ T i F 4  4.5 0.09 

2 .7  0.24 A l  A l  + 1 . 5 F 2  -+ A l F 3  

M g  M g  + F2 -+ MgF2 1.74 0.23 
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Other f a c t o r s  t o  cons ider  are t h e  manner and t h e  degree of contac t  

between t h e  s o l i d  s a l t  and t h e  g e t t e r  metal. 

way t o  where p re s su re  can be measured, simply adding metal f l a k e s ,  ch ips ,  

o r  sponge t o  t h e  void space above t h e  s a l t  may be adequate.  If  f i n e l y  

d iv ided  metal were a l s o  added t o  t h e  bulk s a l t  (while  i n  a molten con- 

d i t i o n  and then allowed t o  f r e e z e ) ,  recombination wi th in  t h e  s o l i d  sa l t  

would be enhanced. Metal wi th  a d e n s i t y  n e a r l y  i d e n t i c a l  t o  t h a t  of t h e  

s a l t  is r equ i r ed  i n  o r d e r  t o  achieve  good d i s p e r s i o n  throughout t h e  s a l t .  

This  can be achieved by a l l o y i n g  Be, Mg, o r  Ca wi th  A l ,  Z r ,  o r  Ti i n  

s u i t a b l e  propor t ions .  

Since t h e  F2 has found i ts  

Before t h e  a d d i t i o n  of g e t t e r s  i s  undertaken, a d d i t i o n a l  d a t a  are 

needed i n  two a reas :  t h e  s t o r a g e  tanks  themselves,  and t h e  performance 

o f  candida te  g e t t e r  metals. Concerning t h e  former,  a means f o r  monitor- 

i n g  f o r  F2  release should be included. 

measurements of p re s su re  rise i n  t h e  sea l ed  s t o r a g e  tanks o r  v i a  pe r iod ic  

ana lyses  f o r  F2 i n  swept samples .  Meanwhile, tests should be conducted 

w i t h  va r ious  meta ls  t o  determine t h e  a c t u a l  e f f i c a c y  of each i n  r e a c t i n g  

w i t h  F2 a t  ambient temperature  and i n  va r ious  conf igu ra t ions .  

This could be done e i t h e r  v i a  

.- 

.- 
4.3 INTEGRITY OF THE FACILITY 

The apparent  i n t e g r i t y  of t h e  hot  ce l l  and t h e  contained f u e l  sa l t  

and f l u s h  s a l t  is very  high. In  many ways ,  t h e  f a c i l i t y  a l r e a d y  has  t h e  

c h a r a c t e r i s t i c s  of an engineered r epos i to ry .  The uranium is  i n  a s o l i d  

form and is  being he ld  i n  a conf igu ra t ion  t h a t  is s a f e  a g a i n s t  c r i t i ca l i -  

t y .  
i s  h ighly  r e s i s t a n t  t o  co r ros ion  by f l u o r i d e .  They are s t o r e d  i n  a 

h e a v i l y  sh i e lded  ho t  ce l l  made of r e in fo rced  conc re t e  wi th  3-f t - thick 

wal l s  ( l a r g e l y  underground) and a double-layer 5-f t - thick roof .  The 

c e l l ,  l i n e d  wi th  a welded s k i n  of 1/8-in. s t a i n l e s s  s teel ,  i s  g a s  t i g h t  

and leak- tes ted  annual ly ;  i t  is  monitored f o r  temperature  and p res su re  on 

a r e g u l a r  b a s i s .  However, t h e  f a c i l i t y  was not  designed f o r  permanent o r  

The con ta ine r s  are made of h e a v y r a l l e d  Has te l loy  N (INOR-8), which 

extended emplacement, and t h r e e  f a c t o r s  need a t t e n t i o n  - c e l l  penetra- 

t i o n s ,  c o n t r o l  of groundwater, and secondary containment - b e f o r e  t h i s  

can be s e r i o u s l y  considered.  These f a c t o r s  are addressed i n  Sects. 

4.3.1-4.3.3. 

- *  

r: 
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4.3.1 Cell Pene t r a t ions  

The h o t  cells  were b u i l t  f o r  complex ope ra t ions  involv ing  material 

t r a n s f e r s  and ex tens ive  use of e lectr ical  heat ing.  A l l  f unc t ions  were 

f u l l y  instrumented wi th  redundant power s u p p l i e s ,  c o n t r o l  c i r c u i t s ,  t e m -  

p e r a t u r e  and p res su re  readouts ,  etc. Therefore ,  t h e  t h r e e  main ope ra t ing  

cel ls  ( r e a c t o r  cel l ,  d r a i n  tank  ce l l ,  and f u e l  process ing  cel l )  have 

numerous p e n e t r a t i o n s  f o r  electrical s i g n a l s  p lus  a large number of 

material t r a n s f e r  l i n e s  through t h e  o u t e r  c e l l  walls. There are a l s o  two 

l a r g e  ce l l - to -ce l l  openings: a 36-in. opening between t h e  r e a c t o r  and 

d r a i n  tank  cel ls ,  and a 14-in. opening between t h e  d r a i n  tank  and repro- 

ces s ing  cells  ( t h e  l a t t e r  i s  sea l ed ) .  These openings c a r r y  i n s u l a t e d ,  

hea ted  l i n e s  f o r  t h e  t r a n s f e r  of molten s a l t ,  p lus  o t h e r  l i n e s  t h a t  

almost f i l l  t h e s e  openings. Tables 21 and 22 l ist  t h e  pene t r a t ions  f o r  

t h e  r e a c t o r  cel l  and d r a i n  tank  ce l l ,  r e spec t ive ly .  

t a b u l a t i o n ,  i nc lud ing  t h e  process ing  ce l l ,  i s  g iven  as p a r t  of Appendix D. 

In summary, t h e s e  pene t r a t ions  can be grouped and descr ibed  as fol lows:  

Reactor Cell 

A more comprehensive 

Numbers I-XXIV: 
Penet ra t ions  are from 4 t o  36 in. i n  diam (many 8 and 24 in . ) ;  most 

a r e  f i t t e d  wi th  mul t ip l e  l i n e s ,  f o r  materials, e lectr ical ,  ther -  

mocouples, and off-gas. Only one i s  a "spare;" fou r  c a r r y  dua l  . 

water l i n e s .  

Drain Tank C e l l  

Numbers 1-30: 

Single  pene t r a t ions  are from 3/4 t o  14 in. i n  diam; they  are used t o  

move material [steam, water, helium, and molten sa l t ;  n ine  were used 

by t h e  Chemical Technology Divis ion (Chem Tech) f o r  reprocess ing]  

and are loca ted  as fol lows:  

- South w a l l :  18 l i n e s ,  mostly 1-in.; 

- West wal l :  2-3/4-in. l i n e s ;  

- North wall: t h e  nine used by Chem Tech and t h e  14-in. sa l t  

t r a n s f e r  opening; e i g h t  of t h e  n ine  are 1-1/2-in., 

and one i s  4-in. 



Table 21. MSRE r e a c t o r  c e l l  p e n e t r a t i o n  l i s t  

I . G .  Type Subsets Usage Cell Location Access Area Size Reference Drawings Sub-unit sizes 

Ft-in. , Degrees General: E66D-40704,41487,41489,41490 

I 
11 
I l l  
1V 
v 

V I  
V I 1  

V I I I  
IX 

X 
XI 
I l l  

Kill  
XIV. 
XV 
Xijl 

ki'll 
X V I  11 

Y I X  
X I  
1x1 

IBll 
y . X I I I  
B X I V  

Hultiple 60 Reactor Leak Detectors 836 15 
Hultiple 44 Electrical 834 30 

Hultiple 60 -Thermocouples 834 60 
Hultiple 60 Instrunentation 836 75 

Open Saapl  er 847 115 
nul t ip le  8 Fuel Puap Aux; Piping 836-9 125 
Blanked in Cell Neutron Instrument Tube 834-5 145 
Multiple 6 Fuel Pump Liquid Level 844-6 155 
Hultiple 13 Fuel Puap Aux. Piping 836-9 160 

. Single I Component Coolant Air 829-10 I 6 5  

Hultiple 44 Electrical a36 45 

Open Sampler Offgas a47 110 

Furnace I Coolant Salt to  HX 840-10 170 
nul  t i p l e  2 Water Lines 839-9 185 
Mu1 t iple 2 Spare 839-9 200 
nul t iple 2 Hater Lines 839-9 ' 205 
Hultiple 2 Water Lines 839-9 210 
flultipie 2 Water Lines 839-9 220 
Furnace 1 Coolant Salt to  Radiator 837 220 
Multiple 3 Dffqas 839-9 225 
Hui t ip le  2 Offgas 839-9 230 

tlultiple 38 Thermocouple 836 325 
Open. Drain Tank Cell Intercon.825-? 330 

Open Buct I Cell E x h a u s t  Duct ai4-10 245 

Sump? Bottoa Center 

South ESA 24' 
South ESA 24O 
South ESA 24' 
South ESA 24' 
South ESA 24' 
tiigh Bay 4' 
High Bay 6' 
Service Tunnel 18" 
Hiqh Bay 36' 
Special Eq. Rm. 4' 
Special Eq. Rm. 18' 
Special Eq. RE. 6' 
Coolant Cell 2 4 '  
Coolant Cell Bo 
Coolant Cell 8' 
Coolant Cell 8' 
Coolant Cell 8' 
Coolant Cell 8' 
Coolant Cell 24' 
Coolant Cell 6' 
Coolant Cell' 6' 
CDT Tunnel 30' 
West Tunnel 24' 
Drain Tank Cell 36" 

DKKD-40976 EBBD-41863 EBBD-41864 DJJD-55494 DJJD-40495 60 1 l l 4 :  tubing 
DKKD-40976 EBBD-41863 EBBD-4IB64 EMMI-56230 EHH2-56246 6 t I'IPS, 38 * 3/4'1PS 
DKKD-40976 EBBD-41863 EBBD-41864 EHHZ-56230 EHMI-56246 6 * I'IPS, 38 * 3/4"IPS 
OLKD-40976 EBBD-41863 EBBD-41864 DHHB-55567 
DKKD-40976 EBBD-41863 EBBD-41864 DHHB-55567 
DKKR-40973 DKCD-40974 12 * 112'1 
GKKD-40973 DKKD-40974 DBBC-41339 
DKKD-40717 EKKD-40735 3t1/2" ,  4*3/4', I * l ' IPS  
DKKD-40716 EKKD-40715 EHHR-41796 16 * Ion Chamber 6uides 
DKKD-46973 DKKD-40975 EGGD-55411 EJJD-55428 
DKKD-40718 EKKD-40737 E66D-5541 I 
DKKD-40714 E66D-55411 
EKKD-4071 I E662-55498 
DKKD-40740 DKKD-40741 2 * I "  

DKKD-40740 Di'KD-40741 2 * 2-1/2' 
DKKD-40740 DKKD-40741 2 t 2' 
DKKD-40740 DKKD-40741 2 * 2' 
DKKD-40712 E M - 5 5 4 9 8  

DKKD-40740 DKKD-40741 2 * 1-114' 
DKKD-40710 EKKD-40749 
DbKG4J976 EBBD-41863 EBBD-41864 DHHB-55567 
EKKD-40713 
EBBI-55493 

7t3/4 '  ,281 1/2" ,25t3/8'IPS 
60 * 3/8'IPS 

6 t 1/4"  tubing 
2 t I'IPS, I1  t 1/2"IPS 

DKKD-40740 DKKD-40741 2 t 2 9  

OKKD-40740 DKKD-40741 3 1 I '  

38 + 3/8"1PS 

VI 
Cn 



Table 22. MSRE drain tank cell penetration l i s t  

I 
7 

4 
5 
b 

8 
Q 

1 !' 
11 
12 
I 3 
I 4  
15 
I6 
17 
18 
I ?  
2 0 
? I  
22 
? 3 
24 
25 
26 
?7 
28 
29 
3 1) 

S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n q l e  
S i o g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
S i n g l e  
Furnace 

4-1 ! o  36 Bank 
B-1 t o  36 Bank 
C-1  t o  36 Rank 
D-l t o  36 Bank 
E-1 t o  36 Bank 

A-37 t o  61) Bank 
P-57 t o  69 Bank 
C-37 t o  60 Bank 
E-37 t o  bO Bank 

I Steam f r o o  Dopes 
1 Steam from Domes 
I Hater t o  Steam Domes 
I Mater t o  Steam Doaes 
I Hater  
1 Hater 
I Spare 
I Spare 
I Helium 
I Helium 
1 Helium 
I Helium 
1 H e l i u i  
1 Helium 
I Helium 
I He l iua  
I Sump Discharge 
I Sump Discharge 
I Air t o  Sump 
1 Air t o  Sump 

(Chem. Tech.) 
(Cher. Tech.) 
(Chea. Tech. J 
(Chei. Tech. 1 
(Chem. Tech.) 
(Cheo. Tech. 1 
(Chea. Tech.) 
(Chem. Tech.) 
(Chen. Tech.) 
S a l t  Transfer 

29 l n s t r u c e n t a t i o n  
36 Ins t rumen ta t i on  
36 Thermocouples 
36 Thermocouples 
36 Thermocouples 
24 E l e c t r i c a l  
24 E l e c t r i c a l  
24 E l e c t r i c a l  
24 E l e c t r i c a l  

South Wall  
South Wall 
South H a l l  
South Wall 
South Wall 
South Wall 
South Wall 
South Wall 
South Wall 
South Wall 
South Wall  
South Wall 
South Wall 
South Hall 
South Wall  
Soiuth H a l l  
South M a l l  
South Wall 
nest Wal l  
West Wall  
Nor th Wall  
North H a l l  
Nor th Wall  
North Wall 
North Wall  
North H a l l  
North Wall 
Nor th H a l l  
Nor th Wall 
North Wall  
East Wall  
East Wal I 
East Hall 
East Wall  
East Wall  
East Wall  
East Wall  
East Wall  
East Wal I 

South ESA 
South ESA 
South ESR 
South ESA 
South E5A 
South ESA 
South ESB 
South ESA 
South ESd 
South ESA 
South ESA 
South ESk 
South ESA 
South ESA 
South ESA 
South ESA 
Haste Cell 
Naste C e l l  
West of  B l d q .  

3' i n  4a 
5" i n  4" 
I n  
I "  
I "  
1' 
I "  
I "  
l / Z n  i n  l o  
112" i n  I o  
112' i n  I "  
1 1 2 O  i n  I' 
112" i n  I "  
112" i n  I '  
112' i n  I' 
112" i n  I '  
314" 
314n 
314" 

DDKD-43946 END-55425 

DDKD-40948 EGGD-55425 
DDKD-40948 E6GD-55425 
GDKD-40948 DKKR-41253 
D0KD-40948 
DDKD-4094P 
DDKD-40949 
DDKD-40948 
DDKD-41)?48 
DDKD-40948 
DDKD-4094E 
DDKD-40948 
DDKD-40948 
DDKD-40948 
DDKD-40948 
DDKD-40948 DKKB-41280 DKKB-41?BI 
DDED-40948 DKKB-41280 DKKP-41281 
DDKD-40948 DKKB-41280 

DDKD-41~948 EGGD-55425 

West o f  Bldq. 314" DDKD-40948 DKkB-41280 
Fuel Proc. Cell 1-112' , DKKD-40949 
Fuel Froc. C e l l  1-112" DKKD-40949 
Fuel Froc. Cell 1-112" DKKD-40949 
Fuel Proc. Cell 1-112" DKKD-40949 
Fuel Proc. Cell 1-112" DKKD-40949 
Fuel Proc. C e l l  4" DKKD-40949 
Fuel  Proc. Cell 1-112' DKKD-40949 
Fuel  Proc. I:ell 1-112. DKKD-40949 
Fuel Froc. Cell 1-112n DKED-40949 
Fuel Proc. Cell 14" ' DKKD-40949 c' 
Nor th  ESA 3 4 '  DKKD-40947 DHHB-55567 
Nor th  ESA 514' DKKD-40947 DHHB-55567 
Nor th  ESA 3 /4n  DKKD-40947 DHHB-55567 

DKKD-44947 Nor th  ESA 314" 
Nor th  ESA 314" DKKD-40947 
Nor th  ESB 1 /16"  i n  314' DKKD-41!94? EMtiZ-51656 
Nor th  ESA 3116" i n  314" DKKD-40947 EHtiZ-51656 
Nor th  ESA 3/16" i n  514' DKED-46947 EHHZ-51656 
Nor th  ESA 3/16"  i n  314" DEED-40947 EflWZ-51656 



Table 22. (continued) 
E-37 t o  66 Rank 
F-37 t o  60 Eanh 

r; 
H 
I H u l t i p l e  
J 
I: 
L 
ti M u l t i p l e  
N f i u l t i p l e  
0 S i n g l e  
P R u l t i p l e  
I! M u l t i p l e  
R f l u l t i p l e  

24 E l e c t r i c a l  
24 E l e c t r i c a l  

Spare 
Spare 

Spare 
Spare 
Spare 

3 Cover 6as 

3 Component Coolant Air 
3 Coaponent Coolant Air 
1 Component Coolant Air 
4 DP C e l l  

12 Leak Detector  
12 Leak Detector  

East Wall 
East llsll 
East Mall 
East Wall 
East Hall 
East ball 
East Wall 
East H a l l  
East Mall 
East H a l l  
East Wall 
East Wall 
East Wall 
East Wall 

No r th  ESA 
Nor th  ESR 
Nor th  i 5 d  
Nnrkh ESA 
Nor th  ESA 
North ESA 
Nor th  €SA 
Nor th  ESA 
Nor th  ESb 
Nor th  ESA 
Nor th  E5A 
Nor th  ESA 
South ESA 
South ESA 

;/16" i n  ji4' Dl;KP-10947 EflMZ-5l654 
1/16" i n  3/1" XED-40947 EMK-51655 
6' DKEO-49947 
6" PKKD-40947 
6 @  DEKD-46947 E6EE-41E84 5 + l / 2 " l F S  
6" DEKD-40147 
6' DKKD-40947 
b n  DKKG-IOP47 
6" DKED-40947 EGGE-91884 DJJR-41879 DJJA-41880 3 + 3/4"IPS 
b' DKKD-10947 EGGE-4 1884 DJJR-4 1879 DJ Jti-4 1 880 3 + 3/4"IPS 
1-112' i n  6" DKKD-40947 EGGE-41884 DJJR-4IEiP DJJA-41890 
b" DKKD-40947 E6GE-4lE84 DJJA-41879 DJJA-41880 4 * IIZ'IPS 
b' 
6" 

DKKD-40947 EBBD-41863 ERBD-41863 DJJD-55494 DJJD-55495 12 * 114" t u b i n g  
DKKD-40947 EBPD-41863 EBBD-41863 DJJD-55491 DJJD-55495 12 f 114" t ub ing  

, ' v .  9 I .  
7 2 ,  ' . '  
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Banks A-1 t o  -60, B-1 t o  -60, C-1 t o  -36, D-1 t o  -36, and E-1 t o  

-36: 

f o r  ins t ruments ,  thermocouples, and e lectr ical  supp l i e s .  

A l l  are 3/4-in. pene t r a t ions  of t h e  east wall and are used f o r  

Numbers (3-R: 

A l l  are 6-in. pene t r a t ions  of t h e  east  w a l l ,  most wi th  mul t ip l e  

l i n e s  f o r  cover  g a s ,  cool ing  a i r ,  and l e a k  d e t e c t o r s ;  f i v e  are 

" spa res  ." 
Reprocessing C e l l  

Numbers 31-54: 

S p e c i f i c  pene t r a t ions  have no t  been i d e n t i f i e d ,  but t hese  func t ions  

a re  provided : 

- material t r a n s f e r :  a t  least 4 (HF, H2,  F2, off-gas) ;  

- equipment h e a t e r s :  57; 

- thermocouples: 94; 

- l i m i t  annunciators :  15. 

H-series l i n e  hea te r s :  28; 

These pene t r a t ions  are well-engineered and have proven t o  be 

r e l i a b l e  through many years  of ope ra t ion  and monitored s torage .  

a long with t h e  r e a c t o r  and d r a i n  tank  cel ls ,  were pressure- tes ted  t o  45 

p s i  (gage) p r i o r  t o  p l ac ing  t h e  MSRE i n t o  hot  opera t ion .  A l l  e x t e r n a l  

pene t r a t ions  are welded i n t o  p l ace  and were o f f s e t  o r  sh ie lded  t o  mini- 

mize r a d i a t i o n  leakage. The numerous electrical pene t r a t ions  were sea l ed  

a t  i n s t a l l a t i o n .  The t r a n s f e r  l i n e s  are, o r  can be,  s ea l ed  on both s i d e s  

of  t h e  ce l l  w a l l  w i th  Gray-loc c losu res  o r  by welding. There is  no cause 

f o r  concern f o r  t h e  s h o r t  term, but  t h e s e  pene t r a t ions  should be reviewed 

from engineer ing  and co r ros ion  a spec t s  before  extended s t o r a g e  i s  adopted 

as a planned pol icy .  

capped, r a t h e r  than j u s t  being valved o f f .  Many of t h e  e lectr ical  

pene t r a t ions  are  of no f u r t h e r  u s e  and could a l s o  be sea led .  A more 

s t r i n g e n t  a n a l y s i s  i s  appropr i a t e  f o r  extended s to rage .  The l a r g e  cel l -  

t o - c e l l  opening a l s o  deserves  a s t r i n g e n t  a n a l y s i s  f o r  long-term s to rage  

i f  t h a t  is t o  be pursued. Again, f o r  t h e  short-term, t h e  two-cell system 

appears  t o  be more than  adequate,  but  extended s t o r a g e  might b e n e f i t  from 

s p e c i f i c  modi f ica t ions .  

They, 

Some of t h e  t r a n s f e r  l i n e s  probably should be 
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An engineer ing  s tudy  of t h e  pene t r a t ions ,  c l o s u r e  op t ions ,  and 

p o s s i b l e  containment envelopes w a s  s t a r t e d  l a te  i n  FY 1985 but  could not  

be  completed wi th  t h e  a v a i l a b l e  funds; t h e  r e s u l t s  obtained thus  f a r  have 

been repor ted  and are included as Appendix D. It i s  a n t i c i p a t e d  t h a t  

t h i s  work w i l l  be completed i n  FY 1986, o r  as soon as funding i s  pro- 

vided. The important  f e a t u r e s  of  t h i s  s tudy  t o  d a t e  are: 

1 .  A sequence of t h r e e  poss ib l e  containment envelopes w a s  def ined ,  f o r  

f u t u r e  cons ide ra t ion :  t h e  d r a i n  tank  ce l l ;  t h e  d r a i n  tank  p l u s  

r e a c t o r  cel ls ;  and t h e  d r a i n  tank ,  r e a c t o r ,  and reprocess ing  cells. 

2. Eight types  of c e l l  pene t r a t ions  were i d e n t i f i e d  and catalogued.  

3. Three types  of c l o s u r e  op t ions  were i d e n t i f i e d  f o r  t h e s e  e i g h t  types  

o f  pene t r a t ions :  ( 1 )  capping/welding of unneeded l i n e s  t h a t  emerge 

from a mul t ip l e  pene t r a t ion ;  ( 2 )  t o t a l  capping of a m u l t i p l e  

p e n e t r a t i o n  where none of t h e  i n d i v i d u a l  l i n e s  are needed anymore 

and are c u t  o f f  behind t h e  new s e a l - p l a t e ;  and ( 3 )  use of a 

threaded ,  p re s su re - t igh t  plug on e lec t r ica l  l i n e s ,  as was done on 

t h e  o r i g i n a l  des ign  wi th  s p a r e  l i n e s .  

4 .  Ind iv idua l  pene t r a t ions  were catalogued i n  terms of containment 

envelope and c l o s u r e  opt ions .  

u ses  f o r  each of t h e  pene t r a t ions  was s t a r t e d  but no t  completed. 

F i n a l l y ,  i t  was suggested t h a t  a v i s u a l  i n s p e c t i o n  be made of a l l  

a c c e s s i b l e  p e n e t r a t i o n s  t o  determine t h e  p re sen t  cond i t ion  of each. 

This w i l l  be done as soon as p o s s i b l e  because of t h e  obvious impli-  

c a t i o n s  i f  any p e n e t r a t i o n s  were t o  be found i n  poor condi t ion .  

The i d e n t i f i c a t i o n  of p o s s i b l e  f u t u r e  

4 . 3 . 2  Water Control  

I f  water should e n t e r  t h e  cells ,  i t  could cause major problems such 

as: 

1. increased  co r ros ion  rate of t h e  Has te l loy  t anks ;  

2. slow r e a c t i o n  wi th  t h e  f l u o r i d e  salts  o r  r a p i d  r e a c t i o n  wi th  any 

f l u o r i n e  (from r a d i o l y s i s )  t o  y i e l d  HF; 

r a d i o l y t i c  product ion of H2 and 02 ,  which i s  an exp los ive  mixture 3 .  

t h a t  could cause p re s su re  bui ldup o r  could i n c r e a s e  o x i d a t i v e  corro- 

s i o n ;  and 

movement of r a d i o a c t i v e  material a long t r a n s p o r t  pa ths  provided by 

water. 

4 .  

-_  
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Water e n t r y  has  never occurred over  t h e  p a s t  20 years .  Each ce l l  

does have a sump where any water would be c o l l e c t e d  ( i f  it d id  e n t e r )  and 

could then  be pumped out  o r  j e t t e d  out .  The c e l l s  are leak- tes ted  

annual ly  and are known t o  be l e a k  t i g h t ;  t h e r e f o r e ,  water e n t r y  i s  

t h e o r e t i c a l l y  not  poss ib l e ,  even i f  t h e  l e v e l  of t h e  groundwater were t o  

r ise above t h a t  of t h e  c e l l  f loo r .  Even so,  groundwater is  a long-term 

concern s i n c e  t h e  water t a b l e  i s  not  very  f a r  down a t  t h e  MSRE s i t e .  

However, t h e  bui ld ing  w a s  cons t ruc ted  wi th  French d r a i n s  below t h e  

f o o t e r s  and has  a bu i ld ing  sump wi th  a minimum e l e v a t i o n  of 812 f t .  The 

lowest  c e l l  l e v e l  i s  t h e  d r a i n  tank  c e l l ,  a t  814 f t  f o r  t h e  c e l l  f l o o r ,  

which i s  above t h e  bu i ld ing  sump l e v e l .  

Although the  bu i ld ing  sump pump is  known t o  ope ra t e  occas iona l ly ,  

t h e  frequency of o p e r a t i o n  and t h e  volume of water pumped have not been 

recorded o r  measured previously.  As a p a r t  of t h i s  s tudy ,  a pump monitor 

was r e c e n t l y  i n s t a l l e d  and has  been i n  ope ra t ion  s i n c e  August 19, 1985. 

Readings were taken d a i l y ,  except on weekends. During t h e  f i r s t  t h r e e  

weeks, t h e  w e s t  pump operated an average of 1.06 h/d,  w i th  a d a i l y  h igh  

o f  1.5 h and a d a i l y  low of  0.6 h. The east pump, a backup system, d i d  

no t  come on dur ing  t h i s  period. It i s  planned t o  cont inue ga the r ing  

t h e s e  d a t a  as p a r t  of our  ongoing S&M. 

Because of t h e  importance of water c o n t r o l  f o r  extended s to rage ,  an 

engineer ing  overview w a s  prepared. This r e p o r t  i s  a t t ached  in i ts  

e n t i r e t y  as Appendix E. 

from engineer ing  drawings and r e p o r t s ;  h i g h l i g h t s  from t h e  r e p o r t  

i nc lude  : 

The information contained wi th in  i t  w a s  obtained 

1. 

2. 

3. 

4 .  

A d e s c r i p t i o n  of t h e  r a d i o a c t i v e  l i q u i d  waste system. 

A d e s c r i p t i o n  of t h e  nonradioac t ive  dra inage ,  which inc ludes  ground- 

water c o l l e c t e d  by t h e  bui ld ing  French d r a i n  system and water 

e n t e r i n g  f l o o r  d r a i n s  o u t s i d e  t h e  cells ,  which is  then  routed t o  the  

bui ld ing  sump c i t e d  earlier. 

A d e s c r i p t i o n  of t h e  storm water system, which c o l l e c t s  water from 

roof d r a i n s  and d ischarges  t o  a separate c a t c h  basin.  

A d e s c r i p t i o n  of t h e  s a n i t a r y  wastewater system, which i s  discharged 

t o  a s e p t i c  tank  and d r a i n  f i e l d  system. 



62 

. 

4 . 3 . 3  Secondary Containment 

In contex t  of t h i s  d i scuss ion ,  secondary containment r e f e r s  t o  the  

e x t e r n a l  bu i ld ing  s t r u c t u r e  surrounding t h e  ho t  cel ls  (i.e.,  t h e  ou te r  

s h e l l ,  t h e  bu i ld ing  v e n t i l a t i o n  system, t h e  high-bay area and overhead 

crane ,  and t h e  c o n t r o l  rooms). This  i s  t h e  containment t h a t  is  r e l i e d  on 

du r ing  open-cell  maintenance o r  i n  t h e  event  of a release from one of 

t h e  cells .  

f u n c t i o n a l  i n  case i t  should become necessary  t o  open one of t h e  cells 

f o r  modi f ica t ions ,  a d d i t i o n s ,  removal of ex t raneous  equipment, o r  treat- 

ment of t h e  salts. Secondary containment i s  no t  r equ i r ed  dur ing  standby 

mode, which i s  t h e  usua l  cond i t ion  of  t h e  f a c i l i t y .  

Secondary containment w i l l  be r equ i r ed  and must be f u l l y  

The present  s t a t u s  of t h e  secondary containment system i s  func t iona l .  

The high-bay area can be c losed  and v e n t i l a t e d  through t h e  cel l  v e n t i l a t i o n  

system, wh i l e  main ta in ing  a nega t ive  p re s su re  i n s i d e  t h e  containment zone. 

The overhead crane i s  s t i l l  ope ra t iona l .  The remote maintenance c o n t r o l  

room has d e t e r i o r a t e d  somewhat, and t h e  z i n c  bromide viewing windows have 

been dra ined  (but  are s t i l l  usable) .  The main c o n t r o l  room con ta ins  most 

o f  t h e  in s t rumen ta t ion  being used f o r  monitor ing and s u r v e i l l a n c e .  

The use fu l  l i f e t i m e  of t h e  secondary containment system i s  d e f i n i t e l y  

l i m i t e d  i n  t h e  absence of a planned program t o  maintain t h i s  c a p a b i l i t y .  

Any ope ra t ions  t h a t  may need t o  be done p r i o r  t o  committing to ,ex tended  

s t o r a g e  should be c a r r i e d  out  i n  t h e  reasonably near  f u t u r e .  

so ,  i t  would be p o s s i b l e  t o  s t i l l  u t i l i z e  experienced personnel  who have 

a f i r s t h a n d  knowledge of t h e  f a c i l i t y  from p r i o r  exper ience  when t h e  MSRE 

was an a c t i v e  p ro jec t .  

In doing 

4.4 GEOLOGY AND HYDROLOGY 

A geologic  and hydrologic  overview of t h e  MSRE s i t e  was prepared by 

a consu l t an t  i n  t h i s  f i e l d .  A copy of  h i s  r e p o r t  is  inc luded  as Appendix 

F. The more s i g n i f i c a n t  of h i s  f i n d i n g s  can be summarized as fol lows:  

1. The gene ra l  geo log ic  cond i t ions  a t  t h e  MSRE s i t e  are f avorab le  f o r  

cont inued s to rage .  

r e l a t i v e l y  s t a b l e  f o r  m i l l i o n s  of years .  Other waste s t o r a g e  f a c i l i -  

t i es  ( s o l i d  LLW, TRU waste, hydro f rac tu re )  have been s i t e d  i n  

Melton Val ley because of i t s  s u i t a b i l i t y  f o r  such a p p l i c a t i o n s .  

The area has  a low seismic r i s k  and has  been 

0 
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2. Water is  a s i g n i f i c a n t  concern because t h e  w a t e r  t a b l e  is not  f a r  

below t h e  s u r f a c e  and because water is  a p o t e n t i a l  problem f o r  two 

reasons:  i t  can has t en  co r ros ion ,  and i t  can provide a pathway o r  

mechanism f o r  movement of any r e l eased  r a d i o a c t i v i t y .  

In  planning f o r  t h e  f u t u r e  of MSRE and eva lua t ing  var ious  op t ions ,  

t h e  t i m e  scale must be considered s i n c e  each t i m e  frame has  i t s  own 

characteristics. The va r ious  t i m e  frames are def ined  i n  Sect. 1. For 

purposes of t h i s  eva lua t ion ,  two key c h a r a c t e r i s t i c s  are: t h e  types  of 

phys i ca l  c o n t r o l  t h a t  can be app l i ed ,  and t h e  na tu re  of t h e  r a d i o a c t i v e  

decay which i s  occurr ing.  

Seismic f a c t o r s  are of minor concern t o  us through the  near  term 

(up  t o  100 years )  s i n c e  t h e  r e in fo rced  concre te  cells  and heavy-walled 

Has te l loy  tanks  w i l l  provide ample  s t r e n g t h  dur ing  t h e  e a r l y  years .  

Water i n t r u s i o n ,  however, must be considered even f o r  t h e  s h o r t  t e r m .  . 

Data are needed on water behavior i n  t h e  immediate environment. As 

l i s t e d  i n  t h e  g e o l o g i s t ' s  a n a l y s i s ,  d a t a  are needed on t h e  following: 

( 1 )  c h a r a c t e r i z a t i o n  of t he  ea r then  materials a t  o r  near  t he  s i t e ;  ( 2 )  

t h e  s i t e  des ign  i t s e l f ,  inc luding  a l l  engineered improvements; and ( 3 )  

s i t e  hydrology. 

-. 

.- 
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4.5 ENTOMBMENT 

Entombment i n  cement i t ious  material has been surveyed by L. R. Dole 

o f  t h i s  Laboratory,  whose complete r epor t  w a s  g iven  as Appendix E i n  the  

eva lua t ion  s tudy  t h a t  preceded t h i s  r epor t .  2 o  

s e v e r a l  qspec ts  of t h i s  concept t h a t  could be de t r imen ta l ,  t hus  ind i -  

c a t i n g  a need f o r  cau t ion  s i n c e  entombment is nonrevers ib le  f o r  a l l  prac- 

t ical  purposes. It a l s o  po in t s  ou t  t h e  p o t e n t i a l l y  harmful e f f e c t s  of 

water, which sugges t  r e s t r a i n t  a t  present  and a l s o  support  t h e  need f o r  

more d a t a  i n  t h i s  area ( a s  noted i n  t h e  previous s e c t i o n ) .  

His survey i d e n t i f i e s  

While entombment is very  a t t r a c t i v e  and might,  i n  f a c t ,  become t h e  

op t ion  of choice  a t  a f u t u r e  t i m e ,  i t  i s  premature a t  present  because we 

are no t  i n  a p o s i t i o n  t o  make a permanent commitment. This w i l l  cont inue 

t o  be the  case u n t i l  w e  have d e f i n i t i v e  d a t a  concerning t h e  r a d i o l y s i s  of 

f l u o r i d e .  The negat ive  aspects of entombment inc lude  t h e  prec lus ion  of 

d i r e c t  s u r v e i l l a n c e ,  t h e  p o s s i b l e  n e t  weakening of t h e  o v e r a l l  s t r u c t u r e  

from shr inkage  o r  expansion mismatch, and t h e  i n t r o d u c t i o n  of water from 
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t h e  g rou t  mixture  i t s e l f .  

a wick t o  t r a n s p o r t  mois ture  t o  metal s u r f a c e s  and thereby i n c r e a s e  

cor ros ion .  It a l s o  f i l l s  up void space t h a t  might b e t t e r  be used as a 

s i n k  f o r  in t ruded  water o r  as a r e s e r v o i r  f o r  a des i ccan t  (e.g., unslaked 

l i m e  o r  Port land cement). 

In a d d i t i o n ,  t h e  s o l i d i f i e d  g rou t  could act as 

On t h e  o t h e r  hand, a proper ly  engineered g rou t  could add s t r e n g t h  

and provide a d i f f u s i o n  b a r r i e r  a g a i n s t  t h e  movement of water e i t h e r  i n  

o r  ou t  of t h e  ce l l .  The pro jec ted  l i f e t i m e  of a g rou t  can be measured i n  

mi l l enn ia  i n  a d r y  climate. A more-detailed survey i s  requ i r ed  t o  iden- 

t i f y  any areas where s p e c i f i c  d a t a  need t o  be ga thered ,  o r  genera ted ,  i n  

o r d e r  t o  have t h e  necessary  t e c h n i c a l  b a s i s  f o r  a f u t u r e  d e c i s i o n  

regard ing  entombment. 

Radio lys i s  of t h e  water contained i n  g rou t  i s  a l s o  a p o s s i b l e  

drawback. The r e s u l t i n g  oxygen and hydrogen could l ead  t o  excess ive  

p re s su re  o r  an increased  co r ros ion  rate;  however, i n h i b i t o r s  o r  c a t a l y t i c  

recombiners could be used t o  m i t i g a t e  t h i s  e f f e c t .  

The use of o t h e r  entombment materials, such as l ead  o r  s u l f u r ,  has  

been suggested,  but  t h e s e  materials have not  been examined i n  d e t a i l .  

.- 

r i  

4.6 UTILIZATION 

The MSRF, bu i ld ing  f a c i l i t i e s  are being used e x t e n s i v e l y ,  par- 

t i c u l a r l y  t h e  o f f i c e  areas and t h e  s t o r a g e  space i n  t h e  high-bay and 

r ece iv ing  areas. Approximately 50 people from t h e  Heal th  and s a f e t y  

Research Divis ion are housed i n  t h e  o f f i c e  complex, and t h i s  number is 

expected t o  grow. The h i s t o r y  of t h e  Laboratory c l e a r l y  shows an eve r  

i nc reas ing  need f o r  o f f i c e  space.  Therefore ,  t h e  o f f i c e  f a c i l i t i e s  

should be r e t a i n e d  i n  any event.  

The need f o r  s t o r a g e  space f o r  low-level r a d i o a c t i v e  samples and 

materials has  a l s o  continued t o  grow. A t  p r e s e n t ,  t h e  bu i ld ing  provides  

space  f o r  s o i l  samples (about 100 55-gal drums) and Cs-137 sources  (about 

260 i n  200-lb l ead  p i g s ) ,  and miscel laneous equipment (e.g., about 20 

remote manipulators) .  

r e t a ined .  Even a conserva t ive  estimate sugges t s  an a d d i t i o n a l  20-year 

l i f e t i m e  f o r  t h e  o f f i c e s  and t h e  s t o r a g e  space.  This  i s  commensurate 

wi th  t h e  a n t i c i p a t e d  short-term extended s t o r a g e  of t h e  f u e l  and f l u s h  

salts. 

These s t o r a g e  f a c i l i t i e s  d e f i n i t e l y  need t o  be 
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Looking beyond u t i l i z a t i o n  a l r eady  e x t a n t ,  t h e  hot  cel ls  themselves 

are a va luab le  asset whose f u t u r e ' u t i l i t y  should be preserved. Because 

of  a c t i v a t i o n ,  t h e  r e a c t o r ,  d r a i n ,  and processing cells  are l i k e l y  can- 

d i d a t e s  f o r  entombment un le s s  a s u i t a b l e  major p r o j e c t  comes along. Even 

wi th  entombment of t h e s e  t h r e e  ce l l s ,  however, t hey  could f i r s t  be f i l l e d  

w i t h  waste removed from o t h e r  cells .  The remaining cel ls  could e a s i l y  be 

used f o r  s t o r a g e  purposes o r ,  wi th  modi f ica t ion ,  f o r  a s u i t a b l e  p r o j e c t .  

4.7 FINAL DISPOSAL 

The long-term a lpha  a c t i v i t y  of t h e  U-233 decay cha in  may r e q u i r e  

eventua l  removal of t h e  f u e l  and f l u s h  sa l t s ,  even i f  t h e  r a d i o l y s i s  

problem can be c o n t r o l l e d  with g e t t e r s .  In t h e  l a t t e r  case ,  it would be 

p o s s i b l e  - and h igh ly  d e s i r a b l e  - t o  l eave  t h e  salts  i n  t h e i r  p re sen t  

Has te l loy  N t anks  s i n c e  t h e s e  tanks should s e r v e  as e x c e l l e n t  primary 

conta iners .  There are t h r e e  poss ib l e  opt ions  f o r  permanent d i s p o s a l  of 

t h e  tanks and conten ts :  

1. t h e  WIPP (Waste I s o l a t i o n  P i l o t  P l a n t ) ,  which is  now under construc- 

t i o n  i n  New Mexico; 

2. a spent  f u e l  r e p o s i t o r y ,  which i s  planned f o r  a western l o c a t i o n ;  o r  

3. on-si te  g r e a t e r  confinement d i sposa l  ( intermediate-depth b u r i a l ) ,  

which has  been considered f o r  Oak Ridge. 

These t h r e e  op t ions  are d iscussed  i n  t h e  fol lowing sec t ions .  In t h e  

event  t h a t  t h e  r a d i o l y s i s  problem cannot be c o n t r o l l e d  wi th  g e t t e r s ,  thus  

making reprocessing necessary, t h e  separated uranium and TRU w a s t e  would 

s t i l l  be candida tes  f o r  t h e  same t h r e e  f i n a l  op t ions .  However, i n  t h i s  

case, wi th  t h e  f l u o r i d e  removed and t h e  r e s idue  repackaged, acceptance 

c r i t e r i a  should be easier t o  meet. It should be recognized t h a t ,  i n i -  

t i a l l y ,  a l l  d i s p o s a l  s i t es  w i l l  be conserva t ive  i n  spec i fy ing  t h e i r  

acceptance c r i t e r i a  but  t h a t ,  wi th  t h e  passage of t i m e  and accumulation 

of  exper ience ,  t h e  p o t e n t i a l  f o r  some r e l a x a t i o n  i n  these  c r i t e r i a  i s  

very  real ,  e s p e c i a l l y  f o r  a one-time interment  t h a t  could be g iven  addi- 

t i o n a l  overpacks. 
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4.7.1 WIPP - 

. 

Since  t h e  WIPP i s  a c t u a l l y  under c o n s t r u c t i o n  and has  been planned 

f o r  many years, t h e  waste acceptance cr i ter ia  (WAC) f o r  WIPP have been 

t h e  s u b j e c t  of ex tens ive  s tudy ,  review and comment, and r ev i s ions .  Even 

so ,  t h e s e  WAC are no t  y e t  f i n a l  and, as a l r e a d y  pointed o u t ,  tend t o  be 

conserva t ive .  

waste, t h e  C e r t i f i c a t i o n  Compliance Requirements (CCR) ,  and some gene ra l  

comments. The WAC and CCR are not  always i n  agreement. Those require-  

ments t h a t  concern t h e  MSRE f u e l  s a l t  are b r i e f l y  d iscussed  below. 

Appendix C summarizes t h e  WAC f o r  remotely handled (RH) 

Size  l i m i t :  Diameter of tanks  t o o  l a r g e  (50 vs 26 in.)  but 

l e n g t h  s a t i s f a c t o r y  (86 v s  121 in . )  

Weight: Each tank  (-1300 kg) p lus  sa l t  (-2300 kg) is j u s t  

w i t h i n  t h e  l i m i t  (3636 kg) ;  a d d i t i o n  of g e t t e r  

would make them overweight. 

Sur face  dose: Surface dose probably g r e a t e r  than t h e  lOO-rem/h 

l i m i t ;  a l s o ,  neutron dose much h igher  than  75 

mrem/h, as l imi t ed  by t h e  CCR (a l though t h e  WAC 

r e q u i r e s  only  t h a t  neut ron  doses  >75 mrem/h be 

r epor t ed ) .  

Well below t h e  l i m i t  of 300 W/package; d r a i n  tanks  

are about 100 W each. 

Thermal power: 

Cr i t i ca l  i t  y : About 10 t i m e s  t h e  l i m i t  of 1.9 g/L; a c t u a l l y ,  

about 1 7  g/L. 
PU-239 

e quiv a1 en t : Probably about t h e  1 i m i t . o f  1000 plutonium- 

equ iva len t  Ci/package. 

4.7.2 Commercial Spent Fuel Reposi tory 

This  o f f e r s  some a t t r a c t i v e  f e a t u r e s .  Ce r t a in ly ,  t h e  MSRE f u e l  and 

f l u s h  salts q u a l i f y  i n  a gene r i c  sense.  The MSKE D&D is  funded through 

t h e  commercial branch of t h e  SFMP s i n c e  t h e  MSRE was intended f o r  com- 

mercial app l i ca t ion .  The f u e l  sa l t  is a spen t  f u e l ,  and t h e  f l u s h  s a l t  

con ta ins  some spent  f u e l .  Most of t h e  WIPP r e s t r i c t i o n  would no t  be 

a p p l i c a b l e  t o  a spen t  f u e l  r e p o s i t o r y ,  which would be designed t o  handle  

h ighe r  doses ,  thermal  power, c r i t i c a l i t y ,  and Pu-239 equ iva len t .  One 

p o s s i b l e  problem i s  t h e  tank  diameter.  . A  r e p o s i t o r y  might no t  be 

designed f o r  a package diameter  of over  4 f t ,  even on an except ion  bas i s .  

.- 

. 
.I 
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4.7.3 Greater Confinement Disposal 

Every major DOE s i t e  (Oak Ridge included)  has p o t e n t i a l  problems 

wi th  overs ized ,  overweight,  o r  otherwise out -of -spec i f ica t ion  TRU waste, 

f o r  which intermediate-depth d i s p o s a l  i s  being considered.  The MSRE f u e l  

s a l t  i s  an obvious candida te  for"such d i s p o s a l  s i n c e  t h e  l a r g e  tank  

diameter  would not  be a problem i n  t h i s  s i t u a t i o n .  Shipment would a l s o  

be  minimized i f  an Oak Ridge s i te  i s  developed i n  t h e  fu tu re .  

-. 

-- 

4.8 IN-CELL ALTERATIONS 

A number of i n - c e l l  a l t e r a t i o n s  might be performed i n  t h e  s h o r t  t e r m  

(wi th in  10 t o  20 years )  t o  enhance t h e  cond i t ion  of t h e  f u e l  sa l ts  dur ing  

extended s t o r a g e  and a l s o  t o  he lp  set t h e  s t a g e  f o r  eventua l  removal. As 

a s t e p  toward t h e  even tua l  removal of t h e  s a l t s ,  i t  would be h igh ly  

d e s i r a b l e  t o  p l ace  t h e  c e l l  and t h e  s a l t s  i n t o  a s u i t a b l e  cond i t ion  

dur ing  the  s h o r t  term so  t h a t  t h e  removal ope ra t ion  can be c a r r i e d  out  as 

simply and e a s i l y  as poss ib le .  The fol lowing p o s s i b i l i t i e s  a r e  presented 

and then eva lua ted  i n  terms of both enhanced s t o r a g e  and eventua l  

removal : 

1. removal of steam domes (and a d d i t i o n  of neut ron  poison);  

2. a d d i t i o n  of f l u o r i n e  g e t t e r ,  without  remelt ing;  

3. remelt ing of s a l t ,  wi th  a d d i t i o n  of f l u o r i n e  g e t t e r ;  

4. repackaging of s a l t  i n t o  smaller con ta ine r s ,  a f t e r  remelt ing wi th  

a d d i t i o n  of f l u o r i n e  g e t t e r ;  

5. d i sconnec t ion  of l i n e s  t o  and from t h e  d r a i n  tanks ;  and 

6 .  i n s t a l l a t i o n  of a d d i t i o n a l  ins t rumenta t ion .  

It is  assumed t h a t  t h e  f u e l  salts  w i l l  e v e n t u a l l y  have t o  be removed 

t o  a more permanent l o c a t i o n  because of t h e  long-term a c t i v i t y  from t h e  

U-233 chain.  It i s  a l s o  assumed t h a t  i t  w i l l  be f e a s i b l e  t o  do s o  wi th  

t h e  salts  packaged i n  t h e i r  p resent  con ta ine r s .  

i t  i s  clear t h a t  t h e  steam domes must be removed even tua l ly ;  t h e r e f o r e ,  

t h i s  should be done i n  t h e  s h o r t  term while  experienced personnel  are 

With these  assumptions,  

s t i l l  ava i l ab le .  

removed, t h e  thimbles  ( 3 2  per  tank)  can be used t o  i n s e r t  neutron 

poisons.  These can be i n  t h e  form of Cd, B, o r  Ge metal rods. 

Once t h e  steam domes wi th  a t t ached  bayonet tubes  are 

The earlier d i s c u s s i o n  on r a d i o l y s i s  i s  a s t r o n g  argument f o r  t h e  

a d d i t i o n  of a f l u o r i n e  g e t t e r .  In f a c t , . i f  an e f f e c t i v e  g e t t e r  is not  
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added, d i s p o s a l  of t h e  f u e l  sa l t  as t h e  f l u o r i d e  w i l l  probably n o t  be  

acceptab le .  The s imples t  way t o  inc lude  g e t t e r  i s  t o  add i t  t o  t h e  void 

volume i n  each  tank. This  might r e q u i r e  ce l l  e n t r y ;  of course ,  t h e  pre- 

f e r r e d  method would be t o  supply g e t t e r  through t h e  a d d i t i o n  tube  used 

p rev ious ly  f o r  adding salts. If  co ld  la&ora tory  tests show t h a t  t h e  

g e t t e r  must be d i spe r sed  wi th in  t h e  s o l i d  salt  t o  be e f f e c t i v e ,  then 

remel t ing  would be requi red .  

cause some f u r t h e r  co r ros ion  t o  t h e  tanks.  Dispersa l  of added g e t t e r  

could be accomplished v i a  sparg ing  wi th  d r y  helium through t h e  d i p  tubes  

a l r e a d y  provided f o r  t h i s  purpose. 

While t h i s  o p e r a t i o n  i s  p o s s i b l e ,  i t  might 

In t h e  event  t h a t  t h e  s a l t  needs t o  be melted i n  o r d e r  t o  add 

g e t t e r ,  t h i s  would be t h e  l o g i c a l  t i m e  t o  repackage i n t o  smaller con- 

t a i n e r s  ( i f  t h i s  s t e p  is  needed). However, t h e  i n c e n t i v e  t o  repackage i s  

small  s i n c e  the  c o n t r o l l i n g  f a c t o r  is  r a d i o l y s i s  and, i f  r a d i o l y s i s  can 

be  c o n t r o l l e d  by t h e  a d d i t i o n  of g e t t e r ,  t h i s  can be done j u s t  as w e l l  i n  

t h e  p re sen t  d r a i n  tanks.  

The l i n e s  f o r  t h e  v e s s e l  should not  be disconnected u n t i l  t h e r e  i s  

assurance  t h a t  t h e  sa l t  need no t  be repackaged o r  reprocessed.  Such 

assurance  cannot be provided u n t i l  a c t u a l  d a t a  are i n  hand t o  v e r i f y  t h e  

a d d i t i o n  of g e t t e r  as a v i a b l e  method f o r  l i m i t i n g  f l u o r i n e  formation. 

This may r e q u i r e  t h e  i n s t a l l a t i o n  of  a d d i t i o n a l  ins t rumenta t ion .  

4.9 CONTINGENCY P L A N N I N G  

The MSRE has had an excep t iona l ly  c l ean  h i s t o r y  fo l lowing  shutdown 

o f  t h e  r e a c t o r  in December 1969. Because of t h i s  long per iod  of t rouble-  

f r e e  s u r v e i l l a n c e  and maintenance, formal contingency planning and/or  

emergency planning has  received v i r t u a l l y  no a t t e n t i o n .  However, s i n c e  

i t  is  now becoming clear t h a t  extended s t o r a g e  i n  t h e  p re sen t  l o c a t i o n  

w i l l  be r equ i r ed ,  such planning i s  appropr i a t e  i n  t h e  immediate fu tu re .  

Obviously, no major cont ingencies  are expected; no r  are they  l i k e l y  t o  

occur.  On t h e  o t h e r  hand, i t  is  prudent t o  c a r r y  out  a s t r u c t u r e d  analy- 

sis i n  o rde r  t o  s y s t e m a t i c a l l y  i n v e s t i g a t e  t h e  p o s s i b i l i t i e s ,  t o  i d e n t i f y  

any weaknesses t h a t  could o r  should be remedied in advance, and t o  be 

prepared i n  case t h e  unexpected happens. A pre l imina ry  l i s t  of poss ib l e  

even t s  i nc ludes ,  but  i s  no t  n e c e s s a r i l y  l i m i t e d  t o ,  t h e  fo l lowing  items: 

* 

.* 

. 

... 

. 
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( 1 )  v e n t i l a t i o n  f a i l u r e ;  (2) extended power f a i l u r e ;  ( 3 )  water i n g r e s s  

from leakage;  (4) electr ic  h e a t e r  f a i l u r e ;  (5) thermocouple f a i l u r e ;  

( 6 )  overheat ing du r ing  annual r ehea t ;  ( 7 )  loss  of instrument  a i r ;  (8) a 

c a t a s t r o p h i c  event  such as a tornado,  ear thquake,  plane c ra sh ,  o r  f lood;  

( 9 )  sabotage o r  t e r r o r i s t  a c t i o n ;  (10) poss ib l e  r a d i a t i o n  exposure v i a  

plume o r  i nges t ion ;  and (11) poss ib l e  r a d i a t i o n  exposure t o  s i te  opera- 

t o r s .  In a d d i t i o n  t o  t h e  above i n c i d e n t s ,  a contingency a n a l y s i s  should 

a l s o  cover t h r e e  broad ca t egor i e s :  ( 1 )  information sources ,  ( 2 )  iden- 

t i f i c a t i o n  of  equipment, and ( 3 )  phys ica l  cond i t ion  of components. 

In t h e  event  of a contingency, needed informat ion  must be e a s i l y  and 

quick ly  a v a i l a b l e .  A concise  "contingency plan,"  wi th  r e a d i l y  a v a i l a b l e  

backup informat ion  i n  va r ious  s p e c i f i c  areas, i s  probably appropr ia te .  

In add i t ion ,  ea sy  and p o s i t i v e  i d e n t i f i c a t i o n  of components, c o n t r o l s ,  

etc.,  may be e s s e n t i a l .  The r e c e n t l y  completed co lo r  coding scheme i s  a 

s i g n i f i c a n t  s t e p  i n  t h i s  d i r e c t i o n .  The coding employed i s  pink f o r  

r o u t i n e  maintenance and s u r v e i l l a n c e ,  whether d a i l y ,  monthly, o r  annual ,  

and yellow f o r  p o s s i b l e  f u t u r e  use i n  remel t ing ,  t r a n s f e r r i n g ,  etc.  ( I f  

t h e s e  c o l o r s  seem unusual ,  t hey  were chosen t o  match t h e  markup of 

drawings used t o  do t h i s  work.) 

In t h e  event  of a s e r i o u s  contingency, i t  might be of cons iderable  

b e n e f i t  i f  t h e  f rozen  f u e l  were i n  a cond i t ion  whereby i t  could e i t h e r  be 

sea l ed  o f f  and l e f t  i n  p l ace  f o r  a long time o r ,  a l t e r n a t i v e l y ,  

t r anspor t ed  elsewhere.  These f a c t o r s  would, of course ,  be enhanced i f  

t h e  f u e l  had p rev ious ly  been remelted and g e t t e r s  added, o r  remelted and 

repackaged, o r  i f  i n t e r f e r i n g  s t r u c t u r e s  (e.g., steam domes) had been 

removed. 

- A t  t h i s  t i m e ,  work i s  scheduled f o r  t h e  next  f i s c a l  year on a con- 

t ingency p lan ,  a long wi th  a review and update of S&M procedures.  
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5. CONCLUSIONS 
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-. 
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5.1 EVALUATION OF OPTIONS 

Evaluat ion of t h e  op t ions ,  d a t a ,  and c o n s t r a i n t s  d i scussed  i n  t h e  

body and appendixes of t h i s  r e p o r t  l e d  t o  t h e  fol lowing conclusions:  

1. Extended s t o r a g e  is  no t  on ly  f e a s i b l e  but  p r e f e r a b l e  a t  t h i s  t i m e  

because : 

a. t h e  f u e l  sa l t  i s  p resen t ly  i n  a s a f e  p l ace ;  

b. t h e r e  i s  no a v a i l a b l e  r e p o s i t o r y  o r  d i s p o s a l  s i t e  t o  t ake  i t  i f  i t  

were removed, e i t h e r  wi th  o r  without reprocess ing ,  a t  t h i s  t i m e ;  

C. t h e  f u l l  range of f u t u r e  d i s p o s a l  op t ions  o r  l o c a t i o n s  i s  not  ye t  

known ; 

d. any enhancement a c t i o n s  taken  a t  t h i s  t i m e  would probably b e n e f i t  

whichever op t ion  i s  f i n a l l y  exerc ised ;  and 

e. extended s t o r a g e  would provide t i m e  t o  c o l l e c t  a d d i t i o n a l  d a t a  

t h a t  would be of d i r e c t  he lp  i n  s e l e c t i n g  a f i n a l  op t ion  a t  a 

f u t u r e  da te .  

2. Entombment should be de fe r r ed  because: 

a. such a c t i o n  i s  no t  necessary  a t  t h i s  t i m e ;  

b. it i s  e s s e n t i a l l y  nonrevers ib le  and would be premature a t  t h i s  

time; and 

C. a d d i t i o n a l  t e c h n i c a l  d a t a  are needed before  such a dec i s ion  could 

be supported.  

3. Some enhancements i n  direct  support  of extended s t o r a g e  should be 

eva lua ted  i n  t h e  near  fu tu re .  For example: 

a. c e l l  p e n e t r a t i o n s  should be reviewed by Energy Systems 

Engineering, inspec ted  by t h e  Operat ions Divis ion and, where con- 

s i d e r e d  necessary ,  s ea l ed  permanently; 

b. c e l l  i n t e r n a l s  should be reviewed t o  i d e n t i f y  i n t e r f e r i n g  s t ruc -  

t u r e s ,  i f  any, and p lans  made f o r  t h e i r  removal; 

C. r emel t ing  of t h e  f u e l  sa l t ,  wi th  poss ib l e  a d d i t i o n  of a f l u o r i n e  

g e t t e r  (and poss ib ly  a neut ron  poison) should be eva lua ted  f o r  

implementation s i n c e  t h i s  would e l imina te  both t h e  need f o r  annual 

r ehea t ing  and long-term concerns about radiolysis-produced f l u o r i n e ;  
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d. repackaging ( i f  needed, it should be done i n  conjunct ion  wi th  

remel t ing)  should a l s o  be eva lua ted ;  

e. enhancements seem prudent s i n c e  t h e  a lpha  a c t i v i t y  (and t h e  

r e s u l t i n g  neut rons  from a,n r e a c t i o n s )  w i l l  d e c l i n e  on ly  s l i g h t l y  

i n  f u t u r e  years ,  even though t h e  gamma a c t i v i t y  w i l l  d rop  s i g n i f i -  

can t ly ;  

f .  t h e s e  enhancements would not  i n t e r f e r e  wi th  t h e  exercise of 

o p t i o n s  a t  a l a t e r  d a t e  and would, i n  t h e  in t e r im ,  improve on the  

a l r e a d y  sound and secu re  cond i t ion  of t h e  f a c i l i t y ;  and 

g. t h e s e  enhancements, whi le  no t  necessary  f o r  continued short- term 

s t o r a g e ,  should be made p r i o r  t o  i n i t i a t i n g  extended s t o r a g e  while  

t h e  assured  c a p a b i l i t y  t o  do so  s t i l l  e x i s t s ,  i n  terms of both 

people  wi th  f i r s t h a n d  knowledge and equipment t h a t  is  s t i l l  func- 

t i o n a l  . 
4. The fol lowing p e r t i n e n t  d a t a  ( o r  s t u d i e s )  should be obta ined  ( o r  

made) over t h e  next  few years: 

a. observa t ions  of groundwater l e v e l s  around t h e  s i te ;  

b. p o s s i b l e  improvements of a c i v i l  engineer ing  n a t u r e ,  t o  lower t h e  

g roundwa t e r l e v e l  ; 

C. Has te l loy  N co r ros ion  behavior  i n  t h e  presence of mois ture  p lus  

a l k a l i ,  f l u o r i d e ,  o r  both;  

d. s u i t a b i l i t y  of candida te  materials f o r  use as a f l u o r i n e  g e t t e r ,  

i n - c e l l  d e s i c c a n t ,  t a i l o r e d  g r o u t ,  and neut ron  poison; and 

e. contingency p lans  developed, a long wi th  a review and update  of S&M 

procedures.  

5. Bene f i c i a l  u t i l i z a t i o n  of t h e  f a c i l i t y  should be encouraged and 

a ided  f o r  t h e  fo l lowing  reasons: 

a. t o  he lp  f i l l  d i r e c t l y  our  own f a c i l i t y  requirements;  

b. o f f i c e  space a t  t h e  s i t e  i s  f u l l y  u t i l i z e d  today, and t h i s  need i s  

expected t o  grow; 

C. t h e  high-bay area i s  being used t o  s t o r e  bulky, mi ld ly  r a d i o a c t i v e  

samples,and t h i s  need i s  expected t o  cont inue ;  

d. t h e  t h r e e  more a c t i v e  hot  cells  ( r e a c t o r ,  d r a i n  tank ,  and repro- 

ces s ing )  could be used f o r  s t o r a g e  of o t h e r  r a d i o a c t i v e  wastes; 

e. t h e  remaining ce l l s  could be used f o r  ho t  ope ra t ions  o r  radio-  

a c t i v e  waste s t o r a g e ;  and 

. 
r. 

- 
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f .  t h e  Li-7 conten t  of t h e  cool ing  sa l t  is  nonradioac t ive  and may 

have enough va lue  t o  j u s t i f y  recovery.  

5.2 SELECTION OF PLAN 
Q 

Based on t h e  above cons ide ra t ions ,  an  o u t l i n e d  p lan  and approxi- 

mate schedule  are proposed: 

1. - 1986 - complete ( o r  expand on) work i n  progress:  

a. pene t r a t ions  - complete t h e  engineer ing  eva lua t ion  and provide 

recommendations ; 

b. groundwater - cont inue d a t a  c o l l e c t i o n  on r a d i o a c t i v i t y  and sump 

pump ope ra t ion ;  complete an on-s i te  survey and in spec t ion  of 

dra inage  system and components; 

C. r a d i o l y s i s  - conduct a p e e r  review of t h e  o v e r a l l  problem and 

p o t e n t i a l  s o l u t i o n ;  prepare  a t echn ica l  p lan  f o r  pressure  o r  

f l u o r i n e  " s n i f f e r "  measurements on t h e  two d r a i n  tanks ;  make a 

d e c i s i o n  i f  r ehea t ing  i s  t o  be d iscont inued  ( i n  o rde r  t o  o b t a i n  

d i r e c t  d a t a  on r a d i o l y s i s ) ;  and conduct pre l iminary  labora tory-  

scale tests wi th  p o t e n t i a l  f l u o r i n e  g e t t e r s ;  

d. review and update t h e  S&M procedures and prepare a contingency 

plan. 

2. 1987 - upgrade f a c i l i t y  and prepare f o r  new work: 

a.  seal o r  improve c e l l  pene t r a t ions ,  as appropr i a t e ;  

b. i n s t a l l  f l u o r i n e  r a d i o l y s i s  tes t  equipment; and 

C. prepare a t e c h n i c a l  p lan  f o r  removal of steam dome and o t h e r  

i n t e r n a l s  i n  o r d e r  t o  eva lua te  t h e  work involved. 

- 

3. 1988-95 - c o l l e c t  da t a :  

a. f l u o r i n e  r a d i o l y s i s  i n  t h e  d r a i n  tanks ;  and 

b. l abora tory-sca le  tes ts  on f l u o r i n e  g e t t e r s .  

4. 1996 -Make t h e  fol lowing dec is ions :  

a. t o  remelt and add g e t t e r ,  o r  no t ;  

b. t o  remove steam dome and i n t e r n a l s ,  o r  no t ;  

C. t o  r ep rocess ,  o r  n o t ;  

d. t o  repackage, o r  no t ;  and 

e. s e l e c t i o n  of f i n a l  d i s p o s a l  s i t e ,  based on information a v a i l a b l e  

- 

a t  t h a t  t i m e .  
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Appendix A. BIBLIOGRAPHY AND REFERENCES 

The MSRE Pro jec t  is  e x t e n s i v e l y  and thoroughly documented by 

r e p o r t s ,  drawings, photographs,  and miscel laneous documents. A com- 

pu te r i zed  l i s t i n g  of t h e s e  has been prepared by Park Owen and Nancy b o x ,  

o f  t h e  ORNL Remedial Action Program Information Center. There are 

approximately 1450 e n t r i e s  i n  t h i s  f i l e ,  ca tegor ized  as fo l lows:  

Type of e n t r y  No. of e n t r i e s  

Progress  r e p o r t  -140 

Technical  r e p o r t  

CF memo -370 

TM r e p o r t  

OWL r e p o r t  

Miscel laneous 

Jou rna l  a r t ic le  

Drawing 

PI1 o tog  r a p h 

Pa ten t  

Conference paper 

Correspondence 

-240 

Q7 0 

14 

3 2  

19 

-500 

4 

Q50 

11 

T o t a l  -1450 

Copies of most of t hese  documents are i n  t h e  MSRE f i l e ,  which is  

s t o r e d  i n  t h e  basement of Bui lding 7503. The Information Center a l s o  

has  copies  of many of  t h e  r epor t s .  These documents are a merger of 

f i l e s  prev ious ly  maintained by i n d i v i d u a l s  who were c l o s e l y  a s soc ia t ed  

wi th  t h e  p ro jec t .  (Unfor tuna te ly ,  s e v e r a l  ex tens ive  f i l e s  have been l o s t  

over  t h e  years.)  

There is  a l s o  an e x c e l l e n t  c o l l e c t i o n  of c o n s t r u c t i o n  drawings main- 

t a i n e d  by Martin Marietta Energy Systems, Inc. ,  Engineering on f i l e  i n  

Bui Id ing  1000. 

Most of t he  photographs were suppl ied  by Luther Pugh. 

A r e l a t i v e l y  small number of r e p o r t s  have provided a l l  t h e  

background informat ion  used f o r  t h i s  s tudy.  A l i s t i n g ,  i n  chronolo- 

g i c a l  o rde r ,  i s  provided on t h e  fo l lowing  pages. 

b e r s  are used as r e fe rence  ca l l -ou t s  i n  t h e  main body of t h e  r epor t .  

The ch rono log ica l  num- 

.- 
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Appendix B. SEMIQUANTITATIVE EVALUATION OF SIX MSRE OPTIONS 

Table No. Evaluation Basis 

B .  1 Process Readiness 

B. 2 

B e  3 

Economics 

Short-Term Hazard 

B.  4 Long-Term Hazard 
0 

.- 
.I 

B. 5 Conservation 

... . 

e 

J 



80 

Table B.l. Semiquant i ta t ive  eva lua t ion  of MSKE opt ions :  
A. Process readinessa  

Option 

Process  s t e p  1 2 3 4 5 6 

-- 

M e l t  salts (and add g e t t e r )  

Remove sal ts  

Build sa l t  process  f a c i l i t ?  

Process  o r  convert  salts/Ua 

Package sal ts  (and U) 

Dismantleldispose of f a c i l i t y  

Transport  packaged products  

St  o r e l i s o l a t e  productsb 

Decontaminate ce l l s lequipment  

Dispose of l i q u i d  LLW 

Remove equipment 

Dispose of s o l i d  LLW 

Dismantle ce l l  s t r u c t u r e  

Dispose of s o l i d  LLWIrubble 

Res tore  area 

S e a l  p i p e s l p e n e t r a t i o n s  

I n t e r n a l  entombment 

Externa l  s t r u c t u r e s  

S t a b i l i z e  drain- tank ce l l  

Continue s u r v e i l l a n c e  

T o t a l  

3 
2 

5 

5 
2 

4 

3 
5 

3 

1 

3 
1 

5 

3 
2 
- 
- 
- 
- 
- 

47 

c- 

.-. 

-. 
. 

~- 

aRange: 0 t o  5. . ( A  low s c o r e  i s  super ior . )  The r a t i n g  cons iders  
t h e  c o s t  of developing t h e  process ,  as w e l l  as t h e  u n c e r t a i n t y  of success- 
ful development. 
s i n c e  ample t i m e  i s  presumably a v a i l a b l e .  

The t i m e  d e l a y  involved i s  no t  a p a r t  of t h e  r a t i n g  

bNo process  f lowsheet  has  been def ined  a t  t h i s  t i m e .  
cNo f a c i l i t y  which w i l l  accept  t h e  packaged products  has  been iden- 

t i f i e d  a t  t h i s  time. 

. -. 
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Table B.2. Semiquant i ta t ive  eva lua t ion  of MSRE opt ions:  
B. Economicsa 

Option 

Process  s t e p  1 2 3 4 5 6 

Melt sal ts  (and add g e t t e r s )  

Remove salts 

Build s a l t  process  f a c i l i t y  

Process  o r  convert  salts/U 

Package sal ts  (and U) 

Dismantle/dispose of f a c i l i t y  

Transport  packaged products  

S t o r e l i s o l a t e  products  

Decontaminate ce l l s lequipment  

Dispose of l i q u i d  LLW 

Remove equipment 

Dispose of s o l i d  LLW 

Dismantle ce l l  s t r u c t u r e  

Dispose of s o l i d  LLWIrubble 

Res tore  a r e a  

S e a l  p i p e s l p e n e t r a t i o n s  

I n t e r n a l  entombment 

Externa l  s t r u c t u r e s  

S t a b i l i z e  drain- tank cel l  

Continue s u r v e i l l a n c e  

To t a1 

4 

3 

5 

5 

5 

5 

2 

5 

5 

1 

4 

1 

5 

1 

3 
- 
- 
- 
- 
- 

54 

aRange: 0 t o  5. ( A  low sco re  i s  super ior . )  The r a t i n g  cons iders  t h e  
r e l a t i v e  c o s t  of each process.  
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Table B.3. Semiquant i ta t ive  e v a l u a t i o n  of MSRE opt ions :  
C .  Short-Term hazarda 

Opt i o n  

Process  s t e p  1 2 3 4 5 6 

Melt sal ts  (and add g e t t e r s )  

Remove salts 

Build sa l t  process  f a c i l i t y  

Process  o r  convert  salts/U 

Package sal ts  (and U) 

Dismantle/dispose of f a c i l i t y  

Transport  packaged products  

S t o r e / i s o l a t e  products  

Decontaminate cel ls /equipment  

Dispose of l i q u i d  LLW 

Kemove equipment 

Dispose of s o l i d  LLW 
Dismantle cel l  s t r u c t u r e  

Dispose of s o l i d  LLW/rubble 

Res tore  area 

S e a l  pipes/  p e n e t r a t i o n s  

I n t e r n a l  entombment 

Ex te rna l  s t r u c t u r e s  

S t a b i l i z e  drain- tank ce l l  

Continue s u r v e i l l a n c e  

Tota l  

3 
5 
5 

1 0  

5 

7 

2 

3 

8 

1 

8 

1 

6 
1 

1 
- 
- 
- 
- 
- 

66 21  

aRange: 0 t o  10. ( A  l o w  s c o r e  is  supe r io r ) .  The r a t i n g  cons iders  
t h e  expected ope ra to r  exposure,  p u b l i c  exposure,  p r o b a b i l i t y  of an  adverse 
release, and p o s s i b i l i t y  of sabotage on-s i te ,  dur ing  t r a n s p o r t ,  o r  i n  t h e  
f i n a l  l oca t ion .  Short  term means less than  100 yea r s ,  nominally 5 t o  20 
years .  

I- 

. 

* 

. 
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Table B.4. Semiquant i ta t ive  eva lua t ion  of MSRE opt ions :  
D. Long-Term hazarda 

Option 

Process  s t e p  1 2 3 4b 5 6 

Melt salts (and add g e t t e r s )  

Remove salts  

Build sa l t  process  f a c i l i t y  

Process  o r  conver t  saltslu 

Package salts (and U) 

Dismantle/dispose of f a c i l i t y  

Transport  packaged products  

S t  o r e / i s o l a t e  products  

Decontaminate ce l l s lequipment  

Dispose of l i q u i d  LLW 

Remove equipment 

Dispose of s o l i d  LLW 

Dismantle c e l l  s t r u c t u r e  

Dispose of s o l i d  LLWIrubble 

Restore  area 

Sea l  pipes/  p e n e t r a t  i ons  

I n t e r n a l  entombment 

Externa l  s t r u c t u r e s  

S t a b i l i z e  drain- tank ce l l  

Continue s u r v e i l l a n c e  

To t a l  

a Range: 0 t o  10. ( A  low s c o r e  i s  super ior . )  The r a t i n g  cons iders  
t h e  expected p u b l i c  exposure,  p r o b a b i l i t y  of an adverse release, and 
p o s s i b i l i t y  of inadve r t en t  i n t rus ion .  T.mg term means g r e a t e r  than 100 
yea r s ,  nominally 1000 yea r s  o r  longer .  

bNot r e a l l y  a v i a b l e  long-term opt ion;  would even tua l ly  have t o  be 
supplanted by one of t h e  o t h e r  op t ions .  
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Table B.5. Semiquant i ta t ive  e v a l u a t i o n  of MSRE opt ions :  
E - Conservationa 

Option 

Process  s t e p  

Melt s a l t s  (and add g e t t e r s )  

Remove sal ts  

Build sa l t  process  f a c i l i t y  

Process  o r  convert  salts/U 

Package sal ts  (and U) 
Dismantle/dispose of f a c i l i t y  

Transport  packaged products  

S t o r e / i s o l a t e  products  

Decontaminate cel ls /equipment  

Dispose of l i q u i d  LLW 

Remove equipment 

Dispose of s o l i d  LLW 

Dismantle c e l l  s t r u c t u r e  

Dispose of s o l i d  LLW/rubble 

Res tore  area ( land)  

Sea l  p ipes /pene t r a t ions  

I n t e r n a l  entombment 

Ex te rna l  s t r u c t u r e s  (bu i ld ings )  

S t a b i l i z e  dra in- tank  c e l l  

Continue s u r v e i l l a n c e  

T o t a l  

.- 

... 

- 
. 

a Range 0 t o  10. ( A  low s c o r e  i s  super ior . )  The r a t i n g  cons iders  
near-term u t i l i z a t i o n  of t h e  bu i ld ings  and long-term u t i l i z a t i o n  of t h e  
1 and . 

. 
' L 
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A p p e n d i x  C. WIPP WASTE ACCEPTANCE CRITERIA 

C . l .  WIPP WASTE ACCEPTANCE CRITERIA FOR REMOTELY HANDLED (RH) TRU WASTE 

C . 2 .  WIPP CERTIFICATION COMPLIANCE REQUIREMENTS 

C . 3 .  WIPP: GENERAL COMMENTS 
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C.1. WIPP WASTE ACCEPTANCE CRITERIA FOR RH TRU WASTE 
. .  

Source: WIPP-DOE-069, Rev. 2, Draft  C, da ted  August 1984. 

Combust ibi l i ty:  Any combustible TKU waste s h a l l  be packaged i n  a 

noncombustible conta iner .  

Immobilization: Required i f  more than  1 w t  % is 'in form of p a r t i c l e s  <10 

microns,  o r  i f  more than 15 w t  % is  <200 microns i n  diameter .  Par- 

t i c u l a t e  d e s i c c a n t s  (e.g., Por t land  cement) are exempted. 

Sludges: S h a l l  be packaged such t h a t  i n t e r n a l  co r ros ion  of t h e  con ta ine r  

does no t  occur. 

Liquid Waste: Free l i q u i d s  are not  allowed; minor amounts i n  cans o r  

b o t t l e s  are acceptab le .  

Explosives  and Compressed Gases: TKU waste s h a l l  con ta in  no exp los ives  

o r  compressed gases ,  as def ined  by 49 CFR 173, subpa r t s  C and G. 

Pyrophoric Material: No more than  1 w t  % may be pyrophoric  forms of 

r ad ionuc l ide  metals, and t h e s e  s h a l l  be g e n e r a l l y  d i spe r sed  i n  t h e  

waste. Pyrophoric materials o t h e r  than r ad ionuc l ides  s h a l l  be ren- 

dered s a f e  by mixing wi th  s t a b l e  materials (e.g., g l a s s  o r  concre te ) .  

Radioact ive Mixed Waste: No hazardous waste i s  permit ted u n l e s s  i t  i s  

a l s o  co-contaminated wi th  TRU waste. React ive material s h a l l  be 

i d e n t i f i e d .  Corrosive materials must be n e u t r a l i z e d ,  rendered non- 

cor ros ive ,  o r  packaged i n  a manner t o  ensure  con ta ine r  adequacy 

through t h e  des ign  l i f e t i m e .  

Container: May be t h e  RH con ta ine r  i t s e l f ,  o r  i t  may be t h e  con ta ine r  

i n s i d e  an  overpack. It must meet des ign  cond i t ions  f o r  "Type A" 

n 

. _- 
* 
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packaging, 49 CFR 173.412(b), s p e c i f i e d  by DOT. Container (and 

l a b e l i n g )  s h a l l  be c e r t i f i e d  f o r  a des ign  l i f e  of a t  least  20 yea r s  

from d a t e  of c e r t i f i c a t i o n .  

Package Size  and Handling: Maximum s i z e  26" O.D. (0.66 m) and 121" long 

(3.1 m) i nc lud ing  t h e  p i n t l e .  Must have an axial  p i n t l e ,  of a 

des ign  accep tab le  t o  WIPP, and no o t h e r  l i f t i n g  devices.  

Waste Package Weight: S h a l l  no t  exceed 8000 l b s  (3636 kg). 

Surface Dose Rate: Not g r e a t e r  than 100 Rem/hr a t  any point .  Neutron 

c o n t r i b u t i o n s  g r e a t e r  than 75 mRem/hr s h a l l  be repor ted  i n  t h e  d a t a  

package . 
Surface Contamination: Smearable contamination no g r e a t e r  than 50 x 

Curies  per  100 c m 2  f o r  a lpha  and 450 x 

g amma. 

per  100 cm2 f o r  beta- 

Thermal Power: Not g r e a t e r  than 300 watts p e r  package. 
3' 

J 
Nuclear C r i t i c a l i t y :  S h a l l  no t  exceed 1.9 g / l i t e r  of f i s s i o n a b l e  i so topes  

(averaged over  5 l i t e rs  wi th  a maximum 50% void space) .  

reasonable  d i s t r i b u t i o n  cannot be assured ,  t hen  t h e  c a n i s t e r  i s  

l i m i t e d  t o  240 g t o t a l  ( i n  Pu-239 f i s s i l e  gram equ iva len t s ) .  

c a n i s t e r  may be loaded wi th  DOT 17C drums which w i l l  provide i n t e r -  

n a l  p a r t i t i o n i n g  and inc rease  ( s i c )  t h e  l i m i t s  t o  100 g f o r  each 30 

g a l  drum and 200 g f o r  each 55 g a l  drum. 

I f  such 

The 

-. 

I.. 

Pu-239 Equivalent Ac t iv i ty :  Packages s h a l l  con ta in  no more than 1000 PE- 

C i  (Plutonium - Equivalent  c u r i e s ) .  

Labeling: Each package s h a l l  be uniquely i d e n t i f i e d  wi th  a permanently 

a t t ached  number a t  least  2" high. 
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Data Package: C e r t i f i e d  d a t a  provided p r i o r  t o  shipment s h a l l  include:  

Package i d e n t i f i c a t i o n  number; 

Dated c e r t i f i c a t i o n  s ta tement  t h a t  waste conten t  and packaging are 

i n  accord wi th  t h e  WIPP WAC, and t h e  waste i s  u n c l a s s i f i e d ;  

Waste gene ra t ion  s i te ;  

Date of  packaging; 

Maximum Surface Dose Rate; 

Weight; 

Container  type ; 

Phys ica l  d e s c r i p t i o n  of waste form; 

Assay informat ion ,  inc luding  PE-Ci and Pu-239 f i s s i l e  gram equiva len t  

c o n t e n t s  ; 

Hazardous materials (non-radionuclide) conten t :  i d e n t i f i c a t i o n  and 

quan t i ty ;  

Measured or c a l c u l a t e d  thermal  power; 

Date of shipment; 

Carrier i d e n t i f i c a t i o n ;  

Other information considered s i g n i f i c a n t  by t h e  sh ipper .  

C.2. WIYP CERTIFICATION COMPLIANCE REQUIREMENTS 

Source: "Draf t  A" of WIPP-DOE-158 da ted  August 1984: For u n c l a s s i f i e d ,  RH, 
TRU w a s t e ,  both newly-generated and retrieved-from-storage; a l l  o t h e r  

a p p l i c a b l e  DOE o rde r s  must cont inue  t o  be m e t .  

Container: May be t h e  RH con ta ine r  i t s e l f ,  or it  may be t h e  con ta ine r  

i n s i d e  an overpack. It must meet des ign  cond i t ions  f o r  "Type A" 

packaging, 49 CFR 173.412(b), s p e c i f i e d  by DOT. The con ta ine r  (and 

l a b e l i n g )  s h a l l  be c e r t i f i e d  f o r  a des ign  l i f e  of a t  least 20 years  

from d a t e  of c e r t i f i c a t i o n .  

Package Size  and Handling: Maximum s i z e  26" O.D. (0.66 m) and 121" long 

(3.1 m) i nc lud ing  t h e  p i n t l e .  Must have an axial  p i n t l e ,  of a 

des ign  accep tab le  t o  WIPP, and no o t h e r  l i f t i n g  devices .  

-- 

.I-- 

-. 

c 
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Immobilization: Required i f  more than 1 w t  % is i n  form of p a r t i c l e s  <10 

microns,  o r  i f  more than 15 w t  % is  < 2 0 0  microns i n  diameter.  Par- 

t i c u l a t e  d e s i c c a n t s  (e.g., Port land cement) are exempted. 

Liquid Waste: Free l i q u i d s  are not  allowed; minor amounts i n  cans o r  

b o t t l e s  are acceptab le .  

Sludges: S h a l l  be packaged such t h a t  i n t e r n a l  co r ros ion  of t h e  con ta ine r  

does no t  occur.  

Pyrophoric Material: No more than 1 w t  % may be pyrophoric forms of 

r ad ionuc l ide  metals, and these  s h a l l  be g e n e r a l l y  d ispersed  i n  t h e  

waste. Pyrophoric materials !other  than r ad ionuc l ides  s h a l l  be ren- 

dered s a f e  by mixing wi th  s t a b l e  materials (e.g., g l a s s  o r  

concre te ) .  

Explosives and Compressed Gas: Not g r e a t e r  than trace q u a n t i t i e s  of 

exp los ive  compounds o r  no v e s s e l s  capable  of being pressur ized  

g r e a t e r  than 7 ps ig .  

Radioact ive Mixed Waste: No hazardous waste i s  permit ted un le s s  i t  is  

a l s o  co-contaminated with TRU waste. React ive material s h a l l  be 

i d e n t i f i e d .  Corrosive materials must be neu t r a l i zed ,  rendered non- 

cor ros ive ,  o r  packaged i n  a manner t o  ensure  con ta ine r  adequacy 

through t h e  des ign  l i f e t i m e .  

Waste Package Weight: S h a l l  no t  exceed 8000 lbs ( 3 6 3 6  kg). 

Nuclear C r i t i c a l i t y :  F i s s i l e  conten t  no more than 50 g / f t 3 ,  averaged 

over 5 f t 3  volume and 50% void space. 

no t  be assured ,  t h e  con ta ine r  i s  l i m i t e d  t o  240 g t o t a l  ( i n  Pu-239 

f i s s i l e  equ iva len t s ) .  

I f  uniform d i s t r i b u t i o n  can- 

c 
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Pu-239 Equivalent  TRU Ac t iv i ty :  S h a l l  no t  exceed a va lue  ( i n  Curies)  TBD. 

The Pu-239 equ iva len t  is based on MF'C va lues ,  DOE Order 5480.1A, 

Chapter X I .  

Surface Dose Rate: Not g r e a t e r  than  100 Rem/hr a t  any po in t .  Neutron 

l e v e l s  s h a l l  be l i m i t e d  t o  75 mRem/hr a t  t h e  con ta ine r  su r face ( ! ) .  

Surface Contamination: Smearable contaminat ion no g r e a t e r  than 50 x 10-1 

Curies  per  100 c m 2  f o r  a lpha  and 450 X 

gamma. 

per  100 c m 2  f o r  beta- 

Thermal Power: Not g r e a t e r  than  300 watts per  package. 

Combust ibi l i ty:  Any combustible TKU waste s h a l l  be packaged i n  a noncom- 

b u s t i b l e  conta iner .  

Gas Generation: A l l  RH TRU waste c a n i s t e r s  s h a l l  be vented,  through a 

Rocky Flats- type carbon f i l t e r  o r  equ iva len t  . 
Color Coding: No c r i t e r i o n  s p e c i f i e d .  

Labeling: Each package s h a l l  be uniquely i d e n t i f i e d  wi th  a permanently 

a t t ached  number a t  least 2" high'. 

Documentation/Compliance: The sh ippe r  s h a l l  have ope ra t ing  procedures 

w i t h  methods f o r  de te rmina t ion  of a l l  r equ i r ed  da ta .  The d a t a  

package s h a l l  be t r ansmi t t ed  t o  WIPP p r i o r  t o  shipment,  i n  a format 

accep tab le  t o  WIPP. 

by a des igna ted  ind iv idua l  from t h e  c e r t i f y i n g  f a c i l i t y  and be main- 

t a i n e d  by t h e  sh ipper .  

A c e r t i f i c a t e  of compliance s h a l l  be provided 

C.3. WIPP: GENERAL COMMENTS 

-.  
_. 

-1 

Source: (Excerpted from WIPP-DOE-069) 
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The f a c i l i t y  i s  not  ye t  au thor ized  t o  be permanent. Therefore ,  r e t r i e v a l  

must be allowed f o r  up t o  20 yea r s  under p re sen t  criteria. 

Some experimental  packages w i l l  be  allowed. Out  of 170 acres, 10 acres 

i s  f o r  experimental  purposes. 

KH TRU has  a s u r f a c e  dose ra te  >200 &m/hr, but  may no t  be g r e a t e r  than 

100 Rem/hr. 

Pu-239 Fiss i le  G r a m  Equivalent  is  based on bff ,  assuming an opt imal ly  

moderated i n f i n i t e  a r r ay .  

Pu-239 Equivalent  A c t i v i t y  (expressed i n  PE-Ci) is  cha rac t e r i zed  by: 

. i 

k 

i= 1 

where t h e r e  are k i s o t o p e s ,  A i  i s  maximum a c t i v i t y  of i so tope  i ,  CFi 

i s  t h e  MPC c o r r e c t i o n  f a c t o r  f o r  i so tope  i, obtained by mul t ip ly ing  

t h e  MPC i n  10 CFR 20, Appendix B, Table 1, column 1 f o r  so lub le  

materials by 5 x 1 0 l 1  m l / C i ,  t o  normalize r e l a t i v e  t o  Pu-239. 

TRU Waste i s  def ined  as defense waste contaminated wi th  cer ta in  alpha- 

emi t t i ng  i s o t o p e s  of atomic number g r e a t e r  than 92 and ha l f - l i ves  

g r e a t e r  than 20 y r s ,  i n  concent ra t ions  g r e a t e r  than 100 nCi/g. 

Waste Container i s  t h e  d i sposab le  containment intended f o r  emplacement a t  

WIPP, i nc lud ing  any i n t e g r a l  l i n e r  o r  sh i e ld ing .  Package i s  t h e  

con ta ine r  and conten ts .  

Waste volume percent  i s  t h e  material volume, excluding trapped void 

space,  of t h a t  form compared t o  t h e  t o t a l  waste volume, but  no t  com- 

pared t o  t h e  package volume. 

. 
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Appendix D. ANALYSIS OF MSRE CELL PENETRATIONS 

.I- 

.\ 

8 

Prepared by 

D. Macdonald and A. C. Williamson 

Martin Marietta Energy Systems, Inc. ,  Engineering 

August 21, 1985 
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D o 1  INTRODUCTION 

The o b j e c t i v e  of t h i s  s tudy  i s  t o  review and comment on one a spec t  

o f  t h e  i n t e g r i t y  of t h e  MSRE f a c i l i t y  t o  cont inue  t o  s a f e l y  s t o r e  t h e  

f u e l  and f l u s h  sal ts  p r e s e n t l y  loca t ed  i n  t h e  d r a i n  tank  ce l l  of 

Bui lding 7503. 

ce l l  w a l l s .  These pene t r a t ions  were eva lua ted  i n  t h e  contex t  of 

overlapping containment envelopes composed of va r ious  ce l l  groupings.  

The more than 100 p e n e t r a t i o n s  i n t o  t h e  r e a c t o r ,  d r a i n  tank ,  and f u e l  

processing ce l l s  (F ig .  D . l )  a s soc ia t ed  wi th  each proposed envelope are 

descr ibed  by l o c a t i o n ,  type ,  c u r r e n t  cond i t ion ,  and p o t e n t i a l  f o r  f u t u r e  

use. The i d e n t i f i c a t i o n  numbers shown on Fig. D.1 i n d i c a t e  c e l l  

p e n e t r a t i o n s  and r e f e r  t o  i d e n t i f i c a t i o n  numbers shown on f a c i l i t y  

This s tudy  i s  concerned wi th  p e n e t r a t i o n s  through the  

drawings; t hey  are a l s o  re ferenced  t o  Table D . l  of t h i s  s tudy .  Poss ib le  

c l o s u r e  op t ions  are proposed f o r  those  p e n e t r a t i o n s  not  needed f o r  f ac i -  

l i t y  maintenance o r  f o r  f u t u r e  f u e l  t r a n s f e r .  These e v a l u a t i o n s  of t h e  

cond i t ion  of  t h e  pene t r a t ions  are incomplete a t  present  and warrant  

f u r t h e r  s tudy  t o  e s t a b l i s h  t h e  requirements  f o r  any recommended course 

of  a c t i o n  wi th  regard  t o  long-range p lans  f o r  s a f e  s t o r a g e  of t h e  f u e l  

and even tua l  f i n a l  decommissioning of t h e  f a c i l i t y .  

D.2 CONTAINMENT ENVELOPES 

While t h e  MSKE w a s  i n  ope ra t ion ,  t h e  f u e l  sa l t  w a s  c i r c u l a t e d  i n  

t h e  r e a c t o r ,  d r a i n  tank ,  and f u e l  process ing  cells .  The f u e l  and f l u s h  

s a l t s  have been s t o r e d  i n  t h r e e  c r i t i c a l l y  s a f e  s t o r a g e  tanks  i n  t h e  

d r a i n  tank  ce l l  fo l lowing  f a c i l i t y  shutdown i n  1969. Since t h e  t h r e e  

ce l l s  are in te rconnec ted  t o  varying degrees ,  t h i s  s tudy  w a s  organized i n  

t e r m s  of t h r e e  containment envelopes (Fig.  D.2). Envelope 1 i s  composed 

o f  t h e  r e a c t o r ,  d r a i n  tank ,  and f u e l  process ing  cells. These cells  are 

grouped toge ther  because they contained most of t h e  r a d i o a c t i v i t y  while  

t h e  MSRE was opera t ing .  Envelope 2 i s  made up of t h e  r e a c t o r  and d r a i n  

t ank  cel ls ,  which are s t i l l  connected v i a  an open p e n e t r a t i o n  ( t h e  

p e n e t r a t i o n  t o  t h e  process ing  ce l l  i s  sea l ed ) .  Also, t h e  process ing  

c e l l  is  more a c c e s s i b l e  and more l i k e l y  t o  be u t i l i z e d  i n  t h e  f u t u r e  

I 

I. 
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\ #  REF. DWG. X3E-12598-001 
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ENVELOPE I 

ENWLOPEIII 
ENVELOPE 1 
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Fig. D-2. Containment envelope options. . 
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than is  t h e  r e a c t o r  cell .  Once t h e  process ing  c e l l  i s  accessed,  t h e  

pene t r a t ions  a s s o c i a t e d  wi th  Envelope 2 ' (between t h e  f u e l  processing and 

d r a i n  tank  cel ls)  can be examined and sea led .  F i n a l l y ,  Envelope 3 i s  

t h e  d r a i n  tank  ce l l  i t s e l f ,  where t h e  f u e l  and f l u s h  sal ts  are a c t u a l l y  

s to red .  Once t h e  r e a c t o r  c e l l  has been opened, t h e  l a r g e  pene t r a t ion  

between t h e  d r a i n  tank  c e l l  and t h e  r e a c t o r  c e l l  can be sea led .  

D.3 DESCRIPTION OF PENETRATIONS 

During r e a c t o r  opera t ion ,  t h e  molten f u e l  s a l t  had t o  be maintained 

a t  a temperature above 840'F ( t h e  melt ing poin t  of t h e  sal t )  i n  o rde r  t o  

prevent  a plug of s o l i d  sa l t  from forming. This w a s  achieved by 

surrounding s a l t  t r a n s f e r  l i n e s  wi th  e lec t r ica l  h e a t e r s ,  i n s u l a t i o n ,  

thermocouples, p re s su re  reading ins t ruments ,  and redundant instrumen- 

t a t i o n .  This complex a r r a y  of e lectr ical  and ins t rumenta t ion  l i n e s  

n e c e s s i t a t e d  numerous pene t r a t ions  through t h e  ce l l  walls. In a d d i t i o n  

t o  t h e  c e l l  w a l l  p e n e t r a t i o n s ,  t h e r e  are two large ce l l - to -ce l l  ope- 

nings:  a 36-in. opening between t h e  r e a c t o r  and d r a i n  tank  cel ls  (Fig.  

D . 3 ) ,  and a 14-in. opening between t h e  d r a i n  tank  and reprocess ing  cel ls  

(Fig.  D.4). These two openings c a r r y  i n s u l a t e d ,  heated l i n e s  f o r  sa l t  

t ransf er. 

D.4 REACTOR CELL PENETRATIONS 

Typical  r e a c t o r  c e l l  pene t r a t ions  ( s e e  Figs.  D.5 through D.9) are 

e lectr ical ,  thermocouple, water, off-gas ,  and sa l t  t r a n s f e r  l i n e s .  A l l  

o f  t h e s e  pene t r a t ions  pass  through t h e  sand and wa te r - f i l l ed  annulus.  

In  add i t ion ,  t h e  r e a c t o r  c e l l  pene t r a t ions  are provided wi th  some mecha- 

nism t o  al low movement r e l a t i v e  t o  t h e  ce l l  walls. The 12-ft r a d i u s  

i n d i c a t e s  t h e  r e a c t o r  containment ce l l  w a l l ,  which was cons t ruc ted  of 

s t a i n l e s s  steel  p l a t e  ranging from 1-1/4 t o  4-in. i n  th ickness .  

15-ft r a d i u s  i n d i c a t e s  t h e  r e a c t o r  tank  l i n e r ,  which was cons t ruc ted  of 

3/8-in.-thick s t a i n l e s s  s teel  p l a t e .  The l i n e s  shown i n s i d e  t h e  l a r g e r  

pene t r a t ions  are p r e s e n t l y  connected o r  were used as spa res  and l e f t  

capped. 

The 

ai 
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REF. DWG. X3E-12598-003 

/' 

/" I ' -- 3 5CII. 'lo PIPE 

- 
8' BARYTES BLOCK 

36- CONCRETE WALL 

14' SCH. 80 PlPE 

SALT TRANWR LINE 

Fig. D-4. Existing s a l t  transfer l ine  penetration between dra in  t a n k  cell  and fuel processing ce l l .  
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6" SCH. 

. .C  

REF. DWG. X3E-12598-002 

SAMPLER ANLSAMPCER OFFGAS L\NES 

Fig. D-6. Existing sampler and sampler o f f g a s  line penetrations into 
reactor cell. 
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REF. DWG. X3E-12598-002 

PLATE 

IS' R A \ 
8" SCH. 40 PIPE 

WATER CINES AND OFFGAS LINES 

Fig.  D-7. E x i s t i n g  water and of fgas penetrat ions i n t o  reac to r  c e l l .  
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D.5 D R A I N  TANK AND FUEL PROCESSING CELL PENETRATIONS 

. 
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Figures  D.8 and D.9 show t y p i c a l  e lec t r ica l ,  cover g a s ,  coolan t  

a i r ,  helium, and water t r a n s f e r  l i n e s .  A l l  of t h e s e  l i n e s ,  except  f o r  

t hose  in t e rconnec t ing  the  two ce l l s ,  p a s s  through t h e  concre te  ce l l  w a l l  

i n t o  access areas. As i n  t h e  r e a c t o r  ce l l ,  t h e  l i n e s  are e i t h e r  con- 

nected o r  were used as spa res  and l e f t  capped. 

D.6 TABULATION OF PERTINENT INFORMATION 

Much informat ion  about t h e  ce l l  pene t r a t ions  has  been c o l l e c t e d  and 

This t a b l e  has  been d iv ided  i n t o  t h r e e  s e c t i o n s ,  t abu la t ed  (Table D.1). 

one f o r  each  of t h e  main cells ( r e a c t o r ,  d r a i n  tank ,  and f u e l  pro- 

ces s ing ) .  Table headings are: (1)  pene t r a t ion  i d e n t i f i c a t i o n  number, 

( 2 )  type/usage, (3)  present  condi t ion ,  ( 4 )  l o c a t i o n  i n  t h e  ce l l ,  (5 )  

access area, (6 )  s i z e  of t h e  major and i n t e r i o r  pene t r a t ions ,  (7 )  de te r -  

mination as t o  whether t h e  pene t r a t ion  is  needed now o r  i n  t h e  f u t u r e ,  

( 8 )  c losu re  op t ions ,  and (9 )  envelope involved. The present  cond i t ion  

o f  t h e  pene t r a t ions  (connected, capped, o r  empty) i s  ye t  t o  be de te r -  

mined; however, a d e t a i l e d  on-si te  i n spec t ion  would provide most of t h i s  

information.  Some of t h e  pene t r a t ions  used i n  t h e  f a c i l i t y ,  and t h e i r  

need f o r  maintenance o r  f o r  f u t u r e  s a l t  t r a n s f e r ,  were not  r e a d i l y  

a v a i l a b l e  a t  t h e  t i m e  t h i s  s tudy  was completed. 

D.7 CLOSURE OPTIONS 

Numerous pene t r a t ions  are c u r r e n t l y  needed f o r  f a c i l i t y  s u r v e i l l a n c e  

maintenance. The s o l i d  s a l t  is heated annual ly  t o  recombine f l u o r i n e ,  

i n  a d d i t i o n  t o  t h e  p e r i o d i c  measurements of temperature  and pressure .  

Besides t h e  pene t r a t ions  needed f o r  s u r v e i l l a n c e  and maintenance, t h e  

f a c i l i t y  must main ta in  t h e  c a p a b i l i t y  f o r  t r a n s f e r r i n g  t h e  f u e l  and 

f l u s h  s a l t s  ou t  of t h e  d r a i n  tank  ce l l  i n  t h e  event  t h i s  may be requi red  

i n  t h e  fu tu re .  Severa l  c losu re  op t ions  are a v a i l a b l e  f o r  those penetra- 

t i o n s  t h a t  are not  needed now o r  i n  t h e  f u t u r e .  Pene t r a t ions  wi th  

i n t e r i o r  l i n e s  can be sea l ed  i n  one of two ways (Fig.  D.10). Each 

i n t e r i o r  pene t r a t ion  can be capped and l e f t  i n  p l ace ,  o r  t h e  end seal- 

p l a t e  can be removed, t h e  i n t e r i o r  l i n e s  c u t  i n s i d e  t h e  l a r g e r  penetra- 

t i o n ,  and t h e  sea l -p l a t e  rep laced  wi th  a new, s o l i d  p l a t e .  The op t ion  



Table D-1. MSRE reactor and drain t a n k  cell penetration l i s t .  
____ . - - - ~  - __--__ -- 

I.D. TYPE/IISAGE PRESENT CONDITION CELL LOCATION ACCESS AREA SIZE NEEDED CWSIJRF. OpTIOh5 EWEl OPF 

Drsin Tank Ce l l  

1 
2 
3 
4 
5 
6 
7 
A 
9 

I O  
I 1  
I2 
13 
14 
I5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
A-36 
8-36 
C-36 
0-36 
E-36 
A-24 
B-24 

SIEAY FROM DOMES ( 1  
ST€.AY FROM DOMES ( 1 )  
WATCR TO S V A H  DOHES ( 1 )  
WATFR TO STEAM IYMES ( 1  ) 
WATER ( I )  
WATER ( I )  
SPARE ( 1 )  
SPARE ( I )  
HEI.IUM ( 1 )  
HELILM ( 1  ) 
HEI.IUM ( I  ) 

HELIUM ( I  ) 
HF.I.IIM ( 1 )  

HELIUM ( I )  
SLYP DISCHARGE ( 1  ) 
SLMP DISCHARGE (1  ) 
AIR TO SUMP ( I )  
A I R  TO S l W  ( I )  

HELIUM ( 1 )  

IIEI.IIJM ( I )  . 

INSTRRWFNTI\TION ( 2 9 )  
JNSTRL2YQJTATIM (36) 
THERVOCOUPLES ( I6 ) 
TIIERVOCOIIPI.ES ( 3 6 )  
THERMCCOUPI.F,F ( 36 
ELECTRICAI. ( 2 4 )  
ELECTRICAL ( 2 4 )  

. ~ . 

South Wall 
South Wall 
South Wall 
South Wall 
South Wall 
South Wall 
South Wall 
South Wall 
South W e l l  
South Wall 
South Wall 
South Wall 
South Wall 
South W a l l  
South Wall 
South Wall 
South Wall 
South Wall 
W e s t  Wall 
W e s t  Wall 
North Wall 
North Wall 
North Wall 
North Wall 
North Wnll 
North Wall 
North Wall 
North Wall 
North Wall 
North Wall 
East Wall 
F a s t  Wall 
East Wall 
East  W a l l  

East  Wall 
East  we11 

East Wall. 

South ESA 
South ESA 
South €SA 

South ESA 
South ESA 
South ESA 
South ESA 
South ESA 
South ESA 
South ESA 
South ESA 
South ESA 
South ESA 
South FSA 
South FSA 
SouLh ESA 
Waste C e l l  
Waste C e l l  
West of 8 lde .  
West of Blde. 
Fuel Proc. C e l l  
Fuel P r o c .  C e l l  
Fuel P r o c .  C e l l  
Fuel  P r o c .  C e l l  
Fuel Proc. C e l l  
Fuel P r o c .  C e l l  
Fuel P r u r .  Cel l  
Fuel P r o c .  C e l l  
Fuel P r w .  C e l l  
Fuel P r o c .  C e l l  
North ESA 
North ESA 
North ESA 
North ESA 
North ESA 
North ESA 
North FSA 

3" I n 4" 
3" i n  4" 
1" 
I" 
I" 
I" 
1" 
1" 
1/2" i n  1" 
1/2" i n  I" 
1/2" i n  I" 
1/2" i n  I" 
1/2" i n  I "  
1/2" in 1" 
1/21' i n  1" 
1/2" i n  I "  
3/41' 
3/41' 
3/4" 
3/4"  
1 - 1 /2" 
1-1 /2" 
1 - 1 /2" 
1-1/2" 
1 - 1 /2" 
4" 
1-1 /2" 
1-1/21' 
1- 1 /2 "  

3/4" 
3/4" 
3/4" 
3/41' 
3 /4"  
3/16" i n  314" 
3/16" I n  3/4"  

14" 

. . . . - . . . . . . . . 

NO 
NO 

I 
I 
I 
1 
1 
I 
1 
I 
I 
1 
I 
I 
1 
1 
1 
1 
I 

I OR 2 
I OR 2 
1 OR 2 
1 OR 2 
I OR 2 
1 OR 2 
1 OR 2 
1 OR 2 
1 OR 2 
1 OR 2 
I OR 2 
1 OR 2 

2 
3 
3 
3 
3 
3 
3 
3 

I 
1 
1 
1 
I 
1 
I 
1 
I 
1 
I 
I 
1 
1 
I 
I 
1 
I 
1 
I 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
I 
1 
1 
I 
I 
I 

P 
0 
Q\ 



C-24 
D-24 
E-24 
F-24 

G 
H 
I 
J 
K 
L 

N 
0 
P 
Q 
R 

n 

ELECIRICAI. ( 2 4 )  
EI .ErnTCI\L  ( 2 4 )  
EI.ErnICA1. ( 2 4 )  
ELECIRICAL ( 2 4 )  
SPARE ( 1 )  
SPARE ( 1 )  
COVER GAS ( 3 )  
SPARE ( 1 )  
SPARE ( 1 )  
SPARE (1)  
COMPONENT COOIANI' AIR ( 3 )  
CUMPONEIW COOLANT AIR (3) 
CCMPONEW COOLAW AIR ( 1) 
DP CELL (4) 
LEAK D E T E C V X  ( I 2 ) 
LFAK DETECITX ( 1 2 )  

East Wall 
East W a l l  
East  W a l l  
East  Wall 
East  Wall 
East  Wall 
East Wall 
East Wall 
East  Wall 
East Wall 
East Wall 
East  Wall 
East  W a l l  
East  Wall 
Eest  wa l l  
East  Wall 

North ESA 
North FSA 
North ESA 
North ESA 
North ESA 
North ESA 
North ESA 
North ESA 
North ESA 
North FSA 
North ESA 
North ESA 
North €SA 
North ESA 
South ESA 
South ESA 

3 /  16" i n  3 / 4 "  
3/16" i n  3/4" 
3/16" i n  3/4" 
3 /  16" i n  3/4" 
6" 
6" 
6" ( 3  1/2") 
6" 
6" 
6" 
6" ( 3  3 / 4 " )  
6" ( 3  3/4") 
6" (ONE I 1/2") 
6" ( 4  1 / 2 " )  
6" ( I 2  1 / 4 " )  
6" ( 1 2  1 / 4 " )  

No 
No 

NO 
No 
ND 

3 
3 
3 
3 

I OR 2 
1 OR 2 
1 OR 2 
1 OR 2 
I OR 2 
1 OR 2 
1 OR 2 
1 OR 2 
I OR 2 
1 OR 2 
1 OR 2 
I OR 2 

1 
I 
I 
I 
I 
1 

I 
I 
1 
I 
1 
I 
I 
I 
1 
I 

Reactor C e l l  Ft-in. .  Degrees 

I 
I1 
I11 
I V  

V 
VI 
V I 1  

V I 1 1  
I X  

' X  
X I  
X I 1  

XI11 
XIV 
xv 
XVI 

XVII 
X V I I I  

X I X  
xx 
XXI 

XXII 
XXlII 
XXIV 

XXV 

REACTOR LFAK DEECTORS ( 6 0 )  
ELFLlRICA1. (44) 
ELFCTRICAL (44) 
lHERMCUJIPLES (60) 
INSTRL-ATION (60) 
SAMPLER OFFCAS 
SAMPLER 
FUEL PIMP N I X .  PIPING ( 8 )  
NE.UTRON INSTRIIMEW TUBE 

RJEL PLW AUX. PIPING (17) 
ux1pON€h'T COOLANT AIR ( I )  
COOLANT SALT TU HX ( 1 )  
WAlFR LINES ( 2 )  

WATER LINES ( 2 )  
WATER L1NF-S ( 2 )  
WATER LINES ( 2 )  
CMIL. SALT M RADIATOR ( I ) 
OFFGAS ( 3 )  
OFFCAS ( 2 )  
CELL EXHAUST DIKT ( 1 )  
THIHERMDCx)UPLE (38) 
DRAIN TANK CEI.1. IN'ERCON. 
SUMP 

FUEL P ~ M P  LIO. i.EVEL ( 6 )  

semE ( 2 )  

836 15 
874 30 
836 45  
834 60 
836 7 5  
847 110 
847 115 
836-9 I25 
834-5  145 
844-6 155 
836-9 160 
829-10 165 
840-10 1 7 0  
839-9 185 
839-9 200  
839-9 205  

839-9 2 2 0  
837 2 2 0  
839-9 2 2 5  
839-9 2 3 0  
8 2 4 - 1 0  245  
836 325  
825-2 330 
B o t t o m  Center 

839-9 210  

South ESA 
South ESA 
South ESA 
South ESA 
South ESA 
High Bay 
High Bay 
Se rv lce  Tlmnnel 
High Bay 
Spec ia l  G. Rm. 
Spec ia l  Q. Rm. 
Spec ia l  Q. Rm. 
Coolant C e l l  
Coolant C e l l  
Coolant C e l l  
Coolant C e l l  
Coolant C e l l  
C o o h l t  cell 
Coolant C e l l  
Coolant C e l l  
Coolant C e l l  
CUI' Tunnel 
W e s t  Tunnel 
Drain Tank C e l l  

24" (60  Ifh") NO 

24" ( 6  1";38 3/4") NO 
NO 24" ( 6  1";3R 3/4") 

24" ( 7  3 / 4 " ; 2 8  1 / 2 " ; 2 5  3/8")NO 
24" (60 3 / 8 " )  NO 
4" ( 2  1/2") NO 
6" NO 
18" ( 3  1 / 2 " ; 4  3 / 4 " ; 1  I") NO 
36" (10 ION CHAI.BER GUIDES) NO 
4" (6 1 /4") NO 
18" ( 2  1";11 I/?") NO 
6" NO 
24" NO 
8" ( 2  1") NO 
8" ( 2  2")  NO 
8" ( 2  2 " )  NO 
8" ( 2  2")  NO 
8" ( 2  2 " )  NO 
24" NO 
6" ( 3  I") NO 
6" (W I 1 / 4 " )  NO . 
30" NO 
24" (38 3 / 8 " )  NO 
36" NO 

NO 

2 o R 3  
2 OR 7 
2 OR 3 
2 o R 7  
2 o R 3  

2 
2 
? 
1 
2 
? 
? 
? 

1 0 8 2  
I o R 2  
1 OR 2 
1 OR 2 
l o R 2  

? 
1 0 8 2  
l o a 2  

2 
2 o R 3  

2 
? 

1 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
1 
1 
1 
1 
I 
1 
I 
1 
I 
I 
I 
3 
I 



Table D-1, continued. 
-~--.._......-._I_. ._ . .. ,. _. . . , . . .. . - ..... . _._.- .. .._ ___-_._._-________._I____.. . .. _. . .  . . ..... . . . . ... . ... . . . . __ 

FIIEL PROCESSING CELL 

31 
32 DRAIN 
33 STEAM LINE 
34 S'L'EAV JFr .DISCHARGT 
35 STEN? LXNE 
36 5 I w l Y  LINE 
37 
38 
39 
40 
41 CJRhIF! 
42 URAIN 

' 43 
44 
I 5  
46 
47 
40 
49 UI.TRASONJC PROBE 
50  I NS'IRLYENTATION 
51 INSTRLMENTATION 
52 
53 INS'IRRLMFNTATION 
54 SALT ADDITION LINE 

--.__.... ... . .- . ...-..__._ c----c_--- , _. .--. . 

NORTH WALL DFCON. CELL 6" I OR 2 I 
NORTH WALL DECrn. CF.1.L 3" NO 1 OR z 1 
NORTH WALL DECON. CELL 3/41' I OR 2 I 
NORTH WALL DRAIN TANK CELL 3 /4"  I OR 2 2 
NORTH WALL LlECON . CELL 3/4"  I OR 2 I 
NURTH WALL DECON. CELL 1/4" I OR 2 I 
FAST WALL SPARE CELL 6" I OR 2 I 
EAST WALL SPARE CELL 12" 1 OR 2 I 
EAST WALL SPARE CELL 12" 1 OR 2 I 
EAST WALL SPARE CELL 12" I OR 2 I 
FAST WALL SPARE CELL 3" No I OR 2 I 
m s r  WALL SPARE CELL 3" NO I OR 2 I 
WEST WALL HICli BAY 8" I OR 2 I 
WEST WALL ABSOR. CUBE. 6" YFS I OR 2 I 
w,ST WALL ABSOR. CUBE. 6" YES I OR 2 I 
WE= WALL ABSOR. CUBE. 4" YES 1 OR 2 I 
WEST WALL 7 4" I OR 2 I 
UEST WALL 7 I" 1 OR 2 I 

P WEST WALL 2" YFS 1 OR 2 1 
VEST WALL INSlR. CUBE. 6" YES 1 OR 2 I 0 

03 WST WALL INS'IR. CUBE. 2" YES 1 OR 2 I 
VEST WALL ASOR.  CUBE. 6" YES I OR 2 I 
WEST WALL INSIR. CUBE. 6" YES 1 OR 2 I 
ROOF HIGH BAY I 1/21' YFS 2 I 

7 

-- - -- - -I - 
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chosen depends on t h e  use of t h e  i n t e r i o r  l i n e s .  i f  any of t h e  i n t e r i o r  

l i n e s  are needed, t hen  t h e  s e a l i n g  of i n d i v i d u a l  l i n e s  would al low t h e  

needed l i n e s  t o  remain connected. If  none of t h e  i n t e r i o r  pene t r a t ions  

i s  requi red ,  t h e  method of r ep lac ing  t h e  sea l -p l a t e  wi th  a new, s o l i d  

p l a t e  would e l imina te  exposed l i n e s .  Electrical l i n e s  can be sea l ed  

wi th  a threaded,  pressure- t igh t  plug, such as those  used f o r  s e a l i n g  

s p a r e  e lectr ical  l i n e s  i n  t h e  o r i g i n a l  cons t ruc t ion .  

D.7 SUMMARY 

The information developed i n  t h e  course of t h i s  i n v e s t i g a t i o n  i n t o  

t h e  cond i t ion  of t h e  cell  w a l l  p e n e t r a t i o n s  of t h e  MSRE f a c i l i t y  was of 

a pre l iminary  na tu re ,  and more work i s  needed. Completion of t h e  tabu- 

l a t e d  d a t a  should be undertaken wi th  a p a r t i c u l a r  a t t e n t i o n  t o  f u r t h e r  

on-s i te  i n spec t ion  t o  v e r i f y  condi t ions .  The p repa ra t ions  r equ i r ed  f o r  

c l o s u r e  of most pene t r a t ions  i s  s t r a igh t fo rward  s i n c e  most of t h e  

e lec t r ica l  and gas  l i n e s  are r e a d i l y  a c c e s s i b l e  and s e a l i n g  can be 

achieved i n  t h e  same manner t h a t  s p a r e  l i n e s  are capped. However, spe- 

c i a l  p repa ra t ions  w i l l  be r equ i r ed  i n  two cases: 

t h a t  w i l l ,  when c u t ,  have d i r e c t  con tac t  wi th  ce l l  atmosphere w i l l  have 

t o  be i d e n t i f i e d ,  and ( 2 )  t he  sample r  and sample r  off-gas l i n e s  w i l l  

r e q u i r e  cons iderable  e f f o r t  t o  remove t h e  l ead  s h i e l d i n g  above t h e  

p e n e t r a t i o n s  i n  o r d e r  t o  o b t a i n  access. Most of t h e  p e n e t r a t i o n s  i n  t h e  

f a c i l i t y  are a s soc ia t ed  wi th  t h e  r e a c t o r  and d r a i n  tank  cells. Other 

t han  those pene t r a t ions  requi red  f o r  monitor ing t h e  f u e l  s t o r a g e  con- 

(1) any p e n e t r a t i o n  

d i t i o n s ,  f i n a l  s e a l i n g  of the' w a l l  p e n e t r a t i o n s ' t h a t  ex is t  i n  t h e  d ra in  

tank  c e l l  would achieve  t h e  maximum s e c u r i t y  f o r  in-place f u e l  s t o r a g e  

f o r  an extended per iod.  The major e f f o r t ,  of course ,  would be f o r  t h e  

cleanup t o  g a i n  access t o  t h e  r e a c t o r  and f u e l  process ing  cel ls  so t h a t  

f i n a l  i s o l a t i o n  of t h e  d r a i n  tank  c e l l  could be achieved. 
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BUILDING 7503 DRAINAGE SYSTEMS 
.”- 
J 

This  appendix presents a review o f  t h e  e x i s t i n g  l i t e r a t u r e  and design data 

f o r  the  Bu i l d ing  7503 drainage systems. 

cond i t i on  o f  t he  drainage systems would be use fu l ,  as would s tud ies t o  

de f ine  the  f l ow  pat te rns  and volumes o f  groundwater a t  the  s i t e .  

Fur ther  work t o  f i e l d  check the  

Overa l l  Descr ip t ion  

B u i l d i n g  7503 i s  served p r i m a r i l y  by f o u r  drainage systems. (1) A special 

rad ioac t i ve  l i q u i d  waste system c o l l e c t s  water from process and c e l l  f l o o r  

d ra ins  i n  a l i q u i d  waste tank loca ted  i n  the  l i q u i d  waste c e l l .  Waste i s  

neu t ra l i zed  i n  t h i s  tank i f  necessary, and then i s  pumped t o  the  LLW pumping 

s t a t i o n  a t  t he  northwest corner o f  the  s i t e .  Waste i s  then pumped over t o  

the  Bethel Val ley f a c i l i t i e s  f o r  concentrat ion and disposal. ( 2 )  Non- 

rad ioac t i ve  drainage, i n c l u d i n g  groundwater c o l l e c t e d  by the  b u i l d i n g  

f rench d ra in  system and water en te r ing  f l o o r  d ra ins  ou ts ide  o f  t he  c e l l s ,  i s  

c o l l e c t e d  i n  the  b u i l d i n g  sump. Water i s  then pumped ou t  o f  the  sump and 

discharged from a catch bas in southwest o f  the  b u i l d i n g  o u t  t o  a drainage 

area lead ing  t o  Melton H i l l  Branch. (31 Storm water i s  c o l l e c t e d  i n  a 

se r ies  o f  r o o f  drains, and i s  p iped t o  another catch bas in west o f  the 

bu i l d ing .  This water i s  a lso  discharged t o  a drainage area. 

wastewater i s  c o l l e c t e d  and drained t o  a sep t i c  tank and d r a i n  f i e l d  a lso  

l oca ted  west o f  the bu i l d ing .  

nonradioact ive bu id ing  water rainage systems, i nc lud ing  the  l o c a t i o n s  o f  t h e  

catch basins and discharge po in ts .  Drawing D-A-AA-40888-C ( i n  pocket i n s i d e  

back cover) shows the  f l ow  diagram f o r  t h e  b u i l d i n g  rad ioac t i ve  and non- 

rad ioac t i ve  c o l l e c t i o n  p i p i n g  systems. Fur ther  d e t a i l s  on a l l  of the  

( 4 )  Sani tary  

Fig. E -1  shows a schematic o f  the  storm and 

P 
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Unclassified 
OFUZ DWC a-9109 

.. 

From Roof 
/-- - 

Sump 

b i n .  Drain T i l e  
Footing Drain  

I 

I 
1 
I 

"1 
d- 

I n v e r t  
N -  1 L 8 3 ; ; f i U i n .  

12 in. S t o m  
Drain 

Headwall Hendwd.1, I 
-7 j2497 .O -=&6.83 A 'E3.w 635 ft 0 i n . +  4 ?. 

SQ 

Elev 8% ft 0 i n . +  - 

5! !2E2 

Fig. E-1. Schematic diagram o f  B u i l d i n g  7503 drainage plan. 
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b u i l d i n g  drainage systems are given i n  OKNL-TM-728, Pa r t  1, and i n  

ORNL/CF -7 7 / 391. 

Radioactive L i q u i d  Waste C o l l e c t i o n  

The cen t ra l  p o i n t  f o r  rad ioac t i ve  l i q u i d  waste c o l l e c t i o n  i s  a 11,000 

gal .  tank loca ted  i n  the  l i q u i d  waste c e l l  i n  the  no r th  h a l f  o f  t he  b u i l d -  

ing. The major sources o f  waste f o r  which t h i s  co1,lection system was 

designed are the f l o o r  sumps i n  each c e l l ,  decontamination so lu t i ons  from 

the  decontamination tank (which was never i n s t a l l e d ) ,  and drainage from 

''hot'' sinks. 

be sent t o  the  l i q u i d  waste tank. The major l i n e s  o f  t h e  rad ioac t i ve  waste 

Radioactive water c o l l e c t e d  i n  the  b u i l d i n g  sump room can a l so  

system are l i s t e d  i n  Table E-1. 

c o l l e c t  any water which might  en ter  t h e  c e l l .  

water from the  sump t o  the  waste tank i n  a l l  c e l l s  except t h e  d r a i n  tank 

c e l l  and the  reac to r  c e l l .  Those two c e l l s  use a i r  j e t s  t o  avo id  

i n t roduc ing  steam i n t o  c e l l s  con ta in ing  f u e l  s a l t s .  

t he  sump added t o  t h e  coo lan t  d r a i n  tank c e l l ,  which i s  j e t t e d  t o  a sewer i n  

the  west tunnel o f  t h e  south e l e c t r i c  serv ice  area. Under normal condi- 

t ions ,  no water i s  present i n  the  sumps, i n d i c a t i n g  t h a t  t h e  c e l l s  do indeed 

remain dry. 

Each c e l l  i s  prov ided w i t h  a sump t o  

Steam j e t s  a re  used t o  move 

One o the r  exception i s  

Bui 1 d ing Water Col 1 e c t i  on and D i  spersal 

The cen t ra l  p o i n t  o f  t he  nonradioactve b u i l d i n g  water c o l l e c t i o n  system i s  

the  pump room and b u i l d i n g  sump (F ig.  E-21, l oca ted  underneath the  specia l  

equipment room i n  the  southeast p a r t  of t he  b u i l d i n g .  Access t o  the  pump 

room i s  gained through a ladder  tunnel beginning on the  main f l o o r  

( e l e v a t i o n  852 ft) . Two sump pumps and one " p i t  pump" are i n  the  pump room, 
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Table E-1. Radioactive 1 i q u i d  waste 1 ines  

d 

c1 

L ine  Descr ip t ion  
No. 

Materi  a1 S i  ze 

~~~ 

L ines en ter ing  l i q u i d  waste storage tank: 

333 
343 
314 
316 
318 
320 
322 
326 
339 
340 
308 
301 
948 

Reactor c e l l  sump ( a i r  j e t )  
Drain tank c e l l  sump ( a i r  j e t )  
Caustic scrubber tank steam j e t  
L i q u i d  waste c e l l  sump (steam j e t )  
Equipment storage c e l l  sump (steam j e t )  
Spare c e l l  sump (steam j e t )  
Fuel processing c e l l  sump (stearn j e t )  
P i t  pump discharge 
Caustic a d d i t i o n  
H o t  s inks 
Process water a d d i t i o n  ( s i  phon break 
Waste pump discharge ( r e c i r c .  & mix ing)  
Waste tank vent t o  blower 

Lines en ter ing  waste pump: 

S ta i  n l  ess 
S ta i  n l  ess 
Steel 
Sta in less 
S ta i  n l  ess 
S t a i  n l  ess 
S ta in l  ess 
Sta i  n l  ess 
S ta i  n l  ess 
S ta i  n l  ess 
S ta i  n l  ess 
S ta i  n l  ess 
S t a i  n l  ess 

314" 
314" 
314" 
314" 
314" 
314" 
314" 
2 
2 
2 
314" 
2 
6 I' 

300 L i q u i d  waste storage tank discharge Sta i  n l  ess 2- 1 1 2 
303 Decontamination tank discharge S ta i  n l  ess 2 - 1 1 2" 

Other 1 i nes : 
5 

2 305 Waste pump t o  cen t ra l  pumping s t a t i o n  S ta i  n l  ess 
302 Waste pump t o  sand f i l t e r  S ta in l  ess 2 
306 Sand f i l t e r  t o  decontamination tank Sta in less 2 
303 Decontamination c e l l  sump t o  waste pump S ta i  n l  ess 

U 
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as seen i n  the  f lowsheet D-AA-A-40888-C. 

constructed as p a r t  o f  t h e  b u i l d i n g  mod i f i ca t ions  f o r  i n s t a l l a t i o n  o f  t he  

A i r c r a f t  Reactor Test (ART) i n  the  l a t e  1950's, and was mod i f ied  on ly  

s l i g h t l y  f o r  the  MSRE. Thus, most o f  t he  design in fo rmat ion  i s  found w i t h  

the  design package f o r  t he  ART. 

cons t ruc t ion  d e t a i l s  o f  t he  b u i l d i n g  drainage system. 

The sump and pump room were 

Drawing D-KP-19040-F shows many o f  the 

The b u i l d i n g  sump c o l l e c t s  water from nonradioact ive f l o o r  d ra ins  throughout 

the  f a c i l i t y ,  as l i s t e d  i n  Table E-2. 

drains. The sump a l so  rec ieves groundwater from a french d ra in  system which 

Standard designs were used f o r  these 

serves the  deeper c e l l s  and support areas i n  the  south end o f  t he  bu i l d ing ,  

and the  charcoal bed south o f  t he  bu i l d ing .  Again, t h i s  french d r a i n  

system was l a r g e l y  const ructed as p a r t  o f  the  ART mod i f i ca t ions .  Figs. E-3, 

E-4 and E-5 show cross sect ions o f  t he  b u i l d i n g  foundations, w i t h  the  

approximate e leva t ions  o f  t he  f rench dra ins  ind icated.  ( S i m i l a r  f rench 

dra ins  may e x i s t  i n  the  o r i g i n a l  no r th  sec t ion  o f  t he  bu i l d ing ,  b u t  s p e c i f i c  

design in fo rmat ion  was n o t  found. The two sump pumps i n  the  pump room were 

recen t l y  instrumented t o  determine what f r a c t i o n  o f  t ime they operate. 

Pre l iminary i n d i c a t i o n s  are t h a t  t he  pump w i t h  the  deeper f l o a t  operates 

about one hour a day, d ischarg ing 2000 ga l lons  i n  an hour. The o ther  pump, 

which would on ly  operate should the  f i r s t  pump n o t  be able t o  keep up w i t h  

the  in f low,  has n o t  operated dur ing  t h i s  pe r iod  of  observation. 

dur ing  the  i n t e r i m  pe r iod  between ART and MSRE const ruct ion,  the sump pump 

f a i l e d  and was ou t  o f  operat ion f o r  some time. 

l e v e l s  o f  t he  b u i l d i n g  were f looded w i t h  several f e e t  o f  water. Th is  

experience ind i ca tes  t h a t  continued operat ion o f  the  pumps i s  necessary f o r  

t he  assured safe storage o f  the  s a l t s  i n  t h e  MSRE f a c i l i t y .  

A t  one t ime 

During t h i s  time, the  lower 
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Table E-2. Standard b u i l d i n g  drainage l i n e s .  

L ine Descr ip t ion 
No. 

Mater i a1 Size 

Dra in l i n e s  en ter ing  sump: 

352 
353 
3 54 
364 
355 
356 
357 
3 58 
359 
365 
325 

Radiator a i r  duct  f l o o r  d r a i n  
Radiator stack f l o o r  d r a i n  
Coolant d ra in  c e l l  f l o o r  d r a i n  
Coolant d r a i n  c e l l  ( v i a  354) 
Blower house f l o o r  d ra in  
Blower house ramp d r a i n  ( v i a  355) 
West tunnel f l o o r  d ra in  ( v i a  355) 
Service room f l o o r  d r a i n  
Service tunnel d r a i n  
Vent house va lve p i t  d r a i n  
55 gal drum dra in,  p i t  pump suc t ion  

French d r a i n  l i n e s  en ter ing  sump: 

361 Reactor c e l l  f rench dra ins  
363 Southeast f rench dra ins ( v i a  361) 
362 Southwest b u i l d i n g  and charcoal bed 

c e l l  f rench dra ins  ( v i a  361) 
360 Sevice tunnel f rench dra ins  

Dra in 1 ines en ter ing  55 gal.  moni tor ing drum: 

350 V e n t i l a t i o n  stack dra in  l i n e  
351 F i l t e r  p i t  d r a i n  l i n e s  

Lines en ter ing  outdoor catch basin: 

327 Sump pump "A"  discharge 
337 

331 Reactor c e l l  annulus over f low 
330 

Sump pump "B" discharge ( v i a  327) 
Charcoal bed c e l l  overf low ( v i a  327) 

P i t  pump discharge ( v i a  331) 

Lines en ter ing  p i t  pump: 

325 
328 Charcoal bed c e l l  drainage 
329 Reactor c e l l  annulus drainage 

Other 1 i nes : 

55 gal.  moni tor ing drum discharge 

326 P i t  pump discharge t o  1 i q u i d  waste 
storage tank 
Catch basin t o  f i e l d  

Cast i r o n  
Cast i r o n  
Steel  
Cast i r o n  
Cast i r o n  
Cast i r o n  
Cast i r o n  
Cast i r o n  
Steel 
Cast i r o n  
Steel 

Cast i r o n  
Cast i r o n  

Cast i r o n  
Cast i r o n  

Cast i r o n  
S t a i  n l  ess 

Steel 
Steel 

Steel 
Steel 

Steel 
Cast i r o n  
Steel 

S ta i  n l  ess 
Concrete 

3 
3 
3 It 

4 II 
4 

3 
2 I' 

3 It 
2 

3 
3 
3 It 

2 
10" 
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Several l i n e s  en ter ing  the  pump room f l o w  i n t o  a 55 gal. 

en te r ing  the  sump d i r e c t l y .  The drum i s  used t o  c o l l e c t  

which might  have contained small l e v e l s  o f  a c t i v i t y ,  and 

drum r a t h e r  than 

drainage from areas 

a l lows f o r  

mon i to r ing  p r i o r  t o  release. The " p i t  pump" could be used t o  send drainage 

c o l l e t e d  i n  the  drum t o  the  rad ioac t i ve  l i q u i d  waste tank i n  the  event t h a t  

a c t i v i t y  i s  detected. 

Water from the  sump i s  pumped up t o  a catch bas in  southwest o f  t he  bu i l d ing ,  

and f lows o u t  i n t o  a f i e l d  through a 12 i n .  concrete l i n e .  

F ig .  E-1, the  3 i n .  pump discharge l i n e  branches i n t o  an 8 i n .  c e l l  annulus 

d ra in  l i n e  before c i r c l i n g  around the  charcoal absorber p i t  en rou te  t o  t h e  

catch basin. The reac to r  c e l l  annulus can be emptied by pumping t o  the 

catch bas in v i a  l i n e  331 us ing the  p i t  pump. This  operat ion would remove a 

major r e s e r v i o r  o f  water adjacent t o  the c e l l  i n  which the  s a l t s  are now 

stored. 

presence o f  chromate r u s t  i n h i b i t o r s ,  as we l l  as the  p o s s i b i l i t y  o f  induced 

r a d i o a c t i v i t y .  

As shown i n  

Caution i n  disposal o f  t h i s  water would be d i c t a t e d  by the  

Storm Water Dispersal 

C o l l e c t i o n  o f  storm water i s  accomplished w i t h  a standard r o o f  d r a i n  p i p i n g  

system. 

serv ing  the b u i l d i n g  sump, from which i t  f lows o u t  another 12 i n .  concrete 

l i m e  (Fig. E-1) .  

from around the  pe r i i n i t e r  o f  the  bu i l d ing .  

Water f lows by g r a v i t y  t o  a catch basin, separate from the  one 

S i t e  grading and d i tches  are used t o  c a r r y  storm water 
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Sanitary Sewage Col l  e c t i o n  and Disposal 

A standard san i ta ry  sewage c o l l e c t i o n  system was i n s t a l l e d  i n  t h e  bu i ld ing .  

Sewage flows by g r a v i t y  t o  a sept ic tank located  west o f  the bu i ld ing .  

water leav ing  the sept ic  tank then flows i n t o  a d r a i n  f i e l d  west o f  the  

The 

sept ic  tank. 
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Geologic Inves t iga t ions  Re la t ive  t o  Molten S a l t  Reactor Decommissioning 

D r .  D. W. Byerly,  Department of Geology 

Unive r s i ty  of Tennessee, Knoxvil le ,  Tennessee 

The Molten S a l t  Reactor Experiment (MSRE) f a c i l i t y  i s  l o c a t e d  i n  

t h e  Melton V a l l e y  area of t h e  Oak Ridge Nat ional  Laboratory (ORNL). 

v a l l e y  i s  bordered by Haw Ridge ( e l e v a t i o n  317 m) on t h e  northwest and 

Copper Ridge ( e l e v a t i o n  400 m) on t h e  sou theas t .  Bui ldings housing t h e  

r e a c t o r  and o the r  f a c i l i t i e s  r e l a t e d  t o  t h e  r e a c t o r  are s i t u a t e d  on the  

northwest s i d e  of t h e  v a l l e y  near  t h e  base of Haw Ridge. Topographical ly ,  

t h e  v a l l e y  i s  not  f l a t ,  but  i n s t e a d  c o n s i s t s  of r e l a t i v e l y  s teep-sided,  

i r regular ly-shaped ,  low h i l l s  w i th  s u m m i t  e l e v a t i o n s  averaging about 

275 m. 

The 

Rel ie f  i n  t h e  v a l l e y  ranges up t o  43 m. 

The bu i ld ings  are a t  a ground e l e v a t i o n  of about 259 m w i t h i n  a s l i g h t  

swale ( p a r t i a l l y  r e s u l t i n g  from cons t ruc t ion  back- f i l l )  near  t h e  head of a 

draw which i s  t r i b u t a r y  t o  Melton Branch t h a t  f lows southwes ter ly  through 

t h e  main v a l l e y .  

Cl inch River below Melton H i l l  Dam southwest of t h e  confluence of Melton 

Branch a t  White Oak Creek. 

A l l  d ra inage  from Melton Val ley u l t i m a t e l y  e n t e r s  t h e  

The geo log ica l  cond i t ions  of p o r t i o n s  of Melton Val ley have been 

i n t e r p r e t e d  as f avorab le  f o r  s t o r a g e / d i s p o s a l  of low-level r a d i o a c t i v e  

wastes. The f a c i l i t i e s  i n  Melton Val ley used f o r  hos t ing  t h e  ORNL- 

generated low-level r a d i o a c t i v e  wastes inc lude :  b u r i a l  grounds,  waste 

p i t s ,  t rea tment  ope ra t ions ,  and hydrau l i c  f r a c t u r i n g .  

Bedrock forming t h e  foundat ion f o r  t h e  MSRE c o n s i s t s  of t h e  lower 

p o r t i o n  of a "package" of rocks r e f e r r e d  t o  as t h e  Conasauga Group. 

Rocks of t h i s  group grade  composi t iona l ly  downward i n t o  t h e  Rome Forma- 

t i o n  underlying Haw Ridge and upward i n t o  t h e  Knox Group which forms 

Copper Ridge. Variegated s h a l e s ,  commonly ca l ca reous ,  comprise most of 

t h e  lower Conasauga; however, i n t e r c a l a t i o n s  of s i l t y  t o  pure l imestone 

may be present  as l enses .  The upper p o r t i o n  of t h e  Conasauga, on t h e  

sou theas t e rn  s i d e  of t h e  v a l l e y  where g r a d a t i o n  wi th  t h e  Knox Group 

occurs , .  g e n e r a l l y  con ta ins  more l imestone.  
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The knobby topography i n  Melton Val ley i s  t y p i c a l  of weathered and 

eroded sha le .  The knobs o r  h i l l s  are a l igned  i n  rows p a r a l l e l i n g  t h e  

r eg iona l  s t r u c t u r e ,  forming above t h e  s h a l y  bedrock, whereas t h e  in te rven-  

i n g  low areas are o r d i n a r i l y  under la in  by t h e  carbonate  rocks. Regol i th  

above t h e  bedrock i s  v a r i a b l e  i n  th ickness .  General ly ,  i t  i s  t h i c k e s t  

(up t o  9 m) on h i l l  crests and t h i n n e s t  (less than  1.5 m) i n  t h e  f l a t ,  

low-lying areas. The t o t a l  t h i ckness  of t h e  Conasauga Group i s  about 

600 m. 

The trace of t h e  Copper Creek f a u l t ,  a major t h r u s t  f a u l t  i n  t h e  

Ridge and Val ley province of t h e  southern  Appalachian orogen, s t r i k e s  NE- 
SW along t h e  northwest s lope  of Haw Ridge. The f a u l t  d i p s  sou theas t  

p r o j e c t i n g  below Melton V a l l e y  and Copper Ridge a t  cons iderable  depth. 

Sedimentary s t r a t a  of t h e  Conasauga Group forming Melton Val ley a l s o  

s t r i k e  no r theas t  and d i p  t o  t h e  sou theas t ,  forming t h e  hanging w a l l  of 

t h e  Copper Creek f a u l t .  The f a u l t  and r e l a t e d  deformation of t h e  rocks 

i n  t h e  v a l l e y  r e s u l t e d  from tectonism t h a t  occurred over 200 m i l l i o n  

years  ago. Subsequent deformation of t h e s e  rocks i s  not  ev ident .  

Considering t h e  p re sen t  t e c t o n i c  s e t t i n g  of North America and t h e  

f a c t  t h a t  t h e  f a u l t  as w e l l  as s t r u c t u r a l  elements have not  been a c t i v e ,  

a t  least  dur ing  t h e  most r ecen t  70 t o  80 m i l l i o n  yea r s ,  t h e  area can be 

considered t o  have a low seismic r i s k  (seismic r i s k  zone 2, Modified 

Mercalli i n t e n s i t y  less than  V o r  VI). 

e p i c e n t e r s  h i s t o r i c a l l y  are Charleston,  South Caro l ina ,  and New Madrid, 

Missouri ;  however, both are considered too  d i s t a n t  t o  have o r  have had 

s e r i o u s  de t r imen ta l  impacts on t h i s  area. 

The n e a r e s t  s i g n i f i c a n t  ear thquake 

J o i n t s  o r  f r a c t u r e s  wi th in  t h e  Conasauga t h a t  are as soc ia t ed  wi th  

p a s t  tectonism have not  apprec iab ly  a f f e c t e d  t h e  s t r e n g t h  of t h e  bedrock, 

but  have r e s u l t e d  i n  a secondary e f f e c t i v e  p o r o s i t y  which in f luences  t h e  

geohydrology of t h e  v a l l e y .  

In  Melton Val ley,  t h e  zone of ground water s a t u r a t i o n  g e n e r a l l y  

occurs  a t  g r e a t e r  depths  beneath s u m m i t s  than  i n  t h e  low-lying bottoms. 

In low a r e a s  such as ad jacen t  t o  pe renn ia l  streams l i k e  Melton Branch o r  

t o  ephemeral streams i n  t h e  g u l l i e s  d i s s e c t i n g  t h e  low h i l l s  i n  Melton 
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Valley,  t h e  water t a b l e  may be found wi th in  1.5 m below t h e  land sur face .  

On h i l l  t o p s ,  t h e  depth  t o  t h e  water t a b l e  may exceed 6 m. The gene ra l  

p a t t e r n  of ground water movement i s  l a t e r a l l y  a long bedding s t r i k e  

(NE-SW), but j o i n t i n g  o f t e n  modif ies  t h i s  pa t t e rn .  

ground water movement wi th in  t h e  s h a l e s  of t h e  Conasauga has  been de ter -  

mined t o  be 15 cm/day. 

An average ra te  of 

Ground water  behavior . -a t  t h e  s i tec i s  a key f a c t o r  which must be 

addressed p r i o r  t o  dec id ing  t h e  d i s p o s i t i o n  of t h e  r a d i o a c t i v e  materials 

contained i n  t h e  MSKE f a c i l i t i e s .  

be  developed t o  e s t a b l i s h  b a s e l i n e  q u a l i t a t i v e  and q u a n t i t a t i v e  water 

da t a .  Water i s  an important  f a c t o r  f o r  a t  l eas t  two reasons.  One, i t  can 

p o t e n t i a l l y  d e t e r i o r a t e  t h e  waste con ta ine r s ,  e s p e c i a l l y  i f  t h e  geochem- 

i s t r y  of t h e  water i s  r e a c t i v e ,  and two, water is  t h e  most l i k e l y  v e h i c l e  

f o r  t r a n s m i t t i n g  t h e  r a d i o a c t i v i t y  t o  t h e  b iosphere  should containment 

f a i l .  

A hydrologic  monitoring program should 

Although t h e  MSKE f a c i l i t y  i s  appa ren t ly  sound s t r u c t u r a l l y ,  i t  must 

be  kept  i n  mind t h a t  t h e  f a c i l i t y  w a s  no t  designed f o r  long-term entomb- 

ment of r a d i o a c t i v e  wastes. Mul t i l eve l s  of b a r r i e r s , i n c l u d i n g  engineered 

as w e l l  as t h e  n a t u r a l  geologic  s e t t i n g , a r e  necessary  f o r  s a f e ,  long-term 

s t o r a g e / d i s p o s a l  of r a d i o a c t i v e  wastes. Therefore ,  s e v e r a l  geo log ica l  

a s p e c t s  of t h e  f a c i l i t y  s i t e  need more assessment of a s i t e - s p e c i f i c  

n a t u r e  before  on-s i te  s to rage /d i sposa l  i s  considered a f e a s i b l e  a l t e r n a -  

t i v e .  To be accep tab le ,  t h e  s i t e  should be capable  of s a f e l y  conta in ing  

t h e  wastes without  i n s t i t u t i o n a l  c o n t r o l s  ( i . e . ,  sump pumping of 

i n f i l t r a t e d  water, etc.). Among t h e  geo log ic  a s p e c t s  t h a t  should be 

inc luded  i n  f u r t h e r  eva lua t ion  of t h e  s i t e  inc lude :  

0 Charac te r i za t ion  of a l l  e a r t h  materials on t h e  s i t e  (anthropogeneous 

material, bedrock, e t c . )  

0 S i t e  d e s i g n -  s l o p e s ,  placement of f i l l  s o i l s ,  underdra ins ,  founda- 

t i o n s ,  etc.  

0 S i t e  hydrology - water inventory  inc lud ing  quan t i ty  and q u a l i t y ,  

ground water flow n e t s ,  piezometr ic  l e v e l s ,  etc.  

S i t e - s p e c i f i c  i n v e s t i g a t i o n  of t h e  above should be considered as t h e  very  

minimum of any program plan  f o r  t h e  e v a l u a t i o n  of t h e  s i t e  f o r  on-s i te  

entombment of t h e  MSRE r a d i o a c t i v e  materials. 
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