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FOREWORD 

A large number of people*at Argonne National Labo­
r a t o r y have worked or a r e working on the EBR-II project, a 
project for demonstra t ing the engineering and economic 
feasibi l i t ies of a fast power b reede r reac to r complex. Re­
sponsibil i ty for var ious major aspects of the EBR-II project 
has been delegated to s eve ra l divisions of the Laboratory. 
Many r e p o r t s have been issued on work performed in con­
nection with the EBR-II project . It would not be convenient 
in this r epo r t to d iscuss the aspec ts of fuel recycle in the 
depth provided by individual r e p o r t s . Rather, it is the ob­
jective of this r epor t to in tegrate into a single repor t de­
scr ip t ions of var ious designs and operat ional features of the 
Fue l Cycle Faci l i ty . It is hoped that the References section 
of this r epo r t will se rve the needs of those who des i re more 
information. A nuinber of subjects covered in this repor t 
which have not been repor ted e lsewhere fall between major 
a r e a s of investigation or r e p r e s e n t adminis t ra t ive decisions, 
e.g., m a t e r i a l t rans fe r , waste handling and disposal , s am­
pling, and cr i t ica l i ty p rob lems . The authors a r e pleased to 
p resen t this r epo r t in the belief that it provides a genera l and 
useful p ic ture of the Fuel Cycle Faci l i ty and its operat ions. 

*A l is t of the persons consulted in prepara t ion of this 
r epo r t and their specia l t ies is given in the Acknowledg­
ment, page 185 . 
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D E S C R I P T I O N AND P R O P O S E D O P E R A T I O N O F T H E 
F U E L C Y C L E F A C I L I T Y F O R THE 

SECOND E X P E R I M E N T A L B R E E D E R R E A C T O R ( E B R - I I ) 

by 

J . C. H e s s o n , M. J . F e l d m a n , and L. B u r r i s 

ABSTRACT 

The Fuel Cycle Facil i ty for the Second Experimental Breeder Re­
actor ( E B R - I I ) , the process equipment, and the operations to be conducted 
in the facility a re described. The Fuel Cycle Facility is a plant for r e ­
processing, by pyrornetallurgical methods, the core and blanket mate r ia l 
discharged from EBR-II. The reactor core alloy is uranium-5 percent fis-
siumand contains about 46 w/o uranium-235. The blanket mater ia l consists 
of uranium-238 in which plutoniumis bred. Core and blanket subassemblies 
contained in t ransfer coffins a r e t ransfer red between EBR-II and the Fuel 
Cycle Facility, which is in an adjacent building. 

The Fuel Cycle Facil i ty consists pr imar i ly of an argon-atmosphere 
cell -where fuel processing is done, an adjacent a i r -a tmosphere cell where 
reactor subassemblies are assembled and disassembled, and an operating 
a rea (for personnel) which surrounds the two cel ls . Because of the high 
levels of activity expected, the fuel-handling-and-processing equipment is 
designed for remote operation. 

Remote processing is accomplished with the aid of bridge cranes, 
electromagnetic bridge manipulators, and mas te r - s l ave manipulators. 
Transfer ports and air locks a re used in the t ransfer of mater ia ls and equip­
ment into the a i r -a tmosphere cell and between the two cells . The walls be­
tween the argon-atmosphere and air-atmosphere cells and the operating area 
a re heavily shielded, and viewing is done through thick shielding windows. 

Operations may be described in general t e rms as including d isas ­
sembly of reac tor subassemblies and their constituent fuel elements, fuel 
purification, refabrication of fuel elements, and reassembly of the reactor 
core subassemblies for reloading into the reactor . Specific operations a re : 
fuel t ransfer , sodium removal from the fuel subassembly, fuel-element de-
canning, chopping of fuel pins, melt refining, oxidation of skull mater ia l 
retained in melt refining crucibles, injection casting of fuel pins, final pin 
fabrication, canning of fuel pins, detection of leaks in canned fuel pins, 
sodium bonding and bond testing, fuel-element inspection, and assembly 
into fuel subassemblies . 

Also discussed a re (l) auxiliary and alternative EBR-II fuel-cycle 
processes including skull reclamation, blanket, and other liquid metal proc­
esses , (2)the physical metal lurgy of uranium-fissium alloys, (3)fuel move­
ment and storage, (4) sampling and analysis of fuel and waste, (5) preparation, 
handling, and storage of feed mater ia l s for the processes , (6) preparation, 
handling, and storage of liquid, solid, and gaseous radioactive wastes. Spe­
cial problems of crit icali ty, accountability, radiation shielding, disposal of 
scrap fuel and unrecoverable fuel, and nitridation of fuel a re discussed. 



INTRODUCTION 

The purpose of construct ion of the second Exper imenta l Breeder 
Reactor ( E B R - I I ) at the National Reactor Testing Station in Idaho is evalua­
tion of the technical and economic feasibil i t ies of e l ec t r i ca l power p ro ­
duction by fast b r eede r r eac to r s.vL 2j Since EBR-II is a fast b reede r r e ­
actor , its successful operat ion will constitute a significant forward s t r ide 
in achieving a long-range atomic energy objective of complete uti l ization 
of uran ium r e s o u r c e s . Because complete analys is of r eac to r per formance 
must be based on the en t i re fuel cycle, it was decided to build and operate 
a p i lo t - sca le plant for fuel r ecove ry and recycle adjacent to the r eac to r in 
o rder to demons t ra te the ent i re fuel cycle.'-^z Pyrorneta l lurgica l p r o c e s s e s 
were chosen for r ecove ry and purification of d ischarged fuel m a t e r i a l s be ­
cause of potential advantages of these p rocesses , \3 j4 j principal ly s implici ty 
and the abili ty of such p r o c e s s e s to p roces s shor t -cooled fuels. The la t ter 
advantage is pa r t i cu la r ly important for the h igh- f i s s ionab le -mate r ia l -
content fuels of fast r e a c t o r s , because it makes possible minimum fuel 
inventories and, hence, min imum charges for fuel inventory. The incor­
poration of a pyrorneta l lurgica l p rocess ing plant in the EBR-II r eac to r 
complex also pe rmi t s an evaluation of the technical and economic feasi ­
bi l i t ies of pyrorneta l lurgica l p rocedu re s . 

The process ing plant, which has been named the Fuel Cycle Facility,^^ 
provides not only for r ecove ry and purification of fuel ma te r i a l , but a lso 
for the r emote refabr ica t ion of new fuel e lements . Thus, both the feed m a ­
t e r i a l and the final product of the plant is an EBR-II fuel subassembly. The 
EBR-II r eac to r sys t em will be the f i r s t r eac to r sys tem in the U.S. power 
demonst ra t ion p r o g r a m to operate on a closed fuel cycle.i-^/ The demon­
stra t ion of a closed fuel cycle is considered ve ry important because it is 
believed that the p resen t p rac t ice of avoiding the problems of buildup of 
heavy isotopes (U^^ , Û "̂̂ , Pu^* , e t c ) by re tu rn of fuel to an isotope-
separa t ion p r o c e s s cannot be continued. The problems imposed by buildup 
of heavy isotopes mus t be a s s e s s e d and, if se r ious , must be overcome, 
ei ther within the r eac to r cycle or by the development of r e a c t o r s which 
can to le ra te buildup of heavy isotopes . 

Since pyrorneta l lurgica l p r o c e s s e s a r e not p r o c e s s e s yielding a 
high decontamination, fuel refabr ica t ion mus t be accomplished by remote 
operation. Consequently, the ent i re fuel cycle is per formed behind heavy 
sheilding. Many new developments , both in p rocedures and equipment, 
have had to be inade in order to c a r r y out the var ious steps in the fuel 
cycle by r emote operat ion. Only by actual plant exper ience can the r e ­
mote operat ions and equipinent in the fuel cycle be thoroughly and re l iably 
tes ted and evaluated. 

This r e p o r t is concerned only with the Fue l Cycle Faci l i ty and is a 
two-par t r epor t . Section 1 gives a genera l descr ip t ion of the facility, 
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including the basic auxil iary equipment (such as t ransfer passageways, 
t ransfer locks, and serv ice a r e a s and equipinent). Section 2 is a desc r ip ­
tion and evaluation of the overa l l p roces s cycle and also includes d i scus­
sions of sampling, ma te r i a l s handling, waste disposal, and special problems 
such as cr i t ical i ty , accountability, and radiation shielding. Special attention 
has been given to act ivi t ies such as t ransfer and storage of ma te r i a l s which 
a r e not as exhaustively repor ted as the major fuel-cycle activit ies of fuel 
purification and fuel refabricat ion. 

1, DESCRIPTION OF FUEL CYCLE FACILITY 

1,1 Requirements of the Fuel Cycle Faci l i ty 

1.1.1 Purpose 

The purpose of the Fuel Cycle Facil i ty is to provide a plant 
for reprocess ing , by pyrornetal lurgical methods, the fuel discharged from 
the EBR-II reactor.v3,5,6j The r ep rocess ing (Figure l) includes d i sas ­
sembly of reac to r core a s sembl i e s , refining, refabrication, and reassembly 

of reac to r core subassembl ies . Although 
the init ial effort is concerned with the fuel 
of the f irs t reactor loading (partially en­
r iched uranium-5 w/o f issium* or U-
5 w/o Fs*), the long-range effort will 
include process ing fuels of different com­
positions and of differing s t ruc tura l design. 
It is also a purpose of the Fuel Cycle 
Faci l i ty to provide a location and the s e rv ­
ices for equipment designed to demonstra te 
reac tor -b lanke t processing and the recovery 
of fuel from slags or wastes . The locations 
in the Fuel Cycle Facil i ty where these steps 
will be performed a re shown in Figure 2. 

F igure 1 

SCHEMATIC DIAGRAM OF 
EBR-II FUEL CYCLE 
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An associated Laboratory and 
Services building provides services and 

equipinent for examining, testing, and analysing reactor fuel which may not 
be essent ia l for r eprocess ing purposes but which may be des i rable for study 
of changes occurr ing in fuel ma te r i a l s under reac tor i r radiat ion. 

*The abbreviation for f issium is Fs , which is a mixture of relat ively 
noble meta l fission product alloying elements . F i s s ium in the first 
fuel loading consis ts of 2.5 w/o molybdenum, 2 w/o ruthenium, 
0.26 w/o rhodium, 0.19 w/o palladium, 0.1 w/o zirconium, and 
0.01 w/o niobium. 
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Figure 2 
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The facility is designed to handle core subassembl ies with 
act ivi t ies up to about 500,000 c. The p rocess cells a re designed and 
shielded for gamma radiat ion levels of up to 10 r / h r . In general , the de­
sign is based on fuel which has undergone up to 2 -a /o burnup in 135 days 
and which has been cooled for 15 days or longer under sodium in the 
subassembly-s to rage space within the reac tor p r i m a r y tank. 



At a reac to r operation of 62,5 Mwt and 2-a /o burnup, the 
fuel to be r e p r o c e s s e d would amount to about 3130 g/day of reac tor oper­
ation. The f i rs t type of fuel loading will be uranium-f i ss ium alloy consis t ­
ing of about 43 a/'o uranium-235, 11 a /o noble fission elements , and 
46 a /o uran ium-238. Other types of fuel loadings, including plutonium-
containing fuels, will follow in la ter cycles . 

1.1.2 Fac i l i t ies 

In order to accomplish the process functions, the following 
major facili t ies a r e available, as shown in Figure 3: 

1) interbuilding passageway between the reac tor building 
and the operating a r e a at the air cell; 

2) a i r cell; 
3) argon cell (with subcell for equipment); 
4) operating a rea surrounding the cells including auxil iary 

labora tor ies ; 
5) service a r ea (service floor) beneath the operating area ; 
6) suspect stack, including ventilation sys tem and fuel off-

gas holdup tank; 
7) center control a rea ; 
8) an analyt ical labora tory and service building (not shown 

in Figure 3). 

Figure 3 

CUTAWAY VIEW OF FUEL CYCLE PROCESSING FACILITY 
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1.1.3 Required Functions 

In order to r e p r o c e s s the fuel from the reac to r , the follow­
ing steps will be performed: 

1) Take fuel subassembl ies from the reac to r refueling ma­
chine in the r eac to r building, and t ransfe r them to the a i r 
cel l by means of a suitable coffin and t ransfer equipment. 
Remove adhering sodium from the subassembly. 

2) Disassemble subassembl ies to recover the fuel elements 
and blanket e lements . Transfer the fuel e lements to the 
argon cell . 

3) Dismantle the fuel e lements , p rocess the fuel, r e a s semb le 
the fuel e lements , and t ransfe r these to the a i r cel l . 

4) Assemble the fuel e lements and n e c e s s a r y blanket e le ­
ments into fuel subassembl ies . 

5) Return the fuel subassembl ies to the refueling machine 
in the r eac to r building. 

6) Store and handle feed ma te r i a l s for the process ing and 
as sembly of fuel, including new blanket e lements , sub­
assembly pa r t s , and fuel m a t e r i a l s . 

7) Dispose of waste m a t e r i a l s from d i sassembly and 
process ing . 

8) Recover fuel lost in the process ing or refining opera­
tion, and r e t u r n it to the p r o c e s s . 

9) P r o c e s s or dispose of blanket e lements . 

1.2 Fuel Cycle Loading and Operat ion 

1.2.1 Fuel Composition and Activity 

Before use , the f i r s t -cyc le fuel loading will have the follow­
ing approximate composition: 43 a /o U^̂  ; 11 a /o noble fission e lements ; 

o U and other uran ium isotopes . A complete fuel specification 
is given in Table l.V'/ The uran ium-235 concentrat ion will be maintained 
by adding enriched uranium. Uranium and newly p repared fuel alloy will 
be added to compensate for p rocess ing losses and burnup. 

For 2 - a /o burnup in 135 days, the fuel removed from the 
reac to r after 15 days of cooling will have a calculated activity!"/ as shown 
in Tables 2 through 5. The calculated fission product distr ibution is shown 
in Table 6. An es t imat ion of fission product dis tr ibut ion for varying con­
ditions of i r rad ia t ion and cooling t ime can be obtained from a repor t by 
B u r r i s and Dillon. 1°) 



Table 1 

FIRST-CYCLE F U E L LOADING FOR EBR-II^"^) 

(5 w/o F iss ium) 

Element or 
Isotope 

Uranium-235 
Uranium-238^ 
Molybdenum 
Ruthenium 
Rhodium 
Palladiuni 
Zirconium 
Niobium 

Atomic 
Weight 

235.12 
238.12 

95.95 
101.10 
102.91 
106.40 
91.22 
92.91 

Atom 
Percent^ 

42.88 
46.38 

5.87 
4.33 
0.56 
0.39 
0.25 
0.02 

Weight 
Percent^ 

45.64 
49.93 

2.54 
2.00 
0.26 
0.19 
0.10 
0.01 

These do not quite add to 100.00 percent because the 
values a r e actual analyt ical r e su l t s . 

' includes other uranium isotopes. 

Element 

Se 

Kr 

Rb 

Sr 

Sr 

Y 

Zr 

Zr 

Nb 

Tc 

Ru 

Ru 

Pd 

Ag 

Cd 

In 

Sn 

Sn 

Sn 

Sb 

Te 

Ma<s 
Number 

79 

85 

87 

89 

90 

91 

93 

95 

95 

99 

103 

106 

107 

111 

115 

115 

117m 

119m 

125 

125 

125m 

FISSION PRODUCT RADIONUCLIDES l ^ DISCHARGED EBR H FUEL 

Basis Burnup of 2 a/o in 
product spectrum 

Half-life 

6 5 X # y 

94v 

6 2 x l 0 M y 

53 d 

28 y 

57 d 

9 5 X 105 y 

65 d 

35 d 

2 1 X 105 ; 

40 d 

lOv 

7 X 10* y 

76d 

43 d 

6 X 1 0 ^ y 

14 d 

250 d 

94d 

27) 

58 d 

Decay 
Constant 
(sec-l i 

3 7 X 10-13 

2 34 > 10 - ' 

3 55 X 10-W 

1 51X 10-? 

7 86 X 10-M 

141X 10-? 

2 3 2 x 1 0 - ' " 

1 23 X 10-? 

2 29 X 10-? 

1 03 X 10 13 

2 01 X 10-? 

2 20 X 10-^ 

3 1 X 10 15 

1 05 y IQ - ' 

1 86 X IQ-? 

3 7 X 10 23 

5 73 X 10 ? 

3 21 X 10-8 

8 53 X 10 ? 

8 15 X 1 0 - ' 

1 38 X 10 ? 

135 days * i t h 15 days of cooling of 10 kg of first-cycle 
s based on U235 fission yields given tn ANL-5742 '8) 

Quantity per 10 kg of Fuel^ 

gof 
Element 

0 29 

23 

29 

76 

76 

38 

24 6 

24 6 

13 

55 

14 5 

14 5 

15 

010 

0 24 

004 

0 36 

0 36 

0 36 

0 25 

26 

gof 
Radionuclides 

0 030 

0 247 

2 27 

130 

3 59 

179 

4 56 

2 62 

136 

5 55 

111 

0 388 

0 271 

0 013 

0 004 

0 044 

0 004 

0 045 

0 004 

0 130 

0 004 

Curies 

2 3 x lO -3 

111X 102 

1 51 X 10-? 

3 59 X I f f l 

5 10x102 

4 51 X IffJ 

1 85 X 10-2 

5 52 X l o " 

5 33 X l o " 

9 58 X 10-2 

3 52 X l o " 

1 31X 103 

1 28 X 10-" 

2 0 x l o 3 

1 1 x l 0 2 

2 3 X 10-13 

3 2 x l 0 2 

2 0 x l 0 2 

4 4 x l 0 2 

1 3 8 x l 0 2 

7 2 x i o l 

Element 

Te 

Te 

Te 

1 

1 

Xe 

Cs 

Cs 

Ba 

La 

Ce 

Ce 

Pr 

Nd 

Pm 

Sm 

Eu 

Eu 

U 

Mass 
Number 

127m 

129m 

132 

129 

131 

133 

135 

137 

140 

140 

141 

144 

143 

147 

147 

151 

155 

156 

237 

fuel loading of EBR- I The fission 

Half-hfe 

115 d 

33 5 d 

77 7 h 

1 7 X 10? y 

8d 

53d 

3 X 10^ y 

27 y 

128d 

40(1 

33 d 

282 d 

13 7 d 

113 d 

26y 

73 y 

1 7 / 

15 d 

6 75d 

Decay 
Constant 
(sec-l i 

6 97 X 10-8 

2 39 X 10 ? 

2 4 8 x 1 0 ' 

1 29 X 10 15 

1 00 X 10- ' 

1 51 X 10-« 

7 3 X 10-15 

8 15 X 10-I f 

6 26 X 10 ? 

4 82 X 10- ' 

2 4 3 x 1 0 ? 

2 84 X 10-8 

5 85 X 10"? 

7 10x10"? 

8 4 6 x 1 0 - ' 

3 01 X 10- l f 

1 29 X 10 8 

5 35 X 10-? 

119 X 10- ' 

Quantity per 10 kg of Fuel^ 

g of 
Element 

26 

26 

26 

122 

122 

26 0 

23 2 

23 2 

80 

79 

19 9 

19 9 

57 

22 1 

39 

29 

0 24 

0 24 

negl 

gof 
Radionuclides 

0 029 

0 045 

0 007 

0 876 

0 086 

0 077 

8 01 

7 66 

0444 

0 066 

158 

5 00 

0 521 

0 209 

3 94 

0 632 

0 041 

0 001 

Total Curies 

negl 

Curies 

2 58 X 102 

1 35 X 103 

2 14 X 103 

1 42 X10 " 

1 0/ X lO" 

1 4 2 x l 0 " 

7 05 X 10-3 

7 41 X 102 

3 23 X l o " 

3 70 X l o " 

4 4 3 x l 0 " 

1 60 X l o " 

3 47 X l o " 

1 6 4 x l 0 " 

3 69 X 103 

2 05 X l o l 

5 5 x l O l 

5 6 x i o l 

4 44 X 105 

9 0 x l 0 2 

^The grams or curies per standard (91-fuel-elenent) subassembly can be obtained by multiplying the values m these columns oy 0 607 



Table 3 

BETA AND GAMMA ENERGIES OF FISSION PRODUCT RADIONUCLIDES 

Basis: Burnup of 2 a/o in 135 days and 15 days of cooling of 10 kg of the f i rs t fuel loading 
of E B R - I (fissionable material: U235) 

Isotope 

Se?' 

KrS5 

Rb8? 

SrS' 

S r ' 1 , Y * 

Y91 

Zr'3 

Z r« 

Nb'S 

Tc" 

Rul03 

Rule, Rf,106 

PdM? 

Agl l l 

Cdll5m 

Inll5 

SnllTm 

S„119m 

Snl25 

Sbl25 

Total Energyper 
Disintegration 

(Mev!" 

Gamma 

0 

nil 

0 

0 

nil 

nil 

nil 

0.72 

0.75 

0 

0.57 

0.32 

0 

0.03 

0.02 

0 

0,32 

0.89 

0.09 

Beta 

0.16 

0.69 

0.273 

1,463 

2,81 

1.55 

0.056 

0.40 

0.17 

0.29 

0.20 

3.25 

0.04 

1.02 

1.61 

0.63 

0 

0 

2.27 

Gammas with 
Energies (Mev! 
over 0.75 Mev" 

0,724 (49'.), 0,757 (49%! 

0,765 (~100%i 

ro.SS (0.3%!, 1.04(1.7%! 
11.14 (0.4".!, 1.54 (0.2%! 

0.95 (~2".! 

1.9 (5%! 

Gamma 
Watts 

0 

nil 

0 

0 

nil 

0 

nil 

236 

235 

0 

117 

2 

0 

1 

nil 

0 

0.6 

0.1 

0.25 

Beta 
Watts 

nil 

0.2 

nil 

108 

4 

144 

nil 

45 

18 

nil 

15 

9 

nil 

4 

0,4 

nil 

0 

0 

2 

Isotope 

Xel25m 

Xel27m^ jglZ! 

Tel29m_ je l29 

Tel32 

I l29 

Il31 

Xel33 

Csl35 

Csl3? 

BallO 

Lal40 

CeMl 

Cell", p r M 

Prl43 

Nd"? 

Pml47 

Sml ' l 

Eul55 

Eul5' 

Total Energyper 
Disintegration 

(Mevl3 

Gamma Beta 

0.145 0 

0.089 0.7 

0.35 1.23 

0.23 0.22 

0.039 0.15 

0.40 0.57 

0.081 0.345 

0 0.21 

0.61 0,57 

0.25 0.80 

2,30 1,48 

0.09 0.49 

0.07 3,25 

0 0.932 

0.24 0.68 

0 0.223 

0.02 0.076 

0.13 0.17 

0.10 2.45 

Gammas with 
Energies (Mev) 
over 0.75 Mev'' 

1.10 (~1%) 

1.60 (~100%), 
0.82 (-30%) 

2.55 ('-5%l 

2,18 (~1%!, 1,50 (~0.25%! 

Total 

Gamma 
Watts 

0.1 

0.1 

3 

3 

nil 

26 

7 

0 

3 

48 

504 

25 

7 

0 

23 

0 

nil 

nil 

nil 

1202 

Beta 
Wafts 

0 

0.4 

3 

1 

nil 

13 

10 

nil 

1 

54 

03 

45 

108 

67 

23 

2 

nil 

nil 

0,4 

791 

^The total gamma or beta energy per disintegration (statistical! is the weighted average energy of the various beta or gamma energies. 

''Numbers in parentheses are percentages per decay. 

Table 4 

DECREASE IN FISSION PRODUCT RADIONUCLIDE HEATING WITH INCREASED COOLING TIME 

Radionuclide 

Sr8' 

sr'o.y'o 
Y91 

Zr '5 

Nb'5 

Rul03 

R u l C , R h l * 

A g l l l 

Snl25 

•i-el27m_Tel27 

•rel29m j e l Z ' 

15-day Cooling 

Beta 

108 

4 

144 

45 

18 

15 

2 

4 

2 

0 

3 

Gamma 

0 

0 

0 

236 

235 

117 

9 

1 

0.25 

0.4 

3 

Basis: 10 kg of f irst-cycle fuel irradiated to 2-a/o burr 

Watts 

30-day Cooling 

Beta 

89 

3,5 

120 

39 

17 

12 

2 

1 

1 

0 

2 

Gamma 

0 

0 

0 

201 

217 

90 

9 

0 

0 

0.4 

2 

60-day Cooling 

Beta 

59 

2 

82 

28 

14 

7 

2 

0 

0 

0 

1 

Gamma 

0 

0 

0 

146 

211 

53 

9 

0 

0 

0.3 

1 

Radionuclide 

Tel32 

Il31 

Xel33 

Csl3? 

Bal40 

La"0 

CeWl 

Ce"", P r l« 
p,143 

NdM? 

P m " ? 

up in 135 days 

15-day Cooling 

Beta 

1 

13 

10 

1 

54 

113 

45 

108 

67 

23 

2 

Gamma 

3 

26 

7 

3 

48 

504 

25 

7 

0 

23 

0 

Watts 

30-day Cooling 

Beta 

0 

3 

1 

1 

23 

50 

33 

103 

31 

9 

2 

Gamma 

0 

7 

1 

3 

20 

221 

18 

7 

0 

9 

0 

60-day Cooling 

Beta 

0 

0 

0 

1 

4 

U 

17 

98 

6 

1 

0 

Gamma 

0 

0 

0 

3 

4 

47 

10 

6 

0 

1 

0 



zi 

TaiJie 5 

TOTAL FISSION PRODUCT ACTIVITY AND ENERGY 

Days 
Cooled 

15 

30 

60 

120 

240 

5 One 

bQne 

Bas 

Curie 

6070 g fuel'' 

2.7 X 105 

2 0 X 105 

1 3 X 105 

0 7 X 105 

0 3 X 105 

core 5ut)assenibly 

nelt re fn i rq charge 

s Burnup to 2 a/o 

0 000 g fuel'' 

4.5 X 105 

3 3 X 10^ 

2 2 X 105 

1 2 X i05 

0.5 X 10^ 

in 135 days of first-cycle 

60/0 q 

490 

335 

210 

135 

75 

Beta 

10,000 q 

800 

550 

340 

220 

125 

fuel loading 

Energv 

Gam 

6070 ti 

730 

470 

290 

143 

50 

of EBR-E 

(aattsi 

na 

10,000 g 

1200 

775 

480 

240 

80 

6070 g 

1220 

805 

500 

280 

125 

Total 

10 000 g 

2000 

1325 

820 

460 

205 

T a b l e 6 

FISSION P R O D U C T S P E C T R U M O F DISCHARGED E B R - I I F U E L 

B a s i s : B u r n u p to 2 a / o in 155 da \ s w i t h 1 5 - d a y coo l ing of f i r s t - c y c l e fue l l oad ing 
of E B R - I I . T h e f i s s i o n p r o d u c t s p e c t r a i s b a s e d on U" 
g i v e n in A N L - 5 7 4 2 . ( 8 ) 

l is&ion y i e l d s 

E l e m e n t 

St 
Br 
K r 
Rb 
Sr 
Y 
Z r 
Nil 
Mo 
Ic 
Ru 
Rh 
Pd 
Ag 
Cd 
in 
Sn 
Sb 
Te 
1 
Xe 
Cs 
Bd 
La 
Ct 
P r 
Nd 
P m 
3 m 
Eu 
Gd 

A t o m i c 
Nunib e r 

J4 
35 
5o 
J? 
3b 
3 J 

40 
41 
42 
13 
14 
15 
4b 
47 
18 
Aq 

=̂ 0 
51 
52 
5 3 
54 
55 
5 ( j 

57 
58 
59 
50 
b l 
b2 
63 
D 1 

A\ ( r a g e A t o m i c 
Ma&s N u m b e r 

SC'l-a 
81 
85 .09 
b b. 5 D 
SQ.DO 

89-92 
Q . .70 
<^5.00 
955.02 
99 

102.15 
103.00 
105.94 
109.2b 
113.1b 
115.00 
120.4b 
123.54 
12^.23 
128.6b 
133.7b 
134.96 
158.11 
13Q.01 
141.73 
141.18 
115.24 
147.00 
149.88 
153.34 
155.44 

A t o m s P e r 
100 A t o m s 

U'̂ ^^ F i s s i o n e d 

O.30b 
0.133 
2 .975 
3.710 
9 .525 
4 .755 

29 .3b0 
1.580 

21.6Q0 
6.200 

15.725 
2 .805 
1.613 
0.100 
0 .232 
0.042 
0.337 
0.223 
2.20«^ 
1.059 

21 .775 
19.300 

6.477 
b .302 

15.669 
4 . 4 6 1 

17.07'5 
2 .9b0 
2 .120 
0.174 
0.019 

Weight 
P e r c ent 
of F u e l 

0.0029 
0.0013 
0,0226 
0.0287 
0 .0760 
0 .0383 
0.2460 
0 .0134 
0.1900 
0.0550 
0.1440 
0.025O 
0.0152 
0.0010 
0 .0023 
0 .0004 
0 .003b 
0 .0025 
0.0255 
0.0122 
0.2600 
0.2320 
0.0800 
0.078 
0.199 
0.057 
0 .221 
0 .0386 
0.029 
0.0024 
0.0002 

201.00 2.104 



About 2500 g of s ta in less s teel cladding and tubing a r e a s ­
sociated with one fuel subassembly in the core (see Section 1.2.2.1). At 
2 - a /o burnup of fuel, this s ta in less s teel would have an activity of about 
3 c /g or a total activity of about 7500 c. This activity is very smal l when 
compared with that of the fuel, but is of significance when consideration is 
given to the problems of s c r ap disposal (see Section 2.7.2.2). 

1.2.2 Fue l and Blanket Subassemblies 

The reac to r fuel and blanket m a t e r i a l is contained in 637 
hexagonal subassembl ies . These include 47 core, 2 safety, 12 control, 
66 inner blanket, and 510 outer blanket subassembl ies . 

1.2.2.1 Core Subassembly'-^^ 

A core subassembly is 92 in. long with end pieces 
and consis ts of a hexagonal (hex) s ta inless s teel tube, 2.29 in. a c r o s s flats 
containing a cen t ra l fuel sect ionand two blanket sections (see Figure 4). 

F igure 4 

EBR-II FUEL SUBASSEMBLY AND FUEL ELEMENT 

FUEL PIN SODIUM 

LOWER 

CAP 

FUEL TUBE UPPER 
CAP 

18"-

FUEL ELEMENT 

FUEL SECTION 

FUEL SECTIOIS, 
(91 FUEL ELEMENTS) 

108-2428 
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Within the cen t ra l section of the hex tubing a r e 91 fuel e lements , each of 
which consis ts of a 0 .144- in . -diameter by 14.22-in.-long fuel pin in a stain­
less s tee l can.^"'' The s ta inless s teel element cans a r e 18 in. in overal l 
length, 0.174 in. in d iameter , and have a 0.009-in. wall. A 0.049-in.-diameter 
wire is spiral led around the outside of each fuel element to maintain proper 
spacing between adjacent e lements . The assembled fuel element has a 
0.006-in. annulus between the fuel and the cladding that is filled with sodium. 
In each end of the hex tubing a r e 18 blanket e lements . Each blanket e le ­
ment consis ts of 0. 3 l65- in . -d iamete r by 18-in.-long (two 9-in. pieces), 
depleted uranium blanket pins, sodium bonded to a s tainless steel can. The 
blanket elements cans a r e 0.376 in. in d iameter and about 21 in. long. The 
fuel and blanket elements a r e spaced on t r iangular la t t ices . 

The 91 fuel pins weigh about 6070 g, and the 
91 s ta inless s teel fuel-pin cans, including lower spacer , upper spacer (or 
spat ter cap), and external spacer wire , weigh about 1675 g. There is about 
one g ram of bonding sodium per fuel pin. The 3 6 depleted uranium blanket 
pins weigh about 16 kg. The weights of significant components of a reac tor 
core subassembly a r e tabulated in Table 7. 

Table 7 

WEIGHTS OF INDIVIDUAL ITEMS OF EBR-H CORE AND BLANKET FUEL SUBASSEMBLIES 

ITEM 

Fuel Element 

Fuel pin (14.22x0.144 in.) 
Sodium per fuel pin 
14J - In . stainless steel fuel element tube (cladding) around fuel pin 

(0.174 X 0.009 in.) 
Stainless steel spade (lower cap) and wire on fuel tube 
Top spatter cap (stainless steel) 

Total fuel element 

Core Subassembly 

Fuel - 91 fuel pins 
Inner blanket - 36 blanket pins (18 x 0.3165 in.) 
Cladding (stainless steel) per blanket pin (0.376 x 0.022 in. 
Cladding -36 blanket pins 

91 fuel elements (fuel and clad, etc.) 
36 blanket elements (fuel and clad, etc. 
Hex tubing (64 in.) 
Bottom fixture with grids and tie rod 
Top fixture with grids and tie rod 

• stainless 

) 

steel 

Weight (g) 

66.7 
0.8 

9.0 
7.1 
2.4 

86.0 

6,070 
16,000 

63 
2,268 

7,826 
18,720 
2,570 
4,060 
1,120 

Total core subassembly 34,296 

Outer Blanket Subassembly 

19 blanket pins (55 in. x 0.433 in.) 48,000 

Cladding (stainless steel) (190 g of stainless steel per blanket pin) 3,610 
2,570 

stainless steel 2,740 
1,120 

Hex tubing (64 in.) 
Bottom fixture with grid 
Top fixture 

Total blanket subassembly 58,040 

1.2.2.2 Control and Safety Subassemblies^^'^ 

The control and safety subassemblies a re s imi la r 
to the core subassembl ies except that each contains only 61 fuel elements 



and no end blanket e lements . The hex tubing is only 1.908 m. a c r o s s flats, 
since it is designed to operate within Z.29-in. hex tubing. 

1,2.2.3 Blanket SubassembliesV'^/ 

The blanket subassembl ies a r e s imi lar to the core 
subassembl ies except that they contain nineteen 0 .433-in . -diameter by 
55-in.-long (five 11-in. sections), depleted uranium pins sodium bonded in 
s ta in less s tee l cans . The inner and outer blanket subassembl ies a r e iden­
t ical except for a difference in the channels for sodium flow in the bottom 
adapter . 

1.3 Fuel Cycle Faci l i ty (Buildings and Equipment) 

The Fuel Cycle Faci l i ty consis ts p r imar i ly of contiguous argon-
a tmosphere and a i r - a t m o s p h e r e cells surrounded by an operating a r ea and 
auxi l iary l abora to r ies . An enclosed passageway leads between this facility 
and the r eac to r . Figure 5 shows a plan view of the facility; F igure 6 is a 
c ro s s section of the argon cell . The main facility is 134 ft wide by 
l68Yft long. A subcell for equipment is located below the argon cell, and 
a se rv ice a r e a is located below the operating a rea . 

F igure 5 

SECTIONAL PLAN VIEW OF FUEL-PROCESSING FACILITY 
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Figure 6 

SECTIONAL ELEVATION VIEW OF ARGON CELL 

CRANE AND 
MANIPULATOR REMOVAL 
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ARGON CELL 
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' AIR CELL 
I 

@High Density Concrete 

D Standard Concrete 

108-2426-A 

1.3.1 Reactor Passageway 

The main purpose of the passageway (see Figure 7) is to 
provide access to the r eac to r building for t ransfer r ing fuel subassembl ies 
in a suitable coffin between the Fuel Cycle Facil i ty and the reac tor building 
The passageway is 66 ft long and 15 ft wide. It extends from an air lock 
at the r eac to r building to the ce l l -opera t ion a rea near the air cell . The 

Figure 7 

REACTOR PASSAGEWAY AND MOVEMENTS OF 
SUBASSEMBLY COFFIN BETWEEN REACTOR 

AND FUEL CYCLE FACILITY 

REACTOR BUILDING 

COFFIN POSITIONS 

1 COFFIN IN PIT IN REACTOR BUILDING 

2 COFFIN ON CAR IN AIR LOCK 

3 - COFFIN ON CAR IN REACTOR PASSAGEWAY 

4 - COFFIN ON CAR IN RUNWAY BELOW AIR CELL 

CRANE BAY 

HOIST REACTOR PASSAGEWAY 

\ j SODIUW REMOVAL 

.REMOVABLE 
PLUG 

Wr 
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Figure 8 

AIR CELL AND PASSAGEWAY 
STORAGE PITS 

passageway is provided with a 6-|-ft gauge rai lway t rack. An e l ec t r i c -
powered car t r ave l s on a t r ack in the runway which t e rmina tes below open­
ings in the r eac to r building and passageway floors. The openings a r e 
closed by a i r - t igh t covers . Fue l coffins a r e t r ans f e r r ed between the ca r s 

in the passageway and runway by 
a 20-ton hoist. 

There a r e nineteen 
12-ft-deep, d i r ec t - a i r - coo led 
s torage pits located in the floor 
between the t racks in the passage­
way. They a r e provided with 
shielding plugs which a r e 2 ft long 
(see Figure 8). 

F r o m the passageway, 
a 4-in. line for liquid drain extends 
to a disposal sys tem for sodium in 
the northwest corner of the service 
floor a rea . The drain is used in 
operations in which sodium coolant 
adhering to subassembl ies is r e ­
moved (see Section 2.1.2, page 60). 

1.3.2 Air Cell 
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The main purpose of 
the air cell is to provide a radiation-
shielded a r ea having an air a tmos­

phere, where subassembl ies can be disassenibled and reassembled and 
where fuel elements can be inspected and tested by remote methods. The 
air cel l a lso se rves as a t e rmina l for the air locks to the argon cell and 
as a place for servicing a rgon-ce l l equipment and for prepar ing sc rap for 
disposal . 

The inside dimensions of the cel l a r e 15 ft in width, 47 ft in 
length, and 21 ft in height. The air cel l is attached at its east end to the 
argon cell (see F igure 3). The cell is constructed of high-density, re in­
forced concrete (220 lb/ft ) and the walls at the operating level a r e 5 ft 
thick (see Figure 5). The cell is provided with nine shielding windows, 
one per i scope opening, one optical peephole sleeve in the walls , two 
viewing plug windows in the roof, and a removable roof plug. Each window 
position is provided with two sleeves for m a s t e r - s l a v e manipulators and 
with s leeves for service leads. The cell is also provided with an entry 
door, which is normal ly sealed. For m a t e r i a l t ransfer , the air cell is 
equipped with a large t ransfer port leading to the se rv ice floor below and 



a sma l l t r ans fe r por t with its loading side m the operating a rea . In addi­
tion, one large and two smal l t ransfe r locks connect the a i r cell to the 
argon cell . 

Ten shielded, one-foot-diameter by 10-ft-deep, d i r e c t - a i r -
cooled or venti lated s torage pits (see F igure 8) a re provided in the cel l 
floor. The pits also have water jackets for cooling. The cooling water is 
c i rcula ted by suction to minimize the possibi l i ty of water leakage into the 
pi ts . 

One 5-ton crane and two br idge- type manipulators a r e p ro ­
vided in the cell . The manipulator br idges operate on r a i l s along the cel l 
walls below the crane r a i l s . The crane can pass over the manipula tors , 
but the manipula tors cannot pass each other« The manipulator and crane 
r a i l s a r e about 13 and 17 ft above the cel l floor, respect ively. The cell 
floor is at the same level as the operating a r ea floor outside the cell. 
P rocess ing equipinent height is l imited to 10 ft. 

The cel l is maintained at a negative p r e s s u r e and is ven­
ti lated at the r a t e of 5000 cfm through the ventilating sys tem and fi l ters to 
the suspect vent stack. 

1.3.3 Argon Cell 

The p r i m a r y purpose of the argon cell is to provide a 
radia t ion-shie lded a r e a where fuel can be exposed to an iner t a tmosphere 
during process ing operat ions . Of the noble gases which a r e iner t to the 
fuel, only argon and hel ium a r e of sufficient availabili ty to use. Argon ap­
pea r s to be inore des i rab le because of its re la t ive higher density (which 
would minimize the leakage at p r e s s u r i z e d sea ls , etc.) , its availability, 
and lower cost. 

The argon cell is constructed in the shape of a l6-s ided 
regular polygon (see F igure 5). The air ce l l extends out from the west 
side. Each of the other 15 sides is provided with a shielding window or 
viewing device. At the center of the argon cell is a cen t ra l control a rea , 
a lso in the shape of a 16-sided regular polygon, with eight shielding win­
dows (one window in a l te rna te faces). In addition to 22 windows, the cel l 
is provided with one per i scope opening in the wall and with six viewing 
plugs and th ree per i scope openings in the roof. 

The distance from the center to the face of the cen t ra l con­
t ro l a r e a is 15 ft (30 ft in d iameter ) . The cell floor a r e a consis ts of the 
16-ft-wide annular a r e a between the two polygons and thus consis ts of 
16 bays of t rapezoida l shape which a r e 148 in. wide at the outer sides and 
which taper to 72 in. wide at the inner s ides . The cel l is 22 ft high inside, 
and has a volume of about 60,000 ft^. The outer ceiling of the cen t ra l 



control a r e a extends 10 ft above the cel l floor. The cen t ra l control a r ea 
is entered from below by a s ta i rway fromi the subcell. The cell walls at 
the operating level a r e 5 ft thick and a r e constructed of reinforced con­
c re te . The walls inside the cel l a r e lined with z inc-coated sheet s teel . 

In the cel l floor on a rad ia l line between 14 of the bays 
the re a r e 13 sets of five one-foot-diameter pipes for serv ice feedthrough 
s leeves from the subcell (see F igure 11, page 48). E lec t r i ca l leads for 
lights and window-shutter motors a r e of MI (mineral- insulated) cable and 
have been cas t into the wal ls . There a r e two smal l t ransfer locks to the 

air cel l in the wall between the cel ls , 
and one large t ransfer lock in the floor 
to a passageway which extends to a port 
in the a i r cell floor (see Figure 5, page 24). 

F igure 9 

ARGON CELL STORAGE PITS 

FLOOR LINE 

The argon cell is p ro ­
vided with 17 one-foot-diameter , 10-ft-
deep, water -cooled s torage pits and two 
2-ft~diameter, 10-ft-deep. noncooled 
s torage pits (see F igure 9). The water 
is c irculated in the pit jackets by suction 
to minimize the possibil i ty of water 
leakage into the pits . 

The argon cell is equipped 
with a 12- in . -diameter pipe to an e m e r ­
gency relief vent sys tem. The p r e s s u r e 
controls a re designed to maintain a 
nominal p r e s s u r e of minus 2 in. of water 
p r e s s u r e in the cell, but a p r e s s u r e range 
of minus 1 to minus 8 in. of water is 
possible. At p r e s s u r e s above about 

minus-^ in. of water , the sys tem will vent through the f i l ters and ventilating 
sys tem to the suspect vent stack; at p r e s s u r e s above about plus 1 inch of 
water , the sys tem will vent di rect ly to the a tmosphere . Each vent sys ­
tem is equipped with a liquid seal to prevent backflow of a i r during nor ­
ma l operat ions. At the altitude of the facility (4900 ft above sea level), the 
a tmospher ic p r e s s u r e averages 12.25 psia. 

The cell is also provided with an emergency argon-supply 
sys tem to maintain the cel l p r e s s u r e in the event that no rmal additions of 
argon a r e insufficient to maintain the p r e s s u r e . Argon will normal ly be 
lost from the cel l through the use of the t ransfer locks and through use of 
p rocess vacuum pumps. 

12 INCH WATER COOLED PIT 24 INCH PIT 

The cell is provided with two cranes and six manipula tors . 
The crane and manipulator br idges mvot in the center of the cel l above the 



cen t ra l control a rea , and the outer ends operate on c i rcu la r r a i l s . The 
crane br idges operate on outer r a i l s 17 ft above the floor and on inner ra i l s 
suspended frona the roof. The manipula tors operate on outer ra i l s 11-|- ft 
above the floor and on inner r a i l s mounted on the cent ra l control a r ea roof. 
P r o c e s s equipment height is l imited to 10 ft. The c ranes cannot pass each 
other but can pass above the manipu la to rs . The manipulators cannot pass 
each other . 

1.3.4 Argon Cell Atmosphere 

The reac t ive impur i t ies in the argon a tmosphere should be 
low enough so that excess ive react ion with exposed fuel does not occur. 
Cooling of the cel l a tmosphere is n e c e s s a r y to remove the heat produced 
by the e lec t r ic l ights, furnaces, mo to r s , and self-heating of the radioactive 
fuel-

The e lec t r i ca l heat load in the cell consis ts mainly of 
72 one-kw e lec t r ic l ights. The heat load from furnace hea te rs and e lec t r ic 
motors might average about 25 kw. The heating from 15 fuel subassembl ies 
(at 1.2 kw each) might be as g rea t as 18 kw. The argon a tmosphere in the 
cell will be c i rcula ted at the ra t e of about 28,500 ft / m i n through two 
Freon-cooled heat exchangers in the subcell , which a re capable of removing 
about 270 kw of heat from the cel l . It is es t imated that the average t em­
pe ra tu re of the iner t a tmosphere in the cel l will be about 100°F. 

Another re la t ive ly large heating source is that of mel t r e ­
fining skulls and skull oxides, both of which a re highly radioact ive, 
u ran ium-bear ing p roces s m a t e r i a l s . These would normal ly be s tored in 
the water -cooled s torage pi ts . Their heat output might be as high as 
50 kw, which would be largely removed by the cooling water . 

The reac t ive impur i t ies in the argon a tmosphere will be 
oxygen, nitrogen, and water vapor, al l of which a r e introduced as a i r leak­
age through seals at the windows, se rv ice feeds and t ransfer locks, and 
through miscel laneous leaks . Mate r ia l s brought into the cell and impur i ­
t ies in the make-up argon should consti tute a minor source of impur i t ies . 

Of the c i rcula ted argon about 2200 ft^/min is passed through 
a filter (a luminum-encased, AEC type) and about 200 f t ymin is passed 
through a purification sys tem where oxygen is removed by combustion 
with hydrogen on a palladium catalyst . The water vapor is removed by 
adsorpt ion in a desiccant d r i e r which is regenera ted periodical ly by heat­
ing. No init ial provis ions exist for ni t rogen removal , except by dilution 
with make-up argon. Various possible methods of ni trogen removal other 
than by dilution, such as by liquefaction and rectif ication as well as r e ­
moval by react ion with hot reac t ive meta l s (e.g., t i tanium at 900®C), a r e 
being considered. 
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The design is based on maintaining 5 ppm water vapor and 
20 ppm oxygen in the cel l a tmosphere . Cell windows and floor service 
feedthrough sleevesV^a-; a r e provided with a rgon-p re s su r i zed double seals , 
and the cel l is s teel lined to minimize inward leakage of a i r . The expected 
air leakage is unknown, but a rough es t imate is 20 ft / d a y (this may be 
seve ra l o r d e r s of magnitude g rea te r than will occur) . Based on a maximum 
of 20-ft / d a y air leakage and 300 ft of argon per day added to the cell, the 
calculated equil ibrium nitrogen content is five percent . Studies a re in 
p rog re s s to de termine the effect of ni trogen content in fuel-processing 
operat ions . 

Argon is normal ly added to the cel l via the locks and p roc ­
essing equipment. When t rans fe r s a re made into the argon cell, the locks 
a re evacuated and filled with argon. The volume of each of the smal l locks 
is 20 ft , and the volume of the large lock is about 230 ft (see F igures 5 
and 6). 

Because of the low content of water vapor in the cell a t ­
mosphere , e l ec t r i c -moto r carbon brushes requi re special consideration. 
The heat t ransfe r cha rac te r i s t i c s of argon a r e less favorable than those 
of a i r . E l ec t r i c - a rc ing effects may be g rea te r in argon than in a i r . The 
ionization effect of the radiat ion may affect the arcing potential in motors , 
heater coils, and other e lect r ic equipment. 

1.3.5 Cell Windows and Lighting^^^'^ ^) 

There a r e 3 1 
dow has a total thickness of 

F igure 10 

SECTIONAL PLAN VIEW 
SHIELDING WINDOW 

LIQUID 
-SEALS 

O F 

windows in the argon and a i r cel ls . Each win-
57 in. which is made up of six 9-in. and three 

1-in.-thick pieces of glass (see F ig­
u re lO). The windows a r e provided 
with a rgon-p res su r i zed double seals 
to minimize a i r leakage into the cell. 
Two sections of glass (i.e., the sec ­
tions on the radioactive side) a r e 
replaceable . The windows may be 
shielded with 6-in.- thick s teel rad ia­
tion shields (i.e., shut ters) inside the 
cells to reduce gamma darkening 
when the windows a r e not in use . The 
radiation shields a re suspended on 
t racks on which they a re moved by 
e lect r ic moto r s . The total visible 
l ight-attenuation factor for the win­
dows is about 8.4 (calculated) before 
exposure to gamma radiation and 
about 19 after exposure to 10 r at 
the inner surface. There is a further 
l ight-attenuation factor of about 1.7 due 
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to eight g l a s s - t o - a i r sur faces . (Measurements with fabricated windows 
indicate the initial light t r ansmi s s ion to be 13-14 percent . ) The windows 
have hourglass configurations. The sma l l inner sections of g lass a re about 
24 in. high by 30 in. wide; the large outer sections a r e about 33 in. high by 
36 in. wide. The angles of vision through these windows a r e 53° to right 
or left, 42° up, and 63° down with r e spec t to the inner surfaces . The oper­
ating a r e a floor is even with the a rgon- and a i r - c e l l floors, and the centers 
of the windows a r e 60 in. above the cel l floor. The floor in the cent ra l con­
t ro l a r ea is 3 ft below the a rgon-ce l l floor, and the cen te rs of the windows 
a r e 30 in. above the cel l floor. (Window cente rs a r e 66 in. above the floor 
of the control room.) 

The design gamma total attenuations for the windows in­
cluding buildup a r e approximately as follows: 

Gamma Attenuation 
Energy, Buildup Coefficient Total 

Mev Fac tor Times Thickness Attenuation 

2.5 17 18.55 6.5 x 10^ 
1.6 18 21.4 1.0 X 10^ 
0.75 22 36.5 3.4 x 10^^ 

For 2 -a /o burnup and 15-day cooling of the fuel, the 2.5- and 1.6-Mev 
gammas from 40-hr lanthanum-140 consti tute about 2 and 40 percent , r e ­
spectively, of the total gammia energy (see Table 3, page 20). For 10 r / h r 
coll imated gamma at the inner face, the gamma penetrat ing to the outer 
surface would be about 6 m r / h r . For 10 r / h r at the inner face, due to a 
point source one foot away, the gamma penetrat ing to the outer surface 
would be less than one m r / h r . Because of the short half- l ives of 
lanthanum-140 and its bar ium-140 p r e c u r s o r , these radiat ion levels 
would ord inar i ly be lower. 

In addition to windows, the air cel l is provided with one op­
t ica l peephole sleeve and one per i scope sleeve in the walls and two viewing 
plugs in the roof. The argon cel l is provided with per iscope sleeves in the 
side walls and with six viewing plugs and three per iscope holes in the roof. 
A permanent viewing per i scope is located in the operating face (replacing 
a window) of the argon cell . 

Lighting for the a i r and argon cells is provided by r ep lace ­
able one-kilowatt m e r c u r y vapor lamps on the inner cel l walls above the 
windows. The argon cel l has 72 lamps . The placement is as follows: th ree 
lamps on each of the 16 outer cel l s ides , two lamps on each inner cell side 
which has a window, and one on each of the eight inner cel l sides without a 
window. The air cel l has a total of 24 lamps, which a r e distr ibuted as fol­
lows: nine lamps on each of the 45-ft walls and three lamps on each of 
the 15-ft wal ls . 
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1.3.6 Shielding(^-^) ~ Walls of Cells 

At the operat ing level, the walls of the argon and a i r cel ls 
(see F igure 5) a r e 5 ft thick and a r e made of 220-lb/ft^ concre te . The 
a rgon -ce l l floor and the ceiling of the cen t ra l control a r e a a r e 4 ft thick 
(see F igure 6, page 25). The walls above the operating level and the 
ceiling v a r y from 5 to 4 ft in th ickness , and a r e made of s tandard concrete 
(about 147 Ib/ft^). 

The design gamma total attenuations for the 5-ft-thick high-
density concre te wal ls , including buildup, a r e approximately as follows: 

Gamma Attenuation Fac tor 
Energy, of 10, No Buildup Buildup 

Mev (in.) Factor 

2.5 6.5 23 
1.7 5.4 46 
0.8 3.7 300 

*Total attenuation, IQ/I, is defined as follows 

lo/l = e^VBf 
where 

Total 
Attenuation* 

7.7 X 10"̂  
2.8 X 10' 
5.4 X 10^3 

Bf = buildup factor 
jd = at tenuation factor 
X = th ickness of shielding. 

For 10 r / h r col l imated gainma at the inner surface, the gamma reaching 
the outer surface would be about 0.4 m r / h r . For 10 r / h r at the inner 
surface, due to a point source one foot away, the gamma at the outer sur­
face would be l ess than 0.1 m r / h r . 

1.3.7 Transfer P o r t s 

The purpose of the t rans fe r por ts is to provide a means 
for t r ans fe r r i ng m a t e r i a l s into and out of the air cel l . All m a t e r i a l s which 
a r e to be t r a n s f e r r e d into or out of the argon cel l mus t pass through the 
a i r ce l l and hence through the t rans fe r p o r t s . The a i r cel l is provided with 
one la rge and one sma l l t r ans fe r por t for n o r m a l communicat ion with the 
operat ing a r ea . 

1.3.7.1 Small Transfe r Po r t 

The smal l t r ans fe r por t (between the operat ing 
a r e a and the a i r cell) cons is t s of a 12- in . -d iameter hor izonta l pipe through 
the 5-ft-thick nor th wal l of the a i r cel l . The port is equipped with a 



20-in-long car t , extensible two- ra i l t rack, and inside and outside shielding 
mechan i sms . The pipe center is 4 ft above the floor at the operating a r e a 
side of the wall and slants downward 4° toward the cell . The extensible 
t r ack also slants downward toward the cel l . The extensible portion of the 
t r ack moves by gravi ty with the ca r t into the cell . The car t can move into 
the cel l 38 in. for a i r - c e l l loading or unloading and may be r e t r ac ted to 
the operating a r e a side by a winch-operated cable. The design load for the 
ca r t and t r ack is 25 lb. 

The cel l end of the port is provided with a sliding, 
s tee l - suppor ted lead shield, 14 in. thick, which is r a i sed and lowered in 
guides over the port by cables . The outside or operating a r ea end of the 
port is covered by a lead-shielded end piece which has a bottom outlet, 
which may be closed by a lead-shie lded plug. The outer end of the port 
a lso has a s t ra ight - through outlet which may be closed by a 6-in.- thick 
lead door. The top of the end shield is provided with a 2-|--in.-diameter 
window and with a grapple . The s t ra ight - through outlet is used to inser t 
or remove nonactive m a t e r i a l s . The bottom outlet can be coupled with a 
l6- in . -OD, shielded container and can be used together with the window 
and grapple to move active m a t e r i a l s , suchas samples for chemical analysis , 

1.3.7.2 Large Transfe r P o r t 

The large t rans fe r port is 6 ft in d iameter and is 
located in the floor in the northwest corner of the air cell (see F igure 5, 
page 24). The port cover consis ts of th ree plugs (2-in. s teel laminations) 
nested together . The plugs a r e 6 in., 2 ft, and 6 ft in d iameter , r e s p e c ­
tively. The outer plug (6 ft in d iameter ) is removable in three pieces, each 
6 in. thick, to reduce the load to the c rane capacity of 5 tons. 

A runway (see F igure 3, page 17) at the level of 
the se rv ice floor extends from below the port westward under the air cel l 
wall to below a 6-ft sc|uare opening in the operating a r e a floor just outside 
the air cel l . An e lec t r i c -powered car opera tes on r a i l s in the runway b e ­
tween the por t and floor opening to c a r r y coffins and containers between 
these points. The t r ack gauge is 78 in., and the car is 93 in. long, 93 in. 
wide, and 68 in. high. 

Coffins and containers a r e moved between the op­
erat ing a r e a and the car by means of the 20-ton crane in the high-bay sec ­
tion of the operating a r e a (see F igure 3). This crane can also move the 
subassembly coffin to and from the car on the nearby t racks in the reac tor 
passageway. It can also move the scrap-handl ing coffin to the automotive 
t ruck- loading a r ea . Subassemblies and other ma te r i a l s a r e t r ans fe r r ed 
between the coffin or containers and the air cell by a 5-ton crane located 
in the a i r cel l . 



1.3.8 Transfer Locks between Air Cell and Argon Cell 

The purpose of these t ransfer locks is to provide means for 
t r ans fe r r ing m a t e r i a l s and equipment into and out of the argon cell . All 
locks into the argon cell communicate with the air cell to provide the nec­
e s s a r y shielding and to prevent spread of contamination (par t icular ly 
a tmospher ic ) . 

One large and two smal l t ransfer locks a re provided. The 
smal l locks will be used for the frequent t ransfer of smal l i tems, such as 
fuel e lements , fuel element cans, c ruc ib les , fume t r aps , and saniples . 
These may be operated re la t ively rapidly and have a smal le r volume; thus, 
their use will r e su l t in smal le r argon losses . The large lock will be used 
for l ess frequent t ransfer of large equipment and those i tems too large for 
the smal le r locks. 

L3.8.1 Small Locks 

The two smal l locks extend through the wall between 
the argon and air cells as shown below. Each lock is 13 in. wide by 23 in. 

high by 10-|- ft long and has a volume 
of about 20 ft^. 

AIR CELL 
COVER 

ARGON CELL 
COVER 

FLOOR 

The sealing covers at 
each end a r e slanted at an angle of 
about 35° with the horizontal and 
a r e hinged at their upper ends. 
They a r e ra i sed and lowered by 
cables operated by e lec t r i c -motor 
dr ives mounted on the cel l walls . 
Each cover is provided with a r e c ­
tangular rubber gasket which is 

stiffened by a s tee l inset. The openings a r e 13 in. wide by about 16 in. long. 
The covers a r e constructed of steel, severa l inches thick, and their weight 
provides the gasket sealing force. 

A two-ra i l , 124-in.-long t rack extends through each 
lock at about the level of the lower edge of the lid openings. The t r ack a s -
senibly is supported at each end by means of brackets on which the c ros s 
m e m b e r s r e s t . The c ro s s m e m b e r s can be positioned in the b racke ts , by 
the manipula tors , to slant the t r ack in either direction. (The slope is 
l |- in. in 124 in.) Thus, ei ther lock can be adjusted for car t t r ave l in either 
direction. 

The t r ack is removable by ra is ing and pulling at 
one end. This causes the c ro s s member at the opposite end to drop off the 
highest step and fall to the bottom of the lock. The t rack may then be pulled 
out of the lock. 



The standard c a r t s which t ravel on the ra i l s con­
sist of a luminum alloy f rames with a wheel at each corner . Theya re 12 j in. 
in overa l l width and 11-|- in. in overa l l length. The wheels on one side a r e 
provided with 90° V-grooves for following the ra i l ; the wheels on the other 
side a r e flat. 

The containers can be up to about 9-| in. in diam­
eter , and can extend above and below the ca r t s about 10 in. (20 in. overal l) . 
The basic ca r t f rame can be a l t e red to accommodate other types of con­
t a ine r s . The ca r t f rames a r e provided with ea r s on their sides for lifting 
in and out of the lock openings. The s tandard ca r t s a r e ca r r i ed in hor i ­
zontal position to and from the locks by the manipulator, and may be set 
down di rec t ly on the t r a c k s . Special ca r t s a r e used for fuel-element 
magazines which a r e too long (24 in.) to be set in the locks in a horizontal 
position. They a r e c a r r i e d by one end in a ve r t i ca l position, and, as they 
a r e lowered into the lock, the lower wheels contact the t r ack first and the 
car t ro l l s into the lock and a s s u m e s a hor izontal position when the other 
wheels touch the t rack. Maximum weights of 70 lb, including car t , con­
tainer , and load, can be accommodated. The motors which open the lock 
covers have inter lock controls so that the covers on opposite ends of the 
locks a r e not inadvertently both opened at the same ti ine. 

Fue l e lements in magaz ines , pin cans, mel t r e ­
fining and injection cast ing cruc ib les , pin molds, pal lets , samples , fuel 
charge m a t e r i a l s , and crucible holders can be t r ans f e r r ed through the 
smal l locks. Melt refining fume t r aps may requ i re special ca r r i age a r ­
rangements for sma l l lock t r ans fe r . Scrap in cans may requ i re large lock 
t rans fe r . 

1.3.8.2 Large Lock 

A large lock (see sketch on next page) extends 
through the floor of the argon cel l into a t ransfe r cell or runway at the 
level of the se rv ice floor. The runway extends from below the argon cel l 
to below a por t in the a i r - c e l l floor (which is usually open). The runway 
is provided with removable shielding for personnel entry. The port in the 
a i r - c e l l floor is a lso the vent through which the a i r cell is vented to the 
stack through the runway. A ca r t is operated on t r acks in the runway. 

One par t of the lock is a hollow, s teel spool piece, 
6 ft in inside d iameter by 51 in. long, extending through the 42- in- thick 
floor of the argon cell . The top of the spool piece extends 7 in. above the 
floor, and i ts face has a groove 75 in. in d iameter and-g- in. deep for a 
metal l ic sealing gasket . A second spool piece, 33 in. long with gasket 
grooves, is semipermanent ly at tached to the f i rs t one. It extends about 
40 in. above the cel l floor. A 6-f t -diameter by about 15-in.-high dished 
cover is used to close the upper end of the lock within the argon cell . The 
cover is hinged to the spool piece and is r a i s ed by an e lect r ic motor . 
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AIR CELL ARGON CELL 

•^^^LOCK COVER 

LOCK 

The bottom of the first spool piece extends 2 in. 
below the lower side of the floor and is faced for sealing with a rubber 

gasket on a hydraulically lifted plat­
form. The platform is ca r r i ed be­
tween the lock and the a i r - c e l l port 
by a car on the t racks in the runway. 
One hydraulic lift is located beneath 
the air lock in the a rgon-ce l l floor, 
and another hydraulic lift is located 
beneath the port in the a i r - c e l l floor 
(see sketch). 

The maximum load 
weight is 10,000 lb; the maximum 
load height is 8 ft. The horizontal 

dimensions a r e limited by the 6-ft inside diameter of the spool piece and 
the allowance for c learance . The volume of the space between the lock 
cover and the platform is about 230 ft^. 

1.3.9 Suspect (Vent) Stack and Holdup Tank 

The purpose of the suspect stack (see Figure 3, page 17) is 
to provide a high point of discharge to the a tmosphere of al l ventilation at-
inosphere suspected of containing radioactive contamination. The purpose 
of the holdup tank located near the nor theast corner of the Fuel Cycle 
Faci l i ty is to provide a place of s torage of active gases and vapors from the 
operations of mel t refining and possibly of skull oxidation to await favor­
able ineteorological conditions for r e l ease to the stack. As a secondary 
effect, some decay of activity can take place in the holdup tank. Xenon-133 
and possibly iodine-131 a r e the chief nuclides to undergo decay. 

The suspect stack is 5 ft in d iameter and 200 ft high. It is 
g lass- l ined and is provided with two 71,000-cfm fans to draw ventilation 
a i r from the Fuel Cycle Facil i ty, the Reactor building, and the Laboratory 
and Services building. The quantities of air from these locations a r e as 
follows: 

Location 

Fuel Cycle Faci l i ty 
Laboratory and Services Bldg. 
Reactor Building 

Pipe Size 
(in.) 

42 
36 
30 

Quantity of Air 
(cfm) 

32,800 
18,200 
6,900 

The ventilation air is filtered before being discharged to the 
stack. Gases from process operations a re filtered through high-efficiency 
f i l ters and, in most cases , a r e further processed (e.g., through a tower 
for iodine removal) before being re leased to the stack. Each of the locations 



has booster fans and f i l te rs . The Fuel Cycle Faci l i ty has two 38,000-cfm 
main booster fans. The a i r flow in the ductwork, f i l ters , and piping is con­
trol led at a negative p r e s s u r e . 

The holdup tank, one of a s e r i e s of i tems used to handle off-
gases (see pages 164 and 165), is about 6 ft in diameter and 19 ft long, and 
has a volume of about 500 ft . Located outside the building, where addi­
tional shielding can be provided, the tank is used to receive vent gases from 
the mel t refining (see Section 2.1.6) and possibly other operat ions. Nor­
mally, the holdup tank is maintained at between about 4 to 10 psia (local a t ­
mospher ic p r e s s u r e averages about 12,25 psia). When meteorological 
conditions a r e favorable for gas r e l ea se from the stack, the tank is pumped 
down to about 4 or 5 psia. 

The tank, after pumpdown, can receive vent gases from the 
melt refining operation and possibly the skull oxidation operation (see Sec­
tion 2.1.7) until the p r e s s u r e has inc reased to about 11 psia. The tank can 
thus rece ive about 250 ft of gas at local a tmospher ic p r e s s u r e in operating 
between the low and high p r e s s u r e s . This is equal to about fifteen t imes 
the volume of the mel t refining bel l j a r . 

It is anticipated that the bel l jar will be evacuated three 
t imes per mel t refining operation. Thus, favorable conditions for gas r e ­
lease would need occur only once per five melt refining operat ions. 

1.3.10 Manipulators and Cranes 

The air and argon cel ls a r e provided with three types of 
mater ia l -handl ing equipment in addition to the port and a i r - lock equipment. 
They a r e br idge c ranes , e lec t romechanica l bridge manipula tors , and 
m a s t e r - s l a v e manipula tors . 

1.3.10.1 Air Cell Crane 

The air cel l is provided with one 5-ton crane with 
a l inear br idge which opera tes on pa ra l l e l r a i l s along the sides of the cell . 
The ra i l s a r e 17 ft above the floor, and the crane moves above the manip­
u la to r s . The bridge has four wheels (two on each side) of which one on 
each side is a drive wheel. The t ro l ley which operates on the bridge has 
four wheels and c a r r i e s a cab le -opera ted block hoist. The t ro l ley can be 
removed from the br idge through the top hatch of the cel l for repa i r or 
rep lacement . 

The crane br idge, trolley, and hoist motors a re 
220-v, 60-cycle AC, one-speed r eve r s ing moto r s . The motors a r e shielded 
by approximately 4 in. of lead at the bottoms and 2 in. of lead at the s ides . 
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and a r e removable . E lec t r ic power is fed to the bridge by 11 busbars on 
the ceiling and to the t rol ley by seven busbars on the br idge. The busbars 
used a r e as follows: 

1 - common 2 - t rol ley motor 
2 - bridge motor 2 - hoist motor 
2 - lights on bridge 2 - three l imit switches 

Where no shielding is provided, r ad i a t ion - re s i s t an t lubr icants a re used. 
There a r e no b rakes on the c a r r i a g e or bridge dr ives , but there is a m e ­
chanical b rake on the hoist . The t ro l ley and bridge dr ives a r e provided 
with automatic disconnect clutches so that in case of fai lure of the d r ives , 
the br idges and c a r r i a g e s can be moved by other equipment. 

1.3,10.2 Argon Cell Cranes 

The argon cel l is provided with two 5-ton c ranes 
(see F igures 3 and 6, pp. 17 and 25) with ro t a ry br idges which pivot at the 
center of the cell . The outer end of the br idges r ide on r a i l s which a r e 
17 ft above the cel l floor; the inner end of the br idges a r e suspended from 
ra i l s which a r e secured to the cel l ceiling. As in the air cell , the c ranes 
move above the manipu la tors . The c ranes cannot pass each other. Each 
br idge has four wheels on the inner t r ack and two on the outer t rack. Each 
outer wheel has a dr ive motor . The t ro l leys which operate on the br idges 
have four wheels and c a r r y cab le-opera ted block hois ts . The t ro l leys can 
be removed from the br idges and lowered to the cel l floor by a special 
moto r -powered chain hoist, which is housed in a sealed can on the cel l 
roof, which is called a b l i s t e r . 

The crane br idge, t rol ley, and hoist mo to r s a r e 
220-v, 60-cycle AC, one-speed r eve r s ing moto r s . The mo to r s a r e shielded 
by approximately 4 in. of lead at the bottoms and 2 in. of lead at the s ides, 
and a r e removable . E lec t r ic power is fed to each bridge by 13 slip r ings 
at the center pivot column and to the c a r r i a g e s by seven busbars on each 
br idge . The slip r ings and busba r s for each crane a r e used as follows: 

Slip Rings Bus B a r s 

1 - common 1 - common 
4 - two br idge mo to r s 
2 - lights on br idge 
2 - t ro l ley motor 2 - t ro l ley motor 
2 - hoist motor 2 - hoist motor 
2 - l imit switches 2 - l imit switches 

The lubricat ion, b rakes , and clutches a r e the same as in the case of the 
a i r - c e l l c r ane . The t ro l leys and hois ts of the a rgon-ce l l and a i r - c e l l 
c ranes a r e alike. 



1,3,10.3 Air Cell E lec t romechanica l Manipulators \ l^) 

The air ce l l is provided with two 750-lb-capacity, 
br idge- type manipula tors with l inear br idges which operate on para l le l 
ra i l s along the sides of the cell . The r a i l s a r e slightly over 13 ft above 
the floor, and the manipula tors move below the crane and cannot pass each 
other. The br idges each have four wheels (two on each side) of which one 
on each side is a dr ive wheel. 

Each ca r r i age which operates on a bridge has four 
wheels, weighs about 8700 lb, and c a r r i e s a ve r t i ca l telescoping a r m . The 
a r m can be r a i sed or lowered and rotated. The end of the telescoping a r m 
te rmina tes in a removable working tool. Various tools or mechanisms can 
be attached to the end of the telescoping a r m (forearm). The present ly 
developed tools a r e : 

a) a dual hook grip; 
b) a para l le l jaw; 
c) a genera l -purpose ar t iculated a rm . 

The dual hook gr ip and the pa ra l l e l jaw a r e opened and closed by a t e le ­
scoping ro t a ry linkage to the motor in the ca r r i age above. These mecha­
n isms can thus be opened and closed, rotated, ra ised , and lowered. They 
can be moved in the "x" and "y" hor izonta l direct ions by ca r r i age and 
bridge movements . The genera l -purpose ar t iculated a r m has the s tandard 
shoulder and elbow-joint movements , shoulder and wr is t rotation move­
ments , and a gr ipper movement, each of which has a separa te motor (five 
in all) . When the ar t icula ted a r m is at tached to the manipulator forearm, 
a plug with eight e lec t r ic contacts is connected into a socket below the 
ca r r i age for e lec t r i c power. This automatical ly disconnects the c i rcui ts 
to the gr ipper and a r m rotation motors of the telescoping a r m and con­
nects these c i rcu i t s to the gr ipper and shoulder rotat ion motors on the 
ar t icula ted a r m . The motors on the ar t icula ted a r m a re not shielded, and, 
when the a r m is not at tached to the manipulator , it is s tored in one of the 
two 24- in . -d iamete r s torage pits (see F igure 9, page 28) in the floor of 
the argon cell . 

The manipulator moto r s a r e a l l r eve r s ib le DC 
moto r s , the applied voltages ranging from 30 to 100 v. Each motor c i r ­
cuit is fed by a separa te isolated rect i f ier and is a r ranged for three-speed 
operation. The moto r s (except on the ar t icula ted a rm) a r e shielded with 
4 in. of lead on the bottom and 2 in. on the s ides, and a r e removable . 

E lec t r ic power is fed to the br idges by 19 busbars 
on the wall and to the c a r r i a g e s by 16 busbars on the bridge (eight on each 
side of the ca r r i age ) . When the c a r r i a g e s a re lifted from the br idges , the 
busbar b rushes a r e automatical ly lifted from the busba r s . The wall bus ­
ba r s a r e used as follows: 



- br idge motor 1 - gr ipper motor 
- common 3 - l imit switches on ca r r i age 
- sma l l motor field 
- l a rge motor field 
- c a r r i a g e motor 
- hoist motor 
- a r m rota te motor 

- gr ipper force indicator 
- gr ipper force control 
- ar t icula ted a r m shoulder motor 
- ar t icula ted a r m elbow motor 
- ar t icula ted a r m wr i s t motor 

This leaves one spare busbar on the bridge and three on the wall. All the 
wall busbars a r e connected to the br idge busbars except the one to the 
br idge motor . The e lec t r ic wiring on br idges and c a r r i a g e s (except in the 
motors ) is provided with inorganic insulation. Special high-alt i tude b rushes 
a r e used to miniinize wear in the dry a tmosphere . 

The br idge and c a r r i a g e dr ives have solenoid-
operated clutches which fail-open so that the bridge and ca r r i age a r e free 
wheeling and can be moved by other equipment in case of drive fai lure. 
The a r m - r o t a t i o n drive is provided with both a spr ing- loaded clutch (en­
abling the clutch to engage automatical ly when the motor is running) and a 
torque-linait ing clutch. The hoist naotor has a manual ly (with a manipu­
la tor) operated clutch, permi t t ing disengagement p r io r to r emova l of hoist 
dr ive unit. The gr ip dr ive is provided with an e lec t romagnet ic clutch which 
pe rmi t s r emote control of the gr ip force. The c a r r i a g e s can be lifted from 
the br idges through the hatch in the a i r cel l ceiling. 

1.3.10.4 Argon Cell E lec t romechanica l Manipulators^-*--^'' 

The argon cel l is provided with six 750-lb-capacity, 
bridge-type manipula tors with r o t a r y br idges (see F igure 6, page 25), which 
pivot on a post at the center of the cell . The br idges operate on c i rcu la r 
r a i l s located 11-^ ft above the floor at the outer wall of the cel l and on c i r ­
cular ra i l s mounted near the center of the cel l on the roof of the control 
a r e a . The manipula tors cannot pass each other; however, a l te rna te 
br idges a r e r a i s ed to pe rmi t some overlapping at the inner ends for c loser 
approach to each other . Each bridge has two wheels on the inner r a i l and 
two wheels on the outer ra i l . 

E l ec t r i c power is fed to the br idges by cables 
which extend down through the cen t ra l column. The cable to each bridge 
contains 18 e lec t r ic c i r cu i t s . Each c i rcui t cons is ts of th ree wi res or leads 
in pa ra l l e l to insure a c i rcu i t in case two of the leads should fail. The 
cables l imit bridge movements to about 270° on ei ther side of the neu t ra l 
position. 

The c a r r i a g e s a r e the same as those descr ibed for 
the a i r - c e l l manipu la tors . They can be lifted from the br idges and lowered 
to the floor. 



Work IS !)ei.ig clone on the possibility of replacing 
remotelv tlie iTid.iipulator lead-in cables and on using the c ranes for c e r ­
tain mar.iijuiator r e p a i r s . 

1.3. 10.5 Argon Cell Bl is ter 

The crane and manipulator t rol leys can be r e ­
moved from the br idges and lowered to the cell floor by a motor-powered 
chain hoist in the bl is ter on the cel l roof (see F igure 6, page 25). The 
b l i s te r hoist chain is lowered through an 8-in. opening in the a rgon-ce l l 
roof and is guided in the cell by a telescoping tube. The crane or manip­
ulator t ro l leys a r e lowered by a specia l hook attached to the b l i s te r hoist 
when within the cel l and can be r epa i red in the cel l or removed from the 
cel l through the large air lock. The 8-in. opening in the a rgon-ce l l roof 
can be closed by a cover with a m e r c u r y seal when the chain hoist is in 
its upper position, and the b l is ter can be opened from the roof for hoist 
rep lacement or r epa i r . 

1.3.10.6 Crane and Manipulator Controls 

The power -con t ro l switches for the AC supply to 
the c r ane -moto r c i rcui t s and the DC-supply rec t i f ie rs to the manipula tor-
motor c i rcu i t s a r e located in a cabinet in the Operations Control room 
(see F igure 5, page 24). The manipulator m o t o r - a r m a t u r e c i rcui t s have 
separa te t r a n s f o r m e r s and rec t i f i e r s to allow control by one lead in addi­
tion to the field and common leads. Each motor has three speeds which 
can be selected from five voltage taps on the power-supply t r ans fo rmer . 

Small portable control boxes, each with eight 
f inger-opera ted (forward and r e v e r s e ) switches and a grip force indicator, 
a r e used to control the c r anes , bridge manipula tors , and b l i s te r hoist. 
Each switch controls a motion (forward and r eve r se ) including the t h r e e -
speed s teps . Only for a manipulator with ar t iculated a r m a re a l l eight 
switches needed. There a r e 29 control points at windows where the con­
t ro l boxes can be plugged in. At the power-cont ro l cabinet, any control 
point can be connected to control any c rane , manipulator , or the b l i s te r 
hoist . One opera tor could use, say, two boxes side by side to control two 
manipula tors at the same t ime. An intercommunicat ion sys tem enables 
the opera to r s at var ious locations to communicate with each other. 

The per formance cha rac t e r i s t i c s of the manipu­
la tors a r e as follows (speeds given a r e maxiinum): 
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Bridge Speed, f t /min 

Rotating Bridge, outer end 13 

Linear Bridge 13 

Car r i age Speed, f t /min 9 

Telescoping A r m 

Hoist speed, f t /min 9 
Lift capacity, lb 750 
Down thrust , lb 150 
A r m extension, in. 123 
Side thrus t (on extended a rm) , lb 100 
Rotational speed, rpm 5 
Rotational torque, ft-lb 100 

Grip Mechanism 

P a r a l l e l jaw hand 
Opening, in. 8 
Open-close speed, in . /min 27 
Grip force, lb 225 

Dual hook 
Opening, in. Z~ 
Open-close speed, in . /min 8 
Grip force, lb 750 

1.3.10,7 Mas te r -S lave Manipulators 

There a r e six pa i r s of Model 8 m a s t e r - s l a v e 
manipula tors in the air cel l and two pa i r s of Model A m a s t e r - s l a v e manip­
ula tors in the argon cell . The ModelA manipula tors a r e s imi la r to Model 8, 
but a r e provided with gas- t ight sea l s . This was accomplished by using 
rotat ing shafts instead of tapes for t ransmi t t ing movements from the m a s t e r 
side of the sea ls to the slave side of the sea l s . The inner and outer a r m s , 
i .e. , the a r m s on ei ther side of the shielding wall, of the manipulator can 
be individually removed without breaking the gas seal . The through- the-
wall sleeve with seals can also be replaced by shoving the sleeve into the 
cel l with a new sleeve. During sleeve rep lacement , the integri ty of the 
ce l l a tmosphere can be maintained. 

1.3.11 Cell Auxi l iar ies 

The cel l auxi l ia r ies consis t of rooms and a r e a s with var ious 
facil i t ies at the operating and se rv ice floor levels in the Fuel Cycle Faci l i ty 
(see F igures 5 and 6, and Table 8). 
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Table 8 

OPERATING L E V E L AUXILIARY SPACE AND EQUIPMENT 

Room 

Operat ing A r e a 

Mock-up A r e a 

Decontaminat ion 
Room 

Degas Room 
( M e a s u r e m e n t s 
Labora to ry ) 

Mold P r e p a r a t i o n 
L a b o r a t o r y 

Glove Box 
Laborator-y 
(Dry Box) 

Machine Shop 

Opera t ions Control 
Room 

Equipment 

Control Consoles for In -ce l l 
Equipment 

Pro to type E l e c t r o m e c h a n i c a l 
Manipula tor ; Spare Model 8 
Manipula tor ; La rge Crane 
(20 ton) 

S tee l - l ined Room with Blowout 
Wall and Sodium Disposa l Hood 

Vacuuin- type Induction F u r n a c e ; 
Air Gauges; Opt ica l C o m p a r a t o r ; 
P o l a r i s c o p e ; Length-lVeight, 
D iame te r , and P o r o s i t y M e a s ­
ur ing CoKiponents of In -ce l l 
Equipment; Components of In-
ce l l Welding Equipment . 

Fume Hood; 
Spray Hood; 
2350°F F u r n a c e ; 
6 0 0 T Oven 

Glove boxes (low m o i s t u r e -
low oxygen argon) Vapor 
Degreas ing Tank 

Standard Techn ica l Shop 
Equipment 

Cen t r a l Contro l P a n e l and Relay 
Rack for Cel l C r a n e s and Manip­
u l a t o r s ; Indicator and Contro l 
Pane l s for Stack Gases ( radia t ion 
moni tor ing , e tc . ) . 

Purpes 

Main opera t ing a r e a 

An a r e a in which the feasibi l i ty of 
a p roposed r e m o t e opera t ion can 
be de t e rmined . 

An a r e a in which sodium can be 
d isposed of and an a r e a where 
decontaminat ion can be pe r fo rmed . 

Me l t - r e f i n ing -c ruc ib l e p r epa ra t i on ; 
Cladding and Vycor mold i n s p e c ­
tion; Cal ibra t ion and tes t of i n - c e l l 
equipment . 

Mold coating; 
Cruc ib le coating; 
Mold baking; 
Mold baking 

Sodium ext rus ion and loading into 
fuel e lement cans ; ma in tenance 
and s e r v i c e of p r o c e s s equipment . 

A s s i s t in the development and 
main tenance of p r o c e s s equipment . 

C e n t r a l cont ro l of c r ane and 
manipu la tor ope ra t ions . 

1.3,12 Service Floor Auxil iar ies 

Subcell (see F igures 3 and 6) 

The subcell is located beneath the argon cell at the se rv ice -
floor level. It a lso provides entrance to the cent ra l control room in the 
argon cell . Cooling equipment, f i l ters , and purification equipment for the 
argon cell a re located in the subcell . Cell auxil iary equipment, such as 
mel t refining and injection casting vacuum pumps, hold-up tank pumps, 
s i lver n i t ra te iodine tower equipment, and pneumatic and e lec t r ica l equip­
ment which might be contaminated, a r e located he re . The floor feedthrough 
sleeves for equipment in the argon cell t e rmina te in the subcell. 
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The following auxi l iary equipment is located in the 
serv ice- f loor a r e a s : 

1) argon-supply sys tem including s torage cyl inders ; 

2) re f r igera t ion condensing units for cooling of cel l 
a tmosphere ; 

3) induction-heating mo to r -gene ra to r equipment; 

4) a rgon- recyc le sys tem for cooling the injection casting 
furnace. 

The following se rv ice equipment is located in the service-f loor a r ea : 

1) ventilation fan and filter system; 

2) heating system; 

3) water , s team, drainage, and serv ice sys t ems . 

1.3.13 Sodium-disposal System 

The sys tem for disposal of r e s idua l coolant sodium within 
a subassembly cons is t s of a ventur i sc rubber and separa tor , a suspect r e ­
tention tank, an a i r heater and filter, and a t u rbo -compres so r , a l l located 
on the se rv ice floor. The comipressor draws air from the 10- by 10- by 
8-ft high sod ium-disposa l box in the decontamination room and from the 
4-in. sodium wash water dra in in the interbuilding passageway. The a i r is 
drawn through a ventur i sc rubber to remove any sodium and activity which 
may be present , through an ent ra inment separa to r , and then through a 
hea te r and an AEC fil ter. The air then p a s s e s through the compres so r and 
is d ischarged to the suspect s tack through the building ventilating sys tem. 
The water from the scrubber is d ischarged to the retent ion tank. The com­
p r e s s o r , which is ra ted at about 3500 cfm at 38 in. of water suction p r e s ­
sure , is located on the south side near the building ventilating fans; the 
r ema inde r of the equipment is located in the southwest corner of the s e r v ­
ice floor. The re tent ion tank is 6 ft in d iameter and 8 ft long and holds 
about 1700 gal, 

1.3.14 Analytical Cave Fac i l i t i es 

There a r e six analyt ical caves in the Labora tory and Services 
Building. The caves a r e in a row, and each cave is 6 ft wide by 4-|- ft deep. 
The caves a r e interconnected by a 2-ft-high by 1-ft-wide conveyor pas sage ­
way. Each cave has an acces s door opening to the room and each has a 
56-in.-wide by 40- in . -high shielded window and a pair of m a s t e r - s l a v e m a ­
nipula tors . The walls of the cave a r e composed of 220-lb/ft^ concre te and 
a r e 2 ft thick. 
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The gamma-at tenuat ion factors for the 2-ft-thick walls 
a r e as follows: 

Thiclaiess for 
Gamma 
Energy 

(Mev) 

2.5 
1.7 
0.8 

Attenuation 
of 10, No B 

( in ) 

6 5 
5 4 
3,7 

Factor 
uildup Buildup 

Factor 

9.2 
18.4 

120 

Total 
Attenuation 

550 
1500 

25000 

The gamma-attenua,tion factors for the 2-ft-thick win­
dows a r e as follows* 

Gamma 
Energy 

(Mev) 

2,5 
1.6 
0.75 

C 
Attenuation 

oaf fie lent T imes 
Thickness 

7,82 
9.03 

15,40 

Buildup 
Fac tor 

6.8 
7.2 
8.8 

Total 
Attenuation 

370 
1150 

546000 

is as follows: 
The activity per g r a m of the fuel at 2 a /o burnup in 135 days 

Curies of Gamma of Stated Energies 

Days 
Cooling 

15 
30 
60 

120 
240 

2.5 Mev 

0,185 
0,081 
0.018 

-
_ 

1 6 Mev 

3.7 
1.64 
0.36 

-
-

0.8 Mev 
and Less 

40,6 
33,3 
22.6 
13.1 

5.7 

The gamma radiat ion in m r / h r at the outside surface of the 
windows and walls due to one g r a m of fuel (having 2 a /o burnup in 135 days) 
positioned 1 m from the inside cave wall would be as follows: 

Days 
Cooling 

15 
30 
60 

120 
240 

Gamma Radiation 
( m r / h r ) 

Window 

3,18 
1.43 
0.32 
0,01 
0.005 

Wall 

3.10 
1,65 
0.64 
0.23 
0.10 
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In order to handle I— -g samples of i r rad ia ted fuel pins and 
s imi la r ly sized samples of skulls or skull oxides (which would have act ivi­
t ies about five t imes as g rea t as the fuel pins), additional shielding inside 
the caves (such as lead br icks) would probably be des i rab le . 



2. FUEL-PROCESSING OPERATIONS AND 
ASSOCIATED CONSIDERATIONS 

2„1 Fue l -p roces s ing Operat ions and Equipment 

The objectives of the fue l -process ing operat ions a r e the r ecovery 
and purif ication of d ischarged fuel m a t e r i a l and refabricat ion of the r e ­
covered fuel into new fuel e l emen t s . The major steps in the p rocess ing 
cycle were previous ly p resen ted in F igu re s 1 and 2. These major s teps 
a r e d i sassembly of the d ischarged fuel, purification by melt refining, r e -
fabricat ion of new fuel p ins , and r e a s s e m b l y of r eac to r core subas sembl i e s . 

The fuel-handling and -p rocess ing equipment, which is being 
initially instal led in the Fue l Cycle Faci l i ty , is designed for p rocess ing the 
f i rs t type of fuel loading of the r eac to r co re (uranium-5 w/o f iss ium alloy 
as desc r ibed in Table 1). The flowsheet for this p rocess has been de­
scr ibed by Ader.(14) ini t ial ly, the skulls or skull oxide from the melt r e ­
fining operat ion will not be p roces sed , although equipinent for this purpose 
is being developed for l a te r instal lat ion into the Fuel Cycle Faci l i ty . The 
r ecove ry of plutonium from blanket m a t e r i a l is par t of the complete 
p r o c e s s . Demonst ra t ion equipment is being developed for the two la t te r 
p r o c e s s e s (skull r ec lamat ion and blanket) . These two p r o c e s s e s a r e de ­
scr ibed brief ly in Section 2.2. Much of the fuel -process ing equipment may 
be suitable for subsequent types of fuel loadings. 

The location of the init ial equipment in the argon cell and air cel l 
is shown in F igure 11. The genera l layout of the subcell and location of 
major equipment i t ems in the subcell is shown in Figure 12. 

2.1.1 Fuel Trans fe r via Interbuilding Subassembly Transfe r Coffin 

Fue l will be t r a n s f e r r e d from the reac tor to the Fuel Cycle 
Faci l i ty in a heavily shielded t r ans fe r coffin which will hold one subassembly . 
The p r i m a r y purpose of the subassembly t r ans fe r coffin is to provide r a d i ­
ation shielding for r eac to r subassembl ies during t r ans f e r . Auxiliary p u r ­
poses a r e to provide cooling to remove the heat generated by the fission 
products and to isolate from gross quanti t ies of a i r the sodium adhering to 
the subassembly until the sodium can be oxidized and washed off by wa te r . 

The coffin will be a top-loading device with a sealed plug 
c losure and with an in te r io r chamber about 3 in. in d iameter and 95 in. long. 
The coffin is designed to be moved and handled in a ve r t i ca l posit ion at al l 
t i m e s . The subassembly is or iented in the coffin by a bar which fits the 
slot in the bottom adap te r . 

The total self-heat ing effect of a fuel subassembly containing 
6070 g of fuel with 2 - a / o burnup in 135 days and 15-day cooling is about 
1220 w if all of the beta and gamma energ ies a r e absorbed, as shown in 
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Table 5, The energy of the gamma radiat ion averages about 0,75 Mev. Of 
the total energy, about 2 percen t is 2,5 Mev, 25 percent is 1„6 Mev, and the 
remainder is l e s s than 0o8 Mev„ The attenuation coefficients for these 
values for lead a r e about 0 = 87, l„00j and 1„78 per cent imeter , respectively^ 
The buildup factor for 28 cm of lead (which is the approximate th ickness of 
shielding on the coffin) for these values is about 15o In o rder to reduce the 
radiat ion level to l e s s than Ool m r / h r at the surface of the coffin next to the 
center of the fuel subassemblys about 11 in. of lead would be requiredo The 
shielding will consis t of lead which will be about 13 in, thick on the sides 
at the fuel level , 10 in, thick on the top and bottom, and 7 ino thick on the 
sides below the fuel level . The in te r ior and ex te r io r of the coffin will be 
lined and covered with s ta in less s teel and sheet s teel , respectively^ at 
leas t •- in, thicko The coffin will weigh about 15 tonSo 

Interbuilding Subassembly Trans fe r Coffin 

Two types of coffins a r e being constructedo These coffins 
differ mainly m thei r provis ions for cooling the subassembly-. In the f i rs t 
type, which is being p rocured from an outside manufac turer , cooling is 
effected by an ex terna l blower sys tem which c i rcu la tes the coffin a tmosphere 
from the bottom of the coffin through an a i r -coo led heat exhcnager , through 
a blower, and then douoi through the subassembly m the coffin chambero The 
heat exchanger is provided with a fan for circulat ing the cooling a i r . 

In the second types which is being manufactured at the Illinois 
site of Argonne National Labora tory , the cooling is accomplished by t r a n s ­
fe r r ing the heat from the subassembly to the lead shielding,, The in te r io r 
s ta in less s tee l chamber is provided with heat t r ans fe r fins to t r ans fe r he3,t 
from the c i rcula t ing a tmosphere to the lead shielding. An external blower 
sys tem c i rcu la tes the coffin a tmosphere f rom the top of the coffin, poss ibly 
through a f i l ter , through a b lower , down through the subassembly in the 
coffin, then up through the heat t r ans fe r fins surrounding the subassembly 
for heat r emova l , and then out of the top of the coffin to the f i l ter . 

The coffins will be provided with a supply tank of argon for 
the c i rcula t ing a tmosphe re , 

2,1 o2 Sodium Removal from Subassembly 

The purpose of the operat ion of sodium removal is to remove 
sodium which adhe res to the subassembly while the subassembly is in the 
passageway between the Reactor building and the Fuel Cycle Facility^ The 
sodiuin to be removed is from the r e a c t o r coolant sys tem and has shor t 
half-life act ivi ty . The half-life for sodiumi-24 is 15 h r , and the activity on 
reixioval from the r eac to r will be about 1„5 n:ic/g of sodium. It is des i rab le 
to rennove the sodiumi while the subassembly is in the re la t ively iner t a t inos -
phere of the coffin. The p r e s s u r e of the gas m the coffin chambers will be 
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a tmospher ic or perhaps slightly above. If a i r were admitted through a 
slight leak in the coffin sealing gasket, the sodium would mere ly oxidize 
slowly. 

At 400°C, the densi ty, v iscosi ty , and surface tension of 
sodiumi a r e 0.86 g/cm^, 0.285 cent ipoise , and 160 dynes / cm, respect ively; 
in compar i son , values for water at 20°C a re 1.0 g/cm^, 1.0 centipoise, 
and 75 dynes / cm, respec t ive ly . F r o m these data, one would expect sodium 
retent ion at 400°C due to capi l lary action to be g rea te r than would be the 
case for water at 20°C, 

The design of the sys tem for sodiuim remioval has not been 
decided; however, the p resen t plan is to remove the sodium in steps as 
follows: 

a) Admit oxygen diluted by nitrogen to the circulat ing 
gas sys tem to oxidize the sodium, 

b) Admit water vapor in ni t rogen to allow further r e ­
action with the sodium. 

c) Flow water through the coffin and subassembly to 
remove the oxidized sodium and a s s u r e that all 
sodium is oxidized. 

d) Immediate ly after the water wash, blow out the water 
and dry the coffin subassembly with a s t r eam of a i r . 
In case of need, a p r ehea t e r for the air would be 
avai lable . 

The wash water and vent gases a re conducted to a 30-gal 
hold-up tank through a 4- in. s t a in less s tee l pipe (the sodiumi wash water 
d ra in pipe). Air , which is constantly drawn through this pipe by the build­
ing exhaust sys tem at a r a t e of about 200 cfm, s e r v e s to dilute any hydrogen 
gas and to minimize the r e l e a s e of contaminated vapor s . A gas -wate r 
separa t ion is made at the hold-up tank. The 4-in. pipe continues on to the 
intake of a ventur i s c rubbe r . The a i r i s scrubbed in the venturi sc rubber 
to remove any sodium and activity which may be p resen t , passed through 
an entrainmient s epa ra to r , and f i l tered before being discharged up the 
suspect vent s tack. 

The hold-up tank will provide for nnonitoring of wash water 
which will be contaminated with active sodium and, in the case of failure 
of a fuel -e lement cladding, with f ission p roduc t s . A pump for pumiping 
the contents to the s o d i u m - d i s p o s a l - s y s t e m hold-up tank on the se rv ice 
floor will be incorpora ted . 



2.1.3 Operation of Interbuilding Subassembly Transfer Coffin 

The sequence of t ransfe r operat ions in which the coffin is 
always in a ver t i ca l position s tar t ing with the coffin in the reac tor passage­
way is shown in Figure 13. 

COFFIN POSITIONS 

I - COFFIN IN PIT IN REACTOR BUILDING 

2 - COFFIN ON CAR IN AIR LOCK 

3 - COFFIN ON CAR IN REACTOR PASSAGEWAY 

4 - COFFIN ON CAR IN RUNWAY BELOW AIR CELL 

CRANE BAY 

REACTOR PASSAGEWAY 
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Figure 13 

MOVEMENTS OF 
SUBASSEMBLY COFFIN 

BETWEEN REACTOR AND 
FUEL CYCLE FACILITY 

The subassembl ies a re placed into and removed fromi the 
coffin in position 1 in the reac tor building by the refueling machine . The 
coffin is loaded onto and off the ca r t s in the air lock, the reactor pa s sage ­
way, and under the air cell by the c ranes and hoist in the reac tor building, 
reac tor passageway, and crane bay, respect ive ly . The subassembl ies a re 
placed into and removed from the coffin in position 4 under the a i r cell by 
the crane in the air cel l . 

There a re provisions for supplying e lect r ic power (normal 
and emergency power) to operate the coffin cooling blower throughout the 
cycle of coffin movement . The coffin will be supplied with t empera tu re 
and radiat ion a l a r m s . It will be dried and purged with argon before re tu rn 
to the reac tor building. 

2.1.4 Dismantling Subassemblies 

The purpose of this operation is to dismantle the subas-
seinblies to be p rocessed so that the fuel elements (canned fuel pins) can 
be recovered as individual i tems for t r ans fe r to the argon cell for p r o c ­
ess ing and so that the blanket elements (canned blanket pins) can be r e ­
covered as individual i t ems for disposal , s torage, or t ransfe r to a 
p lu tonium-recovery facility.(15) 



There will be 91 fuel e lements and 36 blanket e lements 
(20 in. long) from each core subassembly , 61 fuel elements and no blanket 
e lements from control and safety subassembl ies , and 19 blanket e lements 
(62 in. long) from each blanket subassembly . The inner blanket pins will 
be p roces sed after approximately one percent buildup of plutonium. (This 
would r equ i re an es t imated timie of 2.6 yr of constant reac to r power of 
62.5 Mw for the blanket e lements next to the co re . The blanket uranium 
pieces in canned fuel pins would have a very low plutonium content after 
135 days of i r radia t ion . ) When the fuel reaches 2 -a /o burnup, the upper 
and lower blanket pins of the core subassembl ies would have only about 
0.14 percent buildup of plutonium at the ends next to the core and essent ia l ly 
no plutonium buildup at the other ends . Although, initially, new blanket 
e lements will be r e a s semb led with the p roces sed core subassembl ies , 
eventual considera t ion might be given to r eassembl ing the i r r ad ia ted end 
blanket e lements in p roces sed core subassembl ies to inc rease the plu­
tonium buildup in these p ins . If the end-blanket elenaents were to be r e ­
assembled in p roces sed core subassembl i e s , g r ea t e r care in d i sassembly 
would be requ i red to avoid dannaging the g r ids , end p ieces , and blanket 
e l emen t s . 

2.1.4.1 Cooling of Subassembl ies 

During handling and disassemibly of the core sub­
a s s e m b l i e s , cooling will be requ i red to reinove the heat generated by the 
fission p roduc t s . ( ID-18) Just before the subassembly is lifted from the 
coffin and into the a i r cel l , a flexible a i r hose is connected by the grapple 
to the upper end of the subassembly . Air can be forced or drawn through 
the subassembly for cooling while it is being lifted into the air cell and 
moved to the d i sa s sembly stat ion. At the d i sassembly station, another 
flexible a i r hose with provis ions for a p r e s s u r e of about 10 psi at 25 to 
40 ft^/min (100 to 160 Ib/hr) is connected to the lower end of the subassembly . 
When the hexagonal tubing is pulled off the fuel e lements , a flow of a i r 
through the fuel e lements fromi a cooling plenum (see F igure 14) is in i t i ­
ated to cool the fuel e l emen t s . The use of suction to cool the e lements is 
being cons idered to avoid possible spread of contamination. 

Self-heating is the resu l t of absorption of about 65 percent 
of the gamma and essent ia l ly all of the beta energies in the subassembly . 
For 2 - a / o burnup in 135 days and 15-day cooling, the heat absorbed would 
amount to about 1000 w per core subassembly . In o rde r to cool the sub­
assembly and keep the fuel at a t e m p e r a t u r e low enough to provide a factor 
of safety, about 100 lb of a i r at about 85°F passed through it should be ad­
equate. This would give an air speed of about 40 f t / sec along the fuel e l e ­
m e n t s . The t e m p e r a t u r e r i s e of the a i r would be about 180°F (100°C), and 
the average temiperature difference between the fuel eleinents and the air 
would be about 90°F (50°C). The p r e s s u r e drop through the subassembly 
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would be of the o rde r of 2 ps i . For this ra te of airflow, a p r e s s u r e system 
might be preferable to a suction sys tem. For the case in which the sub­
assembly is lifted from a ver t ica l coffin, a suction system would be de­
s i rable from the viewpoint of containination containment. After the 
subassembly "was removed frona the coffin, a p r e s s u r e system could be 
at tached. 

The specific heat of uranium is about 0.03 cal/(gm) 
(°C) and for s ta inless s teel about 0.13 cal/(gm)(°C). If the a i r cooling were 
stopped, the t empera tu re of the fuel elements would r i s e , initially, at the 
ra te of about 1.8°F (l.0°C) per second. Hence, if cooling were lost for as 
much as 15 min, the center of the assembly might overheat . It is es t imated 
that the center fuel element would attain a maximum tempera tu re of 1590°F 
(870°C)(18) (for a subassembly in the open a i r ) . This t empera tu re might 
cause alloying between the uranium fuel and s tainless s teel , or swelling 
and possible rupture of the element cans . These possible effects do not 
seem ser ious enough to war ran t a third (emergency) cooling sys tem, such 
as a liquid bath, to supplement the available suction or blower s y s t e m s . 

2.1.4.2 Cooling of Fuel Elements 

If the d i sassembled fuel elements a re placed in a 
single layer for s torage or movement , essent ia l ly all of the beta and about 
twenty percent of the gamma energies would be absorbed. The heat per 
unit of 91 elements would be about 600 w. The top and bottom surface 
a r ea of the layer of pins available for heat radiation will be about four ft^. 
The wors t condition from a cooling viewpoint would occur while the elements 
a r e under vacuum in the t r ans fe r lock to the argon cell , where heat t ransfer 
would be by radiat ion only. For an emissivi ty of 0.5, the elements would 
reach an equil ibrium t empera tu re of about 510°F (267°C) at an ambient 
t empe ra tu r e of 100°F. If only one side of the element layer were exposed 



for radiat ion, the equi l ibr ium t e m p e r a t u r e would be about 665°F (350°C). 
In the open, or in the argon or a i r cell , convection cooling would also occur 
and the equi l ibr ium t e m p e r a t u r e would be l e s s . It appears that radiat ion 
cooling (and cooling by na tura l convection) is sufficient for fuel elements 
if they a r e in single l aye r s and free to radia te from at least one side to a 
background at no rma l room t empera tu re (100°F). 

2.1.4.3 Disassembly Machinery (15) 

During d i sassembly , the subassembly is held in a 
hor izontal posit ion. The d i sassembly apparatus somewhat r e semb le s a lathe 
(see F igure 14), Fo r the c i rcumferen t ia l cutting operat ions , the subassennbly 
is rota ted by an e l ec t r i c -mo to r dr ive which engages the slot in the bottom 
adapter of the subassembly . The subassembly is held in posit ion by a split 
bear ing w^hich fits around the lower adapter between the coolant slots and 
the hexagonal (hex) tubing. The hex tubing r e s t s in two spaced c r a d l e s . A 
ro t a ry plenum for cooling air is clamped around the coolant s lo t s . This 
plenum also ac ts as a thrus t r e s t r a i n e r . The apparatus is provided with 
th ree spr ing- loaded, p ipe- type, pneumatical ly operated rol l cu t te rs for 
cutting the hex tubing at each end and for cutting the bottom adapter as the 
assembly is ro ta ted . One cut ter is located near each end of the tubing and 
one at the bottom adapter . The cu t te r s swing upward and backward when 
not in u se . The end of the apparatus supporting the top end of the subas ­
sembly is provided with a chain-opera ted , axial pulling device which has 
a fork for engaging the end piece and jaws for seizing the hex tubing after 
the end piece is removed . This device r e s e m b l e s a smal l draw bench and 
moves axially to pull the top piece with upper grid and blanket e lements out 
of the hex tubing and to pull the hex tubing off the bottom adapter after the 
hex tubing has been cut at the top piece and bottom adapter , respec t ive ly . 

The d isasse inbly appara tus also includes a powered 
socket wrench for twist ing off the hex nuts on the grid spacer r o d s . It is 
also equipped Avith two rol l cu t te r s which move m the axial di rect ion of the 
subassembly . These cu t t e r s a r e used to slit the hex tubing on two opposite 
sides so that the hex tube can be split in two p i eces . This cut ter would be 
used for blanket and possibly control subassembl ies , and in cases in which 
difficulty is encountered in pulling the e lements from the tubing (such as 
difficulty caused by fuel swelling). 

There a r e four gr ids in the core subassembl ies for 
holding the blanket and fuel e lements in axial posi t ion. Two of the gr ids a re 
at tached to the top piece and bottom adapter of the subassembly . The other 
two gr ids a re at tached to the bottom and top gr ids by center spacer rods 
which have nuts on the i r lower ends . The blanket e lements a re held between 
a pai r of g r i d s . The fuel e lements a r e held by a grid at the i r lower ends 
only. The lower end plug of each blanket element is welded to i ts grid, and 
the upper end plug of each blanket e lement floats in i ts gr id . 



In the core section grid there a r e eleven para l le l 
T - b a r s . The f i rs t and eleventh ba r s hold six fuel e lements each, the 
second and tenth b a r s hold seven fuel elements each, and so on. The 
sixth or center bar holds eleven eleinents (see d iagram) . 

ATMS OF SEPARATING 
FIRST OR UPPER ^y^ WEDGES 
ROW (ELEMENTS) 

( > 0 < > < > C ) < K > C ) SRID^HI^'ENKY) 
C K > < > 0 < X > < > 0 ^ ' ' ^ THIS END ONLY) 

O 91 FUEL ELEMENTS Q IEMOVEDOT 
C\ O THIS END OF 

o o "-̂"'̂^ 
o o 
o o 

O O O O O Q-"—nth OR BOTTOM ROW 
(6 ELEMENTS) 

A hexagonal a r r a y claimping device with separat ing 
wedges is used to separa te and remove the fuel e lements from the T - b a r s . 
The air plenum for cooling the fuel e lements during removal is attached 
to the clamping device (see Figure 15). The subassemibly is rotated to a 
position where the grid T - b a r s a re horizontal and open outwards . The 
hex tubing and bottom adapter a re marked to indicate the open ends of 
the T - b a r s . 

F igure 15 

FUEL ELEMENT REMOVING MACHINE ( F E R M ) ( 1 5 ) 

,GRID 

GRID 
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The separat ing wedges of the hex a r r a y clamping 
device move downward and outward (at 30°) to remove a row consisting of 
one fuel element from each T-bar in their path per operation (see Figure 16). 
Thus, on the f i r s t operat ion a row of six fuel e lements is removed, i .e . , 
one element fromi each of the six upper b a r s . On the second operation, a 
row of seven elements is removed (i.e. , one element from each of the 
seven upper ba r s ) , and so on until, on the eleventh and last operation, a 
row of six fuel e lements is removed (i .e. , one element from each of the 

Figure 16 

OPERATIONS OF THE FUEL ELEMENT REMOVAL M A C H I N E ( 1 5 ) 
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six lower b a r s ) . As each row of fuel elements is removed from the T - b a r s , 
it drops downward to a ro t a ry feed mechanism which removes the e lements 
in o rder and passes them to the inspection device which checks them for 
s t r a igh tness . 

In the inspection device, the fuel element is held 
horizontal ly, and a se r i e s of inovable e lec t r ic contacts approach the e le ­
ment . The t rave l of the contacts is l imited to -a prede te rmined distance 
from the axis of the fuel e lement . If contact is not made with the element, 
it is accepted and is fed into the top of a p in -ca r ry ing magazine . If 
e lec t r i c contact is made , the element is not straight enough for regular 
decanning and is removed from the machine for special handling by means 
of a miaster-s lave inanipulator . Because the contacts form a 1-in.-
d iameter cylinder concentr ic with the element axis , the effective c r i t e r ion 
for s t ra ightness of the fuel element is that it should pass through a 1-in.-
ins ide-d iameter tube. The position which each fuel element occupied in 
the subassembly can be identified by a record of the position in the maga­
zine in which the fuel element is placed. 

2.1,4.4 Fue l -e lement Magazines and Car ts 

The magazines each hold from 18 to 25 fuel e le ­
ments horizontally positioned in a single ver t ica l row. The elements a re 
held by U-slots at each end of the magazine . They a r e normal ly retained 
by spring-loaded pins at the bottom and by spring-loaded levers at the 
top. The elements a re dropped into the magazine one at a t ime (with the 
retaining levers withdrawn in the loading brackets) and can be removed 
one at a t ime at the bottom by inser t ing discharge plungers at each end 
(see sketch below). At the d i sassembly apparatus , the ca r t s with maga­
zines a re set on t r acks below the eleiment inspection device (see Figure 14). 

SPRING-LOADED 
RETAINING PIN 

FUEL ELEMENTS 

SPACER WIRE 

sxxxx-

The magazines a r e about 
21 in. long, 4 i in. wide, and 6-i- in. 
high. They a re locked to four-wheel 
ca r t s which fit the t rack in the smal l 
t ransfe r locks. Overall dimensions 
of a ca r t with magazine a re 12^- in. 
wide, 24 in. long, and G-j in. high. 
The ca r t s and magazines a re p r o ­
vided with handles to allow handling 
with a manipulator . Normally, the 
magazines a re removed from the 

ca r t s only inside the argon cel l . There the miagazine is used to feed fuel 
elements to the decanning appara tus . 
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FUEL ELEMENT Q ^ 

DISCHARGE PLUMGER 
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2.1.5 Fue l -e lement Decanning and Pin Chopping(19,20) 

The purpose of the decanning operation is to remove the 
s ta in less s teel cladding can from the fuel p ins . In separat ing the s ta in­
less s tee l cans from the fuel pins , it is des i rab le that very lit t le of the 
fuel (preferably l e s s than 0.1 percent) be lost with the s ta inless steel 
s c r ap . It is also des i rab le that very lit t le of the s ta in less s teel cladding 
be included with the fuel p ins . There a r e many possible sources of 
c r o s s contamination. The fuel pins may become br i t t le or friable during 
burnup and may tend to b reak during decanning opera t ions . In some cases 
the fuel e lements may be warped or bent to some extent, or the cladding 
miight be ruptured or embr i t t l ed . The fuel might be alloyed to the clad­
ding in spots . 

It is planned to sample the cladding sc rap to de te rmine 
fuel l o s s . There a r e about 9 g of 9-mi l cladding per fuel pin, and the 
es t imated activity is 3 c /g of cladding. Since fuel losses might include 
p ieces of fuel pins not attached to the cladding as well as pieces attached 
to the cladding, fa i r ly la rge samples of highly active m a t e r i a l may be 
r equ i r ed . 

Two types of mechanica l decanning mechan i sms have been 
exper imenta l ly tr ied.(19,20) in both types , the fuel e lements a r e f i rs t put 
through a double shear which s h e a r s off both ends of the can. The dis tance 
between shea r s is about 16 in. At the lower or spade end, the eleinent is 
sheared at the fuel-pin end. At the upper end, the element is sheared about 
l-y in. above the fuel-pin end. This r e l e a s e s the spacer wire and leaves 
the fuel pin with the 9-iriil s ta in less s teel cladding, pa r t of the top spacer , 
and the bonding sodium. The s h e a r s a re indexed as to dis tance from the 
spade end. A special a r r angemen t is under considerat ion for fuel eleinents 
having miss ing or broken spades . 

In the f i r s t type of decanner , called the sp i ra l decanner,(1°) 
the sheared e lement is pushed endwise through a die (to make sure that the 
spacer wi re is removed) and then into the center of a nest of th ree short , 
knurled r o l l e r s which a r e power dr iven (see F igures 17, 18, and 19). The 
r o l l e r s a r e -|- in. in d iamete r by -j in. in overa l l length, with a — - in . 
t ape red section. They have thei r axes at an angle of 15^ to that of the pin. 

In the second type of decanner , called the rol l decanner , the 
sheared pin with cladding is pushed endwise into two rol l cu t te r s which a r e 
power dr iven and which have the i r axes pa ra l l e l to each other and at r ight 
angles to the pin ax i s . The ro l l cu t t e r s cut the cladding on opposite s ides 
of the p ins . In this operat ion, the fuel ac ts as an anvil for the ro l l c u t t e r s . 
The cladding comes off the pin in two p i eces . The fuel pin is chopped and 
samples taken, as in the case of the sp i ra l decanner . 
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Figure 19 

CLOSEUP OF SPIRAL 
DECANNING OPERATION 
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The spi ra l decanner has been selected for the operation; 
however, a roll decanner may be added la ter as a special i tem for de-
canning crooked or ruptured fuel e lements , since the spiral decanner will 
not handle badly bowed fuel elements or those with ruptured cans . 

After decanning, it is neces sa ry to cut the fuel pins to about 
l y - i n . lengths to facilitate charging to the melt refining operation. 

2.1.6 Melt Refining(^'4,21-36a) 

The p r i m a r y purpose of mielt refining is to remove the 
fission products from the spent fuel. In addition, the melt refining step 
provides the most suitable point at which fresh fuel mate r ia l s (to com­
pensate for burnup losses) can be added. In a la ter stage of the operation 
it will also serve as a point to r e tu rn the product of the "dragout" or 
Skull Reclamation P r o c e s s to the cycle. 

2.1.6.1 P r o c e s s 

The melt refining p rocess consists of charging 
the decanned fuel from the reac tor plus any recycled fuel into a zirconia 
crucible and liquating at 1300 to 1400°C for about one to three hours under 
a high-puri ty argon a tmosphere . The volatile fission elements a re r e ­
moved by volatil ization. The react ive fission elements a r e removed by 
oxidation with the zi rconia to form a react ion layer on the wetted crucible 
surface, which remains in the crucible after the fuel metal is recovered 
by pouring into a cold graphite mold (a copper mold has also been t r ied) . 
Some uranium metal is also oxidized and, together with severa l t imes as 
much metal l ic uranium or fuel, remains with the react ion layer to form a 
skull in the crucible . The rat io of wetted a rea of the crucible to weight of 
charge will be approximately 0.03 cm / g . Dry -p re s sed five percent l ime-
stabil ized crucibles have been found to have bet ter t he rma l shock res i s tance 
than pure zirconia c ruc ib les . 
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2.1.6.2 F iss ion Product Behavior 

Since high decontainination is not achieved by mielt 
refining, the fuel mus t be refined and fabr icated in shielded ce l l s . The 
fission products fall into th ree groups which a r e important from a mel t 
refining viewpoint, namely, (a) those which volati l ize (volatile e lements) , 
(b) those which oxidize to form a d r o s s which r emains in the crucible as 
pa r t of the skull after pouring (react ive eleinents) , and (c) those which 
r ema in with the fuel and a r e not select ively removed (noble elements).(23,25) 
For some t ime after reac to r s ta r tup , the fuel lost by burnup and in the mel t 
refining skull will be replaced by f resh fuel m a t e r i a l . Under this condition, 
the noble fission e lements would build up with each success ive reac to r pass 
until an equi l ibr ium would be reached wherein the amount produced per 
r eac to r pass would be equal to that removed with fuel in the meta l pa r t of 
the skull . This remova l is known as "dragout." Since only about 5 to 10 per­
cent of the fuel is re ta ined in the skul ls , th is group of fission e lements 
would build up to an equil ibrium which is five to ten t imes as great as that 
produced per r eac to r p a s s . 

Ultimately, the fuel contained in the skulls will be 
r ecove red in a skull r ecovery operat ion (descr ibed in a la ter section of 
this r epor t ) . In this p r o c e s s , r emova l of noble elemients will not be ex­
pected to be comiplete. Thus, thei r equi l ibr ium level in the fuel will be 
somewhat above that for d i rec t fuel r ep lacement . 

Volatile and Gaseous F iss ion Produc t s 

The following fission product e lements consti tute 
the f i rs t or volati le group; it has been shown that nea r ly 100 percen t r e ­
moval of these e lements will occur in mel t refining.(^9,30,33-35, 37a) 

Weight P e r c e n t 

Element 

Bromine 
Krypton 
Rubidium 
Cadmium 
Iodine 
Xenon 
Cesium 

Symbol 

B r 
Kr 
Rb 
Cd 
I 
Xe 
Cs 

Atomic 
Number 

35 
36 
37 
48 
53 
54 
55 

Formed per Reactor 
P a s s at 2 - a /o Burnup 

0.0013 
0.023 
0.029 
0.0023 
0.012 
0,260 
0.23 

The pa t t e rn of r e l e a se of the noble gases xenon and 
krypton was f i r s t studied by Schneider and Chellew(29) with lightly i r r a d i ­
ated m a t e r i a l and m o r e recent ly by Chellew and Steunenberg(37a, 38, 39) 
with highly i r r ad ia t ed m a t e r i a l . The la t te r s tudies, which a r e considered 
the m o r e per t inent , were conducted with EBR-II fuel pins which had been 



63 

i r r ad ia t ed to a burnup of about 0.6 percent in the MTR reac to r . Figure 20 
shows the change in pin d iameter and the pa t te rn of xenon and krypton r e ­
lease on heating a pin to i ts mielting point (about 1000°C). Up to near ly 
750°C, l i t t le change in pin d iamete r and lit t le evolution of xenon and krypton 
occur red . Both swelling and gas r e l ea se became rapid at about 750°C and 
were complete by the t ime the melt ing point was reached. The ult imate 
i nc rease in pin d iameter was about 50 percen t . In another experiment the 
heating ra t e was doubled, but both swelling and fission gas re lease showed 
the same t empera tu re dependence, indicating that t empera tu re ra ther than 
t ime has a predominant effect. 

F igure 20 

EXPANSION AND FISSION GAS RELEASE DURING HEATING 
OF HIGHLY IRRADIATED EBR-II FUEL PIN 
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Although considerable swelling of the fuel pins 
occurs before mielting, it does not appear that cracking of the zirconia 
crucible will occur , since the fuel-alloy pins have little mechanical 
s t rength in the temiperature region in which swelling occur s . Neither does 
it appear that the r e l ease of fission product gases during melting will 
cause spat ter ing of the meta l , since the fission gases escape gradually 
through miicrocracks and voids during the heating period preceding melt ing. 

The xenon and krypton will be pumped from the 
mel t refining furnace to a gas-holdup tank (described in Section I of this 
report) to await favorable meteorological conditions before being r e ­
leased through the suspect vent stack. During holdup of the gas , consider­
able decay of the 5.3-day xenon activity will occur . 
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Iodine is a lso essent ia l ly completely removed in 
mel t refining.(33, 37a) Knowledge of i ts fate subsequent to melt refining 
is requ i red to es tabl i sh specifications for the off-gas-handling faci l i t ies 
of the EBR-II Fue l Cycle Faci l i ty in o rde r that r e l e a s e of iodine-131 to 
the a tmosphere will not r e su l t in a i r concentrat ions in excess of maximum 
p e r m i s s i b l e a i r concentrat ions es tabl ished by the AEC. Tr i ce has found(40) 
that only about 10"^ percen t of the iodine in the or iginal i r r ad ia t ed m a t e ­
r i a l was removed from a mel t refining furnace on pumping it down to a 
final p r e s s u r e of 8 m m Hg with the mel t refining crucible at a t e m p e r a t u r e 
of 650°C. Apparently, iodine is deposi ted on walls and surfaces of the melt 
refining furnace . In that investigation, a t r ap (which consisted of a bed of 
activated charcoa l with AEC f i l te rs on the fore and aft s ides of the charcoal) 
was inser ted between the vacuum pump and the melt refining furnace to r e ­
move par t icu la te m a t e r i a l . The t r a p removed essent ia l ly all of the iodine 
activity from the gas s t r e a m and re ta ined it at the low (8 mm) p r e s s u r e 
existing at the end of furnace pumpdown. The effluent from the iodine t rap 
contained in the o rde r of 10" pe rcen t or l e s s of the iodine in the charge . 

Severa l of the volati l ized e lements a r e conden­
sable (cesium, cadmium, and rubidium, as well as any sodium which may 
adhere to the pins after decanning). These m a t e r i a l s will be removed in a 
t r ap placed over the mel t refining c ruc ib le s . 

React ive F i s s ion Produc t s 

The second or react ive group includes the fission 
product and t r a n s u r a n i u m e lements l i s ted below. It has been shown that 
at least 95 percen t remioval of these elemients will occur in mel t r e ­
fining.(^C 36a, 37a) 

Weight P e r c e n t 

Element 

Strontium 
Yttriumi 
Tel lur ium 
Bar ium 
Rare Ea r ths 

Amer ic ium 
Thorium 

Symbol 

Sr 
Y 
T e 
B a 
R E 

A m 
Th 

Atomic 
Numiber 

38 
39 
52 
56 

57-63 

95 
90 

Formied P e r Reactor 
P a s s at 2 - a /o Burnup 

0.076 
0.038 
0.026 
0.080 
0.625 

Total 0.845 

_ 
_ 

The total weight of these fission products formed per r eac to r pa s s is about 
40 percent of the total f ission product weight. Thor ium, which might be 
introduced into the fuel from mold or crucible coatings,(41) and any a m e r i ­
cium genera ted in the fuel a r e expected to behave as reac t ive e l emen t s . 
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The ra te of removal of ce r ium (as a standin for 
all r a r e ear ths) from EBR-II fuel alloys has been studied extensively.l^O, 35) 
It is expected that over 90 pe rcen t removal of these elements can be 
achieved at 1400°C within 3 h r in a l ime-s tab i l i zed zirconia crucible . The 
predominant mechan ism of their removal is by the formation of oxides at 
the wetted crucible sur faces , with oxygen contributed by the zirconia c ru ­
cible. In genera l , the oxides remain in a react ion layer which is formed 
on the wetted crucible sur faces . The zirconia is left in an oxygen-deficient 
condition. Introduction of z i rconium into the uranium melt is negligible.w-') 

Noble F iss ion Produc t s 

The third or noble meta ls group for which prac­
t ically no separat ion will occur in melt refining,1^3,28,32,34,35,36a,37a) 
is compr ised of the following e lements : 

Weight Pe rcen t 

E l e m e n t 

Z i r c o n i u m 

Niob ium 

Molybdenum 

T e c h n e t i u m 

R u t h e n i u m 

R h o d i u m 

P a l l a d i u m 

S i lve r 

Indium 

T i n 

Ant imony 

N e p t u n i u m 

P lu ton ium(28) 

U r a n i u m - 2 3 6 

Syinbol 

Z r 

N b 

M o 

T c 

R u 

R h 

P d 

A g 

In 

Sn 

Sb 

N p 

P u 

U " 6 

A t o m i c 
N u m b e r 

40 

41 

42 

43 

44 

45 

46 

47 

49 

50 

51 

9 3 

94 

92 

F o r m e d P e r R e a c t o r P a s s 
at 2 - a / o B u r n u p 

T o t a l 

0.246 

0.013 

0.190 

0.055 

0.144 

0.026 

0.015 

0.001 

0.0004 

0.0036 

0.0025 

0 .697* 

-

0.237 

0.450 

*Thi r ty - th ree percent of the total weight of fission products generated 
per reac tor p a s s . 



Studies have shown that zirconium can be remioved 
in mel t refining by scavenging with ca rbon ,^2 ) ij^^i the re a r e no p resen t 
plans to remove zirconium by this p rocedure . Hampson has also observed 
that silicon (introduced, for example, from Vycor molds in the refabricat ion 
step) would also behave as a noble element.i'*2) 

2.1.6.3 Equipment Designv'*3) 

The mel t refining furnace is induction heated and 
can handle a charge of about 10 kg. It is of the t i l t -pour type and is 
mounted on a ra i sed platform (see F igures 21 and 22).(4,37b,43,44) xhe 
furnace is covered by a removable be l l - j a r - type top which has a f reeze-
meta l seal . A ce ramic fume t rap or filter covers the crucible during 
melting.(3'7b,45a) 

The melt ing is done in a d r y - p r e s s e d , five percent 
l ime-s tabi l ized zirconia crucible (Norton mix RZ300) which has a 5-|--in. 
inside d iameter and 6-g-in. outside d iameter , is 9-5-in. high, and 8— in. deep. 
The crucible fits loosely in a removable graphite inner susceptor which has 
a 6-j| - in. inside d iameter and is 7-|^ in. deep. The inner susceptor is held, 
in turn, by a fixed, outer graphite susceptor which has a 6-Y|--in. inside di ­
amete r and is 8 in. deep. Both susceptors have -A - in . - th ick walls and 
bot toms. The outer susceptor r e s t s on a 1-in.-thick zirconia insulating 
br ick and -j- in. of F iber f rax insulation, which in turn res t on a -^~in.-thick 
s teel base . A 10-in. outside d iameter by 8-|- - in. long by -^-in. thick molded 
Fiber f rax insulating cylinder r e s t s on the base and surrounds the outer sus ­
ceptor . The space between the susceptor and the Fiber f rax cylinder is filled 

Figure 21 

MELT REFINING FURNACE - BELL COVER 
OFF - CHARGING POSITION 

108-3443 
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MELT REFINING FURNACE -
BELL COVER BEING REMOVED 

Figure 22 with silicon carbide insulating 
powder (approximately 800 
mesh) . The outer susceptor 
and insulation a re held in place 
at the top by a zirconia insul­
ating ring which is held by a 
steel r ing. F igures 23 and 24 
show the relationship of the 
various components within the 
melt refining furnace. 

A five-turn coil of i - i n . -
d iameter copper rod surrounds 
the outer insulating cylinder for 
induction heating of the susceptor . 
The coil is about 5 in. high. To 
permi t tilting, the coil is connected 
by woven flexible copper leads to 
power-input t e rmina ls on the fur­
nace platform. An induction-
heating frequency of 10,000 cps 
is used. A copper coaxial con-

j ductor with magnesia insulation 
extends from the furnace to a 
30-kw generator and balancing 
capaci tors below the argon cel l . 

i 
The fume t rap consists of 

108-4314 a molded porous Fiberfrax* cup 
which has a 10-in. outside diameter 

and is Sy in. high with a | - - in . wall (see F igures 23 and 2 1). In operation, 
the fume-trap cup is in an inverted position over the crucible, and its r i m 
r e s t s on and sea ls at the top steel ring of the crucible . The fume t rap is 
held in a steel frame which automatical ly lifts it when the furnace is tilted 
to pour. The function of the fume t rap is to condense and t rap cesium and 
sodium vapors and any other condensable elements or compounds. 

The rece iver mold is made of graphite and is held 
in a s tee l conta iner . The inside dimensions of the mold a r e : 3— in. square 
at the top, 2-|- in. square at the bottom, and 5 - in. deep, with rounded 
c o r n e r s . Ingot sampleh a re provided by two tapered holes , about -- in. in 
d iameter and ^ in. deep, at the bottom of the molds . After the ingot is r e -
iTioved from the cruc ib le , the two project ions formed a re broken off and 
used as s ample s . 

*A productof the Carborundum Co. The stated composition of the fibers 
is aluminum oxide, 51.2 percent ; silicon dioxide, 47.4 percent ; boron 
oxide, 0.7 percent ; and sodium oxide, 0.7 percent . 



68 

Figure 23 

MELT REFINING FURNACE - B E L L COVER OFF 
MOLD AND MOLD HOLDER AND FUME 

TRAP IN MELTING POSITION 

MOLD AKD 
MOLD HOLDER 

'MOLD 

r^pm'.rioum 

6UI0E POST-

FLEXtBLE 
^ CABLE 

FUSIBLE 
SEAL 

Mll-fSf/ 
TAPER JOINT 

--^.JISCOWNECTS 

108-3444 

Figure 24 

MELT REFINING FURNACE - B E L L 
COVER OFF - POURING POSITION 

108-3451 



The bel l j a r cover (Figure 22) is made of s tee l . It 
is about 30 in. in d iameter and 41 in. high, and i ts lower enlarged r im fits 
into a 37- in . -d iamete r f r e e z e - m e t a l sea l t rough located on the pla t form. 
The seal is heated by e lec t r i c h e a t e r s for mielting of the me ta l . The me l t ­
ing point of the meta l used in raock-up t e s t s is about 130°C, but meta l with 
a higher melt ing point is to be used in the argon cell . The t ime requi red 
to set the bel l j a r and allow the seal to f reeze is es t imated to be 1-j h r . The 
free volume inside the bel l j a r cover is about 16 ft . 

The space within the bell ja r will be evacuated and 
p r e s s u r i z e d by vacuum pumps and argon equipmient which a r e located out­
side the argon cel l . A h i g h - t e m p e r a t u r e , high-efficiency AEC absolute-
type of f i l ter is inse r ted between the furnace and vacuum pump. (It will 
possibly contain a charcoa l t r ap for r emova l of iodine.) The flow of gases 
and fumes from mielt refining is through the fume t r ap , through the high-
efficiency fi l ter , through the vacuuin pump, to a nega t ive -p re s su re holdup 
tank; at controlled in te rva l s , the flow is from the holdup tank through a 
hea te r , a s i lver n i t ra te tower , a cooler , and then through a vacuum pump 
and a fil ter to the suspect s tack. 

The high-efficiency fi l ter consis ts of an 8-in.-
d iamete r by 10-in.-high cylinder with top side inlet and bottom outlet. 
It is incorpora ted in the vent line and held in position inside the argon 
cel l on the furnace pla t form by means of meta l f reeze sea l s . The sea ls 
a r e tha-wed by means of c lamp-on h e a t e r s c a r r i e d by the manipula tor . 
The filter connections a r e being designed so that the overal l dimensions 
of the fi l ter (with connections) a r e smal l enough to pe rmi t i ts disposal in 
a s tandard conta iner . 

A p in-charg ing appara tus (fuel- t ransfer pan) is 
used to s to re and rnove the chopped pins from the decanning apparatus 
and to deposit them in the mel t refining crucible (see F igure 21). This 
appara tus cons is t s of a c losed rec tangula r steel pan 2 m., deep. One end 
of the pan t ape r s to an opening through which the chopped pins a re loaded 
into the pan. The pan is 15 in, wide and 14 Y in. long up to the tapered 
sect ion. The t apered sect ion is 7-i in, long and t ape r s to a width of 
3— in., making the pan 22 in, long. The bottom of the pan is --^-in. thick, 
and the sides and top a r e jg - in . thick. The outlet of the pan is closed by 
a door on a hinged rod which automiatically opens as the pan is lowered 
into pouring posit ion above the c ruc ib le . The a r ea of the bottom of the 
pan is about 280 in.^. The projected surface a r e a of 6070 g of pins (the 
weight of fuel in one subassembly) is 187 in.^-when in a single l ayer . The 
intent of the pan design is to enable s torage and handling of the pins in a 
single layer , insofar as poss ib le , to minimiize self-heat ing. 

A re fe rence ch rome l - a lume l thermocouple , which 
extends through the bottom plate and bottom insulation to the bottom of the 
outer susceptor , is used to de te rmine the t empe ra tu r e of the mel t . The 



thermocouple , which is made of heavy sections of chromel and a lumel for 
long life, is insulated e lec t r ica l ly from the susceptor by boron n i t r ide . It 
has wiping-type contacts to pe rmi t furnace t i l t ing. The hot junction of the 
thermocouple is located about one inch above the bottom plate and lyg in. 
f rom the mielt. This separat ion is made up of 1 in. of z i rconia c ruc ib le , 
j ^ in. of inner susceptor , -^ in. of outer susceptor , and -^ in, of boron 
n i t r ide . When the mel t t e m p e r a t u r e is at 1400°C, this thermocouple indi­
ca tes a t e m p e r a t u r e of 800 to 900°C, depending upon construct ion de ta i l s . 
Individual ca l ibra t ion of each thermocouple instal lat ion with r e spec t to 
actual mel t t e m p e r a t u r e s is r equ i red . Work has been done to co r r e l a t e 
re fe rence thermocouple readings with melt t e m p e r a t u r e s for var ious 
amounts of in te rna l e l ec t r i ca l heating to simiulate self-heating of the fuel 
by fission products.(36c) 

When mel t refining has been completed, the fur­
nace is t i l ted by operat ion of an external lever with the manipula tor . The 
fume t r ap is automat ical ly lifted as the furnace t i l t s , and the mel t is poured 
into the graphite mold (see F igure 24). The graphi te -mold holder is in con­
tact with a thermocouple which indicates by a t e m p e r a t u r e r i s e that the 
mel t has poured. In past tes t work, tough slag films have occasional ly 
formed over the mel t and have prevented pouring. The possible need for a 
puncturing device has been considered, but none will be provided unless 
plant operat ion shows such a device to be needed. 

After the ingot has cooled, the bell top is lifted, 
and the cruc ib le , with skull, is removed and placed in a container for 
s torage or skull oxidation. The ingot mold and holder a r e lifted and moved 
to a mechanica l ingot-dumping station where the ingot is j a r r e d from the 
mold. The bottom end of the ingot with the sample pins or project ions is 
maneuvered into a sample - removing and catching device. A weight i s 
dropped which b r e a k s off the sample pins and knocks them through funnel-
shaped holes into aluminum sample cans . The sample cans a r e closed by 
p r e s s - i n lids and placed in a s ix -can holder for t r ans fe r to the air cel l 
and from the re to the analyt ical fac i l i t i es . The ingot is then t r a n s f e r r e d 
to the p in-cas t ing station or to t e m p o r a r y s to rage . 

2.1.6.4 Self-heating 

The self-heating of fuel with 2 - a / o burnup in 
135 days and 15-day cooling is shown in Table 5, page 21, for both 6070 g 
(one core subassembly) and for 10,000 g. 

The self-heating effect of 6070 g of 2 - a / o burnup 
chopped pins from one subassemibly in the pin cha rge r would be about 
700 w for absorpt ion of all beta and 25 pe rcen t of the gamma ene rg i e s . 
The surface a r e a of the pin cha rge r i s about 5 ft^. If the pin cha rge r is 
hor izonta l and the chopped pins in one layer on the bottoin, the equi l ibr ium 
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t e m p e r a t u r e s for an argon cell t e m p e r a t u r e of 100°F (38''C) a re es t imated 
as about 640°F (350°C) for the pins and 365°F (185°C) for the charger su r ­
face. T e m p e r a t u r e s may be even higher if pins pile one on top of the 
o ther . P rov i s ions for cooling the pins in the charger while it is at the de-
canning machine may be n e c e s s a r y (see F igure 18, page 60). At this 
posit ion, a fixed duct that c a r r i e s cooling argon could be a r ranged to con­
tact a connector on the c h a r g e r . Poss ib ly , the argon could flow through the 
filling opening to avoid the higher t e m p e r a t u r e s which miight be produced 
due to the piling up of pins in the t i l ted cha rge r . The effects of the sodium 
coating of the chopped pins upon the pouring of the pins fromi the charger 
into the mel t refining crucible is not known. Due to self-heating effects, 
the sodium would be miolten, and i ts p r e sence may have considerable 
effect on the pouring behavior of p ins . 

As shown in Table 5, page 21 , the total self-heating 
effect for a charge of 6070 g of 2 - a / o burnup chopped pins from one sub­
as sembly in the mel t refining crucible would be about 1220 w. Assuming 
that the pins [with a specific heat of 0,03 cal/(g)(°C)] and the 9600-g 
z i rconia crucible [with a specific heat of 0,15 cal/(g)(°C)] a re heated uni­
formly by this heat , the init ial average heating ra te would be about 0.17°C 
per second. In an hour or so, which is the es t imated t ime requi red to r e ­
place the bel l j a r cover and freeze the sea l , the average t empera tu re might 
well be 1200°F (650°C), with the center of the pin m a s s being hot tes t . Fo r 
a 10-kg charge , the t e m p e r a t u r e s would be h igher . 

The effects on the z i rconia crucible of sodium 
presen t as a coating on the pins a r e somewhat unknown. However, it is 
known that molten sodium in d i rec t contact with the crucible pene t ra tes 
it and causes damage by weakening the s t r u c t u r e . Due to self-heating, 
the pins may be w a r m e r than the crucible before the furnace is turned on, 
and this could lead to the t r ickl ing of liquid sodium down onto and possibly 
into the c ruc ib le . 

After the mel t refining operation and on the bas i s 
of a 90 pe rcen t pour or yield (10 percen t skull), the skull will contain 
fission products which a re respons ib le for about two- th i rds of the total 
self-heatingl96) ^nd HIQ ingot will contain fission products which cause 
about one- th i rd of the self-heating (ignoring self-heating of the volati l ized 
ma te r i a l ) , (Actually, the fission products a r e dis t r ibuted in th ree ca t ego­
r i e s , approximately 43 percen t in the skull , 27 percent volatil ized, and 30 
percen t in the ingot.) 

The isotopes z i rconium-95 (half-life of 65 days), 
niobium~95 (half-life of 35 days) , and ruthenium-103 (half-life of 40 days) 
contribute nea r ly all of the ingot-heating activity. On the bas i s that all 
of the beta and 80 percent of the gamma energ ies generated in the poured 



ingot a re absorbed in it, the self-heating of a 5500-g ingot from one 
subassembly would be about 325 w.(!''') F o r a 10,000-g ingot, the self-
heating would be about 600 w. The 5500-g ingot would be about 2-|- in. 
square by Z-j- in. long; the 10,000-g ingot would be longer (total length 
of about 5 in.). In the argon cel l , in ei ther case , the equi l ibr ium t e m ­
p e r a t u r e of the ingot would be about 995°F (535°C) for na tura l cooling. 
At this t e m p e r a t u r e , excess ive ni t r idat ion may occur if ni t rogen is 
contained in the a rgon-ce l l a tmosphere at the expected concentrat ions 
of severa l percen t . A special container , possibly providing a pure 
argon purge or high-veloci ty cell a tmosphere cooling, may be used for 
storing ingots. Such a s torage a r r angemen t could also be used for 
hee l s , sha rds , re jec t p ins , e tc . , held as feed for the inject ion-cast ing 
operat ion. 

Since the ingot in the pouring mold will be hot 
due to self-heat ing, it may be m o r e difficult to dump the ingot from the 
mold than has been the case in work with un i r rad ia ted naaterial . No 
exper ience is available on the dumping of relat ively hot ingots (about 
500° to 600°C) f rom molds . F u r t h e r m o r e , in exper imenta l work, it 
has been noted that ingots tend to stick to degassed molds . The slow 
cooling of u ran ium in the mold due to fission product heating will 
allow degassing of the mold to occur and thereby further aggravate the 
p rob lem of ingot sticking. Exper ience to date on use or r e - u s e of molds 
has been with molds handled or s tored in room a i r . Mold per formance 
may be considerably different in the very dry argon a tmosphere of the 
argon cel l . 

2.1.6.5 Summary of Operat ions 

Each mel t refining operat ion will r equ i re the fol­
lowing equipment i t ems and feed m a t e r i a l s : 

1) Graphite pour mold (may be r e -usab l e after visual inspection). 

2) Zi rconia crucible . 

3) Fume t r ap . 

4) Thermocouple (possibly will be requ i red in addition to the 
re fe rence thermocouple) 

5) Decanned pins and (possibly) recycle sc rap or make-up 
enr iched uraniumi 
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The sequence of operat ions in mel t refining 
is as follo-ws: 

1) P lace a sound graphi te mold in the mold holder and place 
the assembly in position on the furnace platform. 

2) P lace a weighed z i rconia crucible in the suspector . 

3) Put make-up u ran ium in the crucible , if requi red . 

4) Charge the crucible with chopped pins (fromi the charging 
device) and s c r ap . 

5) P lace the fume t rap in holder . 

6) Set the ball j a r cover in posit ion, and freeze the seal . 

7) Evacuate , and fill the bell j a r cover with argon; repeat . 

8) Melt the p ins , l iquate, and pour the mel t . 

9) After cooling, evacuate the bell j a r a tmosphere to the 
holdup tank, and vent the bell j a r to the cell a tmosphere . 

10) Melt the f reeze sea l , and remove the bell j a r cover. 

11) Remove the fume t r ap , and place it in a container . 

12) Remove the crucible with the skull, and place it in a con­
ta iner for s torage or oxidation. 

13) Move the mold to the demolding station, and remiove the 
ingot, 

14) Remove samples from the ingot, and place them in cans. 

15) Transfe r samples from the argon cell . 

16) Transfe r the ingot to s torage or to the inject ion-cast ing 
station. 



2.1.7 Skull Oxidation 

2.1.7.1 Requirements 

The purpose of skull oxidation is to oxidize the 
skulls from the mel t refining operat ion so that the m a t e r i a l can be removed 
from the z i rconia crucible to which it normal ly adhe re s . After oxidation, 
the skull oxide can be poured from the crucible into a suitable containerl^o) 
for s torage . It is e a s i e r (although st i l l difficult) to get a sample from the 
skull oxide than from the skull itself. The skull oxide is s tar t ing m a t e r i a l 
for the p rocess ing of skulls by liquid meta l p r o c e s s e s now being developed. 
(An a l ternat ive to complete skull oxidation is a pa r t i a l oxidation which is 
sufficient to free the skull from the crucible . Following par t ia l oxidation, 
the feed raa te r i a l to the skull rec lamat ion p r o c e s s would be a mixture of 
skull oxide and unoxidized meta l . ) 

Z.1.7.2 P r o c e s s 

The skull oxidation p r o c e s s consis ts of f i r s t placing 
the mel t refining crucible with skull in a s ta in less s tee l secondary can 
which holds the fragile and possibly c racked crucible together during the 
operat ion. The can with crucible and skull is placed in an oxidation fur­
nace, where they a r e heated to about 700°C. The initial a tmosphere in the 
furnace is argon. Oxygen is added at a controlled ra te to l imit the burning 
ra te of the skull.(47) As the skull is oxidized, the react ion or burning ra te 
d e c r e a s e s and the oxygen concentrat ion may be inc reased . An automatic 
sys tem is being developed for adding oxygen and venting argon so that the 
oxygen concentra t ion is inc reased on the bas is of p r e s s u r e changes due to 
oxygen consumption. 

The skulls can be oxidized at a ra te of from 1 to 
2 g of skull m a t e r i a l per minute , which ext rapola tes to about 10 hr for a 
one-k i logram skull. After oxidation, the skull oxide is dumped into a con­
ta iner for s torage or for charging into the appara tus for skull oxide r e c ­
lamation. The par t i c le size va r i e s widely, but about 90 percen t is between 
325 and 14 m e s h size,(46) Mechanical equipment for dumping the skull 
oxide is being developed, 

Unpourable me l t refining charges and slag m a t e r i a l s 
a lso can be oxidized, if this is des i r ab l e , and r ecove red in the skull r e c ­
lamation p r o c e s s . 

2.1.7.3 Furnace 

The skull oxidation furnace is shown in F igures 25 
and 26.^48a) -j-ĵ g furnace p roper is about 15 in. high and 20 in. in d iameter 
at the liquid me ta l f reeze sea l . A "Cal rod"- type e l e c t r i c - h e a t e r coil 
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(see Figure 26) of about 1.5-kw capacity is supported by the cover and 
en te rs the crucible when the cover is in place. This hea te r is employed 
to heat and maintain the skull m a t e r i a l at about 700°C, which is the t e m ­
pera tu re at which the skull m a t e r i a l is oxidized. A thermocouple in a 
well near the heater coil is used to control the e lec t r ic cu r r en t fed to the 
hea te r . 

2.1.8 Injection Casting(41.49-51) 

The f i r s t step in the refabr icat ion of new fuel e lements is 
injection cast ing of new fuel pins.I",50,51) The purpose of injection casting 
is to convert the bulk fuel feed m a t e r i a l into sound cyl indrical cas t ings , 
0.144 in. in d iamete r and at l eas t 15 in. in length, for producing 14.22-in.-
long fuel pins for fuel elements.(41.6,50,51) The bulk fuel feed m a t e r i a l 
consis ts of ingots from mel t refining and sc rap remel t ing operat ions (see 
page 112), and possibly of heels from preceding injection casting m e l t s . 

The basic method of this p rocess is injection or p r e s s u r e 
casting of molten fuel into p rec i s ion -bo re Vycor* (silica) tubes or molds 
to produce fuel-pin cast ings of finished dianaeter but of excess length.(52) 
In this casting operat ion, the fuel is m.elted in a crucible inside a closed 
furnace. Above the c ruc ib le , the Vycor molds a re suspended ver t ica l ly in 
a pallet . The tube molds a r e open at their lower ends and closed at their 
upper ends. When the mel t is a t the casting t empera tu re (about 1300 to 
1400°C for the f i r s t core loading), the furnace is evacuated, and then the 
crucible is r a i s ed until the molten fuel covers the lower ends of the molds . 
The furnace is then p r e s s u r i z e d to about 25 psia , which forces the molten 
fuel up into the molds where it solidifies to form the cas t ings . The c r u ­
cible is lowered before the res idua l fuel or heel in the crucible f reezes 
to the ends of the molds . 

2.1.8.1 Equipment Design(41) 

The inject ion-cast ing furnace (see F igures 27 and 
28) is heated by a molybdenum induction coil (operated at 10 kc) which 
sur rounds the crucible at its lower position. The thor ia -coa ted graphite 
crucible r e s t s on a z i rconia insulator which is supported by an a rgon-
p r e s s u r e - o p e r a t e d pedes ta l which is r a i s ed about one foot for the casting 
operat ion. The crucible has a 6-7-in. outside d iamete r , a 6-in. inside 
d iamete r , is 5-j in, high, and Sy in. deep. It is covered by a two-piece, 
hinged Inconel lid which automatical ly opens as the crucible is r a i s ed for 
the casting operat ion. 

*Vycor is the t rade name for h igh-s i l i ca g lass manufactured by 
Corning Glass Company. 
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Figure 28 
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A normal charge consists of about 12y kg of fuel, 
which is sufficient for filling about 120 Vycor molds (charges up to 16 kg 
with 160 molds may also be util ized). The number of molds employed 
mus t match the charge weight to secure sat isfactory freezing ra tes in the 
molds and crucible The molds consist of Vycor tubes which have a Tr~in 
outside d iameter , a 0.148-in mside d iameter , and a IB-r'-in. length. The 
upper ends a r e closed by flattening and fusing the upper -g- m. of the tube; 
the lower ends have an outside bevel of 60° with the tube axis . The in t e r i ­
ors of the tubes a re coated with thoria The lower severa l inches of the 
tube ex te r io r s might be coated with aluminum oxide by flame spraying to 
prevent meta l adherence. The molds a re held m ver t ica l alignment in a 
pallet which consis ts of a pair of 6 -m. -d iame te r perforated plates welded 
to a center tube (see Figure 28) The Vycor molds a r e placed through the 
aligned perforat ions and a re prevented from falling by the flattened section 
on their upper ends. The bottoms of the iriolds extend about 4-r m. below 
the lower plate of the pallet . The pallet is placed on a support in the fur­
nace so that, during heatup of the charge , the lower ends of the molds a r e 



above the crucible lid. A cooling sys tem is a r ranged to circulate cold 
argon over the molds after the casting operat ion to hasten cooling and to 
insure freezing of the cas t ings . This was not necessa ry for the casting of 
the nonir radia ted fuel (no fission product heating) used for the f i r s t core 
loading. The furnace p a r t s r e s t on a base and during injection casting they 
a r e covered by an elongated be l l - j a r - type cover (see Figure 28) having a 
liquid meta l f reeze seal at the bottom edge and which is guided into pos i ­
tion by the ha i r -p in guides. 

2.1.8.2 Detailed Operat ions 

The f i r s t step in the injection-casting operat ion is 
the p repara t ion of the charge and the t rans fe r of consumable m a t e r i a l s . 
Each inject ion-cast ing operat ion will r equ i r e , in addition to the meta l 
charge , the following equipment i t e m s : 

1) thor ia -coa ted graphite crucible ; 
2) pal let and Vycor ro.olds; 
3) thermocouple . 

The p repara t ion of the crucible and molds , descr ibed 
in Sections 2.6.4 and 2.6.6, includes heating of both of these to reduce the 
absorbed mo i s tu r e . Since it is not feasible to seal these iteins hermet ica l ly 
during t r anspo r t to the argon cell , these i tems mus t be expeditiously handled 
to reduce the probabil i ty of mo i s tu re absorpt ion. Once in the argon cell , 
where the water content is expected to be between one and five pa r t s per 
mill ion, these i tems can be s tored. 

The Vycor molds can be loaded into a furnace pal let 
in e i ther the a i r cel l or the argon cel l . Figure 28, page 78, shows a loaded 
pallet . The a i r cel l has the advantage of g r e a t e r (mas t e r - s l ave ) manipu­
lator availabil i ty. Loading in the argon cell reduces by one the a i r - lock 
t r ans f e r s and also avoids a possible path for contamination of the air cel l . 
Since the capacity of the s tandard t r ans fe r ca r t is a 10- in . -d iamete r , 
21- in . -deep object and the loaded pal le t is 6 in. in d iameter and 20— in. 
long, a pal let can be accommodated by the smal l locks in a s tandard 
t rans fe r ca r t . 

The unprotected 4 to 4-r- in. of molds at the lower 
end of the pal let gives r i s e to a possible handling problem. If the pallet 
mus t be r e s t ed upright on a flat surface (as happens when it is placed in 
the t rans fe r bucket of the a i r ce l i - t o -a rgon cell t ransfe r car t ) , initial con­
tact is at the lower ends of the Vycor molds . The molds a re free to move 
upward so that, when the pal let is lowered, the lower perfora ted plate sup­
por t s the pal let . The unprotected raolds a r e susceptible to damage when 
handled in this fashion. 



The crucible is t r ans fe r r ed to the loading station 
in the argon cel l , where ingots and heels a r e added. A loading station is 
employed to preclude the dropping of fuel into the furnace and to offer the 
opportunity of inspecting the crucible for any damage during loading, A 
heel (that i s , the m a t e r i a l remaining in a crucible after injection casting) 
is removed from the crucible by turning the crucible upside down, broken, 
weighed, and s to red in a s teel container until used in the prepara t ion of an 
inject ion-cast ing charge . The heel break will f rac ture the heel approxi ­
mately into th i rds . An average heel weighs 3200 g; one- th i rd of a heel 
weighs 1100 g or approximately ZY lb. Because of this re la t ively large 
weight per segment of heel and because of the possibi l i ty of damaging a 
crucible by dropping such a segment , a manipulator will be used to t r a n s ­
fer the la rge segm.ent. The res idue can be poured into the crucible . The 
charged crucible is placed on the crucible pedestal in the inject ion-cast ing 
furnace, and the pedes ta l is lowered into the heating zone. The mold pal le t 
is then placed in posit ion, and the furnace is closed. 

The furnace charge for injection casting may be a 
control led var iable in the p in -process ing cycle. It is not p rac t ica l to 
expect an ingot of s tandard weight from mel t refining. The figures shown 
on the fuel flow sheets d i scussed in the sect ion on fuel movements and 
s torage (Section 2.4, p. 137) a re averages based on the exper ience with 
Core I (initial fuel loading) production, for which the feed m a t e r i a l for 
the charge was f r e sh me ta l . There a re two possible approaches to con­
trol l ing the weight of charges to the inject ion-cast ing furnace. The f i r s t 
involves a backlog of me l t refined ingots, r e m e l t ingots ( sc rap which has 
been mel ted and cas t into ingots), and hee l s . With an adequate inventory, 
the charge could be brought up to the weight n e c e s s a r y to cas t a s tandard 
number of pins each t ime . An adequate inventory may, however, pose 
p rob lems of c r i t ica l i ty , self-heat ing, and ni t r idat ion of the feed m a t e r i a l s 
by the cel l atnnosphere of a r g o n - approximately five percent ni t rogen. The 
a l ternat ive (and mos t probable) approach is to use the available feed m a ­
t e r i a l and make the number of molds the control led var iab le . This ap ­
proach appears to be m o r e reasonable , but additional investigation of its 
effect on the cast ing cycle may be requi red . 

The heel and ingot, once placed in the injection-
cast ing cruc ib le , consti tute a heat source due to f ission product decay 
heating. A calculat ion based on heat loss by radiat ion only shows that a 
crucible wal l of a crucible containing a 10-kg ingot may r each a t e m p e r ­
a ture of 715°F (380°C) and that a 10-kg ingot will have an equi l ibr ium 
t empera tu re of about 1200°F (650°C), Since it will not be possible to 
evacuate the furnace immedia te ly after it is loaded with fuel, these t e m ­
p e r a t u r e s may r e su l t in excess ive ni t r idat ion of the charge . 

For measur ing the mel t t e m p e r a t u r e , the furnace 
as designed includes a molybdenum-shie lded plat inum, plat inum-10 percen t 
rhodium thermocouple permanent ly placed and protruding from the crucible 



base plate . The hot junction of the thermocouple fits into a r e c e s s in the 
bottom of the crucible when the crucible is placed on the base plate. This 
thermocouple a s sembly r i s e s with the crucible during casting and is , 
therefore , operable only when the crucible is in its lower position. Cali­
brat ion curves relat ing the t e m p e r a t u r e s of the melt as read by an optical 
pyromete r and that m e a s u r e d by the r e c e s s e d thermocouple have been 
developed. 

In addition to the crucible thermocouple, connec­
tions in the furnace base plate for another thermocouple have been p r o ­
vided. These connections can be used in an at tempt to enaploy a 
thermocouple in a tube in the mold pallet , which tube would be i m m e r s e d 
in the mel t when the crucible is r a i sed . 

Once the charge has been brought to casting t e m ­
pera tu re (-^ISOO^C), the furnace is evacuated (to 60 to 100 /i) and the 
crucible is r a i sed about 12 in., immers ing the molds so that they near ly 
touch the bottom of the crucible . After a 4 - sec delay, the furnace is 
p r e s s u r i z e d . This forces or injects the molten meta l up into the molds . 
Metal entering the bottom of the i m m e r s e d molds solidifies upon i m m e r ­
sion, and a 4 - sec delay has been de te rmined to be the t ime for the meta l 
to liquefy again. P r e s s u r i z a t i o n takes place at a ra te of about 10 p s i / s e c 
to a final p r e s s u r e of 20-27 psi . It has been shown experinaentally that 
the ra te of p r e s su r i za t i on is a major p a r a m e t e r in controlling the casting 
process.v41) 

After the meta l is injected into the molds , it quickly 
solidifies from the top of the mold down to a point jus t above the meta l r e ­
maining in the cruc ib le . This chilling effect is t empora ry because of the 
heat r e s e r v o i r of the crucible and s t i l l -mol ten heel . If left in contact with 
the heel , the cas t me ta l begins to r eme l t upward. After a shor t t ime, 
solidification again occur s , proceeding downward from the top of the molten 
section until the ent i re unit - molds and heel - a re solid. 

It is c r i t i ca l in the casting operat ion to in te r rupt 
this cycle when the pins (cast ings) have been solidified to at leas t 15 in. of 
length and when the res idua l me ta l (heel) is sti l l molten. F rom the above 
discussion, it can be seen that there a r e two points at which this separat ion 
can successfully occur . The f i r s t is when the pins a re chilled after their 
initial p r e s s u r i z e d surge into the molds (short cycle). The second is after 
resolidif icat ion of the meta l in the molds has taken place and the res idual 
meta l (heel) is going through the t rans i t ion from liquid to solid (long cycle). 

The f i r s t o r shor t -cyc le method of separat ion was 
used for about 60 pe rcen t of the cast ing operat ions in the production of 
Core L It has the disadvantage that any meta l not solidified in the molds 



dr ips out; the method is a lso ve ry sensi t ive to the init ial casting t e m p e r a ­
tu re . It has the advantage of withdrawing the molds from a liquid heel , 
which reduces the possibi l i ty of bridging.* Since it r e l i e s on the chilling 
effect of the molds on the meta l , the t empera tu re of the molten heel does 
not indicate whether or not solidification has occur red . This method is 
now controlled by a t ime-de lay cycle which has been de termined for a 
furnace containing an average charge , and with the mel t t empera tu re read 
with an optical py rome te r . This method has the dist inct disadvantage of 
being sensi t ive to self-heat ing. To counteract the effect of self-heating, 
the design of the remote furnace includes faci l i t ies to blow argon past the 
molds immediate ly after cast ing. This cooling tends to nega,te the self-
heating effect (the proposed cooling ra te is that provided by 17 cfm of 
argon at an initial t empe ra tu r e of about 80°F), but since cal ibrat ion of 
this method with varying self-heating effects will not be possible in ope r ­
ations with noni r radia ted fuel, the exact conditions for the shor t cycle 
will be very difficult to pred ic t . At presen t , the cycle used is 12 sec 
(4 sec to heat the molds before injection and 8 sec for the cast ings to 
solidify initially). 

The second (or long-cycle) method of casting is to 
await resolidif icat ion of the meta l in the molds and, with the use of an i m ­
mer s ion thernnocouple, effect separa t ion as the heel me ta l en te rs the mushy 
l iquid- to-sol id t rans i t ion This method was used in producing about 40 p e r ­
cent of the cast ings for Core I, and in genera l has produced higher yie lds . 
Difficulties in utilizing this method in remote operat ions a re in obtaining 
a thermocouple-pro tec t ion tube that has the n e c e s s a r y fast response and 
that will not contaminate the fuel. 

It has been shown that e i ther of these methods is a 
p rac t ica l approach to the t e rmina l operat ion of the casting cycle, although 
nei ther has yet been used in remote operat ion. P a r t of the difficulty is 
that the shor t -cyc le method must be ca l ibra ted to 3- specific furnace s i tua­
tion and that this ca,libration mus t include the unknown effect of the var iab le 
of self-heat ing. It should a lso be noted that concess ions to design and p r o ­
cedures for remote operat ion have reduced the yield of good ca,stings from 
ninety pe rcen t (m ea r ly exper imenta l work) to the low eighty percen t range. 
This const i tutes an a r e a in which a be t ter understanding and control of the 
operat ion can be profi table . 

A recen t addition to the inject ion-cast ing furnace, 
which may have a, pronounced effect on the casting cycle, is the use of 
"blast quenching. ' ' Blast quenching after casting is accomplished by blow­
ing argon gas through the mold pal let from a per fora ted center tube The 
concept of b las t quenching was initially introduced as a means of insuring 

•Bridging - a t e r m used to desc r ibe solidified meta l between two or 
m o r e adjacent molds . In addition to increa,sing the meta l loss , b r idg­
ing c r e a t e s a se r ious problem in the remova l of molds from the 
pal let . 



retent ion of enought of the soft, h igh - t empera tu re gamma phase so that the 
shear ing operat ion could be accompl ished. Indicative of the effect of the 
phase t rans format ion on the shear ing operat ion is the re la t ive ha rdness 
of the phases ; alpha f iss ium ( room- t empe ra tu r e stable) has a ha rdness 
range of 500-600 V.H.No (Vickers Hardness Number) , whereas gamma 
f iss ium has a ha rdnes s range of 125-175 V-H.N. 

In addition to allowing the retention of some of the 
gamma phase , the use of blas t quenching has been effective in reducing 
the var ia t ion in the fract ion t r ans fo rmed from the gamina to alpha phase 
in a batch of cas t pins= A var ia t ion in t rans format ion leads to var ia t ions 
in the pin volume due to densi ty differences in the phases (18.2 g / cm for 
alpha and 18.0 g/cm^ for gamiTia). These var ia t ions of pin volume, a l ­
though not la rge enough to cause pin reject ion on a dimensional b a s i s , a r e 
la rge enough to affect the final sodium leve l . A change of 0.0001 in. in the 
d iamete r of the fuel pin causes a change of 0.026 in, in the sodium height. 

The effect of b las t quenching is to dec rease the 
range of the cooling gradient in a batch of pins and to produce a group of 
pins whose degree (or percentage) of phase t ransformat ion is near ly the 
same from the center to the outer edge of the group of molds in the pal le t . 
Additional d iscuss ion of the effects of b las t quenching on the sodium level 
is included in Section 2.1.12, Bonding and Test ing, page 102. 

In the shor t -cyc le separat ion, the quenching gas is 
introduced seconds after the me ta l is forced into the molds» In the long-
cycle separa t ion , the quenching gas is not s ta r ted until after the crucible 
and molds have been separa ted . The flow of gas is from the bottom of the 
furnace to the top where it en te r s the center tube of the pal le t . The center 
tube of the pallet is per fora ted , which allows the gas to flow radial ly through 
the cas t pins and then down to the gas exit at the base of the furnace. Initial 
b las t quenching has been successful in re ta ining enough of the gamma phase 
to insure ease of shear ing and has a pronounced beneficial effect on control 
of sodium level . 

When the crucible has been r e t r ac t ed and the cooling 
cycle completed, the inetal sea l is mel ted and the furnace be l l - j a r - type 
cover is re inoved. The pal let and filled molds a re lifted by the manipula­
to r and t r a n s f e r r e d to an unloading stat ion. The crucible is removed and 
t r a n s f e r r e d to the hee l b r e a k s ta t ion. 

A problem noted in the Core I production for which 
no coun te rmeasure has been devised is the entrapment of miolds that have 
dropped out of the pal let into the hee l . Whether the top flange of the 
Vycor inold snaps off due to t h e r m a l shock or due to impact (high-speed 
movies have shown that upon p re s su r i za t i on molds a r e lifted by the upward 



flow of meta l ) , the resu l t is the s a m e . The mold is free to drop into the 
heel , and at the t ime of separat ion of the mold and the heel , the broken 
mold or molds r ema in in the heel= A protruding port ion of a mold and 
i ts contained me ta l can be broken off flush with the top of the heel by the 
m a s t e r - s l a v e manipula tor . A section of Vycor tubing remaining m the 
heel has been removed manually (not applicable to the remote operation) 
or has been removed by dr ip casting or remel t ing .* The d r ip - ca s tmg 
method has a lso been used to refine heels that exhibit the buildup of a 
heavy d ro s s which might prevent a good casting cycle . 

The frequency of entrapped molds in heels is 
highly va r i ab le . It is normal ly ze ro , but has run as high as 20 molds 
per pallet of 120 mo lds . It has been es t imated that five out of 100 c a s t ­
ing operat ions would have entrapped molds . If one or m o r e molds a r e 
entrapped in the hee l , that heel will r equ i re further p rocess ing before 
it can be r e tu rned to the no rma l refabr ica t ion cycle . 

One a r e a of possible difficulty that has not been 
subject to t e s t is the effect of gamma i r r ad ia t ion on the coated Vycor 
molds . The total exposure of the coated molds up to the t ime of casting 
has been es t imated by Ayer and Feldman(53) to be 1.75 x 10^ r (24 hr at 
10^ r / h r and 3 hr at 5 x 10^ r / h r ) at an average gamma energy of 0.7 Mev. 
The effect of the gamma i r r ad ia t ion on the thor ia mold wash is not known. 
The effect on the bulk p rope r t i e s of the Vycor g lass is probably min i ­
mized because of the annealing t r ea tmen t to which the glass is subjected 
during the heat ing port ion of the cast ing cycle . 

In l abora to ry p rac t i ce , the crucible is checked 
for loss of thor ia coating after each cast ing cyc le . If a r e a s a r e chipped 
or c racked , the wash is r e p a i r e d by spraying- In the cel l , no faci l i t ies 
p resen t ly exis t to r e s p r a y the c ruc ib le s , and so d isposal of the crucible 
after one use is planned. It may be poss ib le to examine the crucible with 
the pe r i scope and, if t he re is no loss of coating and no cracking, r e - u s e 
may be poss ib le . The possibi l i ty of r e sp ray ing the crucible r emote ly has 
been cons idered , but the savings ($55 per crucible) would probably not 
justify the equipment and t i ine that would be r equ i r ed . 

Average yields were computed from the charges 
and products of 20 in ject ion-cas t ing r u n s . These 20 runs r e p r e s e n t the 

*Drip cast ing or remel t ing - a p rocedure in which a double crucible 
is used . The upper sect ion, containing the meta l charge , has a per fo­
ra ted bot tom. On melt ing, the charge is s t ra ined as it me l t s and 
p a s s e s through the per fora t ions into the lower c ruc ib le . The lower 
crucible i s of s tandard design. The major disadvantages of dr ip ca s t ­
ing a r e the unrecoverab le me ta l in the po re s of the upper c ruc ib le and 
the fact that the lower crucible cannot be used d i rec t ly for cast ing p u r ­
poses because of the possibi l i ty of b reakage on iiietal expansion. 



final 25 pe rcen t of the Core I production. The average ingot weighed 
9,290 g and a heel of 3,150 g was added to constitute an average charge of 
12,440 g. The products of the cast ing runs averaged 9,037 g of cas t meta l , 
3,247 g of heel , and 156 g of res idue on the molds . Of the meta l cast , 
7,378 g were cast ings 15 in. or longer and 1,659 g v/ere sc rap (short or 
broken). Of the 15-in. or longer cas t ings , 5,850 g were acceptable fuel 
pins, 656 g were not acceptable and were chopped, and 872 g of shards 
(pin ends) were produced in shear ing . On an average , this indicates that 
47 percen t of the or iginal charge (12,440 g) was produced as acceptable 
pins . In t e r m s of "net pin yield" (acceptable p in s /me l t refining ingot), 
the yield is 63 percent . It is in teres t ing to note that the average metal 
cas t is 73 percen t of the casting capacity. This is equivalent to filling 
90 of the 120 molds . Finished pins were obtained from about 85 percent 
of the meta l which was cas t . 

2.1.9 Pin Process ing(54) 

The purpose of the p in -p rocess ing operations is to produce 
finished fuel pins ready for the cladding operat ion. In the t rans i t ion from 
raw cast ings to finished pins, the meta l is removed from its inold, sheared 
to length, inspected for length, d iamete r , weight, and porosi ty, and stacked 
in an assembly- loading magazine . The byproducts of the p rocess a re waste 
molds and chopped fuel. The chopped fuel comes from both re ject castings 
and the shear ing operat ion. 

The p r o c e s s mus t be capable of handling any possible form 
of product of the cast ing furnace and of reject ing all m a t e r i a l not suitable 
for r eac to r use . It miust also be designed so as not to introduce re jectable 
defects nor in any way reduce the output of the casting operation. 

After the inject ion-cast ing operation, the pallet with filled 
molds is removed from the furnace and t r a n s f e r r e d to an unloading station, 
where the filled molds a r e renaoved from the pallet . The filled molds a r e 
then fed to the mold c rushe r where the Vycor molds a re crushed and r e ­
moved from the fuel-pin cas t ings . Short cast ings and the mold pieces a r e 
separa ted f rom fuel-pin cast ings that a r e of the requi red length. The fuel-
pin cast ings of sufficient length a r e moved to the pin shear , where they 
a r e sheared to the p roper length of 14.22 in. The sheared fuel pins a re 
then pas sed through inspection devices which weigh and m e a s u r e the d i am­
e t e r s and lengths of the pins . Those fuel pins which raeet the specifications 
a r e placed in a loading magazine for a s sembly into fuel e lements . Scrap 
fuel p ieces , re jec ted pins, and mold p ieces a re collected for recycle or 
d isposal . 



2.1.9 1 Discussion of P r o c e s s and Equipment 

2.1.9.1.1 Pal le t Unloading 

The initial plans for the unloading stage 
contemplated the use of a fairly complex mechanical unit. These plans 
were abandoned and p r e sen t operat ions a re planned around the use of the 
Model A m a s t e r - s l a v e manipula tor . 

When the pal let is removed from the 
furnace it will be t r anspor ted by the e lec t romechanica l manipulator back 
to the loading station (site of a pair of m a s t e r - s l a v e manipula tors) . The 
gravid or filled molds wil l be individually removed from the pallet and 
placed in the feed t ray for moving to the p in-process ing station. At this 
point, molds with obvious major casting defects, such as shor t or in t e r ­
mit tent cas t ings , can be removed. 

2.1.9.1.2 Mold Crusher(54) 

In the p resen t design, the molds in t r a n s ­
fer ro l l down a pair of spaced ra i l s in the p in-process ing machine (see 
Figure 29). P rope r ly spacing the ra i l causes shor t pieces ( less than 13 in. 
in length) to drop through the ra i l s (be rejected) before they reach the 
c r u s h e r . Rejection of the shor t p ieces also insu res that no m o r e than 
one piece at a t ime en te r s the c r u s h e r . 

The c ru she r is a square-edged, r e c e s s e d 
hor izontal slot that is la rge enough to pa s s a fuel pin but sma l l e r than the 
mold (see Figure 30).(^4) The gravid mold comes to r e s t over the slot. 
The fuel pin is forced through the slot by an overhead blade whose down­
ward th rus t b reaks the Vycor and forces both the Vycor and the pin through 
the slot. Vycor and fuel a r e sepa ra ted by in terceptor ra i l s jus t below the 
slot. The spaced ra i l s c a r r y the fuel pins to the next stage, whereas shor t 
fuel lengths and the Vycor fall into a collecting bin. 

No provis ion has been made to wipe the 
fuel-pin surface after the Vycor is broken away. Two i tems of possible 
in te res t a r e the amount of fine Vycor c a r r i e d with the pin and the amount 
of mold wash [98 percent Th02-2 percen t kaolin (aluminum si l icate)] that 
r emains with the pin. Silica is not removed in the mel t refining step.(42) 
The effect of the mold wash is probably not impor tant as l e s s than 0.25 g 
(half of the total used per naold) would be c a r r i e d with each pin, and this 
amount of thor ia is not expected to be dele ter ious to the p r o c e s s . The 
Vycor c a r r y o v e r may prove to be a m o r e ser ious problem. An es t imate 
of the s i l ica ca r ryove r cannot be gleaned from the Core I production s ince. 
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Figure 30 

D E M O L D E R FOR REMOVING FUEL PINS FROM VYCOR MOLDS^^"*) 
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m that case , the pins were wiped clean (an action not reproduced in the 
proposed remote operation) and the c rushe r used was not of the type to be 
used in the remote operation. The effect of a si l ica build-up on the phys­
ical , casting and damage p roper t i e s is d iscussed in the chapter on fuel 
metal lurgy (Section 2.3.3.3.3, page 135). 

F rom the c rushe r , the pin feeds by 
gravity into a collection t ray , and from the t ray into the shear . 

2.1.9.1.3 Pin Shear(54) 

The pin shear cuts the pins to the r e ­
quired 14.22-in. length. The pin en te rs the shear from the top and is held 
between spr ing-loaded, horizontal , p r e s s u r e pads and a pair of movable 
shear tools (see Figure 31). The shear tools (movable shear faces) a re 
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operated by means of two pneumat ic , cyl inder-powered, be l l - c rank 
ac tua to r s . The pin is held by the th ree p r e s s u r e pads . The shear faces 
a r e actuated, and the two ends a r e sheared simultaneously, leaving a 
center section 14.22 in. long. The movable shear faces a r e designed so 
that each unit has eight shear edges that can be remote ly replaced or 
interchanged. 

It is at the shear ing operat ion that the 
effects of the phase t ransformat ions of the alloy a r e f i r s t noticed. The 
t i m e - t e m p e r a t u r e dependence of phase t ransformat ions in the refined 
alloy may be slightly different from that for the labora tory var ie ty of the 
same alloy, but the effect of the res idua l fission products should not make 
the following information i r r e l evan t . 

The fuel is b las t quenched immediate ly 
after cast ing. This quenching (sans self-heating) has benefitted the p r o c ­
ess in two ways, one of which is per t inent he re . The quenching has in­
c r e a s e d the percentage of cub i c - s t ruc tu re (gamma) alloy re ta ined in the 
fuel; it a lso appears to have reduced differences in the cooling r a t e s 
throughout the filled molds and thereby reduced s t ruc tu ra l differences in 
the fuel pins of any batch. The percentage of re ta ined gamma is impor ­
tant to the shear ing operat ion since the phase tra-nsformation from gamma 
to alpha is accompanied by an inc rease from a ha rdnes s of approximately 
150 V.H.N. (Vickers Hardness Number) to a ha rdness of 600 V.H.N. The 
a lpha- t r ans fo rmed m a t e r i a l is r a the r br i t t le ( indicatedby the 500-600 V.H.N.) 
and in this state is ex t r emely difficult to shear to close dimensions . Ex­
per ience gained during the production of Core I indicates that a 30 percen t 
reject ion ra te due to the poor shear ing quali t ies of the a lpha- t rans formed 
m a t e r i a l (out-of- to lerance fuel pins and fuel-end shat ter ing) could be ex­
pected. In addition, the life of the shear blade would be sharply reduced 
if too little of the soft gamma phase were not p resen t . The p re sen t shear 
is not designed to handle a lpha- t r ans fo rmed m a t e r i a l efficiently. For this 
and other r e a s o n s , it is impera t ive that, from injection casting through the 
bonding operat ion, the fuel be kept as cool as possible and not be allowed 
to approach the t rans format ion t e m p e r a t u r e s . 

Since the quenched alloy is in a m e t a -
stable state (the alpha phase is the r o o m - t e m p e r a t u r e stable state) , the 
pa r t i a l re tent ion of the gamma phase is a mat te r of controll ing the length 
of t ime at t e m p e r a t u r e . It has been es t imated that at 550°C the t r ans fo r ­
mat ion to alpha takes 1 to 5 min, at 500°C it takes 5 to 10 min, at 375°C it 
takes 1 to 5 h r , and at 250°C it takes a tim.e of the o rde r of 100 hr (see 
data in Section 2 .3 .3 .1 , page 129). Obviously, the t e m p e r a t u r e of the cas t 
fuel rnust be maintained below 250°C until all operat ions which depend upon 
the p rope r t i e s provided by pa r t i a l re tent ion of the gamma phase a re 
complete . 
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2.1.9.1.4 Inspection Devices\54) 

The sheared pins move by gravity from 
the shear to the length-and-weight -measur ing station. The length is meas 

ured by pushing the fuel pin 
Figure 32 
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against a spring-loaded dimension-
measur ing t ransducer (see Fig­
ure 32). One end of the measur ing 
device is accurate ly positioned; 
the other is spring-loaded and 
attached to the t ransducer . The 
deflection of the t ransducer is 
converted to pin length and r e ­
corded. The pin then drops onto 
the platform of a balance. The 
deflection of the balance is m e a s ­
ured by a mic ro fo rmer , and the 
weight is recorded. The pin is 
elevated to remove it from the 
balance and is fed by gravity onto 

a longitudinal feeding device which moves it through the pneumatic pin-
diameter gauge (see Figure 33) and an eddy cur ren t flaw detector (for 
surface defects or in ternal holes) . Pin d iameters may be measured a c ­
curately to 0.001 in. The information on the diameter measurement and 
flaw detection is recorded . The longitudinal feeding device then del ivers 
the pin to an accep t - r e j ec t station. 
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With the pin at the accep t - re jec t station, 
the tes t information - length, weight, d iameter , and porosity - is accumu­
lated and a judgment is made about the pin. To allow this decision to be 
made quickly on the intermit tent ly moving s t r eam of pins, the tes t infor­
mation is fed to da ta -process ing and recording equipment. The data-
process ing unit r eco rds the d iameter (in units of 0.0001 in. versus axial 
location on the pin) and the porosi ty (dimensionless units versus location) 
in para l le l t r a c e s . F rom the measu remen t s of pin d iameter , the a rea is 
integrated over the r ecorded length of the pin, yielding a calculated pin 
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volume. In addition to the volume, the pin weight (expressed to the n e a r e s t 
0.01 g) and the pin length (expressed to the n e a r e s t 0.001 in.) a re also 
presented . The volume data is s tored, and both the s tored volume data and 
the calculated density of the pin a r e pr inted out. The s torage capacity of 
the da ta -p rocess ing equipmient allows all of the data to be p resen ted in 
one accumulat ion, which makes a quick accep t - r e j ec t decision possible 
by the ope ra to r . The acceptable pins a re placed in a t ray which is t r a n s ­
f e r r ed to the loading magazine . The re jec t pins a r e chopped and re tu rned 
to the cycle for remel t ing and r ep roces s ing . 

2.1.9.1.5 Scrap Handling 

There a r e five scrap-producing a r e a s in 
the p in -p rocess ing operat ion. The disposit ion of sc rap from all of these 
a r e a s has not been defined. The five a r e a s a r e d i scussed below, and p o s ­
sible solutions to the dispost ion of s c rap a r e p resen ted . 

(1) Unloading Station 

The manipulator-unloading step will 
se rve as the f i r s t sor t ing operat ion in the inspection of the cas t ings . At 
this s tage, shor t , in te rmi t ten t or broken cast ings will be re jected as s c r ap . 

(2) Mold Crusher (demolder) 

Fuel pins about 13 in. or longer a r e 
c a r r i e d from the c r u s h e r by gravi ty-feed ra i l s which a re 12— in, apar t . 
Fuel lengths s h o r t e r than about 13 in. and the broken glass a r e fed via a 
chute to a hopper . 

and (2) contain in varying amounts; 
The sc rap hoppers from steps (l) 

(a) c rushed Vycor molds ; 

(b) fuel encased in Vycor from 1 to 
13 in. in length; and 

(c) fuel rods from. 1 to 13 in. in. 
length. 

casting batch a r e as follows: 
The es t imated amounts for a 120-pin 

(a) c rushed Vycor - approximately 
2250 g; 

(b) encased fuel - 6-12 pieces from 
1 to 13 in. in length; and 

(c) ba re fuel - 6-12 pieces f rom 1 
to 13 in. in length. 



In a normal production run, fuel 
m a t e r i a l from i tems (b) and (c) above has weighed an average of 1 to 1.2 kg. 
This ma te r i a l , on poor casting runs , has weighed as much as 6,6 kg. 

(3) The sc rap generated at the shear is 
collected in two conta iners . One container receives a —-in, shear from the 
top end of the cast ing. The other container rece ives the cut-off bottom, 
which is up to 3 in. in length. 

(4) Short pins or broken pins from the 
shear a re col lected in a fourth container , 

(5) At the accep t - r e j ec t station, the a c ­
ceptable pins a r e placed in a t ray for further t r ans fe r . The re jec t pins 
a r e placed in another t r ay . 

Of the five sc rap conta iners , only the 
two from the shear contain m a t e r i a l that is in condition to r e - e n t e r the 
p roces s d i rec t ly . The other three p r e s e n t special p rob lems . The f i r s t 
contains c rushed Vycor molds , Vycor -encased fuel, and fuel p ieces ; the 
second contains fuel pin sect ions l e s s than 13 in. long; the th i rd contains 
re jec t s of s tandard length. The eventual path for all three of these fuel 
collections is consolidations by melt ing (see Section 2,1.14, page 112) 
and r e tu rn to the p r o c e s s cycle . 

The acceptable c r i t e r i a for recycle of 
s c rap a r e r a t h e r s imple . This m a t e r i a l mus t be clean and free of con­
taminants , and mus t be l ess than 3 in. in length (the mouth of the crucible 
charger is Z-z in. wide). 

P r e s e n t plans for handling the sc rap 
a re based on the use of the m a s t e r - s l a v e manipula tors , an auxil iary g lass 
c ru she r , and an auxi l iary fuel shea r . Sections of g l a s s - encased fuel can 
be placed in the auxi l iary c ru she r to remove the g la s s . The product of 
this step can be combined with sor ted lengths of s c rap fuel and fed to the 
auxi l iary chopper. The chopped m a t e r i a l can be re tu rned to the cycle. 
The separa t ion of smal l p ieces of meta l from the glass s c rap is a problem 
that has not been reso lved . In need of resolut ion is the minimum size of 
pin f ragment of fuel to be r ec l a imed from the s c r ap . 

2.1.9.1.6 Genera l 

In the p resen t plan of p in-process ing 
operat ions (as desc r ibed here in) , there does not appear to be a self-heating 
problem. The fuel pins a r e individually handled in the process ing s teps 
(this is the m i n i m u m - t e m p e r a t u r e condition). Between process ing s teps , 



the pins a r e held in s ing le - layer t r a y s . A calculation of the t empera tu re 
r i se of 65 i r r ad ia t ed fuel pins in a s ingle- layer t ray gave an equil ibrium 
t empera tu re of 176°C (348''F).(-'-'7/ The fuel in the sc rap container can 
reach a higher t e m p e r a t u r e , but the t empera tu re l imitat ions imposed to 
re ta in the gamma phase a r e not important for such m a t e r i a l . Nitridation 
of fuel by the cell a tmosphere is not expected to be a problem at the low 
t e m p e r a t u r e s of pins during their processing.(55) 

The p in-process ing operat ions a r e the 
mos t mechanical ly complex steps to be at tempted in the fue l - reprocess ing 
cycle. They a r e a lso the operat ions for the which the g rea te s t degree of 
automation has been at tempted. Although intense efforts have been given 
to the major s teps of the operat ion, the byproduct s teps p re sen t a number 
of unsolved p rob lems . In addition, little experience in the r ea lm of r e ­
mote operat ion has been accumulated for this portion of the p r o c e s s . In 
the production of Core I, which provided pseudo- remote exper ience for 
most of the steps in the proposed fuel cycle, these operat ions were ca r r i ed 
out without providing valid tes t s of many of the proposed remote methods. 

2.1.10 Canning of Fuel Pins(56) 

The purpose of this operat ion is to can the acceptable fuel 
pins del ivered from the p in -process ing station to produce fuel e lements . 
At the a s sembly station, the pins a r e placed in s ta in less s teel cans , each 
of which contains a smal l amount of sodium. The filled cans a r e then 
taken to the welding station where a gas- t ight c losure of the s ta in less s teel 
can is made . Feed m a t e r i a l s for this operat ion a r e the accepted pins , 
s ta in less s tee l fuel -e lement cans (each containing about one g r a m of 
sodium), and an in tegral s ta in less s tee l top cap and spacer . The equip­
ment involved is a mechanica l loading device, a pin se t t l e r , and an e l e c ­
t romechanica l welding unit. The welded fuel e lements a re t r a n s f e r r e d 
from the welding station to the station for leak- tes t ing operat ion in the 
air cel l . 

As del ivered to the p r o c e s s , jacket subassembl ies consist 
of a s ta in less s teel tube, nominally 0.156 in. in ID with a 0.009-in, wall , 
to which is welded a spade fitting. The inside d iameter of each jacket is 
m e a s u r e d to the n e a r e s t 0.00005 in. by averaging twenty m e a s u r e m e n t s 
along the length of the jacket by means of an a i r gauge. Measured tubes 
a re grouped into ten c l a s se s within the interval from 0.1555 in. to 
0.1565 in. 

A length of extruded sodium w i r e , weighed to t 2 mg, is 
inser ted into each jacket . The amount is de termined from the average 
d iameter of the batch of pins being loaded and the c lass of j acke ts used. 



The loaded jacke ts a re heated to 150 C to allow the sodium to flow to the 
bottom. After cooling, they a r e t r a n s f e r r e d in a suitable container to the 
fuel rod assembly a r e a in the argon cel l . 

2.1.10.1 Assembly(56) 

The sodium-fi l led cladding cans and the acceptable 
fuel pins will be t r a n s f e r r e d to an assembly work station in the argon cell . 
The cladding cans will be placed in an "A" feed magazine (20-pin capacity), 
and the m a s t e r - s l a v e manipulator will be used to place an acceptable fuel 
pin in each of the cladding cans . 

2.1.10.2 Settling of Pin in Stainless Steel Can(56) 

The settling operat ion is a simple operation, in t e r ­
mediate between assembly and welding, which insures that the sodium is 
molten and that the fuel pin has posit ioned itself at the bottom of the can. 

The naagazine is placed in a shell furnace and 
heated to a tero.perature high enough to liquefy the sodium. The upper 
l imit of t empera tu re is the phase-transformiat ion t empera tu re of the alloy. 
The range of acceptable t e m p e r a t u r e s is la rge (from 97°C, the melting 
point of sodium, to 375°C, the upper l imi t of sluggish t ransformat ion to 
the alpha phase) . In p rac t i ce , a t empera tu re of 250°C has been used. The 
problem of self-heating does pose a question of t empera tu re control since 
the furnace, r a t h e r than the pins, is t empera tu re controlled. 

The t empera tu re r i se in a 50-pin magazine ("B" 
magazine) of s imi la r design was calculated(l7) to be 208°C. The r i se in 
t empera tu re in a 20-pin magazine will be l e s s , as there is l e s s fuel per 
volume of container in the 20-pin magazine than in the 50-pin magazine 
(ratio 1:1.2). The problem is to a s c e r t a i n the t empera tu re of the fuel in 
the p resence of var iab le self-heating (the burnup will vary) when the t e m ­
pera tu re of the furnace r a the r than the t empera tu re of the fuel e lement 
is being recorded . 

2.1.10.3 Welding(56) 

At the welding station (see Figure 34) two opera ­
tions a r e accomplished; f i rs t , the addition of a top r e s t r a i n e r - c a p to the 
assembled element , and, second, welding of the cap to the can. The s t a ­
tion has for feed m a t e r i a l an "A" magazine filled (or par t ia l ly filled) with 
a s sembled e lements and a hopper full of r e s t r a i n e r caps . Its product is 
a completed fuel e lement that is ready for final adjustment and test . The 
welding is accomplished by a shielded condenser d ischarge with a non-
consumable e lec t rode . 
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Figure 34 

FUEL-ELEMENT WELDING S T A T I O N ( 5 6 ) 

T 
4 5 " 

i RESTRAINER 
LOADER 

OVERALL 
HEIGHT 

CHUTE' 

IDLER WHEEL' 

FRAME 

SWITCH 

SPINDLE SUPPORT 

SPINDLE PIVO' 

ELECTRODE POSITIONING 
a TRIMMING DEVICE 

LECTRODE 

LOCATING BALL 

FUEL ELEMENT 
MAGAZINE 

SPINDLE 

INDEXING DEVICE 

r i INDEXING 
'CYLINDER 

T - I I I 

BASE 

PIVOTING BELLOWS 
CYLINDER 

106-5441-A 

The welding machine is designed to receive an 
"A" magazine filled with assembled pins. Since the welding gun operates 
in a ver t ica l position and since the manipulator is not easi ly capable of a 
horizontal insert ion motion, the welder is designed with a receiving station 
for the "A" magazine. The magazine, which has a ba l l -and-socket pos i ­
tioning fixture, is placed on the receiving device and is then swung into 
operating position. A cy l inder -and- ra tche t mechanism, rota tes the "A" 
magazine to expose the assembled elements to the welder . 

The r e s t r a i n e r s a re fed from a hopper and are 
del ivered to the assembly point in co r r ec t orientation for insert ion. The 
gr ip mechanism, which places the r e s t r a i n e r into the fuel-element can, 
will not re lease a r e s t r a i n e r if it detects the absence of an element or the 
presence of an element a l ready loaded with a r e s t r a i n e r . The spacer or 
r e s t r a i n e r is positioned to within "j^ "i"- °^ ^̂ ^ final position before it is 
r e leased from this station. 

At this point, each of the 20 fuel elements in the 
magazine r e s t s on a spr ing-loaded finger. As the magazine is rotated, 
each unit passes beneath a tapered ledge which fixes the height of the top 
of each assembly. As the units leave the wedge, they a r e held at this fixed 
height by cooling blocks p r e s s e d against the sides of the e lements . The 
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ledge and cooling blocks accompl ish two important functions. F i r s t , for a 
unit which is acceptable for welding, they fix the welding gap at a constant 
dis tance. Second, if the r e s t r a i n e r is not cor rec t ly positioned, ei ther too high 
or too low (or absent) , the deflection of the spr ing-loaded finger opens the 
welding c i rcu i t so that it will not function. The rejected assembly must 
then be inspected to de te rmine the cause of reject ion. This mechanical 
a r r angemen t reduces the number of faulty welds caused by incor rec t 
positioning. 

The welding cycle includes welding with a condenser -
d ischarge a r c in a hel ium a tmosphere . The welder electrode is tungsten 
and is of the nonconsumable type. Since it does undergo a l tera t ion or wear 
in use , provis ions have been incorpora ted to shear and reposi t ion the weld­
ing tip remote ly . Exper ience in the production of Core I fuel e lements in­
dicates that an e lec t rode will weld between 100 and 200 e lements before 

3 servic ing is requ i red . An automatic t r imming operat ion removes -g- in. 
f rom the e lec t rode . The initial e lec t rode length is 7 in., and the maximum 
usable length is Sy in. If, for purposes of preventive maintenance, the 
number of e lements welded per tip is held to 100, the useful life of an 
e lec t rode will be between 500 and 600 welds . This is of the o rde r of 
two weeks of fue l -e lement production at the ra te of 273 elements per week. 
The e lec t rode is replaced by trimnaing the remaining Sy in. to s c r ap and 
inser t ing a new 7-in. section of tungsten. Insert ion through an open, tapered 
hole is to be done by the e lec t romechan ica l manipulator . 

Welding is done in a helium s t r eam. To date, ex­
per ience with argon has not been successful ; cor rec t ions to the e lec t r i ca l 
c i rcu i t to compensate for the difference in ionization potential and a r c 
c h a r a c t e r i s t i c s of the argon have not been determined. An es t imate of the 
amount of helium used pe r 20-pin batch is 900 in.^ or about 3700 in.^/da.Y 
at s tandard conditions (the total amount of hel ium in Core I production was 
not m e a s u r e d ) . Since an es t imated 300 ft^ of f resh argon is to be added to 
the argon cell each day, the helium concentrat ion in the cell will stay below 
— pe rcen t . 

Unless the welding cycle is in ter rupted by an indi­
cation of a re jec t operat ion, the cycle will continue until the ent i re 20-pin 
magazine is welded. The Core I production was an attended operat ion, and 
lit t le exper ience in automat ic operat ion was gained. It should be added that 
there a r e very few visible effects which a r e indicative of welding malfunc­
tion. Since it is not p rac t i ca l to remove the "A" magazine after each weld­
ing operat ion and observe the product , it wil l be possible to produce a whole 
magazine of bad welds . A be t te r understanding of the e lec t r i ca l impulse 
used for welding could conceivably allow the use of a me te red c i rcui t that 
would indicate when a faulty weld was being made. 



F r o m the welding station, the magazine is t r a n s ­
f e r r ed to the a i r lock and through to the leak-detect ion station in the a i r 
cel l . 

2.1.11 Detection of Leaks in Canned Fuel P i n s i ^ ' ) 

The purpose of the leak-detect ion operat ions is to insure 
that the canned fuel pin or fuel e lement is gastight. This operat ion has 
the product of the welding machine as feed m a t e r i a l , and this product is 
sent to the bonding station. The integri ty of the fuel -e lement cladding 
insures that, as ide from rupture or failure of the can, the f ission products 
of the fuel e lement will be contained within the cladding and will not con­
taminate the p r i m a r y sodium coolant in the r eac to r . The necess i ty for 
detection of fine leaks of the fuel e lement is based on the fact that a p a r ­
tially sealed fuel e lement can be ser ious ly damaged by net sodium flow 
into or out of the e lement . 

The leak-detec t ion station is the f i r s t of the final s tages of 
fue l -e lement production. As the e lement leaves the argon cell , it has 
undergone all of the requ i red manufacturing s teps . In the a i r cel l , it is 
subjected to a s e r i e s of t es t s which de termine its acceptabil i ty for r e a c ­
tor inser t ion. Minor adjus tments , such as rebonding, may make some 
re jec ted pins acceptable . 

The EBR-II fuel e lement is designed with a gas void above 
the fuel and sodium. This void compensates for sodium expansion upon 
heating(58) and also provides space to accumulate f ission gases that may 
be re leased . Sodium expansion in the fuel e lement is caused by the en­
vi ronmenta l t e m p e r a t u r e changes from 100°F at the t ime of manufacture 
to 700°F in the subassembly s torage rack and to between 900°F and 1150°F 
when the r eac to r is a t power. 

If the re were a smal l leak in a fuel -e lement can, sodium 
could flow into or out of the fuel e lement by a mechan i sm known as "sodi ­
um pumping." Some of the sodium or gas would be forced out of the e l e ­
ment when it was heated up. Since the e lement is sealed at a tmospher ic 
p r e s s u r e , the i nc rease in p r e s s u r e upon heating would resu l t in sodium 
or gas flow to es tab l i sh a s imple p r e s s u r e equalization between the fuel 
e lement and its sur roundings . During reac tor operat ion, this equi l ibr ium 
condition would have no dele ter ious effect. Upon r eac to r shutdown, how­
ever , the p r e s s u r e equi l ibr ium would be dis turbed as the fuel e lement 
cooled and came into a t e m p e r a t u r e equi l ibr ium with the surroundings; 
there would consequently be a d e c r e a s e in in ternal p r e s s u r e . The p r e s ­
sure equi l ibr ium would be r e - e s t ab l i shed by a flow of sodium from the 
surroundings into the fuel e lement . Depending upon the size of the hole, 
the ra te of t e m p e r a t u r e r i s e of a fuel e lement at r eac to r s ta r tup , and 
the amount of compress ib le gas left in the e lement at the high t e m p e r a t u r e -
p r e s s u r e equi l ibr ium, a point could be reached where the exit of sodium 



from the e lement at high t empera tu re r i se would be so r e s t r i c t e d b y the hole 
size that the e las t ic l imi ts of the cladding envelope would be exceeded and 
the fuel e lement deformed. Ex t r eme p r e s s u r e r i se resu l t s in a fracturing 
of the cladding. If the hole was la rge enough to allow p r e s s u r e equi l iza-
tion to occur , the damage caused by r e s t r i c t ed flow would not take place, 
but escape of fission products would be probable . Since this reac to r is 
designed on the bas is that the f ission products will be r e s t r i c t ed to the 
fuel element , the integri ty of the envelope ( i .e . , the can) must be ensured. 
If sodium were lost from, the e lement and replaced by gas , melting or 
alloying of the cladding could occur due to absence of the sodium heat 
t ransfer bond. 

2.1.11.1 Design(57) 

Initial plans for leak testing included a s tandard 
sys tem for helium detection and the development of a leak-detect ion method 
that would successfully detect l a rge as well as smal l leaks . Initially, leak 
detecting was accomplished by p res su r i z ing with helium a closed vesse l 
which contained welded fuel e l ements . Then the container was flushed with 
a i r and evacuated, and any helium leaking out of a fuel e lement was detected 
by a helium m a s s spec t rome te r . Since the container had been p r e s s u r i z e d 
with helium, it was n e c e s s a r y to flush the sys tem with a i r before the evac­
uation step could successfully detect hel ium leaking out of a fuel element . 
If the leak was large (comparat ively) , the leakage ra te at normal a t m o s ­
pher ic p r e s s u r e was la rge enough so that under a vacuum all that was 
recorded was an initial spurt of hel ium. 

To overcome this initial inability to detect la rge 
leaks with cer ta in ty , another method of leak detection has been developed. 
This method involves sealing the top one-half inch of a fuel e lement in a 
container of known volume (see Figure 35). This top one-half inch contains 
the weld, the fuel cans having been leak tes ted before they were placed in 
the cell . A m e t e r e d amount of gas (helium) is forced into the known volume, 
and the resul t ing p r e s s u r e is recorded . If the weld is tight, the me te red 
volume of gas in the ca l ibra ted cavity produces a known p r e s s u r e which 
remains constant. If the e lement has a defective weld, the p r e s s u r e drops 
below the original value to one corresponding to the sum of the volumes of 
the cavity and the gas void in the e lement . If the p r e s s u r e continues to 
drop to near ze ro , then a leaking tes t chamber is indicated and the tes t is 
repeated . Exper ience with this type of leak tes t has permi t ted the ope ra ­
to rs to co r r e l a t e roughly the size of the leak with the ra te of p r e s s u r e drop. 
This method of leak detection has been successful enough to be adopted for 
all levels of leak detection (replacing the helium m a s s - s p e c t r o m e t r i c 
method and thereby reducing the number of leak detection operat ions) . 
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Figure 35 

FUEL-PIN LEAK T E S T E R ( 5 7 ) 
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2.1,11.2 Operation 

The leak-detect ion station as designed for the Idaho 
operat ion includes five test ing units and th ree stacking a r e a s . The f i r s t 
stacking a r e a is for an "A" magazine (feed), the second is for a "B" maga­
zine (acceptable product) , and the th i rd is a feed t ray for the decanning 
machine ( re ject product) . The ent i re test ing station is built into a table so 
that the work can be c a r r i e d on at no rma l working height. 

As there is a delay t ime to allow the p r e s s u r e to 
comie to equi l ibr ium, it was valid to design the station as a mult iple-uni t 
stand. The p r e s s u r e l e ak - t e s t station will consis t of five testing chambers . 
In the loading posit ion, the lower chamber , where the fuel element is 
placed, faces the opera tor (see Figure 35c). The angle of forward tilt of 
the loading chamber is equal to the angle of the manipulator arna, which 
allows the fuel e lement to be lowered into the chamber with a simple 
manipulator motion. A c i r cu la r gasket placed over the upper end (weld 
end) of the e lement is pushed down so that it r e s t s on the upper end of 
the lower chamber . The t e s t unit is act ivated, and the loading chamber 
is moved to a ve r t i ca l position by cam action and then upward to mate 
with the tes t chamber . This is the t e s t posit ion. The upward motion of 
the loading chamber agains t the t e s t chamber f i r s t posit ions the fuel e l e ­
ment aga ins t the top of the tes t chamber (the lower end of the element 
r e s t s on a spring base to allow for var ia t ion of e lement height) and, s e c ­
ondly, c o m p r e s s e s the gasket , sealing both around the fuel e lement and 
at the lower flange of the t e s t chamber . The tes t chamber is then p r e s ­
sur ized (with helium) through the me te r ing valve. The p r e s s u r e at the 
mete r ing valve is 1000 psi , and the volume of the valve is 0.004 in.'^. The 
volume of the tes t chamber (with a fuel e lement in place) is 0,0055 in.^. 
so that when the mete r ing valve is opened, the systena p r e s s u r e becomes 
about 420 ps i . The void space in an e lement is approximately 0.03 in. . 
Thus, if a leak ex i s t s , the resul t ing p r e s s u r e is approximately 100 psi . 
A p r e s s u r e t r ansduce r is used as the sensing e lement in the systemi. 

Fo r all but the mos t m.inute leaks , a period of 
10 min is adequate to make a de terminat ion . For very slow changes of 
p r e s s u r e , longer t imes a r e n e c e s s a r y to de termine whether the fuel e l e ­
ment or the sys tem is at fault. 

There a r e two methods of handling fuel e lements 
re jec ted at the leak-detec t ion station. These a r e (l) rewelding or (2) r e -
canning. P ins may be decanned and recanned if not damaged. Damaged 
pins would be recyc led to mel t refining. In the case of minor leaks , some 
success has been achieved (in Core I production) by subjecting the e lement 
to rewelding, although the effectiveness of rewelding is open to question. 
Very s t r ingent r equ i r emen t s have been es tabl ished for the welding ope ra ­
tion, pa r t i cu la r ly with re fe rence to the physical make -up and position of 



the par t s to be welded. Since an e lement to be rewelded may not mee t 
these r e q u i r e m e n t s , there is a question as to the ability of the rewelding 
operat ion to c o r r e c t deficiencies in the weld. There a r e three major types 
of weld defects: 

a) contamination of weld a r ea with sodium; 
b) faulty center ing; 
c) cold weld (spacing or power input fa i lures) . 

The f i r s t two defects do not respond to rewelding; the th i rd may, if the 
welding machine has been readjusted. The reject ion ra te for leaking pins 
during Core I product was about 4 percent . It would appear that a reweld­
ing operat ion should be t r ied , since the investment in t ime to reweld is 
much less than for the a l ternat ive of decanning the e lement and re t r ieving 
the fuel pin for r ea s sembly . There is no evidence that subjecting a fuel 
e lement to rewelding m o r e than one t ime has any value. 

Since leak detection is accomplished in the a i r cell , 
the problem of manipulat ion is simplified. The welded eleinents a r e t r a n s ­
por ted to the leak-detect ion station in the air cell in a 20-e lement "A" 
magazine , because the p r e s s u r e - t y p e leak detection is done on individual 
e lements ; unloading of the "A" magazine is an integral pa r t of the operation. 
The welded e lements from the p r e s s u r e tes t a r e placed in a "B" magazine 
( s imi la r to the "A" magazine except that its capacity is 50 fuel elements) 
for t r an spo r t to the bonding station. The "B" magazine is a cyl indrical 
magazine housing 50 e lements in a single pe r iphera l row. T ranspo r t of the 
"B" magazine from the p r e s s u r e - l e a k - d e t e c t i o n station to the bonding fur­
nace is accomplished by a bridge m.anipulator through the use of a ba l l -
and-coUet compliant lifting tool. M a s t e r - s l a v e manipula tors in the a i r cell 
a r e subsequently used in the operat ion of the bonding and bond-test ing 
equipment. 

Calculations indicate that in the helium leak-
detection operat ion, in which 10 pins a r e grouped together, the t empera tu re 
r i s e under the mos t adverse conditions will be 360°C.(17) jn the p r e s s u r e 
chamber , only the upper port ion of the e lement (nonfuel-bearing portion) 
is confined in a vacuum, and so a t empera tu re problem does not exist . 
The t empera tu re r i s e in the lower port ion of the fuel e lement surrounded 
by an enclosure but subject to convective cooling was calculated to be 
37°F. The t empe ra tu r e r i s e for e lements in a full "B" magazine has been 
calculated to be about SSO^F.ll^) if n e c e s s a r y , forced cooling can be used 
to reduce the t e m p e r a t u r e . 

2.1.12 Sodium Bonding and Bond Testing(5D) 

The purpose of the bonding and bond-test ing operat ions is 
to insure that sodium-fuel and sodium-cladding bonds have been optimized. 
The sodium envelope which sur rounds the fuel pin is p r ima r i l y a heat 
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t ransfer medium. The sodium level must extend high enough to insure 
coverage of the fuel as it expands longitudinally and yet not so high as to 
impair operat ion of the compress ion cushion of the gas void. The finished 
height of the sodium is checked to insure that it l ies within acceptable 
levels . The feed m a t e r i a l for the bonding and bond-testing operations is 
leak- tes ted fuel e lements , and the product is fuel elements ready to be 
assembled into r eac to r subassembl ies . 

2.1.12.1 Bonding (56,59) 

The inser t ion of the fuel pin into the sodium-filled 
can or jacket and the subsequent settling operation a r e p r imar i ly pos i ­
tioning s teps . Because the fuel element is not in its finished condition at 
that t ime, it was thought that the actual bonding and testing operations 

should await a t ime when no further work would 
Figure 36 dis turb the establ ished sodium bond or level. 

SODIUM DEFECTS IN 
FUEL R O D ( 5 6 ) 
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Three fuel pin defects can be cor rec ted in 
the bonding operation (see Figure 36). The most 
important defects a re gas bubbles or voids trapped 
in the sodium, par t icu la r ly on ei ther of the bond 
in ter faces . It is necessa ry that any entrapped gas 
in the sodium bond be moved to the void space at 
the top of the fuel element. The second defect is 
sodium that has been left on the inner jacket wall 
above the normal sodiuna level, and the third de ­
fect is a gas pocket which somet imes forms just 
under the end of the top spacer . 
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The methods which have been attempted to 
remedy these defects include high-frequency v i ­
brat ion, low-frequency vibration, and centrifuging. 
All of these methods were employed at elevated 
t empera tu re s . The initial core loading was made 
using 60-cycle vibration and t empera tu res of about 
500-550''C. Nonacceptable pins were rec la imed by 
a h igh- tempera ture centrifuging operation. The 

centrifuging operat ion was not deemed feasible for in-cel l operation as the 
large space requ i red and the problem of controlled heating of an in-cel l 
centrifuge appeared to necess i ta te too large an investment for a secondary 
operation. 
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Reject ra tes re la ted to bonding during Core I p r o ­
duction were as follows; 

a. Voids or bubbles = 7 percent ; 
b. Trapped sodium = 2 percent ; 
c. Spacer bubbles = 1 percent . 



Near the end of the Core I production run, 
two studies of the bonding problena indicated a need for changes in the 
t e s t s for bonding. The f i r s t study was an investigation of the p o s s i ­
bility that some of the bubbles noted in inspection were not actually gas 
bubbles but w e r e shr inkage voids. The second study was concerned with 
the effects of vibrat ion frequency and amplitude on the separa t ion of 
gas bubbles. 

The possibi l i ty that gas bubbles should be differ­
entiated froin shrinkage voids (produced upon solidification) a ro se because 
production test ing was done with fuel e lements which contained solidified 
sodium, whe reas at operat ing conditions (700°F minimum) the sodium 
would be liquid. Exper iments were run in which e lements re jected in 
the no rma l t e s t s (with sodium solidified) were r e t e s t ed with the sodium 
in the liquid s ta te . In addition, a s e r i e s of t es t s w e r e run in which voids 
or bubbles in a fuel e lement were recorded as a function of t empera tu re . 
This las t s e r i e s proved r a t h e r conclusively that in terna l shrinkage voids 
had existed and that they had been a cause of re ject ion in the normal tes t 
at room t e m p e r a t u r e . These studies have led to the conclusion that a c ­
ceptance t e s t s for sodium voids and bubbles should be run at t e m p e r a ­
tu res above the mel t ing point of sodium. 

In the second study, which was based on o b s e r ­
vations made during production bonding, the effect on bonding of 
low-frequency, high-am.pl itude motion was invest igated. The e x p e r i ­
menta l mach ines , cal led j o l t e r s or thumpers , impa r t an upward motion 
to the e lements and then r e t r a c t , allowing the e lements to fall back 
into thei r r ecep t ac l e s . The force of the re tu rn impact is used to den-
sify the sodium.-bonding l ayer . The good resu l t s obtained when low-
frequency, high-ampli tude bonding motion was used wa r r an t ed a. design 
change which incorpora tes these operat ing c h a r a c t e r i s t i c s into the 
machines for the Idaho operat ion (see Figure 37). This approach to 
bonding is a lso effective in shaking down sodiuna t rapped in the void 
space and freeing bubbles t rapped under the spacer . 

No individual fuel -e lement handling is r equ i red 
at the bonding furnace. The naagazine is placed in posit ion, and the 
heating and vibrat ing cycles a r e initiated. In the bonding operat ion, the 
spade end (lower end, see F igure 4) of the fuel e lement is housed in a 
slotted cup. This cup is designed so that it t r a n s m i t s the mechanica l 
force of the bonding v ibra t ion to the end of the cladding tube r a the r than 
to the spade itself. This is done to pro tec t the spade from possible 
damage during p roces s ing . 
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2.1.12.2 Bond Testing(56) 

The detection of voids in the sodiuna bond a rea is 
accomplished with an enci rc l ing-coi l eddy cur ren t probe (see Figure 38). 
Voids in the sodium induce changes in the coil impedance and therefore 
in the coil cur ren t . The remote ly operated naachine consis ts of (a) a 
pivoted loading and indexing platform capable of resunaing the bonding 
magazine and keeping the sodium in a liquid state during inspection, (b) an 
indexing device for indexing the magazine and placing the fuel rod in pos i ­
tion under the coil, (c) a s t a r t e r cylinder that places the rod into the 
gripping device at tached to the actuator hand, and (d) a drive motor that 
dr ives the band moving the rod through the coil. 

Bond-integri ty testing and sodiuna-level detection 
are both accomplished in a single operation. After the "B" naagazine is 
renaoved from the bonding machine , it is t ranspor ted to the tes t stand. 
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The orientat ion of the "B" magazine on the tes t station is fixed by means 
of an internal latching a r rangement . By using the latching naechanisna, 
the position of each pin undergoing the tes t is known. The tes t station is 
capable of indexing the naagazine so that each of the 50 e lements is brought 
to the tes t position. At the tes t position, the elenaent is pushed up frona 
its tube and through a tes t coil. A t r ace is made of the eddy cu r ren t r e ­
sponse v e r s u s the height of the e lement and the magazine position. The 
element is then lowered back into the magazine. Elements re jected after 
study of the eddy cu r ren t t r ace a re removed at a la ter stage. At the com­
pletion of this testing stage, the "B" magazine is t ranspor ted to the 
spade-and-wi re inspection jig. 

Figure 38 

EBR-II FUEL-ROD BOND TESTER^^^) 

DRIVE ROLLS 

DRIVE MOTOR 

STARTER 
CYLINDER 

SLIP RINGS 

CONNECTOR 

ACTUATOR BAND 

EDDY CURRENT COIL 

\ MAGAZINE SUPPORT 

HEATER SHELL 

INDEXING CAM 

.|N«:XING CYLINDER 

PIVOT CYLINDER 

BASE 

112-753 



Calculations have shown that voids l a rge r than jg- in, 
(per iphera l width) by j ^ in. (axial length) will have deleter ious effects on 
fue l -e lement heat t r ans fe r ; the detection method mus t be capable of de tec t ­
ing accura te ly this s ize of void. Exper imenta t ion has shown(56) that voids 
of the o rder of -^ in. in d iamete r can be successfully detected with the 
eddy cu r ren t method. The effect of t empera tu re of the sensing coil is 
iraportant. Although the effect of self-heat ing may not be great , the a p ­
proach that the bond t e s t should be run with the sodium molten r equ i re s 
that the coil not r eac t adverse ly to operat ion on fuel e lements in the 100-
200°C range . Initial m e a s u r e m e n t s were made with a commerc ia l sys tem 
(Cyclograph) which opera ted at 90 ki locycles per second. For operat ions 
at high t empe ra tu r e (120-130°C), a frequency of 130 kilocycles pe r second 
was found to give r e su l t s naore accura te and less sensit ive to t empera tu re 
var ia t ion. In addition, t e s t s a t 30 k i locycles per second with a point probe 
ra the r than an enci rc l ing coil showed stabili ty at the higher t e m p e r a t u r e s . 
At this wri t ing, it was planned to employ the point probe coil in plant 
opera t ions . 

2,1.12.3 Sodium-level Testing(56.59) 

Detection of the sodium level in a sealed fuel e l e ­
ment has been difficult to accompl ish . Initial a t tempts to d i sce rn the 
exact level w e r e done with the use of an eddy cu r r en t coil very s imi l a r 
to the one used for sodium void or bubble detection. It was found that 
the accuracy of this method and the acceptable to lerance for the sodium 
level were of the same o rde r . Thus, the rel iabi l i ty of decisions based 
on this method was poor. 

During the production of Core I, this naethod was 
so unrel iable that an a l te rna t ive method was introduced; X ray each fuel 
e lement and de te rmine the actual level from the X- ray negative. This 
method was t ime-consuming and not adaptable to the remote p r o c e s s . The 
X-ray approach was used to keep Core I in production while another a l ­
ternat ive method was developed. 

A more sens i t ive , more re l iable method was needed 
because the level to be m e a s u r e d was physically complex. When the sodium 
solidifies, an i r r e g u l a r surface is fornaed because of the meniscus and 
l iquid-sol id shr inkage. In many c a s e s the sodium surface is not only 
dished, but is a lso higher at one side than at the other . It is believed that 
this surface t i l t is caused by noncenter ing of a re s t r a ine r . The eddy c u r ­
ren t coil method of de terminat ion of sodium level is faced with a third 
complexity, nam.ely, that near the sodium surface there is a discontinuity 
in the in te rna l meta l l i c content caused by a change in d iameter of the 
r e s t r a i n e r . 



The high-frequency eddy c u r r e n t methods reflect 
changes in the sodium skin but a r e also sensit ive to the ent i re mietallic 
content of the fuel e lement . As the e lement is r a i s ed through the coil, the 
p re sence of the fuel core is reflected. Jus t below the a r e a of c r i t i ca l 
m e a s u r e m e n t , the top of the fuel pin is reached and the volunae consis ts 
of solid sodium. Following the sodium volume, the end of the r e s t r a i n e r 
appea r s , and the r e s t r a i n e r has a varying dianaeter jus t at the region 
where the upper sodium surface should be. Therefore , the signal from 
the eddy cu r ren t device becomes r a the r confused in the c r i t i ca l region. 
Recently, a twelve-coi l , differential , point -probe, eddy cu r ren t device 
has been used with very sa t is factory results,. This instrunaent has been 
ca l ibra ted against the X- ray data and shows good agreement . Additional 
development is r equ i red to produce a sat isfactory ins t rument for remote 
production. Plans at this wri t ing call for the use of a single coil of the 
point-probe differential type operat ing at 30 ki locycles per second for 
detection of both the void and sodium level (see Figure 37). 

2.1.13 Fue l -e l emen t Inspection and Assembly into Reactor 
Subassemblies 

The function of these operat ions is to conabine completed 
fuel e lements into a core subassembly that is acceptable for inser t ion 
into the r eac to r . The feed m a t e r i a l cons is ts of accepted fuel e lements 
frona the bond and sodium-level inspection station, as wel l as the ex t e r ­
nally produced components (blanket ends and hexagonal tubing). These 
m a t e r i a l s a r e fabricated into a subassembly for the r eac to r . The actual 
assembly and final welding operat ions a r e preceded by an inspection and 
sizing operat ion. The final step of the remote refabr icat ion operat ion is 
a tensi le and s t ra igh tness tes t on the completed subassembly . 

2,1.13.1 Fue l - e l emen t Inspection 

Although each pin-cladding jacket or can has been 
inspected before being sent into the glove box for sodium filling, a final 
inspection is per formed to recheck the jacket for possible danaage or 
a l te ra t ion that might have occu r r ed during fabricat ion. This step is not 
only an inspection p rocedure , but a lso a sizing or r epa i r s tep. The s i z ­
ing opera t ion is per t inent specifically to the spade fitting at the end of 
the e lement . The spade, the exact size of which is c r i t i ca l to the assembly 
operat ion, is the section mos t suscept ible to damage during the re fabr ica ­
tion operat ion. Since the finished fuel e lement r e p r e s e n t s a high inves t ­
ment in remote operat ions and since naany defects in the spade dimension 
can be co r r ec t ed , a sizing jig has been incorpora ted into this inspection 
step. This jig will size the spade in the following ways: 

a. c o r r e c t slot width (0.022-0.026 in. wide); 
b pa ra l l e l legs to each other and to the e lement 

ax i s ; 
c, no upset or d is tor t ions on spade legs . 
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In addition, a visual inspection is perforiaaed to insure that elements with 
obvious dents , c r e a s e s , or evidence of cor ros ion are not included in the 
subassembly . 

A facet of the refining and refabricat ion p rocess 
that has not been included in the plans to date is the cleanl iness (radio­
active contamination) of the fuel e lements . The cladding jackets a re 
cleaned before they enter the ce l l . Since they are new mate r i a l , no 
problem of decontamination exists at this point. The sodium-filled 
jackets a re t r anspor ted into the argon cel l . This cell , by design c r i t e r i a 
will be an a r ea of high contamination. The fuel e lements , during the 
p r o c e s s e s of fabrication, will become surface-contaminated. The major 
source of contamination of the air cell will probably be the contamination 
ca r r i ed by the m a t e r i a l s t r ans f e r r ed out of the argon cel l . 

The question of c leanl iness is re la t ive; hence, 
contamination of the a i r cell is a lso an expected and tolerable condition. 
The contamination of the p r i m a r y sodium system by fuel elements fabr i ­
cated in the Fuel Cycle Faci l i ty would, in the long run, appear to be of 
little consequence. However, the situation bea r s checking in actual 
operat ions , and, if s e r ious , facil i t ies for cleaning fuel elements and sub­
assembl ies could be considered. 

2.1.13.2 Assembly of S u b a s s e m b l y ^ ^ 

T-bar Grid 

The reinote assembly of 91 elements for a core 
subassembly (61 elements for a safety or control subassembly) into a 

hexagonal a r r a y , 2.3 in. ac ross the flats, requi res 
that control equipment be available which will insure 
the position of each of the components. In addition, 
a method of recording and indicating the co r rec t 
loading sequence is requi red . Once the elements 
a r e in place, the outer jacket is aaiechanically forced 
over the elements and the jacket is welded to the 
end piece. 

The initial operation is the insert ion of the 
lower blanket piece into the assenably machine. At 
the upper end of the lower blanket piece is the T-bar 
grid. The grid is aligned to a feed ra i l system. At 
the entry end of each feed ra i l is a loading fixture 
(see sketch this page). The loading fixture se rves 
two functions. It i s , f i rs t , a "go, no-go" gauge to 

insure proper orientat ion of the spacer wi re . In addition, the fixtures a re 
electronical ly controlled to insure the proper sequence of loading. A 
p r o g r a m m e r (located at the operating face of the a i r cell) indicates by a 

OOOOOOOOOOO 
1 2 3 4 5 6 7 8 9 10 !l 

Feed Rails 



bright light the proper loading fixture indicated by the p r o g r a m m e r ; the 
other ten f ixtures will not allow an e lement to pas s . As the e lement p a s s e s 
through the loading fixture onto the feed ra i l , the bright light on the prograna 
m e r is d immed to indicate an occupied position. 

As rows (normal to the loading direction) a re filled, 
a thin holder blade is posit ioned a c r o s s the front face of the row. Any 
misalignnaent of that row is indicated by fai lure of the holder blade to naake 
contact with a switch and to light an indicator light on a console. The 
p r o c e s s is continued until the proper number of fuel e lements have been 
loaded. Clamping f ixtures hold the assenabled e lements in the proper 
hexagonal a r r a y while the holding blades a re withdrawn. The clamping 
fixtures a r e not withdrawn until the hexagonal outer tube is s t a r t ed over 
the bundle. A fo rced -a i r cooling shroud which sur rounds the r e a r two-
thi rds of the bundle is used to minimize the effect of self-heat ing. 

Tempera tu r e s under conditions of self-heating of 
the refabr ica ted subassembly have been calculated for coolant flow in the 
axial d i rect ion. The effectiveness of coolant flow norma l to the fuel e l e ­
ments (as provided by the shroud) and for the possible heat r i s e with loss 
of coolant a r e cases which have not yet been considered, A s e r i e s of ex­
pe r imen t s is underway which will indicate the heat r i s e with and without 
coolant. 

To insure tight initial packing of the 91-e lement 
a r r a y , the outer hexagonal tube has been dimpled. These dimples a re 
20 nails deep and a r e posit ioned so that, in the finished a r r a y , they bear 
on the e lements in the a r e a where the hel ical ly wound spacing wi re is not 
at the e lement -hex tube interface. The problem in the assembly operat ion 
is that, in sliding the hexagonal outer tube over the a r r a y , the dimpled 
(compressed) sect ion m u s t pass over a r e a s where the hel ical w i r e s cause 
a maxinauna width. To allow the hexagonal tube to slide into posit ion, it 
is heat expanded jus t before it is forced over the e lement a r r a y . 

It was pointed out above that a forced-cooling 
shroud was provided to prevent overheat ing of the 91-e lement a r r a y . The 
shroud se rves in a dual capaci ty, as it is also designed to provide heating 
of the a r r a y . In the final s tages of assembly, some plas t ic i ty of the fuel-
e lement a r r a y , which aids in slipping the outer tube over the a r r a y , is 
provided by heating the e lements to a condition at which the sodium is 
liquid. The liquid sodium allows some e las t ic deformation of the e lement 
bundle. In actual operat ion, e i ther the heating or cooling capaci t ies of 
the shroud may be called upon, depending upon the degree of self-heat ing. 
In the production of Core I, the e lement a r r a y was heated to approxinaately 
250°C, The outer tube was heated to 750°C to 800°C, which provided the 
SOO'̂ C t empe ra tu r e differential n e c e s s a r y to pe rmi t easy assembly . 



The force n e c e s s a r y to push the outer tube into 
position is m e a s u r e d and controlled. Fo rce s used in the production of 
Core I va r ied between 125 and 300 lb. An a r b i t r a r y l imit of 185 lb has 
been set as the maximum force to be used in the remote assenably. The 
unit is capable of exert ing up to 2000 lb of force. 

The outer - tube assembly (the outer tube is p r e -
welded to the upper blanket and top piece before t ransfer into the air cell) 
seats on the shoulder of the lower end piece (a hexagonal flange) at the 
lower end of the lower blanket. Six condenser -d i scharge welding guns 
a r e posit ioned opposite the faces of the hexagonal flange. The welding 
guns a r e opera ted in sequence, and six welds a r e made between the 
outer tube and the lower flange. 

When the outer tube assembly is pushed into place, 
the cooling provided by the shroud is no longer effective. The grapple 
used to gr ip the outer - tube a s sembly will be equipped to blow a i r through 
the a s sembly as soon as the outer tube is seated on the lower flange. This 
cooling grapple is the sanae as the one used to remove the subassenably 
from the interbuilding coffin. 

The welding operat ion is the final manufacturing 
step in the refabr icat ion p r o c e s s . This s tep is followed by a final tes t 
and inspection. 

2.1.13.3 Final Tes t and Inspection 

The subassenably is subjected to a 3000-lb tensile 
load, and the welds a r e checked for dis tor t ion and integri ty. The sub­
assembly is then subjected to a s t ra igh tness check. The specifications 
on s t ra igh tness allow for a deviation of 0.040 in. Checking for s t ra ight ­
ness will be done by lowering the finished subassembly through a "go, 
no-go" fixture which is the length of the subassembly and will a l lowa sub­
assembly with a 40 -mi l bow to pass through under its own weight. 

The question of whether or not subassembl ies 
with excess ive dis tor t ion will be s t ra ightened or refabr icated has not 
been decided. Refabricat ion would be costly and t ime consuming; s t ra igh t ­
ening would requ i re equipment to d i sce rn the exact a r e a of distort ion and 
ve r sa t i l e equipment to counter the dis tor t ion. 

2.1.13.4 Final Operat ions 

Following the final inspection, the fuel subassembly 
is ready for r e tu rn to the r eac to r . The cooling grapple (which is put in 
place when the outer tube is added to the unit) is used to place the subas ­
sembly in the t r ans fe r coffin for r e tu rn to the r eac to r . At the r eac to r , the 
subassembly can be placed in the fue l -s torage basket of the p r i m a r y tank. 



2.1.14 Scrap Remelt ing 

Scrap meta l composed of short pin cas t ings , re jec ted pins , 
sha rds , and possibly heels from the inject ion-cast ing operat ion will be 
reiaielted into ingots for recycle (probably to the inject ion-cast ing opera ­
tion, but possibly to the mel t refining step) . The purposes of remel t ing 
this m a t e r i a l a r e to provide a separa t ion of good meta l from d ross and to 
provide ingots suitable for recycle to the inject ion-cast ing operat ion. 

No definite plans for special remel t ing equipment have been 
formulated; however, the regu la r mel t refining equipment can be used. 
Ei ther the regula r mel t refining cruc ib les of z i rconia or special thor ia -
coated graphite crucib les could be used. If a i rcon ia crucibles were used, 
the re la t ive skull size would be l ess than in melt refining, since only 
melt ing and pouring without a liquation per iod would be requ i red . If 
thor ia -coa ted graphite c ruc ib les were used, vir tual ly no reac t ion with the 
crucible would occur to inc rease the amount of d ros s above that contained 
in the charge m a t e r i a l . 

Exper imenta l work has been done on the remel t ing of 
in ject ion-cast ing heels in the casting furnace. A special thor ia -coa ted 
graphite r eme l t crucible with s eve ra l holes in its bottom was placed above 
the regula r c ruc ib le , and the heel p ieces were charged into the upper c ru ­
cible and mel ted . The molten naetal ran through the holes into the lower 
crucible , leaving the c r o s s with some me ta l behind as a skull or cake. 
This method of remel t ing has been used to separa te pieces of broken 
inject ion-cast ing molds from h e e l s . 

2.1.15 Overa l l Operation and Flow Diagram 

The detailed opera t ions requ i red to p r o c e s s fuel a r e shown 
in F igure 39. The major steps in the EBR-II fuel cycle were previously 
p resen ted in F igu re s 1 and 2. 
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Figure 39 (Contd.) 
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2.2 Auxiliary and Alternat ive EBR-II Fuel Cycle P r o c e s s e s 

In addition to mel t refining, there a r e two other p roce s se s in the 
EBR-II fuel cycle . One of these is a p rocess to recover the fissionable 
ma te r i a l renaaining as skull ma te r i a l in the melt refining crucible . The 
res idue or skull m a t e r i a l remain ing in a mel t refining crucible consti tutes 
about 10 percent of a mel t refining charge . Under conditions of repeti t ive 
recycle of core m a t e r i a l , the p roces s should provide for removal of the 
re la t ively noble fission products (naolybdenum, rutheniuna, rhodium, and 
palladium) which a r e not removed in the mel t refining p r o c e s s . In order 
to maintain equi l ibr ium concentrat ions of these elements in repet i t ively 
recycled fuel, it would be n e c e s s a r y to p roces s a smal l s ides t r eam* of 
ma te r i a l for removal of the re la t ively noble fission products . A natura l 
selection of m a t e r i a l for process ing in this s i de s t r eam is the skull r e m a i n ­
ing in the mel t refining c ruc ib le . Therefore , two objectives need to be 
achieved in process ing mel t refining crucible r e s idues : (l) the removal 
of noble fission product e lements ,** and (Z) the recovery of the contained 
fissionable m a t e r i a l . The p rocess developed for this purpose is called the 
"Skull Reclamat ion P r o c e s s . " 

The second additional p rocess requ i red in the EBR-II Fuel Cycle 
is a p rocess for isolat ion of the plutoniuna b red in the EBR-II blanket of 
depleted uran ium. The objective of this p rocess is to isolate the plutoniuna 
or upgrade i ts concentrat ion in uranium sufficiently so that it may be used 
for r e - e n r i c h m e n t of EBR-II fuel c o r e s . It is anticipated that plutonium 
will be allowed to "grow into" the blanket uranium to a concentration of 
about one percent before the blanket is d ischarged. The calculated m i n i ­
mum concentrat ion of plutonium in uranium requi red for core r e - en r i chmen t 
is about 40 percen t . Such plutonium-uranium alloy will be used, not in the 
f i rs t EBR-II co re , which employs U^̂ ^ as a fissionable ma te r i a l , but in sub ­
sequent cores which a r e intended to contain a la rge fraction of plutonium 
as the fissionable m a t e r i a l . However, the blanket p rocess will be demon­
s t ra ted and made suitable for util ization with future plutonium c o r e s . 

The position of the skull reclaiaiation (for rec la iming res idual 
uranium from fission product slag) and blanket p roces se s in the EBR-II 
fuel cycle is shown in F igure 2, page 16. These p roces se s util ize molten 
naetal and molten salt sys t ems as p rocess ing inedia. The p r o c e s s e s a r e , 
therefore , l e s s compact than the naelt refining p r o c e s s . However, there is 
considerable flexibility available in the choice of process ing conditions by 
which var ious p rocess ing goals can be met-

*In some r e p o r t s , this s i de s t r eam ma te r i a l has been called "dragout" to 
indicate a de l ibera te remova l of m a t e r i a l frona the main fuel cycle for 
process ing to remove noble ine ta l s . 

**Since alkaline and r a r e ea r th fission product elenaents a r e p resen t in 
the skull m a t e r i a l , having been removed from the bulk of the uraniuna 
in the naelt refining p r o c e s s , these , too, must be removed from the 
skull m a t e r i a l . 
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2.2.1 Skull Reclamation Process(36b,37c,39b,40,45b,48b,6l) 

2.2.1.1 P r o c e s s Descript ion 

As mentioned above, the skull rec lamat ion process 
complements the main melt refining process in the EBR-II fuel cycle. Its 
objectives a r e : (l) r ecovery of the uraniuiai that remains as a lining in the 
mel t refining crucible in a form known as skull ma te r i a l , and (2) s e p a r a ­
tion of this uranium froin accompanying fission products , thereby cont ro l ­
ling the concentration of fission products in the recycled fuel. At the time 
of this writ ing, the skull rec lamat ion process had become fairly well 
established in the form shown in Figure 40. 

Figure 40 
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The skull ma te r ia l is f i rs t oxidized under con­
t rol led conditions (in a 20 percent oxygen-argon atmosphere at 700°C) to 
convert it to an oxide powder which is poured from the cruc ib le . The 
oxides a re suspended in a naolten halide flux, and the noble meta l s 
(ruthenium, rhodium, naolybdenum, and palladium) a re removed by r e ­
duction with and extract ion into zinc. The zinc is then removed and d i s ­
carded. The flux-oxide mixture is then contacted with a dilute 5 percent 
magnesiuna-zinc alloy which reduces the uranium oxides and other fissior 
product oxides. The l ibera ted uranium and fission products dissolve in 



the z inc-magnes ium phase . The flux containing the magnes ium oxide r e ­
action product is then d iscarded . The u ran ium-magnes ium-z inc solution 
is t r a n s f e r r e d to a different crucible in which the uranium is precipi ta ted 
as a u ran ium-z inc inter metal l ic conapound (approxijaiately U2Zn23) by cool ­
ing the solution to about 5 00°C. Removal of the supernatant solution s e rves 
to reduce the volume and also provides removal of z irconium (which is 
p resen t as a fission product e lement and a contaminating element i n t r o ­
duced as crucible f ragments from the z i rconium oxide melt refining c r u ­
cible). The u ran ium-z inc in te rmeta l l i c compound is then decomiposed by 
the addition of magnes ium, which ex t rac t s the zinc and precipi ta tes u r a ­
nium a lmos t completely as me ta l . The r a r e ear th fission products , as well 
as ba r ium, s t ront ium, and any plutonium presen t , a r e removed in the s u p e r ­
natant magnes ium- r i ch zinc solution. The uranium precipi ta te (which is 
enveloped in the magnes ium-z inc alloy) is then r e to r t ed to drive off the 
res idua l solvent me ta l s and isola te the uran ium product . Only a smal l 
amount of plutonium is genera ted during i r rad ia t ion of the enr iched u r a ­
nium in the f i rs t core loading of EBR-II . Of this amount, the major portion 
(about 90 percent) is recyc led from the mel t refining p rocess to the r e ­
ac tor . The r e m a i n d e r , which en te r s the skull recovery p r o c e s s , is not 
p resen t in sufficient amounts to justify provisions for i ts r ecovery . 

Typical f ission product removals obtained in s m a l l -
scale demonst ra t ion runs of this p roces s were as follows: 

Consti tuent Pe rcen t Removal 

Ce r ium 95-98 
Zirconium 84-93 
Molybdenum 87-92 
Ruthenium 70-86 
Pal ladium 99 

Overal l r emova l s have ranged from 70 percent for ruthenium to 99 percent 
for palladiuna. For purposes of the EBR-II cycle, these remova l s a re 
sufficient. 

F r o m analyses of waste s t r e a m s , the overal l u r a ­
nium recovery in the skull r ec lamat ion p rocess is expected to be above 
95 percen t . Since only a fraction of the total fuel ma te r i a l (about ten p e r ­
cent) is p roces sed through the skull rec lamat ion p r o c e s s , this r ecovery 
is adequate . A loss of five percent of the uraniumi p rocessed via the skull 
rec lamat ion p roces s r e p r e s e n t s only 0.5 percent of the total fuel being 
p roces sed . Losses expected in the waste s t r e a m s from the skull r e c l a m a ­
tion p roces s a r e shown in Table 9-
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Table 9 

EXPECTED URANIUM LOSSES IN THE SKULL 
RECLAMATION PROCESS 

% Uranium Loss 
Step Expected 

Skull Oxidation 1 or l e s s 

Noble Metal Extract ion <0.1 

Reduction 0.4 

In termeta l l ic Compound Precipi ta t ion 0.3 

Uranium Metal Precipi ta t ion 0.7 

Total 1.4 < total < 2.5 

2.2.1.2 Mater ia l s of Construction 

Corros ion problems a r e pa r t i cu la r ly severe with 
the molten zinc alloy and fused salt sys tems used in the skull rec lamat ion 
p r o c e s s . Only the r e f r ac to ry meta l s (such as tantalum, tungsten, and 
molybdenum), alloys of these , or ve ry stable oxide c e r a m i c s (such as 
beryl l ia , alumina, or magnesia) pos se s s sufficient co r ros ion r e s i s t ance 
for considerat ion as container m a t e r i a l s . After considerable test ing of 
m a t e r i a l s and development of suitable methods of fabricat ion, the follow­
ing select ion of m a t e r i a l s has been made : 

For containing sys tems of the 
1 . . , . f tungsten 

noble me ta l - ex t r ac t ion and reduction steps ' 

] For containing sys teras of the two , , 
• ! -̂ 4. r beryl l ia 

u ran ium-prec ip i ta t ion steps ' 
For auxi l iary purposes ( ag i t a to r s , ! 30 w/o tungs ten-
t rans fe r l ines) in all sys tems J molybdenum alloy 

Tungsten has proved to be essent ia l ly iner t to the 
m e t a l - s a l t sys tems used in the skull rec lamat ion p r o c e s s . Corros ion t e s t s 
under p roces s conditions but at 850°C (50°C above the maximum process ing 
t empe ra tu r e ) have shown no detectable attack of tungsten after 5 00-hr e x ­
p o s u r e s . P r e s s e d - a n d - s i n t e r e d tungsten crucibles have been apparently 
unaffected by p rocess use for t imes of slightly over 1000 hr (accumulated 
use at the t ime of this wri t ing) . Tungsten is br i t t le at room t empe ra tu r e 
and must , the re fore , be handled with c a r e . However, at operating t e m p e r a ­
t u r e s (500°C to 800°C) tungsten is ductile, since on heating it pas ses through 
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a br i t t l e - to-duc t i le t rans i t ion at about 400''C. The l eas t expensive and an 
eminently sat isfactory inethod of p repar ing tungsten crucib les is by p r e s s ­
ing and s inter ing. By this technique, it is possible to p repare crucibles 
la rge enough for ful l -scale operat ion, i .e . , about 14 in. in d iameter by 
28 in. high. With the rapid developments in tungsten technology now accomL-
panying the use of tungsten in space vehic les , it is possible that other m e t h ­
ods of tungsten fabrication may eventually prove super ior to press ing and 
s in ter ing. 

A c e r a m i c m a t e r i a l which is not wetted by the meta l 
sys t ems is requ i red for the two uran ium-prec ip i ta t ion steps so that renaoval 
of the u ran ium-produc t concentra te (enveloped in a magnesiuna-zinc alloy) 
can be achieved. Since tungsten is well wet by this alloy, removal of this 
u ran ium product concentra te from tungsten (or; for the same reason , f rom 
any other metal crucible) would be very difficult. 

Beryl l ia , because of i ts high chemical stabili ty and 
i ts good the rmal conductivity (and hence good res i s t ance to thermal shock), 
and because it is not wet by the meta l s y s t e m s , has received p r ime cons ide r ­
ation as a container for use in the precipi ta t ion s teps .* Methods for f abr ica ­
tion of l a r g e - s i z e bery l l ia c rucib les were not developed until recent ly when, 
in cooperat ion with the Brush Beryl l ium Co., a miethod of crucible p r e p a r a ­
tion known as thixotropic cast ing was developed. In this prepara t ion p r o c e ­
dure , a thixotropic beryl l ia s l u r r y is cas t into the des i red shape in a steel 
mold. The product is reiaioved frona the mold, dr ied, and fired. Crucibles 
p r epa red by this method a r e supposed to be re la t ively free of in ternal 
s t r e s s e s . The thixotropic casting procedure appears applicable to the p r e p ­
ara t ion of l a r g e - s i z e c ruc ib le s , although none had yet been fabricated by 
this method at the t ime of this wri t ing. Very promis ing r e s u l t s , however , 
have been obtained with i n t e rmed ia t e - s i z e crucibles (4 in. in OD by 9 in. 
high). Such crucib les have withstood 400 hr of accumiulated p roces s use 
without apparent de te r io ra t ion . Essent ia l ly 100 percent removal of the p r e ­
cipitated uran ium concentra te has been consistent ly achieved from such 
c ruc ib l e s . 

Because tungsten is difficult to machine, it was n e c ­
e s s a r y to find a machinable alloy with suitable cor ros ion r e s i s t ance for 
fabricat ion of auxi l iary i t e m s , such as agi ta tors and t ransfe r tubes . A l ­
though l e s s cor ros ion r e s i s t an t than tungsten, a 30 percent tungs ten-
molybdenum alloy appea r s suitable for this purpose . Corros ion of the 
alloy occurs by slow leaching of the molybdenum. However, it is expected 
that component pa r t s fabr icated f rom this alloy will las t well over 1000 h r . 
Because the itenas to be made from this alloy a r e eas i ly rep laceab le , this 
l i fet ime is adequate. 

It is possible that a lumina or magnes ia may also be sa t is factory con­
ta iner m a t e r i a l s . 
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2.2.1.3 Ful l - sca le Equipment Design 

The skull oxidation equipment was previously d i s ­
cussed on page 74 . The design of the remainder of the ful l-scale equip-
laient for the skull rec lamat ion p rocess had not been s ta r ted at the t ime of 

this r epo r t . However, half-
scale , integrated equipment had 
been designed and was under 
construction for process d e m ­
onstrat ion on a fairly la rge 
sca le . It is thought that plant 
equipment will be very s imi lar 
to the demonstrat ion equipment. 
The design concept for this 
la t ter equipment is shown in 
Figure 4 1 . 

Figure 41 
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The equipment consis ts 
essent ia l ly of two la rge , normal ly 
s tat ionary, but easily r e p l a c e ­
able, c ruc ib les , each contained 
in a separa te furnace. One of 
these , a p r e s sed -and - s in t e r ed 
tungsten crucible (l2 in. in OD 
by 19 in. high), se rves for the 
f irs t two steps of the p roces s ; 

the other, a beryl l ia crucible , of about the sanae s ize, se rves for the two 
precipitat ion s teps . It is expected that the product, a concentrate of u r a ­
nium enveloped in a 50 percent magnes ium-zinc alloy, will be re tor ted in 
a suitably naodified naelt refining furnace. 

The crucibles a re positioned central ly within metal 
bell j a r s (about 30 in. in diameter and about 40 in. high) which can be 
tightly sealed for maintenance of a high-puri ty iner t a tmosphere . Heating 
will be effected by means of graphite susceptors heated by uncoated in ­
duction coi l s . Solution removal for the necessa ry phase separat ions will 
be effected by p ressu r ing the liquids out through dip tubes, a procedure 
known as p r e s s u r e siphoning. Two suitably designed and located p r e s s u r e -
siphon tubes '95) can be operated together to provide automatic separat ion 
of a naetal phase from a salt phase (see Figure 42). The liquids a re t r a n s ­
fe r red ei ther to the adjacent crucible or to waste r e c e i v e r s . 
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Figure 42 
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The major phase separat ion operations a r e : 

1) Separation of molten zinc containing noble f i s ­
sion e lements from the flux containing the skull oxide after noble naetal 
leach in the f i rs t c ruc ib le . This separat ion is made by cooling to about 
500°C, which freezes the flux but leaves the zinc molten. The zinc is then 
p r e s s u r e siphoned from beneath the flux to a waste container . 

2) Separation of molten zinc plus magnesium (con­
taining the dissolved fuel from the miolten flux) at about 800°C after the 
reduction in the f i rs t c ruc ib le . This separat ion is made by p r e s s u r e -
siphoning. The metal is d i rected to the second crucible , and the flux is 
d i rected to a waste conta iner . The siphoning operations can be made in ­
dividually or simultaneously by the automatic method. 

3) Separation of molten zinc plus magnesium from 
the precipi ta ted uranium-zinc in te rmeta l l ic compound in the second c r u ­
cible at about 500°C by p r e s s u r e siphoning the zinc to a waste container . 

4) Separation of molten magnesium plus zinc (con­
taining fission products) from the precipi tated uranium in the second c r u ­
cible . The separat ion is made at about 500°C by p r e s s u r e siphoning the 
magnes ium plus zinc to a waste container . 



5) R e t o r t i n g the u r a n i u m c a k e to d r i v e off the e x ­
c e s s magnes iumi and z i n c . 

A r e c y c l e a r g o n s y s t e m can be u s e d to a c c e l e r a t e 
the coo l ing of the c r u c i b l e s for flux f r e e z i n g and u r a n i u m p r e c i p i t a t i o n s . 

2.2.2 B lanke t P r o c e s s (61,62) 

The b l anke t p r o c e s s for i s o l a t i o n of p l u t o n i u m f r o m E B R - I I 
u r a n i u m b l anke t m a t e r i a l a l s o u t i l i z e s l iqu id m e t a l s o l v e n t s . S e p a r a t i o n of 
p l u t o n i u m f r o m u r a n i u m i s b a s e d on the h igh so lub i l i t y of p l u t o n i u m in 
m a g n e s i u m - r i c h so lu t ions and the c o n t r a s t i n g low so lub i l i ty of u r a n i u m in 
such s o l u t i o n s . The p r o c e s s , ou t l ined in F i g u r e 4 3 , i nvo lves d i s s o l u t i o n of 
the b l anke t m e t a l in a 12 w / o m a g n e s i u m - z i n c so lu t ion to a u ran iuna c o n ­
c e n t r a t i o n of about 14 p e r c e n t , add i t ion of m a g n e s i u m to about a 50 p e r c e n t 
c o n c e n t r a t i o n to p r e c i p i t a t e the u r a n i u m away f r o m the p lu ton ium, s e p a r a ­
t ion of p h a s e s , and r e t o r t i n g the ind iv idua l p h a s e s for r e c o v e r y of p l u t o n i ­
u m and u r a n i u m . 

F i g u r e 43 
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In T a b l e 10 a r e s u n a m a r i z e d the r e s u l t s of t h r e e d e m o n s t r a ­
t ion r u n s of the b l a n k e t p r o c e s s . The b l a n k e t p r o c e s s shown in F i g u r e 42 
w a s mod i f i ed s l i g h t l y in t h a t t he u ran iuna p r e c i p i t a t e w a s w a s h e d once wi th 
a 50 p e r c e n t m a g n e s i u m i - z i n c a l l o y . The good s e p a r a t i o n of p l u t o n i u m in 
h igh y ie ld in t h e s e r u n s i s v e r y e n c o u r a g i n g . The r a t i o of the weigh t of 
p l u t o n i u m in the s u p e r n a t a n t s o l u t i o n s to t h e s u m of the we igh t s of p l u t o n i ­
u m and u r a n i u m in t h e s e s o l u t i o n s [ P u / ( U + P u ) ] i s about 0,6 in a l l r u n s . 
T h i s s u b s t a n t i a l l y e x c e e d s t h e m i n i m u m r a t i o of 0.4 r e q u i r e d for e n r i c h ­
m e n t of an E B R - I I c o r e . In t h e s e r u n s , about 70 to 80 p e r c e n t of the 
s u p e r n a t a n t p r o d u c t p h a s e w a s r e m o v e d in the p h a s e s e p a r a t i o n o p e r a t i o n s . 
T h e s e r a t h e r low r e m o v a l s n e c e s s i t a t e d the u s e of a w a s h . Subsequen t 
w o r k on t h i s p h a s e s e p a r a t i o n h a s r e s u l t e d in p h a s e s e p a r a t i o n s of o v e r 
95 p e r c e n t , w h i c h would m a k e p o s s i b l e e l i m i n a t i o n of t h e w a s h . T h i s would 
r e s u l t in a l a r g e i n c r e a s e in the p l u t o n i u m s e p a r a t i o n f a c t o r (to a r o u n d 250) . 
It shou ld be p o i n t e d out a l s o t h a t , s i n c e u r a n i u m c o n t i n u o u s l y p r e c i p i t a t e s 
in the c o u r s e of e v a p o r a t i o n of the p l u t o n i u m p r o d u c t so lu t ion , i t i s p o s s i b l e , 
by r e m o v a l of a c o n c e n t r a t e d p l u t o n i u m so lu t ion n e a r the end of the e v a p o r a ­
t ion , to s e p a r a t e n e a r l y a l l of t h e uraniu ia i f r o m the p l u t o n i u m . 

T a b l e 10 

SUMMARY O F B L A N K E T P R O C E S S D E M O N S T R A T I O N RUNS 

(See b l a n k e t p r o c e s s in F i g u r e 43) 

S c a l e of O p e r a t i o n : 500 g of 1 p e r c e n t P u - U a l loy 

P l u t o n i u m P r o d u c t 
Run R e c o v e r y P u / ( P u + U) S e p a r a t i o n 
No . (%) R a t i o F a c t o r ^ 

1 92 0.65 168 
2 95 0 ,64 169 
3 93 0,61 157 

^ S e p a r a t i o n f a c t o r i s def ined a s P u / U r a t i o in p r o d u c t d iv ided 
by P u / U r a t i o in feed n a a t e r i a L 

T h e m a j o r p r o b l e m r e m a i n i n g i s t he i s o l a t i o n of p l u t o n i u m 
f r o m t h e m a g n e s i u m - z i n c s o l u t i o n . E v a p o r a t i o n of the m a g n e s i u m and 
z inc a p p e a r s t o b e t h e m o s t s t r a i g h t f o r w a r d p r o c e d u r e . 

T h e m a t e r i a l s of c o n s t r u c t i o n w i l l be the s a m e a s t h o s e 
e m p l o y e d in t h e sku l l r e c l a m a t i o n p r o c e s s , i . e . , t u n g s t e n in the u r a n i u m 
d i s s o l v e r , and b e r y l l i a in t h e u r a n i u m p r e c i p i t a t o r . It i s e x p e c t e d t h a t t h e 
e q u i p m e n t w i l l b e v e r y s i m i l a r to t h a t p l a n n e d for the sku l l r e c l a m a t i o n 
p r o c e s s ( s e e F i g u r e 41) , e x c e p t t h a t , in addition., an e v a p o r a t o r w i l l be 
n e e d e d for bo i ldown of the p l u t o n i u m p r o d u c t so lu t i on to a use fu l voluiaie. 



2.2.3 Other Liquid Metal P r o c e s s e s 

Liquid me ta l p r o c e s s e s a r e also being developed for the 
purif ication of other fuel m a t e r i a l s , with major emphasis being given to 
future EBR-II core loadings, which a r e expected to contain plutoniuna as 
the f issionable m a t e r i a l . Various actinide element compounds can also 
be p r epa red in liquid meta l media . Uranium and plutonium ca rb ides , s i l i -
c ides , and sulfides, for exaiaaple, show considerable p romise as high-
per formance r e a c t o r fuels, and it appears that pyrometa l lu rg ica l 
techniques can be adapted to the p repa ra t ion and p rocess ing of such 
fuels as well as me ta l fuels. 
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2,3 Phys ica l Metal lurgy of Core I, EBR-II Fuel (Uran ium-F i s s ium Alloy) 

2.3.1 Introduction 

The purpose of this chapter is to review the physical -
meta l lurgy data that has been developed with r e spec t to the u ran ium-
5 w/o f i ss ium alloy fuel to be used in the f i r s t EBR-II core . Many facets 
of the phys ica l meta l lu rgy of u ran ium-f i s s ium alloys have been invest i ­
gated,'^*^»"^'"^»^^' For exanaple, Jel inek et a l . , have descr ibed work on 
the fabricat ion of EBR-II , Core I fuel pins.(5*^»51,66) _̂ g -̂ĵ g equipment 
and p rocedures to be employed in the Fuel Cycle Faci l i ty a r e developed and 
establ ished, this genera l work can be applied to the specific aspec ts of the 
p r o c e s s . At this wri t ing, the complete designation of the p a r a m e t e r s of the 
cycle is uncer ta in , as only after the actual s ta r tup of the fuel cycle will 
enough information be available on the p r o c e s s and the facility to allow a 
p r e c i s e cycle to be designated, 

2.3.2 Genera l Metal lurgy 

The alloy r e f e r r e d to as f i ss ium or f i ss ium-type alloy (in this 
case , u r a n i u m - 5 w / o f issium) may be defined as an alloy containing a n e a r -
equi l ibr ium amount of f iss ion products that would resu l t from an infinite 
number of i r r ad ia t ion and pyrometa l lu rg ica l r ep rocess ing cycles (see Table 1, 
p, 19 for composit ion). The init ial alloy conaposition has been adjusted to 
approach the calculated equi l ibr ium conaposition and thereby reduce the 
magnitude of p roper ty changes inherent in the recycl ing of r eac to r fuel. 

In genera l , the mel t refining p r o c e s s removes the following 
e lements near ly completely f rom the d ischarged fuel: krypton, xenon, 
rubidium, ces ium, cadmium, s t ront ium, ba r ium, y t t r ium, the r a r e ea r th s , 
te l lur iumj iodine, and bromine , ei ther by volat i l izat ion or by select ive oxi­
dation and inclusion in an oxide d r o s s . These e lements conaprise 67 w/o of 
the f ission products genera ted per r e a c t o r pas s . F i s s ion products showing 
vi r tual ly no par t i t ion frona the u ran ium naetal in mel t refining include 
zirconiunij niobium, molybdenum, technet ium, ruthenium, rhodium, palladium, 
s i lver , indium, tin, and antimony. These e lements compr i se 33 w/o of the 
fission products genera ted per r e a c t o r p a s s . 

The es t imated equilibriuiai concentra t ions of the eleaaients that 
a r e not separa ted f rom the alloy on mel t refining a r e shown in Table 11, 
While the concentra t ions shown in Table 11 a r e only approximat ions , they do 
show that, with the exception of technetiuna and zi rconium, the alloy conapo­
sition is not expected to show major var ia t ion frojaa cycle to cycle. 
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Table 11 

ESTIMATED EQUILIBRIUM COMPOSITIONS OF EBR-II FUEL ALLOYS 

Element 

Z r 
Nb 
Mo 
Tc 
Ru 
R h 
P d 
Ag 
In 
Sn 
Sb 

Fiss ion Yield^ 

29.36 
1.58 

21.70 
6.2 

15.73 
2,81 
1.61 
0.10 
0.04 
0,34 
0.22 

Initial 
Fue l Alloy 

0.1 
0.01 
2,46 
0 
1.96 
0.27 
0.19 

_ 
-
_ 
-

Concentrat ions 

Discharged 
^ Fuel Alloy 

0.35 
0.023 
2.71 
0.10 
2.12 
0.31 
0.21 

_ 
-
_ 
-

(w/o) 

Melt 

in : 

-ref ined Alloy 
after 10% Dragout 

+ '- 10% Makeup 

0.31C 
0.02C 
2,44 
0,09^ 
1.91 
0,28 
0.19 

-
-
-
-

a-Fission yield is in a toms per 100 a toms of U^^^ fissioned after 
135 days of i r r ad ia t ion and 15 days of cooling. 

" This alloy is a nonainal alloy composit ion - a calculated equi l ibr ium 
composit ion for about seven percen t "dragout" which was designed to 
give a total alloying e lement concentrat ion of 5 w/o . It differs from 
that given in Table 1, p. 19, which is the actual fuel composition. The 
slight changes occur r ing in naolybdenum, ruthenium, and rhodium con­
centra t ions in the las t column ref lect the use of a 10 percen t "dragout" 
r a the r than a seven percen t "dragout ." 

^ Not equi l ibr ium concentra t ions . The concentrat ion changes a r e those 
which occur in the f i r s t fuel pass through the r eac to r . Howeverj be ­
cause of the 35-day half-life of niobiunij its equi l ibr ium concentrat ion 
will r ema in in the vicinity of 0.01 percent . 

Of the eleven meta l s which tend to build up in the recycled 
f i ss ium alloys technet ium is the one whose effect is l eas t known. Since no 
stable isotope of technet ium ex is t s , l i t t le exper imenta l work has been done 
with it that would be per t inent to this alloy. The chemica l behavior of tech­
net ium r e s e m b l e s that of rhenium, and i ts c rys t a l s t ruc tu re is the same as 
that of rhenium and ruthenium. The effect of buildup of this e lement in the 
alloy will be of major in te res t . In studies of the alloy, the amounts of m o ­
lybdenum and ruthenium were inc reased as a substi tute for technetium.!°'7) 
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Calculations indicate that about 0,25 w/o of z irconium will 
be generated in each pass of EBR-II fuel. If a relat ively minor removal of 
z i rconium in melt refining is effected (about 5-10 w/o is expected), the fuel 
resul t ing from 10 passes (with make-up uranium added that contains no 
zirconium) will contain approximately 1.7 w/o z i rconium in addition to 
5 w/o f iss ium. This alloy could be more reasonably re fe r red to as 
U-5FS-1.7 Zr (concentrat ions in weight percent) . In the light of this p rob­
able i nc rease in the z i rconium content, work has been done on an alloy 
whose composit ion is U - 5 F s - 2 , 2 5 Zr . '68) 

In studies of a family of u ran ium-f i ss ium alloys, Zegler 
and Nevitt^ ' ^ found that the phase relat ionships para l le l closely those 
in the dominant U-Mo-Ru t e rna ry sys tem which has been studied by 
Dwight,!°" ' F igure 44 shows a ve r t i ca l section of this t e rna ry sys tem in 
which the weight ra t io of molybdenum to ruthenium is 1 to 0.8, approxi­
mately the ra t io of the two e lements in the uranium-f i ss ium alloy. 

F igure 44 

VERTICAL SECTION THROUGH THE URANIUM-
RICH CORNER OF THE U-Mo-Ru TERNARY 
SYSTEM AT THE Mo:Ru RATIO OF 1:0.8(69) 
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The parent meta l in this alloy, uranium, exhibits anisotropic 
behavior, par t icu la r ly in the rmal expansion. The meta l is al lotropic, 
exhibiting an alpha phase (orthorhombic) stable up to 668°C, a beta 
phase (tetragonal) stable from 668°C to 774°C, and the gamma phase 
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(body-centered cubic) stable above 774°C. In the alpha phase, the anisotropic 
thermal -expans ion p roper t i e s* have given r i s e to permanent growth or d i s ­
tort ion of uran ium fuel sections upon the rmal cycling. In the beta phase, the 
coefficients of the rmal expansion show anisotropic behavior but of less 
severi ty , as the expansion in two crys ta l lographic direct ions is equal. In the 
cubic gamma phase, no anisotropy is present . 

One of the major r easons for alloying reac to r fuel is to inhibit 
the t ransformat ion from the gamma to the alpha phase, so as to make pos ­
sible the retent ion of the gamma phase at r eac to r operating t empe ra tu r e s . 
Of equal importance a r e the advantageous changes in physical p roper t i es of 
the uranium al loys. It should be added that where pure (or near ly pure) u r a ­
nium is used, a heat t r ea tmen t which produces a random grain orientation is 
used, thereby minimizing the effects of anisotro^jy. The problem is that most 
fabrication methods produce a p re fe r r ed orientation in the grain s t ruc ture 
which cannot be fully randomized by heat t rea tment . In the uran ium-f i ss ium 
(U-Fs) alloy for EBR-II , the fuel rods a r e cas t to exact d iameter and sheared 
to length. This method of fabrication does not introduce a p re fe r red grain 
orientation so that dimensional changes on therm.al cycling a r e expected to 
be minimized. 

As mentioned ea r l i e r , the phase- t ransformat ion relat ionships 
of the uran ium-f i ss ium alloys a r e s imi la r to those of the dominant u ran ium-
molybdenum-ruthenium te rna ry alloy. A comparison of the phase t ranforma-
tions is shown in Table 12. The phase relat ionships of the uran ium-f i ss ium 
alloys, in addition to the thermal -expans ion phenomena, a r e important to the 
fuel-cycle p rocess by reason of their effects on hardness , density, and r ad i ­
ation res i s t ance of the al loys. 

Table 12 

COMPARISON OF PHASE TRANSFORAL^TIONS IK 
VARIOUS URANIUM A L L O Y S T S T T ^ 

Tempera ture (°C) 

U-Mo-Ru 
[5 w/o (Mo + Ru) 

Ratio 1.0:0.8] U-5 w ' o Fs 2.25 w/o Zr 

Gamma 2: Gamma i UjRu ~7S0 ( 1 3 8 0 ° F ) 7 2 5 ( 1 3 3 7 ° F ) 

Gamma -̂  U,Ru i^ Gamma + Alpha -r UjRu -625 { 1 1 5 7 ° F ) 642fl l88°F) 

Gamma >• Alpha - UjRu ^̂  Alpha + Delta ^ U2RU ~560 ( 1 0 4 0 ° F ) 5 5 2 ( 1 0 2 5 ° F ) 

Gamma # Gamma ^ ZrRu Above 975!'1787°F) 

Gamma - ZrRu - Gamma + Alpha + ZrRu 662(1224°F! 

Gamma - Alpha + ZrRu - Alpha ~ Delta + ZrRu 552a025°F) 

* Alpha uranium is or thorhombic. Its mean thermal expansion coeffi­
cients between 25 and 125°C in the three principal crys ta l lographic 
direct ions a r e : ag = 21.7 x 10"^, bg = -1.5 x 10"^, and 
Co = 23.2 X 10"^ in . / in . / °C . 
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Although the addition of alloying agents does reduce the 
t empera tu re at which the gamma- to -a lpha t ransformat ion takes place, a 
more prac t ica l aspec t of the alloy addition in fuel prepara t ion is that of 
making the t ransformat ion ra te sluggish enough so that a metastable gamma 
phase can be obtained by quenching. 

2.3.3 Fac to r s Relevant to Pin Production 

2.3.3.1 Tempera tu re and Phase Transformations 

It is important to the refabrication operations that 
the alloy contain retained gamma phase. This requi rement is the resu l t of 
the high hardness values and the density increase which occur as a resul t 
of the t ransformat ion from the gamma to the alpha phase. Experience in 
the fabrication of the initial core loading for EBR-II showed ra ther conclus­
ively that an inc rease in hardness of from about 200 V.H.N (Vickers Hard­
ness Number) for the gamma- re ta ined alloy to about 500 V.H.N, for the 
a lpha- t ransformed ma te r i a l made fuel-pin shearing a difficult, if not im­
pract ica l , operation. In addition, the at tainment of proper sodium levels in 
canned fuel e lements is complicated by dimensional changes which accom­
pany phase changes that occur after the casting step. Klethods have been 
found to control the t ransformat ions in the production of the initial core 
loading. In actual fuel-refabr icat ion operat ions , the effect of self-heating 
may have a pronounced effect on maintaining the required phase relat ion­
ships. A plot of the expected t empera tu re s versus t ime (or operation 
during fuel reprocess ing) is shown in F igure 45. Two a reas of possible 
importance in the t i m e - t e m p e r a t u r e phase relat ionship have been designated 
on Figure 45 as A and B. 

Figure 45 

EXPECTED FUEL TEMPERATURES DURING 
EBR-II PROCESSING CYCLE 

(135 Days Irradiat ion to 2 a /o Burnup, 
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2.3.3.1.1 Casting and Quenching 

In the d iscuss ion of sodium level in fuel 
e lements , (see p. 105) the impor tance of blas t quenching was discussed. It 
was naentioned that the re tent ion of pure gamma phase in cas t pins is i m ­
probable , but that the adjusted cooling ra te provided by the b las t quench did 
appear to equalize the percen t of re ta ined gamma phase throughout the 
batches of 120 to 160 pins . In addition to effecting an equalization of the 
pe rcen t of gamma phase re ta ined, the blas t quench technique also helps 
ensure that enough of the gamma phase is re ta ined to pe rmi t the shearing 
operat ion to proceed without difficulty. 

The u r an ium-5 pe rcen t fission alloy as 
ca s t in the labora tory has a ha rdness of approximately 200-225 V.H.N. The 
alloy given a gamma quench (82 5°C for 66 hr and water quenched) has a 
ha rdness of 150-200 V.H.N. The alloy as cas t in the prototype injection-
cast ing furnace without the benefit of b las t quenching has a ha rdness of 
approximately 267-312 V.H.N. (63-66 Rockwell A),'"^'-'^ Indications from the 
production of Core L ^' a r e that if enough re ta ined gamma can be maintained 
to keep the fuel ha rdnes s in the range of 350-450 V.H.N., the end shearing 
operat ion, as now designed, will opera te adequately. The fully a lpha-
t r ans fo rmed m a t e r i a l (alpha + delta + UjRu) has a ha rdnes s of about 
550 V.H.N, and is not amenable to the p resen t shear ing methods. Losses 
of the o rde r of 30 percen t due to improper shear ing and breakage have r e ­
sulted when a lpha-phase fuel was p rocessed . 

2.3.3.1.2 Bonding 

An examination of Table 13 shows that, 
for the t e m p e r a t u r e s used in the bonding operat ion (SOO-SSO^C), the alloy 
is fully t r ans fo rmed to alpha before the 3-hr bonding per iod has elapsed. 
A r e p o r t ' 5 " / dealing with the methods used during Core I production and 
with the proposed " impact" method of bonding s ta tes that maximum bonding 
efficiency was reached at a 500°C bonding t e m p e r a t u r e . Lowering the t em­
p e r a t u r e dec reased the bonding efficiency, although it was believed that, if 
dec reased t e m p e r a t u r e s were requi red , an acceptable lower l imit would be 
400-450°C, The ha rdness data presen ted in Table 13 indicate that, if the 
alloy is held at 3 75°C for 3 hr and if the a s - c a s t r a the r than the ganama-
quenched alloy is used, the alpha t ransformat ion will go to completion. 
This indicates that the 400-450°C bonding range would not be low enough to 
be effective in re ta ining a gamma-phase alloy. 

Related to this d i scuss ion of the phase -
t rans format ion effect of the bonding operat ion (for h e r e the concern is with 
the fuel sent to the reac tor ) is the fact that the alloy, after completion of 
the subassem.bly, is placed in a 700°F (370°C) sodium environment in the 
fue l - s to rage rack . Although any individual e lement may have a long (days) 
or shor t (hours) stay in the fue l - s torage rack, it is a lmos t ce r ta in that the 
alloy will exper ience the 3 to 5 hr at 375°C n e c e s s a r y for alpha t ranformation. 
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T a b l e 13 

P H A S E - T R A N S F O R M A T I O N R A T E S O F URANIUM-FISSIUM ALLOYS(67) 
AS INDICATED BY CHANGES IN VICKERS HARDNESS N U M B E R S ^ 

H e a t T r e a t m e n t V i c k e r s H a r d n e s s N u m b e r 

Tern-e m p . 

825 

500^ 

375 

300< 

200C 

T i m e 

66 h r 

5 
15 
25 
45 

1 

5 
15 
25 
45 

1 

m.in 
m i n 
m i n 
m i n 
h r 

m i n 
m i n 
m i n 
m i n 
h r 

5 h r 

1 
3 

h r 
h r 

5 h r 
7 h r 

10 h r 

1 h r 
10 h r 
30 h r 
70 h r 

U - 5 % F s 
(As C a s t - 214) 

156 - 219 

455 
549 
542 
546 
552 

2 52 
256 
261 
268 
272 
553 

200 
230 
240 
260 
300 

190 
210 
220 
260 

U - 5 % F s - 2 ,25% Z r 
(As C a s t - 375) 

261 - 289 

561 
546 
536 
536 
553 

452 
481 
493 
506 
521 
549 

^ A u r a n i u m - 5 p e r c e n t f i s s i u m a l l oy h a s a V i c k e r s H a r d n e s s N u m b e r 
of 150-200 when in the g a m m a p h a s e and of 550 when in the a lpha 
p h a s e . I n t e r m e d i a t e n u m b e r s i n d i c a t e p a r t i a l t r a n s f o r m a t i o n s f r o m 
the g a m m a to the a l p h a p h a s e . 

t>Heat t r e a t m e n t s a t 500, 375, 300, and 200°C w e r e p r e c e d e d by h e a t 
t r e a t m e n t for 66 h r a t 825°C and w a t e r quench ing . 

C D a t a a t 200-300°C i s f r o m BMI-1123(^3) g^^d i s for an a l loy of a p ­
p r o x i m a t e l y the u r a n i u m - 5 p e r c e n t f i s s i u m c o m p o s i t i o n . 
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At reac tor operating t empera tu re s 
(central fuel t empera tu re of 1 1 5 0 - 1 2 0 0 ° F ) , the alloy will t r ans fo rm to a 
predominantly gamma and alpha + UgRu s t r u c t u r e . Those elements whose 
t empe ra tu r e exceeds 642°C will t r ans fo rm to a gamma + UjRu s t ruc tu r e . 
There is l i t t le evidence that any i r radia t ion- induced phase r e v e r s a l s , such 
as a r e seen in the uranium-molybdenum\o4,72,73) a l loys , a r e exhibited by 
this al loy. 

The specific effect of phase cycling under 
i r r ad ia t ion is an a r e a worthy of further investigation, since he re is a p o s s i ­
ble source of dele ter ious radiat ion effects. In the init ial core loading, 
105 e lements dis t r ibuted among 15 subassembl ies have been given special 
p repara t ion and will se rve as a bas i s for an analytical study of the fuel at 
operating t e m p e r a t u r e s experienced under actual r eac to r conditions. Plans 
for this experimient include the removal of a portion of the ma te r i a l at l e s s 
than maximum burnup, so that an indication of the effects of radiat ion over 
a burnup range can be l ea rned . 

2.3.3.2 Effects of Additional F iss ion Product Alloying 
Occurr ing during Fuel Burnup and Recycle 

2.3.3.2.1 Zirconium 

Data in Table 11 indicate that the u ran ium-
5 w/o f iss ium alloy has an equil ibr ium composit ion except with r e spec t to 
technet ium and z i rconium. It is known that z i rconium is not removed effec­
tively during the p resen t mel t refining process.^-^^^ The zirconium content 
can be reduced by the addition of carbon, however, s ince, under mel t ref in­
ing conditions, z i rconium carbide is more stable than uranium carb ide . The 
carbon drossing causes about a 2 percent dec rea se in yield and inc reases 
the carbon content of the alloy to 350-500 ppm. However, because of diffi­
cult ies in the mechanics of remote ly adding controlled amounts of carbon to 
the alloy, the ca rb ide -d ross ing procedure has not been included in the 
p r o c e s s . 

The consequence of not reducing the 
z i rconium content by carbide dross ing is an i nc rease of z irconium content 
in each success ive reac to r cycle . Because of the expected zirconium con­
centrat ion i nc r ea se , an alloy of the composit ion of u ran ium-5 percent 
f iss ium-2.25 percent z i rconium was investigated.^"'- ' As is seen in Table 13, 
the alloy is init ially ha rde r (both as cas t and annealed) than u r a n i u m - 5 - p e r ­
cent f iss ium, and retent ion of the gamma phase by quenching will be much 
more difficult. At t e m p e r a t u r e s near 375°C and at t imes of the order of 
0.1 h r , the alloy reaches the ha rdness range which causes shearing difficul­
t i e s . While the re is no exper imenta l evidence about alloys with z i rconium 
concentrat ions between the u ran ium-5 percent f issium (zirconium concent ra ­
tion is 0.1 percent) and uran ium-5 percent f iss ium-2.25 percent z i rconium, 
it may be supposed that as the z i rconium content i n c r e a s e s , the sluggishness 



of the gamma- to -a lpha t ransformat ion d i sappears . F igure 46 shows the 
t ime - t empera tu re - t r ans fo rma t ion ( T T T ) d iagram for an approximate 
u ran ium-5 percent f issium alloy.(63) The effect of the zirconium increase 
will be to push the knees of the curves to the left and make retention of the 
gamma phase more difficult. 

F igure 46 

TIME-TEMPERATURE RELATIONSHIPS FOR THE 
BEGINNING AND END OF THE HARDNESS 

INCREASE IN AN ISO THERMALLY TRANSFORMED 
FISSIUM ALLOY ( B M I - 1 123)(63) 

8001 1 

7 0 0 ^ -

STABT OF TRANSFCRWATIOfJ 

!0 00 1,000 10,000 100,000 1,000,000 
TIME seconds 

2.3.3.2.2 Technetium 

Of in te res t in p rocess metal lurgy will 
be the effect of technetium on the alloy p roper t i e s . This element is p r o ­
duced during fuel burnup to the extent of 2 a /o at the ra te of approximately 
0.1 w/o per cycle. Indications a r e that no effective removal of technetium 
will occur in the melt refining process.l^"^) It has been estixnatedC^"*) that, 
after many cycles , the alloy composition will contain about one weight pe r ­
cent technetium. As was mentioned ea r l i e r , because alloy studies with 
technetium have to be done with radioactive mater ia l , little information is 
available on the alloying p roper t i e s of this element. No information is 
available on the alloying effect of technetium in the f issium alloys. 

2.3.3.3 Effects of Contaminants on Fuel Alloy P iope r t i e s 

There a r e many possible contaminants of the alloy 
which can be introduced in fue l - reprocess ing operat ions. Metallurgically, 
the c losed-cycle aspects a r e an innovation, since, in general , metals a r e 
subject to only one alloying cycle and the dilution percentages in sc rap 
recycle normal ly a r e la rge . In this par t i cu la r case, contaminants picked 
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up during the remel t ing and refabr icat ion cycles , unless removed in the melt 
refining stage, can build up in the alloy. Of the ma te r i a l s that can be con­
s idered contaminants in the alloy, the following (and their sources) a r e 
d iscussed: 

Contamiinants Source 

Thoria Thoria mold wash 

Iron, Nickel, Chromium Cladding m a t e r i a l 

Silicon Vycor molds 

2.3.3.3.1 Thoria Wash 

Each mold is coated internal ly with ap­
proximate ly Y g of thoria wash (98 percent thor ia-2 percent kaolin). If as 
m.uch as one-half of the wash were to stay with the pin (an unlikely poss i ­
bility), the contamination frora this source would amount to 22 g of thoria 
per 6-kg batch of alloy. While no m.easurements were taken during the 
production of Core I, v isual observat ions indicate that no more than t r ace 
amounts of the wash adheres to the cas t pin. The thor ia is not expected to 
be dele ter ious to the mel t refining p r o c e s s , and it is expected that it will 
be removed by mel t refining. 

2.3.3.3.2 Stainless Steel Contamiinants (Iron, Nickel, 
and Chromium) 

The possibi l i ty exis ts that chips, dust, or smal l 
sect ions of s ta in less cladding can get into the alloy from the decanning 
operat ion. Iron, chromium, and nickel will not be removed in the mel t r e ­
fining step, and the effect of smal l amounts of these elements on the alloy 
a r e not known. 

2.3.3.3.3 Silicon 

Of the possible contaminants , it is likely 
that si l icon will be in the alloy. Two major avenues of entry exist for silicon. 
The f i r s t is dust and chips from the mold crushing operation. The second 
and m o r e probable avenue of entry for sil icon is by means of sect ions of 
Vycor mold which become p a r t of the mel t . As noted in the section on in­
ject ion casting (p. 76), a mold can b reak due to t he rma l shock and drop into 
the heel . Ext rac t ion of the mold sect ions left in the heel can be done by 
remel t ing the alloy in a perforated crucible . During the time the injection-
cast ing heel is molten and during remel t ing , however, reac t ion of the mel t 
with Vycor at the uncoated mold surfaces will occur . Hampsonl '5) hag 
shown that si l icon dissolved in the alloy is not removed by mel t refining. 
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Z e g l e r , ' ' ' in an investigation of additions of from 0.25 to 2.00 w/o of 
silicon, aluminum, titaniuna, and y t t r ium to a u ran ium-5 percent f i ss ium-
2.25 percen t z i rconium alloy, showed that the addition of silicon to the 
alloy in aaxiounts of l e ss than 2 percent has a beneficial effect on the 
phase - t rans fo rmat ion p roper t i e s of that alloy. Although an inc rease in 
sil icon content did cause an inc rease in the a s - c a s t hardness (0.25 percent 
silicon gave 239 V.H.N.; 0.5 percent gave 257 V.H.N.i and 1,0 percent gave 
309 V.H.N,), the major effect of the sil icon was to inc rease the retained 
gamma in the a s - c a s t alloy and thus lower the final ha rdness . A s - c a s t 
u ran ium-5 w/o f i ss ium-2 .25 w/o z i rconium plus 0.25 w/o silicon had a 
V.H.N, of 239. Between 1 and 2 percent sil icon, the beneficial effects grad­
ually d isappear , and above 2 percent , the a s - c a s t alloy is very hard 
(639 V.H.N.). It appears that for the purposes of Fuel Cycle Faci l i ty oper ­
at ions, the addition of smal l amounts of si l icon to the alloy will not be 
de t r imenta l . 

2,3.4 Summary 

The alloy used in the init ial loading of the reac tor is a 
synthetic comibination of uran ium and noble meta l fission product e lements . 
The use of the u ran ium-5 w/o f i ss ium alloy is a technique for reducing 
proper ty changes in the alloy as buildup of fission products occurs . Equi­
l ibr ium concentrat ions of al l e lements (except z i rconium and technetium) 
not removed by the mel t refining p roces s have been used in constructing the 
u ran ium-5 w/o f i ss ium alloy. 

The kinet ics of phase t ransformat ion of the alloys a r e impor ­
tant to the p r o c e s s because of ha rdness and density changes that accompany 
the phase changes. Hardness is impor tant in the shearing and handling oper­
at ions, while the difference in density of the two major uranium phases 
(alpha and gamma) is para l le led by a difference in fuel-pin volume, which in 
turn affects sodium level in the fuel e lement . 

The inc rease in z i rconium content occurr ing during succes­
sive fuel cycles has been studied at high z i rconium contents (uranium-
5 w/o f i ss ium-2.25 w/o zirconium). Because of the increased hardness of 
the alloy caused by the p r e s s u r e of z i rconium, difficulties in shearing pins 
to length can be expected with h igh-z i rconium al loys. Although the inc rease 
in technet ium concentrat ion will be less than the inc rease in zirconium 
concentrat ion, the effect will be of in te res t , as little information exists on 
the effect of this alloying agent. 

An additional a r e a of meta l lu rg ica l in te res t will be the con­
tamination of the alloy as it is recycled. Major possible contaminants a r e 
thor ia and sil icon (from the molds)^ and iron, chromium, and nickel (from 
the cladding ma te r i a l ) . There is a possibi l i ty that these e lements , which 



a r e not removed in the refining operat ions , will build up to concentrat ions 
that will affect the refabr ica t ion and use of the alloy. Since lit t le information 
is present ly available on the effect of these elements in the alloy, actual 
operat ions will be requ i red to indicate the magnitude of any resul t ing 
p rob lems . 



2.4 Fuel Movements and Storage 

2.4.1 Fuel Cycle Flow Diagram 

2.4.1.1 Fuel Inventories 

In the flow of fuel through the Fuel Cycle Facil i ty, 
inventor ies or accumulat ions of fuel will occur at cer ta in points in the 
cycle . This accumulation is due to the t ime requi red to move and process 
the fuel and because of minor mi sma tches in the process ing opera t ions . 

It is difficult to specify an expected accumulation 
of fuel in the p r o c e s s . Initially, work will most probably be done with one 
or two assembly equivalents of fuel in the argon cel l . When efficient ope ra ­
tion is achieved, it has been es t imated that six assembly equivalents of fuel 
will be n e c e s s a r y to keep the process ing equipment in operat ion. One can 
est i raate that the fuel accumulation or in-ce l l inventory will then be between 
6 and 12 assembly equivalents . 

The s torage of subassembl ies , fuel and blanket 
e l ements , and uran ium is not expected to c rea te unusually difficult p r o b ­
lems except possibly for exposed fuel which could r eac t with ni trogen p r e s ­
ent at a few percent in the argon a tmosphe re . This possibil i ty would be 
inc reased by extended s torage of exposed fuel. 

The storage of i r r ad ia t ed blanket e lements is not 
expected to be a p rob lem since self-heating of blanket e lements from core 
subassembl ies would be l e s s than one watt per blanket element (for one 
pass through the reac to r at 2 - a /o fuel burnup). 

The problem of ni t r idat ion of exposed fuel in the 
argon cell may requ i re special provisions in the case of ingots, injection-
casting sha rds , pin r e j e c t s , and heels awaiting rem.elting. Special argon 
cooling or a s torage container with a ve ry low nitrogen concentration in 
i ts a tmosphere may be requi red . Nitridation may also be a problem in 
the handling of pins between decanning and melt refining and between in ­
jection casting and recanning (see discussion of ni tr idat ion prob lems , 
p. 182). 

The s torage of mel t refining skulls in the crucibles 
or of the skull oxide (if an oxidation step is used) will p resent special p r o b ­
lems mainly because of the la rge number which may accumulate before 
r ep rocess ing a r r angemen t s a re made . If only decanned pins a r e mel t r e ­
fined, and if in ject ion-cast ing sha rds , r e j ec t s , and heels a r e remel ted 
separa te ly , a minimum of about ten percent of the fuel discharged from the 
reac tor will end up as skulls or as skull oxide. For full r eac to r power and 
2 percent burnup, this would resu l t in about one 600-g skull or equivalent 
in skull oxide every two days (this a s s u m e s a 90 percent inelt refining 
pour) . 
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There a r e seventeen 12- in . -d iameter by 10-ft-deep, 
water -cooled s torage pits in the argon cell and ten (of the same size) in the 
air cel l . If eleven of these pits were used for skull or skull oxide s torage , 
about 100 skulls in c ruc ib les or the equivalent in skull oxide could be s tored . 
This would be about one y e a r ' s production. The skulls could be added to the 
pit s torage racks in a s taggered manner so that , as the self-heating decayed, 
more skulls could be added to a given pit . The problem of skull s torage is 
d i scussed further in Section 2.4.6, p. 147 of this chapter . 

2.4.1.2 Flow Diagrams 

A number of types of flow cycles of the fuel from the 
d i sassembled fuel pins back to refabr ica ted fuel pins can be visual ized. In 
genera l , the fuel-flow cycles a r e governed by the following fac tors , which 
were identified in tes t work with uni r rad ia ted fuel al loy: 

1) Melt refining charge weight can vary ; the m a x i ­
mum charge will be about 11 kg. At maximum charge , about ten percent of 
the mel t r ema ins as skull . Small charges have a l a r g e r percentage of the 
mel t as skull . 

2) In injection cast ing, only about 45 percent of the 
charge is converted to pins suitable for canning. Of the charge , about 
23 percent is heel (which normal ly is r echarged to the injection casting 
furnace without remel t ing) , 31 percent is p rocessed as shards and r e j ec t s , 
and 1 percent is unusable r e s idue . Injection-casting charge weight can vary , 
but charges of about 12-|- kg have been used in the exper imenta l work. The 
number of Vycor pin molds va r i e s with the charge weight and is 120 for 
1 2 i kg. 

3) Enriched uran ium must be added to compensate 
for burnup. 

4) Uranium mus t be added as meta l or as fuel 
alloy to compensate for process ing l o s s e s . 

5) Mixing in the inject ion-cast ing crucible is not 
as good as in the mel t refining crucible due to shor te r liquation t ime . 

F igures 47 through 51 show possible flow d i a g r a m s . 
Four of the flow d iag rams a r e based on s tar t ing with 91 fuel e lements (the 
number in one core subassembly) . One of the flow d iagrams is based on 
85 fuel e lements (the average number of e lements in core , control , and 
safety subassembl ies ) . 

Since an inventory of d i sassembled fuel e lements 
can be maintained without se r ious p rob lems , the number of e lements to be 
decanned for a mel t refining batch can be var ied to suit best operating 



F i g u r e 47 

A L T E R N A T I V E F U E L M A T E R I A L F L O W DIAGRAM FOR E B R - I I F U E L 
C Y C L E - VERSION 1 (Makeup F u e l to R e p l a c e L o s s e s Added 

a s New F u e l E l e m e n t s - S c r a p R e m e l t e d S e p a r a t e l y ) 
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Figure 48 

ALTERNATIVE FUEL MATERIAL FLOW DIAGRAM FOR EBR-II FUEL 
CYCLE - VERSION 2 (Makeup Fuel to Replace Losses Added 

in Scrap Remelt Operation) 
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F i g u r e 49 

A L T E R N A T I V E F U E L M A T E R I A L F L O W DIAGRAM FOR E B R - I I F U E L 
C Y C L E - VERSION 3 (No S c r a p R e m e l t - Makeup F u e l and S c r a p 

Added to Mel t Ref ining C r u c i b l e ) 
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F i g u r e 50 

A L T E R N A T I V E F U E L M A T E R I A L FLOW DIAGRAM FOR E B R - I I F U E L 
C Y C L E - VERSION 4 (Same a s V e r s i o n 3 , F i g u r e 49 
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F i g u r e 51 

A L T E R N A T I V E F U E L M A T E R I A L FLOW DIAGRAM F O R E B R - I I F U E L 
C Y C L E - VERSION 5 (Same a s V e r s i o n 3 , F i g u r e 49 E x c e p t tha t 
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prac t i c e . An inventory of fuel e lements would pe rmi t lead time in ana lyses . 
For ins tance , as soon as a subassembly was dismant led, one fuel element 
could be immedia te ly moved into the argon cell for decanning and sampling. 

F igure 47 shows a possible flow d iagram utilizing 
s c r a p remel t ing ; i ts bas i s is 91 fuel e lements charged and 80 fuel e lements 
produced. In this c a se , only enr iched uran ium (to compensate for burnup) 
would be added, in e i ther the mel t refining step or the s c r ap - r eme l t i ng 
s tep . Eleven new fuel e lements p repa red outside the process ing cel ls would 
be added to compensate for the l o s se s in the skull and inject ion-cast ing 
r e s idue . 

F igure 48 shows a possible flow d iagram based on a 
91-fuel e lement charge and a 91-fuel e lement output with sc rap remel t ing . 
Uranium is added at the s c r ap remel t ing step to compensate for l o s se s and 
burnup. 

F igure 49 shows a possible flow diagrain based on 
91 fuel e lements charged and 91 produced. In this vers ion , s c r ap and u r a ­
n ium a re added at the mel t refining s tep, and the inject ion-cast ing heel is 
recyc led to the in ject ion-cast ing operat ion. F igure 50 is the same as F i g ­
u re 49 except that it is based on 85 e lements ins tead of 91 . F igure 51 is 
the same as F igure 49 except that it is based on adding uran ium at the 
inject ion-cast ing step instead of to the mel t refining c ruc ib le . 

Various other combinations of fuel cycles a r e p o s ­
s ib le . For example , the inject ion-cast ing res idue insofar as it is removable 
f rom the crucible could be added to skull being s tored for la ter r ec lamat ion . 
Unexpected fuel l o s se s could occur . Some of these a r e fuel l o s se s in pin-
cladding s c r a p , fuel l o s se s because of adherence to used c ruc ib le s , fuel 
l o s s e s due to sp i l l s , and fuel l o s s e s in mold s c r a p . 

2.4.2 Subasseinbly Transfer and Storage 

Normal ly , subassembl ies will be t r a n s f e r r e d to and from the 
r eac to r as they a r e needed for d i sassembly and as they a r e r e a s s e m b l e d . 
The steps in t r ans fe r r ing subassembl ies between the reac tor and a i r cell 
a r e desc r ibed under "Fuel P rocess ing Operat ions and Equipment ," 
Section 2 .1 , p, 47. 

Although there a r e some a i r -coo led s torage pits in the p a s ­
sageway, the only shielding faci l i t ies where active subassembl ies can be 
removed from the coffin a r e at the refueling machine and at the Air Cell 
por t . If subassembl ies were s tored in these p i t s , additional a i r cooling 
would probably be r equ i r ed . S h o r t - t e r m or overnight s torage of a sub­
a s sembly in the coffin is poss ib le . 



Subassemblies might be s tored on a l imited basis m the a i r -
cooled and water -cooled pits in the a i r ce l l , although additional a i r cooling 
would probably be r equ i red for spent or re fabr ica ted subassembl i e s . 

2.4.3 Fue l -e lement Transfer and Storage 

The fuel e lements a r e normal ly s tored only t empora r i ly . The 
e lements from d isassembled subassembl ies will be decanned and the pins 
mel t refined as soon as conditions p e r m i t . Likewise, refabr ica ted fuel e l e ­
ments will be r ea s sembled into subassembl ies as soon as feasible . However, 
f rom a cooling viewpoint, it appears that fuel e lements in magazines will be 
eas i e r to s tore than ei ther subassembl ies or unclad fuel, such as pins or 
ingots . In addition, the fuel in a fuel element is protected from nitr idat ion 
by the cell a tmosphere , whereas unclad fuel is not. It thus appears that the 
smal l inventor ies n e c e s s a r y for the smooth operation of the p rocess should 
be, when possible , in the form of fuel e l ements , in preference to unclad fuel 
or subassembl i e s . 

It is anticipated that at t imes fuel e lements equivalent to 
about two subassembl ies may be awaiting decanning. Fuel e lements r e ­
quiring special handling or d isposal , such as badly bowed or damaged e l e ­
men t s , may also accumula te . Fuel e lements equivalent to two subassembl ies 
may be in the var ious s tages of welding, bonding, test ing, and inspection, 
and fuel e lements equivalent to two subassembl ies may be awaiting r e a s s e m ­
bly into subassembl i e s . 

The fuel e lements awaiting decanning or disposal a r e normal ly 
s tored and t r a n s f e r r e d in horizontal magazines which hold up to 25 fuel e l e ­
ments each. Four of these magazines a r e requi red to hold the 91 elements 
from one core subassembly . Each magazine is normal ly attached to a t r a n s ­
fer ca r t except during unloading of the e lements at the decanner . About 
15 magazines and c a r t s a r e to be used for s toring and moving fuel e lements 
which a r e awaiting decanning or d isposa l . In genera l , the magazines and 
c a r t s will be kept on t r acks at the d i sassembly station, in the sinall locks , 
at the decanning station, or on special s torage t r acks when not being 
t r a n s f e r r e d . 

The ca r t s which hold the horizontal magazines a r e 24 in. 
long, 12— in. wide, and 6y in. high. They a r e too long to be lowered in a 
hor izontal position into the smal l locks as a re the s tandard c a r t s . These 
magazine ca r t s a r e c a r r i e d in a ve r t i ca l position to and from the locks by 
holding one of the ca r ry ing handles (at e i ther end of the car t ) with a man ip ­
u la tor . In putting the ca r t into the lock, it is lowered until the "lower end" 
wheels touch the t r ack . These wheels then rol l on the t r ack into the lock. 
The ca r t is lowered further and at tains a horizontal position when the "upper 
end" wheels touch the t r ack . 



During the la t te r s tages of r ep rocess ing , when the pins a r e 
in the cans , the r e p r o c e s s e d fuel e lements a r e s tored and t r a n s f e r r e d while 
in "A," " B , " or loading magaz ines . Rejected e lements which a r e scheduled 
to be decanned a r e placed in horizontal magaz ines . 

Satisfactory fuel pins a r e placed in cans and then in the "A" 
magazine at the magazine loader in the argon cel l . The magazine is moved 
to the pin-set t l ing stat ion. The magazine is then t r a n s f e r r e d to the welder , 
where the end caps a r e welded on. After welding, the container is placed 
in a s tandard t rans fe r ca r t , which is t r ans f e r r ed through the smal l lock to 
the air cel l . In the air cel l , the magazine is t r ans f e r r ed to the l eak-
detecting stat ion. Elements passing the tes t a re placed in a "B" magazine . 
Elements failing the tes t but suitable for re welding a re rep laced in an "A" 
magazine for re tu rn to the argon cell and rewelding. Elements which r e ­
quire decanning a re placed in a horizontal magazine for t ransfe r to the 
decanner . 

The "B" magazine is t r a n s f e r r e d to the bonding and bond-
tes t position and from here to the inspection station. Elements which pass 
the bond tes t and inspection a re cleaned and placed in loading magaz ines . 
Elements failing the tes t but which a r e suitable for rebonding a r e replaced 
in a "B" magazine . Elements failing because of unsuitable sodium level , 
pe r s i s t en t failure to bond, visible defects , or other reasons which requ i re 
decanning a r e placed in a hor izontal magazine for t ransfe r to the decanner . 
The final loading magazine is t r a n s f e r r e d to the assembly station for r e ­
as sembly of the e lements into subas sembl i e s . 

2.4.4 Fuel Pins and Ingot Transfer and Storage 

The decanned fuel pins a r e not ordinar i ly s tored but a r e 
charged to the melt refining crucible immedia te ly after decanning because 
of self-heating and ni t r idat ion p r o b l e m s . It is es t imated that 1~ hr a r e r e ­
quired to decan 91 fuel pins and charge them into the mel t refining furnace. 
At the decanning station, the chopped pins a r e fed direct ly to the c ruc ib l e -
charging pan. As soon as the batch of pins is decanned, they a r e mioved to 
a weighing station and a r e then charged into the mel t refining c ruc ib le . 
The decanning operation is not s ta r ted until the mel t refining furnace is 
ready to rece ive a charge . 

Normally, the s torage of ingots is kept to a minimum because 
of self-heating and ni t r idat ion p r o b l e m s . It may be possible to ixiinimize ex ­
posure of the ingots from the melt refining and/or remel t ing steps by moving 
them di rec t ly to the inject ion-cast ing c ruc ib le . If ingots a r e to be s tored for 
more than severa l hou r s , it may be n e c e s s a r y to move them to a special cool ­
ing location or to a special container with bell j a r cover where an a tmosphere 
ve ry low in ni trogen can be maintained. 



2.4.5 Recycle Scrap Transfer and Storage 

The recycle s c r ap cons is t s essent ia l ly of hee l s , short c a s t ­
ings, re jec ted pins, and shards from the inject ion-cast ing and p in-process ing 
opera t ions . Other misce l laneous i tems may be included. The shor t c a s t ­
ings, re jec ted pins, sha rds , and any other smal l pieces of fuel may be added 
to ei ther a mel t refining charge or to an inject ion-cast ing charge . During 
Core I production, in which pins were cas t from unir radia ted uranium-
fiss ium alloy, the hel ls were recharged to the inject ion-cast ing operat ion. 

The short cas t ings , re jec ted pins, and shards a re recovered 
over a period of a few hours during pin p rocess ing . They a re placed in a 
charging container for movement to the remel t ing crucible . An injection-
casting heel is broken into severa l pieces in the heel b reaker for charging 
into the remel t ing or inject ion-cast ing c ruc ib le . Since a furnace may not be 
available for charging the sc rap and heels when they become available, it 
may be des i rab le , because of ni t r idat ion p rob lems , to have a specially 
cooled s torage location or a special container with a bell ja r cover where 
an a tmosphere very low in ni trogen can be maintained. 

2,4.6 Skull or Skull Oxide Transfer and Storage 

The skulls from the melt refining operation may be handled 
for s torage in one of two ways: 

1) the skulls may be s to red in the zirconia crucibles in 
which they a r e formed, or 

2) the skulls may be oxidized to skull oxide and poured 
from the crucible into a suitable s torage container . 

When the crucible is removed from the melt refining furnace, 
it should be placed in a s ta in less steel crucible holder or can whether or not 
the skull is to be oxidized. This action should maintain the integri ty of the 
c ruc ib le , which is subject to breaking and falling apar t . Spring tongs a re 
used when the crucible is moved by the manipulator . 

If the skull is not to be oxidized, the crucible is t r ans f e r r ed 
in a covered can to a rack in one of the s torage p i t s . If the skull is to be 
oxidized, the crucible is t r a n s f e r r e d to an oxidizing chamber (see F ig ­
ure 25, p . 75) in which the skull is oxidized by an argon-oxygen mix tu re . 
After oxidation, the skull oxide is dumped into a covered s torage pan which 
will be t r a n s f e r r e d to a rack in one of the s torage p i t s . 

There a r e seventeen water -cooled storage pits in the argon 
cel l . The pits a r e 12 in. in d iameter and 122 in. long ins ide. They extend 
2-- in. above the cell floor and have 65-in.- long water j acke t s . The water 
jackets do not enclose the top 53-| in. or the bottom 3~ in. of the p i t s . 
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Racks for each s torage pit might be designed that will hold 
about 8 skulls in the c ruc ib les enclosed in cans or about 12 skulls as oxide 
in pans . In placing the skulls or oxide in the r a c k s , it would be des i rab le 
to put the mos t recent ly p roces sed m a t e r i a l in the water - jacke ted section 
of the pit and to space the i t e m s . As the fission product e lements in the 
skulls or oxide decayed and the heating becanae l e s s , more i t ems could be 
added, and some of the oldest could be moved to the unjacketed sec t ions . 

It appears that skull oxide can be s tored more favorably in 
l a r g e - d i a m e t e r short cans than in sma l l -d i ame te r long cans from both 
heat t ransfer and filling viewpoints . For example, cans 6 in, in d iameter 
and 3 in. high would easi ly hold 800 g of skull oxide (less than one inch of 
oxide in the bottom). 

2.5 Fuel and Waste Sampling and Analyses 

2.5.1 Sampling Points 

The proposed analyt ical work and procedures a r e d iscussed 
in r epor t s by Vogel(77) and McCown.(78) In these repor t s the sample points a r e 
numbered as follows (the fuel sample points 1-11 a r e shown in Figure 52); 

Fuel P rocess ing 
1. Stainless s teel pin-cladding sc rap 
2. Decanned fuel pins 
3. Melt refined ingot 
3a. Remelted ingot ( remelted scrap)* 
4. Melt refining skull 
4a. Oxidized skull* 
5. Recovered u ran ium from skulls 
6. Enriched uran ium from AEC 
7. Off-gases from mel t refining holdup tank 
8. Slag from inject ion-cast ing p rocess 
8a. Vycor from inject ion-cast ing molds* 
9. Waste from skull r eprocess ing 

10. Inject ion-cast pins 
11. Used cruc ib les from melt refining and injection casting 

Blanket P rocess ing 
12. Decanned blanket pins 
13. Uranium from blanket process ing 
14. Magnesium with plutonium from blanket process ing 
15. Disti l led miagnesium from blanket process ing 
16. Plutonium from disti l lat ion 

Argon and Sodium (Reactor and Fuel Cycle Faci l i ty Operation) 
17. Argon from d isassembly cell at the r eac to r (now 

el iminated) 

*These sainple points were not l i s ted in the r epor t s cited above. 
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18. Argon from reac to r 
19. Argon from cell to stack (now eliminated) 
20. Argon to d i sassembly cell at the r eac to r (now 

eliminated) 
21 . Argon from reac tor to stack 
22. Argon to stack 
23. Argon from cell to purifier 
24. Argon from purif ier to cell 
25. Sodium (oxide) from sodium oxide-removal equipment 

in r eac to r building 
26. Sodium from reac to r to sodium oxide-removal 

equipment 
27. Sodium froin reac tor p r i m a r y tank 
28. Sodium from secondary system 
29. Sodium (oxide) secondary cleanup sys tem 

Waste S t reams 
30. Alkaline aqueous waste s t r eams 

Figure 52 

MAJOR FUEL SAMPLE POINTS IN THE EBR-II FUEL CYCLE 

Enriched 

Decanning 

Zinc Flu.-i Zinc-Mg Crucibles Etc. 



Sample points 1 to 11 involve fuel p rocess ing ; 12 to 16 involve blanket 
p rocess ing ; 18, 21, 25, 26, 27, 28, and 29 involve reac to r operat ion; 17, 
19, and 20 have been discontinued; and 22, 23, 24, and 30 involve the Fuel 
Cycle Faci l i ty operat ion. In this d iscuss ion, means of obtaining samples 
and possible analyses requ i red for 1 to 12, 22 to 24, and 30, which involve 
the Fuel P rocess ing Faci l i ty , will be d i scussed . 

2.5.2 Pin-cladding Scrap, Sample Point 1 

The purpose of sampling the cladding s c r ap is to check it 
occasional ly for possible l o s se s of uran ium fuel. Because any uranium 
fuel in the sc rap might be dis t r ibuted in a nonuniform manner , it is d e s i r ­
able that the sc rap from a number of fuel e lements be t r ea t ed to obtain a 
r ep resen ta t ive sample . The cladding sc rap consis ts of about 820 g of d e -
canning ribbon, 45 g of bonding sodium, and 865 g of spacer wire and ends 
per subassembly of 91 fuel e l emen t s . For 2 percent burnup and 15-day 
cooling, it is es t imated that the activity of the s ta in less steel s c rap would 
be about 3 c / g . The activity due to 15-hr sodium-24 would be quite low 
(less than 1 m c / g of sodium). The activity of any fuel accompanying the 
sc rap would be about 45 c / g . To remain below the 1 0 - c - p e r - s a m p l e HEQ-
itation mentioned in the Analytical Flowsheet reports , (77,78) the s ize of 
samples which could be taken to the analytical caves in the Labora tory and 
Services Building would be sma l l . 

Sampling of the sc rap will be difficult. Several proposed 
methods for obtaining a saraple a r e as follows, in o rder of apparent 
feasibil i ty: 

1) Melt the s ta in less steel sc rap in the mel t refining furnace, 
pour it into a mold, and take samples from the poured ingot, possibly by 
breaking off project ions cas t on the bottoms of the ingots. 

2) Submit the ribbon sc rap of about 9 g from, one fuel e l e ­
ment for ana lys i s . 

3) Dissolve any fuel from the sc rap in acid in the air cel l , 
and take liquid s amp le s ; however, no provisions for handling aqueous solu­
tions in the air cell exis t . 

4) Dissolve the sc rap in a molten meta l (such as zinc) in 
the argon cel l , and take liquid s a m p l e s . It is not known what t empe ra tu r e 
would be needed to keep uran ium in solution in the p resence of s ta in less 
s tee l . 

Only occasional sampling of the s c r ap for u ran ium analysis 
is contemplated, and only the ribbon sc rap need be sampled, since the spacer 
wire and ends should not contain lost fuel. 



2.5.3 Decanned Fuel P ins , Sample Point 2 

This sample will be used to determine the cha rac t e r i s t i c s 
of reac tor -d i scharged fuel. Analyses to determine uran ium-235 , r a r e 
e a r t h s , and burnup may be m a d e . The sample will be obtained by breaking 
off about ~ in. of a decanned fuel pin. The sample will weigh about 1.2 g 
and will have an activity of approximately 55 c for 2 percent burnup and 
15-day cooling. The sample will be placed in a - | - - in.-diameter by 2- in . -
long, alumxnurn sample can for t r ans fe r to the analytical caves . 

Any prede te rmined section of a pin from a prede te rmined 
fuel e lement from a subasseinbly may be selected for the sample . Each 
subassembly may be placed in the reac tor core in ei ther of two angular 
or ienta t ions , which a re d iamet r ica l ly opposed,* however, the reac tor o p e r a ­
to r s can de te rmine this or ientat ion with r e spec t to the orientat ion of a sub­
as sembly in the coffin. The position in the reac tor of the center fuel element 
of a subassembly is independent of angular orientat ion; hence this element 
may be most useful for ana lyses . 

Some r e a s s e m b l e d subassembl ies may be provided with one 
or m o r e new f iss ium fuel e lements or with special fuel e lements . Special 
samples may be requ i red from fuel eleinents in such subassembl ies . 

2.5.4 Melt Refined Ingot, Sample Point 3 

This sample will be used to obtain analyses of the melt r e ­
fined fuel. Analyses to de te rmine u ran ium-235 , uranium-238, uranium-236, 
u ran ium-237 , total uranium, plutonium-239, neptunium-237, z i rconium, 
molybdenum, technetium, ruthenium, rhodium, palladium, r a r e ea r th s , 
ba r ium, lanthanum, and other fission products , and i ron, sil icon, and thor ium 
may be needed. 

The samples will be obtained by breaking off two -|--in.-long 
by 0 .145- in . -d iameter project ions from the bottom of each mel t refining 
ingot. The samples will weigh about 1~ g each and will have an activity of 
about 15 c each for 2 percent burnup and 15-day-cooled fuel. Each sample 
will be placed in a smal l a luminum sample can for t r ans fe r to the analytical 
caves . 

2.5.5 Remelted Ingot, Sample Point 3a 

This sample will be used to obtain analyses of remel ted ingots 
from inject ion-cast ing s c r a p , when des i red . The p rocess of obtaining sample 
will be the same as in the case of mel t refined ingots . 



2.5.6 Melt Refining Skull, Sample Point 4 

This sample will be used in making an occasional check of 
the slag from the mel t refining operat ion before it is oxidized. Analyses 
for total uraniuna, plutonium-239, and var ious fission product e lements 
may be requ i red . 

A represen ta t ive sample will be difficult to obtain. The 
skull is at tached to the cruciblei however, pieces can usually be broken 
off. A m o r t a r and pest le to be operated within the argon cell or the air 
cel l would probably be n e c e s s a r y to obtain a r epresen ta t ive sample of the 
pieces which a r e broken off. These p ieces , however , may not be r e p r e s e n t ­
ative of the total skull . The activity of the skull ma te r i a l f rom 2-a /o -burnup , 
15-day-cooled fuel may be as high as 275 c /g i however, additional cooling 
t ime could be allowed before the samples a r e sent to the analytical caves . 

2.5.7 Oxidized Skull, Sample Point 4a 

The purpose of this sample is to make possible var ious ana l ­
yses of the oxidized skull m a t e r i a l from a mel t refining operat ion. Analyses 
would be s imi la r to those l i s ted under mel t refining skul l s . The sample can 
be obtained from the granular , oxidized skull, as it is poured into the s torage 
pans . Since t e s t s with noni r radia ted f i s s ium-uran ium alloys show some dif­
fe rences in ana lyses between c o a r s e and fine m a t e r i a l s , samples of both 
coa r se and fine m a t e r i a l s may be de s i r ed . A tight sample container which 
fits inside a sample can may be des i rab le since a fine active ma te r i a l will 
be involved. As pointed out above, the activity of the skull oxide ma te r i a l 
f rom 2-a /o -burnup , 15-day-cooled fuel may be as high as 275 c /g , but addi ­
tional cooling t ime could be allowed before the samples a r e sent to the 
analyt ical caves . 

2.5.8 Recovered Uranium from Skulls, Sample Point 5 

The p rocess requir ing this sample is under development, and 
analyses have not been specified. They would, however , include analyses for 
total u ran ium content, naolybdenum, rhodium, ruthenium, palladium, m a g n e s -
iuna, and zinc. 

2.5.9 Enr iched Uranium from AEC, Sample Point 6 

The purpose of this sample is to make check analyses of the 
enr iched uran ium which will be added to the p r o c e s s . Analyses for 
u ran ium-235 , u ran ium-236 , and uranium-234 may be requ i red . Sampling 
would be s t ra ight forward . 

2.5.10 Off-gases from Holdup Tank, Sample Point 7 

The purpose of this sample point is to monitor the activity of 
krypton, xenon, and possibly iodine as it is being re l eased to the stack, A 
continuous-monitoring ins t rument is planned. 
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2.5.11 Slag from Injection-casting P r o c e s s , Sample Point 8 

This sample is used to make occasional analyses of the fine 
r e s idues from the inject ion-pin-cast ing and p in-prepara t ion opera t ions . In 
work with uni r rad ia ted fuel, this res idue has amounted to about 2 g per fuel 
element p rocessed . Analyses for u ran ium and thor ium may be requi red . 
Thorium oxide is used as a coating for the crucibles and molds . Samples 
could probably be obtained by quar ter ing the m a t e r i a l . Activit ies up to 
about 15 c/g could be expected. 

2.5.12 Vycor f rom Injection-cast ing Molds, Sample Point 8a 

Occasionally, the Vycor s c r ap from the inject ion-cast ing molds 
will be sampled to check for uran ium l o s s e s . Obtaining a suitable sample 
will be difficult. Quantities of the broken Vycor could be pulverized by a 
m o r t a r and pest le and quar te red for a sample . The work could be done in 
the a i r cel l . 

2.5.13 Waste from Skull P roces s ing , Sample Point 9 

The p roces s requi r ing this sample is under development,* how­
ever , sampling of waste halide flux, zinc, z inc-magnes ium mix tu re s , and 
d iscarded crucib les will probably be requ i red . 

2.5.14 Inject ion-cast P ins , Sample Point 10 

This sample will be used for analyses of fuel being re turned 
to the r e a c t o r . Determinat ion of enr ichment will be important . Analyses 
to de termine uraniuin-235, total f issionable ma te r i a l , and other components 
may be n e c e s s a r y . 

The sample will be obtained by taking par t of an injection-
cast pin and shearing off •- in. for the sample . The sample will weigh about 
l i g and have an activity of about 15 c for 2 -a /o burnup and 15-day cooling. 
It will be enclosed in a —-in.-diameter by 2-in,- long, aluminuin sample can 
for t ransfe r to the analyt ical caves . 

2,5.15 Used Crucibles f rom Melt Refining and Injection Casting, 
Sample Point 11 

The purpose of this sample is to check occasionally the mel t 
refining and inject ion-cast ing crucib les for uranium fuel l o s s e s . Total u r a ­
nium analyses would be made . 



Obtaining a suitable sample will be difficult. One of the fol­
lowing sampling methods might be used: 

1) Scrap the m a t e r i a l from the in te r ior of the crucible and 
quar te r it for a sample . 

2) Leach the crucible with acid and take an aqueous sample ; 
however , no provisions for handling aqueous solutions 
exist in the a i r cel l . 

3) Crush the cruc ib le , and quar te r it for a sample . 

The sampling work could be done in the air ce l l . 

2.5.16 Decanned Blanket P ins , Sample Point 12 

This sample is used in determining the composition of blanket 
m a t e r i a l which is d ischarged from the r eac to r . Analyses to determine p lu-
tonium and burnup will be requ i red . No provisions for taking samples f rom 
the blanket e lements have been planned. 

The upper and lower blanket e lements from the core sub­
a s sembl i e s will probably be the f i rs t blanket ma te r i a l to be obtained from 
the r e a c t o r . At 2 percent burnup of the fuel and 15-day cooling, the end of 
the pin next to the core would contain about 0.2 percent plutonium and have 
an activity of about 2 c / g . This pin would have a total plutonium content of 
about 0.1 g and a total activity of about 100 c. The plutonium content and 
activity of the second pin f rom the core would be re la t ively low. 

2.5.17 Argon to Stack, Sample Point 22 

The purpose of this sample is to check the argon for activity 
being r e l ea sed to the s tack. A continuous-monitoring sys tem is planned. 

2.5.18 Argon from Cell to Pur i f ier , Sample Point 23 

This sample will be represen ta t ive of the argon in the argon 
cel l , i ts purpose being to check occasionally the cell a tmosphere for oxygen, 
ni t rogen, and water vapor . Analyses for activity and other i tems may also 
be made . 

2.5.19 Argon from Pur i f ier to Cell, Sanaple Point 24 

The purpose of this sample is to check the argon from the 
oxygen- and water vapor - remova l equipment for oxygen, ni t rogen, and water 
vapor content. Continuously analyzing moni tors for oxygen, ni t rogen, and 
water vapor a r e planned. The oxygen analyzer is based on an e lect rolyt ic 
cell output, the ni t rogen analyzer on t he rma l conductivity, and the -water 
vapor analyzer on the e lec t r i c cu r r en t requ i red to decompose the wa te r . 



2.5.20 Alkaline Aqueous Water Streara, Sample Point 30 

Radiation monitoring of the wash water during subassembly 
cleaning in the coffin should indicate any substantial loss of integri ty in 
fuel-element cladding. Serious conditions would possibly have been de ­
tected by the r eac to r o p e r a t o r s . Sampling of the wash water and re ten t ion-
tank contents will depend upon conditions which develop during actual 
operat ion. For c r i t ica l i ty control , sampling of retention tank liquids for 
fissionable ma te r i a l content will be n e c e s s a r y . 



2,6 F e e d M a t e r i a l s P r e p a r a t i o n , Hand l ing , and S t o r a g e 

P r o v i s i o n s h a v e b e e n m a d e in the F u e l Cyc le F a c i l i t y for hand l ing 
and p r e p a r i n g v a r i o u s c o n s u m a b l e m a t e r i a l s , i nc lud ing c r u c i b l e s , m o l d s , 
and fume t r a p s . The a u x i l i a r y c e l l e q u i p m e n t r e q u i r e d for t h e s e func t ions 
i n c l u d e s the fol lowing i t e m s : 

1) a s p r a y boo th in the m o l d - p r e p a r a t i o n r o o m for coa t ing m o l d s 
and c r u c i b l e s wi th t h o r i a s l u r r y ; 

2) an i n d u c t i o n - h e a t e d d e g a s s i n g f u r n a c e , wi th v a c u u m p u m p in 
the d e g a s s i n g r o o m for d e g a s s i n g m o l d s , c r u c i b l e s , and fume 
t r a p s ; 

3) a d e g r e a s i n g v a t i n the d r y - b o x r o o m for d e g r e a s i n g s u b a s s e m b l y 
p a r t s and f u e l - e l e m e n t c a n s ; 

4) a s o d i u m glove box in the d r y - b o x r o o m for add ing sodium, to 
the f u e l - e l e m e n t c a n s . 

2 .6 .1 M e l t Ref in ing C r u c i b l e s 

The z i r c o n i a c r u c i b l e s wi l l be r e c e i v e d f r o m the m a n u f a c t u r e r 
p a c k e d in b o x e s . Af te r i n s p e c t i o n , t hey m a y be r e p l a c e d in the sh ipp ing 
b o x e s for s t o r a g e . B e f o r e u s e , the c r u c i b l e s wi l l be d e g a s s e d and i n s p e c t e d . 
T e s t s a r e be ing conduc t ed to d e t e r m i n e the r a t e of r e - a d s o r p t i o n of g a s e s 
and v a p o r s f r o m the a t m o s p h e r e by d e g a s s e d c r u c i b l e s . The r e s u l t s of t h e s e 
t e s t s shou ld i n d i c a t e w h e t h e r o r not a i r t i g h t bagg ing i s n e c e s s a r y a f t e r d e ­
g a s s i n g . B a g s cou ld be r e m o v e d in the a i r c e l l by m a s t e r - s l a v e m a n i p u l a t o r s , 
bu t r e m o v a l in the a r g o n c e l l would be diff icul t . 

The c r u c i b l e s , w h i c h a r e 6 "I in, in d i a n a e t e r and 9 j in. h igh , 
c a n be m o v e d in to the a i r c e l l t h r o u g h the w a l l p o r t and into the a r g o n c e l l 
t h r o u g h the s m a l l l o c k s . 

2 .6 .2 M e l t Ref in ing F u m e T r a p s 

The F i b e r f r a x fume t r a p s r e c e i v e d f r o m the m a n u f a c t u r e r in 
b o x e s m.ay be s t o r e d in the sh ipp ing b o x e s a f t e r r e c e i p t and i n s p e c t i o n . B e ­
f o r e u s e , the t r a p s w i l l be d e g a s s e d a t abou t 700°C, P r e l i m i n a r y i n d i c a t i o n s 
a r e t ha t bagg ing wi l l not be n e c e s s a r y for t h e s e u n i t s . 

The fume t r a p s , wh ich a r e 10 in, in d i a m e t e r and 5-I in, h igh , 
m a y be too l a r g e to go in to the a i r c e l l t h r o u g h the s m a l l p o r t . If f ie ld t e s t s 
i n d i c a t e t h a t t h i s i s t he c a s e , u s e w i l l be m a d e of the l a r g e p o r t . The t r a p s 
c a n be m o v e d in to the a r g o n c e l l t h r o u g h the s i r ta l l l o c k s , a l though a s p e c i a l 
c a r r i a g e m a y be n e c e s s a r y . It would be p o s s i b l e to t r a n s f e r the t r a p s into 
the a r g o n c e l l i n s i d e the c a n s in w h i c h they would l a t e r be p l a c e d for d i s p o s a l 



2,6,3 Melt Refining Graphite Ingot Molds 

After rece ip t and inspection of the graphite ingot molds , they 
may be s tored in the shipping boxes. No degassing of the molds is planned 
before their use , because degassing tends to open pores or voids which 
cause ingot sticking. 

The graphite molds (6 - | in. high and 4 Y| in, square) can be 
moved into the a i r cel l through the smal l port . They a r e assembled in the 
a i r cell into the s tee l mold ho lde r s , which a r e 5 ^ in, by 5-I in, by 7 in, high. 
Transfer of these assembled units to the argon cell can be made through the 
smal l locks. Used and damaged molds a r e removed from their holders in 
the a i r cell , 

2.6.4 Inject ion-cast ing Graphite Crucibles 

The graphi te crucib les may be handled in the same manner 
as other c ruc ib les and molds , i .e . , inspected and then s tored in their ship­
ping boxes. Before use , the crucib les will be coated, on the outside as well 
as the insidejwith a mixture of 95 percen t thor ia and 5 percent z i rconia . 
The outside coating reduces heat loss by radiat ion; the inside coating p r e ­
vents react ion of m.olten uran ium with graphi te . About 35 g of thor ia a r e 
used per crucib le . 

During the coating p r o c e s s , the crucibles a r e f i r s t brushed 
or wiped to remove loose ma te r i a l . They a r e then sprayed with a water 
s lu r ry of the thor ia and z i rconia having a par t ic le size of ixiinus 325 mesh. 
The crucibles a r e then oven-dr ied. 

The cruc ib les (6 •— in, in d iamete r and 5- | in, high) can be 
moved into the a i r cel l through the smal l por t and into the argon cell through 
the smal l locks. 

2.6.5 Inject ion-cast ing Pa l le t s 

The inject ion-cast ing pal lets for holding the pin molds a r e 
made of s teel . No cleaning or p repara t ion before their use is anticipated. 

The pallets a r e 6 in, in d iamete r and 2,0-j in, long. The 
molds in a pallet extend about 4-|- in, below the bottom of the pallet , but 
they a r e free to move upward in the perfora ted plates and could be broken 
by rough handling Pa l le t loading will be done in the argon cell by use of 
the sealed Model "A" manipulator , 

2.6.6 Inject ion-cast ing Pin Molds 

Before u se , the Vycor molds a r e coated inside with thor ia or 
a 98 percen t thor ia -2 percen t kaolin mix. About y g of thoria is used per 
mold. The molds a r e coated in the mold booth by swabbing with a s lu r ry of 



minus 325-mesh thoria (and kaolin, if used) in methyl alcohol, A pipe 
c leaner attached to a rod has been used as a swab. The molds a r e a i r -
dr ied for s eve ra l hours , with the open end down, and then oven dr ied at 
about 600°C for 4 to 6 hr with slow heating and cooling. The molds a r e 
then kept in a drying oven at about 150°C until they a r e sent into the argon 
cell for use . 

The Vycor molds , which a r e about 18- | in, long and •!!• in. in 
outside d iamete r , can be readi ly sent into the a i r cel l through the smal l por t 
in a suitable container; however, their t ransfe r into the argon cell through 
the smal l a i r locks will r equ i r e ca r e , 

2.6.7 Inject ion-cast ing Heel F i l t e r s or Remel t Crucibles 

If graphite fil ter c rucib les a r e used to r eme l t and filter the 
heel m a t e r i a l f rom injection cast ing, or if graphite r e m e l t crucibles a r e 
used in the mel t refining furnace to r e m e l t heels and s c r ap , they would 
probably be coated with thor ia and handled s imi la r ly to injection casting 
c ruc ib les , 

2.6.8 Cladding Cans and Re s t r a i n e r s 

Before their use , the r e s t r a i n e r caps a r e cleaned with a 
chlorinated hydrocarbon, such as t r ichloroethylene, and the cladding cans 
a r e charged with sodium. The 2 •|--in,-long r e s t r a i n e r s a r e cleaned, dried 
in the deg rease r , placed in a suitable container from which they can be 
charged into the welder hopper, and then sent through the smal l a i r cell 
por t and through a sma l l lock into the argon ce l l . 

It is anticipated that the cladding cans will not requ i re c lean­
ing. The in te r io r d i ame te r s of the cans a r e measu red with an air gauge, 
and they a r e sor ted into ten groups based on inside d iamete r and, hence, on 
the amount of the sodium requi red . 

The sodium is placed in the cans in the i ne r t - a tmosphe re 
glove box. Sodium is extruded in the glove box into a rod about -i- in, in 
d iamete r , cut into p ieces , and weighed into ten groupings for the respect ive 
can groups . The amount of sodium requi red is about 0.8 g per can. The 
requi red weight of sodium is placed in each can, and the cans a r e placed in 
a raeltdown furnace to mel t and consolidate the sodium at the bottoms of the 
cans . After the cans a r e cooled, they a r e corked and kept in the iner t 
a tmosphere until they a r e sent into the ce l l s . 

The cans , which a r e about 18 in. long, a r e sent into the argon 
cell through the smal l por t and smal l a i r locks in a suitable container. The 
corks may be removed from the cans in the argon cel l by the m a s t e r - s l a v e 



manipula tors . If a cork is dislodged during evacuation of a smal l a i r lock 
containing corked cans , this should cause no difficulty. If necessa ry , corks 
may be removed in the a i r cel l jus t before the cans a r e sent through the 
a i r locks, 

2.6.9 Hex Tubing for Subassembl ies , Top Fixture with Upper 
Blanket E lements , and Bottom Adapter with Bottom Blanket 
Eleinents 

It is anticipated that the hex tubing and the top fixture with 
upper blanket e lements will be assembled by the manufacturer before ship­
ment. After rece ip t and inspection, these i tems will probably be s tored in 
a manner suitable for accountabili ty purposes because of the depleted u r a ­
nium contained in the blanket e lements . 

Because of their length, it will probably be necessa ry to 
send these i tems into the air cel l through the la rge port , 

2.6.10 Control and Safety Subassemblies 

Since the control and safety subassemiblies a r e sro.aller and 
have only 61 fuel e lements and no blanket e lements , they miight be replaced 
as new units instead of r eassembl ing this smal le r size of subassembly in the 
a i r cell . These subassembl ies would be p rocessed , but the container fuel 
would be used in making regu la r core subassembl ies . All subassembl ies 
(control, safety, and core) would need to be s tored in a manner suitable for 
accountabili ty purposes . 

During t rans fe r of new subassembl ies to the reac to r , they 
could be loaded into the coffin outside of the a i r cell, provided the coffin 
were not severe ly contaminated; if the coffin was contaminated, the sub­
assembl ie s would be sent into the a i r cell and there loaded into the t ransfer 
coffin through the la rge floor port , 

2.6.11 Fuel Elements and Fuel Mater ia l 

Some fuel may be added to the cycle as fuel e lements . In 
this case , the fuel e lements could be t r ans fe r r ed into the a i r cell through 
the smal l port , 

Uranium-235 and perhaps na tura l uraniumi and fuel alloy or 
noble fission e lements will be added to the cycle to compensate for burnup 
and process ing l o s s e s . These ma te r i a l s could be t ranspor ted in mel t r e ­
fining crucib les or in other suitable conta iners . 

It is n e c e s s a r y that fuel e lements and fuel ma te r i a l be s tored 
in a manner suitable for accountabil i ty purposes . 



2.6,12 Miscellaneous 

Miscellaneous i tems such as mel t refining furnace f i l ters , 
thermocouples , suscep to r s , and equipment repa i r p a r t s , will be sent into 
the cells from t ime to t ime, 

2.7 Waste Mate r ia l s : Handling and Storage 

Liquid, solid, and gaseous wastes must be handled in connection 
with the operat ion of the Fuel Cycle Facil i ty. Numerous safeguards have 
been included in the design to minimize the possibil i ty of the inadvertent 
r e l ea se of activity to the environments . These include containment of 
process ing facil i t ies in closed, i ne r t - a tmosphe re cel ls , the use of a large 
holdup tank for off-gases in order to pe rmi t dilution and controlled r e ­
lease of gaseous activity to the a tmosphere , and the employment of filter 
sys tems to remove par t icula te ma t te r before d ischarge of gas from the 
200-ft stack. 

The major waste s t r e a m s for the EBR-II fuel cycle a r e shown in 
Figure 53. It may be noted that about one-third of the radioactivity in the 

Figure 53 
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s p e n t fuel i s r e c y c l e d in the r e f a b r i c a t e d fuel . Mos t of the r a d i o a c t i v i t y 
r e m o v e d in p r o c e s s i n g i s d i s c a r d e d in so l id w a s t e s (used c r u c i b l e s , fume 
t r a p s , and w a s t e z inc o r z inc a l l o y s f r o m the Skull R e c l a m a t i o n P r o c e s s ) . 
The f i s s i o n p r o d u c t r a r e g a s e s , xenon and k r y p t o n , a r e the p r i n c i p a l r a d i o ­
a c t i v e c o n t a m i n a n t s of the g a s e o u s w a s t e s . Iodine i s a l s o a p o t e n t i a l c o n ­
t a m i n a n t in g a s e o u s w a s t e s , but c o n s i d e r a b l e effor t i s m a d e to r e d u c e to a 
v e r y low l e v e l the iod ine a c t i v i t y in the g a s d i s c h a r g e d f r o m the s u s p e c t 
s t a c k . The l iquid w a s t e s a r e g e n e r a t e d p r i n c i p a l l y in the r e m o v a l of s o d i u m 
f r o m fuel s u b a s s e m b l i e s and in a n a l y t i c a l o p e r a t i o n s . In n o r m a l o p e r a t i o n , 
l i t t l e r a d i o a c t i v i t y wi l l be p r e s e n t in l iqu id w a s t e s , bu t in the even t of a 
r u p t u r e d fuel e l e m e n t , the a c t i v i t y l e v e l in l iquid w a s t e s could b e c o m e c o n ­
s i d e r a b l y h i g h e r t h a n t h a t shown in F i g u r e 53, Solid w a s t e s c o n s i s t p r i n c i ­
pa l ly of c l add ing s c r a p , u s e d c r u c i b l e s , m o l d s , c r u s h e d Vycor tube m o l d s , 
fume t r a p s , and m i s c e l l a n e o u s i t e m s of c e l l e q u i p m e n t . The hand l ing of 
g a s e o u s , so l id , and l iquid w a s t e s a r e d i s c u s s e d ind iv idua l ly in the fol lowing 
s e c t i o n s , 

2 ,7 ,1 G a s e o u s W a s t e D i s p o s a l 

The fol lowing a r e the p r i n c i p a l s o u r c e s of g a s e o u s w a s t e in 
the F u e l Cyc le F a c i l i t y : 

1) g a s e s evo lved o r r e l e a s e d du r ing the m e l t re f in ing 
o p e r a t i o n ; 

2) o f f - g a s e s f r o m the ox ida t ion of the sku l l o r r e s i d u e 
m a t e r i a l r e m a i n i n g in a m e l t r e f in ing f u r n a c e ; 

3) g a s w i t h d r a w n f r o m the a r g o n c e l l in o r d e r to m a i n t a i n 
the c e l l g a s p r e s s u r e n e g a t i v e wi th r e s p e c t to the a i r 
p r e s s u r e in the o p e r a t i n g a r e a s . The n e c e s s i t y for s u c h 
a d j u s t m e n t s in the a r g o n c e l l p r e s s u r e r e s u l t s f r o m 
a t m o s p h e r i c p r e s s u r e f l u c t u a t i o n s . The r e m o v a l and 
a d d i t i o n of a r g o n to the a r g o n c e l l to m a i n t a i n the p r o p e r 
p r e s s u r e i s c a l l e d " c e l l b r e a t h i n g " ; 

4) g a s e s e v a c u a t e d f r o m t r a n s f e r l o c k s and f r o m p r o c e s s 
e q u i p m e n t o t h e r than the m e l t re f in ing and sku l l o x i d a ­
t ion f u r n a c e , for e x a m p l e , f r o m the i n j e c t i o n - c a s t i n g 
f u r n a c e ; 

5) a i r - c e l l v e n t i l a t i n g a i r (5000 cfm); 

6) a i r e x h a u s t e d f r o m the s o d i u m - d i s p o s a l box in the d e ­
c o n t a m i n a t i o n r o o m and t h r o u g h the 4 - in , s o d i u m w a s h 
w a t e r d r a i n in the i n t e r b u i l d i n g p a s s a g e w a y ; 

7) e x h a u s t v e n t i l a t i o n a i r f r o m offices and l a b o r a t o r i e s . 
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The major source of high-act ivi ty gaseous waste is the melt 
refining and skull oxidation operat ions . The fission product r a r e gases , 
xenon and krypton, a re r e l eased in the mel t refining operation. Iodine is a 
potential radioact ive contaminant of the exhaust gases from both the mel t 
refining and skull oxidation opera t ions . These gases receive special t r e a t ­
ment before d isposal to the a tmosphere in o rde r that the concentrat ion of 
fission product gases in the a tmosphere may be maintained within establ ished 
safe l imi t s . 

The other sources of gas a r e not expected to contain significant 
amounts of radioactivi ty, and any radioact ivi ty p resen t is expected to be p a r ­
t iculate in na ture . These gases a r e , therefore , simply combined with the 
building exhaust a i r , f i l tered, and disposed of through the 200-ft suspect -
gas stack. Slightly over 60,000 cfm of the gas discharged through the stack 
consis ts of exhaust gases from the Reactor Building, the Fuel Cycle Faci l i ty , 
and the Labora tory and Service Building, This la rge quantity of gas will 
s e rve to dilute appreciably any activity p re sen t in any gas source . 

There a r e two exceptions to this method of gas handling. The 
f i r s t is that the gas involved in sodium-disposa l operat ions is drawn by a 
c o m p r e s s o r through a ventur i s c rubber to remove any sodium presen t , and 
then through an entrainraent sepa ra to r , a hea te r , and an AEC filter before 
being d ischarged by the c o m p r e s s o r to the building ventilation sys tem. The 
second exception is that in an emergency caused by rapid fluctuations of 
a tmospher ic p r e s s u r e or by fai lure of the cooling sys tem for the argon cell 
gas , the argon cell gas may be discharged d i rec t ly to the a tmosphere through 
valves located on the building roof. Normally, it is exhausted d i rec t ly 
through f i l ters to the suspec t -gas s tack if its p r e s s u r e becomes higher than 
a negative™ in, of water p r e s s u r e with r e spec t to p r e s s u r e in the operating 
a r e a s . The emergency r e l ea se of argon di rect ly to the a tmosphere would 
occur if the argon cell p r e s s u r e becamie about one inch of water p r e s s u r e 
higher than the operat ing a r e a p r e s s u r e , 

2,7,1,1 Disposal of High-act ivi ty Gases from Melt Refining 
and Skull Oxidation Operations 

The pr incipal source of high-activi ty gaseous wastes 
is the mel t refining operat ion. The fission product gases , xenon and krypton, 
a r e r e l eased during the mel t refining step. Iodine also is volati l ized in mel t 
refining, but a la rge fraction of it appears to condense in the mel t refining 
furnace. In Table 14 a r e shown the ra te of generat ion (c/day) of iodine, 
xenon, and krypton p resen t in d ischarged EBR-II fuel (after 2 - a / o burnup in 
135 days and after 15 days of cooling) and the pe rmis s ib l e d ischarge ra tes of 
these f ission products from the stack. It may be seen that to r ema in within 
pe rmi s s ib l e concentrat ions at ground level, reduction factors of 4 x 10^^ and 
1 x 1 0 ° a r e requ i red for iodine and xenon, respect ive ly . As pointed out in 
the footnote in Table 14, the reduction factor requi red for krypton is about 
lO l 
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Table 14 

FACTORS PERTINENT TO DISCHARGE OF GASEOUS ACTIVITY FROM SUSPECT STACK'^'.^^i 

Quantity 

Atoms/100 atoms fissioned 

Gram-atoms/day 

Grams/day 

Curies/day 

Curies at Equil. 

Maximum Permissible 
Concentration at Ground 
Level, Curies/cu meter 

Factor of Reduction Necessary 

Basis; Continuous fission of 
for 135 days, followed 

Iodine 

,131 

0.073 

1.94 X 10-^ 

3.14 X 103 

3.65 X 104 ^ 

9 x 1 0 - ' ' ' 

4 X 1052 ^ 

Total Iodine 

1.059 

2.82 X 10-3 

0.36 

-
-

-

-

U235 at the rate of 62.5 g/day, 
by 15 days of cooling. 

Xenon 

Xel33 

0.064 

1.70 X 10-4 

4.4 x # 

3.38 x lO" " 

3 x 1 0 - 6 " 

1.1 x l o l O ^ 

Total Xenon 

21.775 

5.78 X 10-2 

8.13 

-
-

-

-

Krypton 

Kr85 

0.264 

7.01 X lO-'l 

35 

(1.73 X 105)^ 

3 x 1 0 - ^ ^ 

a 

Krypton 

2.915 

7.74 X 10-3 

0.72 

-
-

-

-
^These values give the maximum amount of isotope that could be present on the basis that decay is the only method of removal. For iodine and xenon, 

which have short half-lives, these values are probably close to the total in the system. For l<ryBton, which has a long half-life (9.4 yr), the value has 
little significance. For krypton, the required factor of reduction in concentration will be about lO'. 

IiFederal Register, November 17, I960; Title 10-Atomic Energy, Chapter 1, Atomic Energy Commission, Part 20, Standards for Protection Against 
Radiation.^?) these maximum permissible concentration values are based on 40 hr of human exposure in any period of seven consecutive days. 

C o n s i d e r a b l e r e d u c t i o n in c o n c e n t r a t i o n s a t g round 
l e v e l i s r e a l i z e d by d i s c h a r g e of the g a s e s f r o m a 2 0 0 - f t - t a l l s t ack . B e ­
c a u s e the r a d i o a c t i v e g a s e s wi l l be d i s c h a r g e d u n d e r f a v o r a b l e m e t e o r o ­
l o g i c a l c o n d i t i o n s , i . e . , a d e q u a t e wind v e l o c i t y and a b s e n c e of i n v e r s i o n s , 
i t is p r o p e r to t a k e in to a c c o u n t the c o n c e n t r a t i o n d e c r e a s e f r o m s t a c k to 
g round l e v e l . F o r an a v e r a g e wind v e l o c i t y of 8 m i l e s p e r h o u r , the con ­
c e n t r a t i o n a t g round l e v e l i s r e d u c e d by a f a c t o r of 1800,1°^ ' t h e r e b y r e ­
ducing the r e q u i r e d c o n c e n t r a t i o n r e d u c t i o n f a c t o r s to 2.2 x 10^ for iodine 
and 6.1 X 10^ for xenon . The r e q u i r e d c o n c e n t r a t i o n r e d u c t i o n f a c t o r s for 
t h e s e e l e m e n t s a r e a c h i e v e d in d i f f e ren t f a s h i o n s . 

Xenon and K r y p t o n 

Di lu t ion wi th s t a c k gas is the m e t hod employed to 
r e d u c e the xenon c o n c e n t r a t i o n in g a s e o u s w a s t e s to an a c c e p t a b l e l eve l . 
The v o l u m e of the ho ldup t ank (500 ft^) w a s s e l e c t e d to p r o v i d e a p p r o x i m a t e l y 
a 3 0 - d a y holdup of g a s e s d i s c h a r g e d f r o m the m e l t r e f in ing f u r n a c e . T h u s , 
about -™ th of the v o l u m e , or about 17 ft^, m u s t be d i s c h a r g e d e a c h day if 
the t a n k i s a t full c a p a c i t y . At xenon e q u i l i b r i u m , t h i s v o l u m e would con ta in 
4 4 X 10^ x 17 
• ' -„-H r=— or 900 c of xenon a c t i v i t y , w h e r e X i s the d e c a y c o n s t a n t 
(days"^) . The t i m e o v e r wh ich i t could be r e l e a s e d wi thout exceed ing a 
g round l e v e l c o n c e n t r a t i o n g r e a t e r t han 1 M P C * (40 hr ) i s : 

* M a x i m u m p e r m i s s i b l e c o n c e n t r a t i o n s (MPC) a r e t h o s e c o n c e n t r a t i o n s 
to wh ich a p e r s o n m a y be con t i nuous ly exposed for a 4 0 - h r p e r i o d in 
any one week . If the e x p o s u r e t i m e i s l e s s , the m a x i m u m p e r m i s s i b l e 
c o n c e n t r a t i o n m a y be c o r r e s p o n d i n g l y i n c r e a s e d . T h u s , if the e x p o s u r e 
i s for only one h o u r in a week , the M P C m a y be i n c r e a s e d by a f ac to r 
of fo r ty . Th i s f ac to r w a s not t aken in to c o n s i d e r a t i o n in the c a l c u l a t i o n 
of the p e r i o d of t i m e o v e r wh ich g a s could be r e l e a s e d f r o m the holdup 
tank . T h e r e f o r e , the r e l e a s e t i m e could be r e d u c e d c o n s i d e r a b l y , if 
d e s i r e d . 
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900 c 1 „„ . i— X - 98 mm, 
3 X 10'^ c/m^ X 1800 1700 ms/min* 

This calculation simply indicates that the actual daily t ime requi red for 
bleeding xenon activity into the stack gas is sinall (about 2 hr) . The t ime 
can be adjusted for different wind conditions, for other operat ional var iab les 
(e.g. , fuel burnup and decay t ime), and on the bas i s of exper ience . 

Since xenon and krypton behave al ike, the requi red 
reduction factor of 10*̂  for krypton will have been exceeded when a concen­
t ra t ion reduction factor of 10^° is achieved for xenon. 

Iodine 

A s imi la r calculation in which the total equi l ibr ium 
amount of iodine in the sys tem is used shows that dilution by stack gases is 
inadequate for reducing iodine concentrat ion to acceptable levels . Conse­
quently, other iod ine- removal p rocedure s mus t be employed. Fortunately, 
it has been found that mos t of the iodine is condensed within the furnace. 
In h igh-ac t iv i ty- level mel t refining experiments ,^ ' it was found that l e s s 
than 0,005 percent of the iodine activity originally in the charge appeared 
in the furnace argon a tmosphere after mel t refining and cooling of the fur­
nace to equi l ibr ium at ambient t e m p e r a t u r e s . 

In a separa te experiment,(40) it was found that iodine 
of the o rde r of 10"^ percent in the charge was removed by puinping out the 
furnace to a final p r e s s u r e of 8.5 mm. These gases were drawn through a 
t r ap consist ing of a seven-sec t ion bed of charcoal and two AEC f i l ters (one 
placed on the fore side and one on the aft side of the charcoa l bed to remove 
any p a r t i c u l a t e - c a r r i e d iodine). The effluent from this t r a p contained iodine 
activity of the o rder of 1 0 ' pe rcen t or l e s s of that or iginal ly p resen t in the 
furnace. No iodine activity could be detected beyond the f i r s t section of the 
charcoa l bed. It is noteworthy that a few tenths of a pe rcen t of r a r e gas 
activity was re ta ined on the charcoal . This could affect the ult i inate d ispo­
sition of the charcoa l t r ap . 

Deposition of iodine within the furnace can occur on 
the F iber f rax fume t r ap or on sur faces within the furnace. In one exper i ­
ment,v"j the iodine was found condensed in a zone that had t e m p e r a t u r e s 
between 450 and 700°C. This indicates that iodine had not volati l ized in the 
e lementa l form or reac ted with other volati le e lements in the vapor to form 
compounds. It is suspected that the iodine volati l ized or deposited as ces ium 
iodide, since ces ium was p r e sen t in the t empe ra tu r e zone in excess of the 
s to ichiometr ic r equ i r emen t for ces ium iodide. However, the total iodine 
accounted for in this exper iment was only fifty percent of that in the charge 
m a t e r i a l . It is bel ieved that the remaining iodine was lost in handling the 
exper imenta l appara tus , 

* Stack air flow of 60,000 cfm is equivalent to 1700 m^/min. 
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The reduction in iodine concentration that occurs by 
deposition of iodine in the melt refining furnace (by about a factor of 5 x 10"^) 
is sufficient, in combination with s t ack-gas and a tmosphere dilution, to r e ­
duce iodine concentrat ion to below the max imum permiss ib le level at ground 
level, A charcoa l t r ap , therefore , const i tutes a safety device. For e lemental 
iodine, the charcoal t r ap should have an iod ine- removal efficiency of about 
99,9 percent . Pa r t i cu la te iodine activity should be largely removed on AEC 
fi l ters placed on the fore and aft s ides of the charcoal . A charcoal t r ap is 
placed within the argon cell and on the suction side of the vacuuin pump in 
o rder to minimize the shielding r equ i remen t s for subsequent off-gas han­
dling appara tus (vacuum pump, f i l te rs , piping, and the off-gas holdup tank). 
Never the less , 2 ft of concre te shielding has been provided around the vacuum 
pump and 1 in. of s teel shielding has been provided around the holdup tank 
(largely because of the contained xenon activity). The retention of off gases 
in the 500-ft^ holdup tank for about 30 days would resu l t in considerable decay 
of any iodine activi ty p resen t . 

The holdup tank, which is fabricated of -^ -in, s teel 
plate , is divided into four sections by baffles. As an added safety precaution, 
1000 lb of act ivated charcoa l is loaded into the f i r s t section to t r ap any e le ­
mental iodine which may be p resen t . In the event that an unforeseen buildup 
of activity occurs in the holdup tank, provis ion has been made for the addition 
of 2 ft of concre te shielding around it. 

One additional equipment i tem which has been provided 
to insure agains t iodine r e l e a s e in excess ive concentrat ions is a "s i lver tower" 
(a tower filled with c e r a m i c pieces on which s i lver n i t ra te has been deposited). 
Operation of the tower at about 200°C reraoves iodine by react ion of the s i lver 
n i t ra te with iodine to give s i lver iodide. The s i lver n i t ra te tower can be 
bypassed. 

Iodine activity is r e l eased from deposited iodine by 
exposure to a i r or oxygen. For this reason , r e l ea se of iodine is expected 
during the skull oxidation s tep. The off-gases f rom this s tep may be t rea ted , 
with one exception, in the same manner as a r e off-gases from the mel t r e ­
fining operat ion ( i .e . , pas sage of the off-gases through a charcoal filter a s ­
sembly, holdup tank, possibly the s i lver tower, and disposal from the suspect 
stack). The exception is that excess oxygen p resen t in the off-gases from the 
skull oxidation furnace will probably be reinoved on hot copper in an oxygen-
absorpt ion unit. However, a t the t ime of this wri t ing, the method of handling 
off-gases f rom the skull oxidation furnace has not been decided. 

Iodine may also be r e l eased by the d i rec t removal 
from the argon cell of argon gas which is f i l tered and exhausted through the 
suspect stack. Such remova l s of argon may be n e c e s s a r y for "cell breathing" 
( i .e . , r emova l of gas to maintain p roper p r e s s u r e differentials) and for the 
evacuations of t r ans fe r locks . The evacuation of locks should remove enough 
argon to take c a r e of n e c e s s a r y cel l breathing. 
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SteunenbergV°4) has es t imated that about 0.14 p e r ­
cent of the iodine may be re leased to the cell a tmosphere through nitr idation 
of discharged fuel pins. While the bulk of this m a t e r i a l will be absorbed on 
surfaces , this absorption is ignored in the following calculat ions. The daily 
input of iodine to the cell gas would be (for 2 percent burnup, 15-day cooling, 
and 0.14 percent r e l ease to the cell gas) 31.4 c of iodine-131, resul t ing in an 
equil ibrium level of 365 c or 0.0056 c/ft^. It has been es t imated that in evac­
uating the locks, about 1000 ft^ of gas might be removed each week at a ra te 
of 40 cfm (i .e. , over a total of 25 min).^°^' This is a conservat ive es t imate ; 
the probable normal weekly volume will be about 300 ft^. If r e lease were 
permi t ted in a single 25-min period ra ther than in shor te r increments 
spread over the ent i re week, the ground-level concentrat ion could conserv­
atively be permit ted to r i s e to 10 t imes the maximum permiss ib le concentra­
tion ( M P C ) . The pe rmiss ib le iodine discharge ra te would be 0.3 c /min. The 
predicted discharge ra te is 0.23 c /min . 

Argon may also be re leased direct ly to the a tmos ­
phere in an emergency. The venting of the cell gas direct ly to the a tmos ­
phere is considered an emergency event, such as might resul t from failure 
of the cell gas-cooling sys tem or a sudden extensive drop in a tmospher ic 
p r e s s u r e . The maximum outflow of gas which could occur is about 6000 ft̂  
over a period of 6 min. This would resu l t in the discharge of 5.6 c /min and 
would resu l t in the pe rmiss ib le concentration at ground level being exceeded 
by a factor of about 200 (assuming no a tmospher ic dilution). However, since 
this is an emergency condition, it should be possible to permi t such iodine 
concentrat ions. The level attained would be only five t imes that permit ted 
for a discharge of activity occurr ing over a one-hour period in one week. 

The flow of gaseous wastes is summar ized in Figure 54. 
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2.7 .2 Solid W a s t e M a t e r i a l s 

The so l id w a s t e s c o n s i s t of: s c r a p m a t e r i a l s f r o m the d i s ­
a s s e m b l y of s u b a s s e m b l i e s , f u e l - c l a d d i n g s c r a p , u s e d m e l t re f in ing and 
i n j e c t i n g - c a s t i n g c r u c i b l e s , c r u s h e d V y c o r m o l d s , fume t r a p s , and d i s c a r d e d 
e q u i p m e n t i t e m s . W a s t e flux and m e t a l f r o m the sku l l r e c l a m a t i o n p r o c e s s 
wi l l be c a s t d i r e c t l y in to w a s t e c o n t a i n e r s , not y e t d e s i g n e d . The bulk of 
the r a d i o a c t i v i t y wi l l , in fac t , be d i s p o s e d of in w a s t e m e t a l and flux s t r e a m s 
of the sku l l r e c l a m a t i o n p r o c e s s . 

2 ,7 ,2 .1 S c r a p - h a n d l i n g Coffin and C o n t a i n e r s 

The e q u i p m e n t a t t he fac i l i ty for d i s p o s a l of w a s t e 
m a t e r i a l c o n s i s t s of a s c r a p - h a n d l i n g coffin and s t a n d a r d d i s p o s a l c o n t a i n e r s . 
The s c r a p - h a n d l i n g coffin i s s i m i l a r in o u t s i d e d i m e n s i o n s to the i n t e r b u i l d ­
ing ( s u b a s s e m b l y - t r a n s f e r ) coffin; h o w e v e r , no cool ing i s p r o v i d e d . The 
coffin i s d e s i g n e d to be u s e d in a v e r t i c a l p o s i t i o n and h a s a top opening 
w h i c h i s c l o s e d by a s t e p p e d p lug. The o v e r a l l he igh t i s about 10 ft; the ou t ­
s ide d i a m e t e r i s abou t 34 in. The s t o r a g e o r c e n t e r tube i s m a d e of s t a i n l e s s 
s t e e l and i s 13 in. in i n t e r n a l d i a m e t e r and abou t 7 ft long. The sh ie ld ing 
c o n s i s t s of 10 in . of l e ad a t t he s i d e s and 8 in. a t top and b o t t o m . The coffin 
i s c o v e r e d by s t e e l s h e e t i n g abou t ^ in. t h i ck . It i s loaded whi le on the t r a n s ­
fer c a r t u n d e r the l a r g e a i r - c e l l f loor p o r t , and i s m o v e d by the c a r t and the 
h i g h - b a y - a r e a c r a n e to a t r u c k for hau l ing to the b u r i a l g round . The o p e r a ­
t ion of the c a r t and c r a n e a r e the s a m e a s for the i n t e r b u i l d i n g coffin. In 
add i t i on , a n o t h e r coffin w h i c h w i l l hold 5 5 - and 3 0 - g a l d r u m s wi l l be a v a i l ­
a b l e a t t he s i t e and m a y be u s e d . 

T h r e e s t a n d a r d s i z e s of d i s p o s a l c o n t a i n e r s a r e 
p l anned . They a r e : 

1) 3 0 - g a l d r u m s abou t 16 in . in d i a m e t e r and 
3 ft h igh; 

2) c o n t a i n e r s , 11 i in, i n s i d e d i a m e t e r and 6 ft 
h igh; and 

3) c o n t a i n e r s , abou t 11 in. in ou t s i de d i a m e t e r 
and 1 ft h igh , w h i c h wi l l fit i n s i d e the 6-ft 
c o n t a i n e r d e s c r i b e d in 2) above . 

The c o n t a i n e r s w i l l have c r i m p - o n l ids w i t h a s b e s t o s g a s k e t s . The 3 0 - g a l 
d r u m s a r e p l anned for l a r g e i t e m s , s u c h a s m a c h i n e r y . The c o n t a i n e r s wi l l 
be t r a n s f e r r e d into the a i r c e l l t h r o u g h the l a r g e t r a n s f e r p o r t . 



2 .7 .2 ,2 D e s c r i p t i o n of Solid W a s t e s 

D i s a s s e m b l y S c r a p 

The d i s a s s e m b l y s c r a p p e r c o r e s u b a s s e m b l y 
c o n s i s t s of: 

1) abou t 62 in, of h e x tubing; 

2) the top f i x t u r e wi th g r i d and t i e bol t ; 

3) two nu t s and two g r i d p l a t e s ; 

4) the b o t t o m a d a p t e r wi th g r i d and t i e bo l t in 
two p i e c e s . 

T h i s s c r a p i s to be p l a c e d in the 6-ft c o n t a i n e r s . It is e s t i m a t e d tha t one 
c o n t a i n e r w i l l hold the s c r a p f r o m abou t 10 s u b a s s e m b l i e s . The s t a i n l e s s 
s t e e l s c r a p wi l l h a v e a n a c t i v i t y of abou t 3 c / g . 

C ladd ing S c r a p 

The f u e l - e l e m e n t c l add ing s c r a p , w h i c h a l s o h a s a n 
a c t i v i t y of abou t 3 c / g , c o n s i s t s of the s p a c e r w i r e , s h e a r e d e n d s , and the 
d e c a n n i n g s c r a p r i b b o n . The r i b b o n i s abou t -j in, wide and 5 ft long. F o r 
a s u b a s s e m b l y of 91 fuel e l e m e n t s , the s c r a p w i l l a m o u n t to abou t 865 g of 
w i r e and e n d s , and 820 g of r i b b o n . In add i t i on , t h e r e a r e abou t 91 g of 
bonding s o d i u m p e r s u b a s s e m b l y of wh ich an e s t i m a t e d o n e - h a l f a d h e r e s to 
the p ins and o n e - h a l f (45 g) a d h e r e s to the s c r a p . T h u s , the c l add ing s c r a p 
would a m o u n t to a b o u t 1730 g p e r c o r e s u b a s s e m b l y . The c ladd ing s c r a p 
wi l l be p l a c e d in the one - foo t c o n t a i n e r s . 

Me l t Ref in ing C r u c i b l e s 

The m e l t r e f in ing c r u c i b l e s of z i r c o n i a a r e 6-|-in. in 
d i a m e t e r and 9 y in, h igh . A f t e r the s k u l l i s ox id i zed and the sku l l oxide i s 
d u m p e d in to a s t o r a g e pan , the c r u c i b l e i s r e l e a s e d f r o m i t s ho ld ing can 
and d u m p e d in to a o n e - f o o t - h i g h c o n t a i n e r . S o m e b r e a k i n g of the c r u c i b l e s 
m a y be d e s i r a b l e to e n a b l e m o r e ef f ic ien t p a c k i n g . 

M e l t Ref in ing F u m e T r a p s 

The F i b e r f r a x fume t r a p s a r e a p p r o x i m a t e l y 10 in, 
in d i a m e t e r and 5-|- in. h igh . A f t e r one u s e , t h e y w i l l be d i s p o s e d of in the 
o n e - f o o t - h i g h c o n t a i n e r s . One c o n t a i n e r wi l l hold two fume t r a p s p lus s o m e 
o t h e r s c r a p . 



Melt Refining Ingot Molds 

The graphite ingot molds a re 4-^ in. square and 
6-g- in, high, \7hen they become damaged, they will be disposed of in the 
one-foot conta iners . 

Melt Refining Charcoal F i l te r Assembly 

A decision to use a charcoal filter assembly in the 
mel t refining off-gas line was made jus t previous to the writing of this r e ­
port . The design has not been completed. The unit will be installed in the 
vacuum line to the furnace by f r eeze -me ta l joints . It is expected that the 
unit with connections will be designed so that it will fit into the one-foot 
d isposal conta iners . 

Injection-cast ing Crucibles 

The thor ia -coa ted graphite crucibles a r e 6-|- in, in 
d iameter and 5-|- in. high. It is expected that they will be used once and then 
be disposed of in the one-foot conta iners . 

Vycor Glass from Injection-casting Molds 

It is anticipated that from 120 to 160 Vycor molds 
will be used per casting operat ion. The broken Vycor from 120 molds will 
weigh about 2300 g and will be disposed of in the one-foot conta iners . 

Inject ion-cast ing Pa l le t s 

The pallets or mold holders a r e 6 in, in d iameter 
and 20-g- in. long. It has not been de termined whether they will be r e -used 
or not. V/hen disposal is neces sa ry , the 6-ft containers will be used. 

Miscel laneous 

Miscel laneous fuel -process ing i tems , such as 
thernaocouples, will be disposed of in the 1-ft or 6-ft conta iners . Small 
i t ems of process ing equipment, such as susceptors and furnaces, will be 
disposed of in the 30-gal d r u m s . Small i tems of cel l equipment, such as 
lamps and moto r s , will l ikewise be disposed of in the 30-gal d rums . Large 
i tems will be t rea ted as specia l p rob lems and individual disposal methods 
will be used. 

2.7.2.3 Movements from Cells 

P r e s e n t plans a r e to have tools for cr imping the lids 
on the one-foot containers in the argon cel l and tools for the 30-gal d rums 
and the 6-ft conta iners in the a i r cel l . The one-foot containers will be filled 
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and the lids c r imped on in the argon cell . They will be t r ans fe r r ed to the 
air cel l for loading into the 6-ft conta iners . Some 30-gal d rums will be 
filled in the argon cell when neces sa ry and t r a n s f e r r e d through the la rge 
lock to the air cel l for sealing. Others will be filled in the air cell . Lifting 
tools with r e l e a s e mechan i sms , operated by the bridge manipula tors , a r e 
to be used for moving the conta iners and d r u m s . 

If excess r e l ea se of act ive fumes from mel t refining 
fume t raps and f i l t e rs occurs during evacuation of the large lock, severa l 
a l te rna t ives can be used. The f i l ters could be sealed before being placed in 
conta iners , or the fume t r aps might be placed in smal l sealed containers and 
t r a n s f e r r e d through the smal l locks with the use of special t ransfer devices . 

2.7.3 Disposal of Liquid Waste 

As pointed out previously, liquid was tes a r e generated in the 
p roces s for removing sodium from subassembl ies and in analyt ical opera ­
t ions. The faci l i t ies for suspect liquid waste disposal consis t of: 

One 1 700-gal-capaci ty retent ion tank in the sodium-disposal 
sys t em on the serv ice floor of the Fuel Cycle Faci l i ty . 

Three 1 700-gal-capaci ty suspect retention tanks in the 
Labora tory and Services Building. 

One waste evaporator in the Labora tory and Services Build­
ing capable of concentrat ing 1500 gal (with 2.2 percent solids) 
to 30 gal (with 40 to 50 percent solids) in 8 hr with a decon­
taminat ion factor of 10^ for the evaporated liquid. 

Two 150-gal-capaci ty , high-act ivi ty tanks for the analyt ical 
caves in the Labora tory and Services Building. 

One leaching pit. 

One solidification cell for loading liquid from the high-act ivi ty 
tanks into 30-gal d rums containing vermicul i te and for loading 
the bottoms from the evaporator into 30-gal d rums . 

The liquid f rom the 1700-gal retent ion tank in the sodium-
disposal sys tem is pumped to the three retent ion tanks in the Labora tory 
and Serv ices Building. The liquid from these three tanks is pumped to the 
waste evaporator or to the leaching pit, depending upon the activity level. 
The overheads from the evaporator a r e pumped to the leaching pit. The bot­
toms from the evaporator and the liquid from the high-act ivi ty tanks a r e ab­
sorbed in vermicu l i t e and sent to the bur ia l grounds in shielded conta iners . 

A minimum of liquid waste from the Fuel Cycle Faci l i ty is 
expected to be p roces sed by the system. In norraal operation, the only 
act ivi ty- lad en liquid should be that froin the sodium-disposal sys tem. 
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The activity in this sys t em can a r i s e f rom impuri ty e lements in the sodium 
or from the cleaning of ruptured fuel e lements . (There is a possibi l i ty that 
fuel e lements and repa i rab le equipment that a r e removed from the argon 
cell will be cleaned. Cleaning would be by ul t rasonic cleaning in a bath of 
chlorinated hydrocarbons . These liquids would be handled in a closed r e ­
cycle sys tem with the concentrated contamination being direct ly absorbed 
and buried in shielded containers . ) 

Activity handled in the l iquid-waste-handling sys tem is liinited 
because of the unshielded design of the evaporator . Limits for normal oper ­
ation a r e expected to be 2 to 5 c for a concentrate of 15 to 25 gal. Limits on 
the overheads from the evaporator a r e l isted below: 

Concentrat ion Limits for Liquid Disposal to Leaching Pit 

Total Maximum 
Isotopes Concentration (/ ic/ml) 

Unidentified 10"^ 

Sr9° 10"6 

Sr9°, l'^\ l " \ Ru-Rh"6 10-5 

Sr90, ji29^ ji3i^ ce^^^ Sr^^ Ru-Rh"6 , C s ^ " 10"^ 

3^90^ Ii29. ii3i. Ce^^*, Sr^9, R u - R h " ^ Cs^^^ 

C6:"\ . i r -Nb'^ 10"3 

If high g ro s s activi ty levels occur in the sodium-disposal 
tank, the action taken will be to pump 2- to 5-c amounts to the evaporator 
for d isposal . This d isposal will involve dilutions and concentrat ions 
ta i lored to the specific situation. It is a lso possible to t ransfe r liquids of 
higher activity d i rec t ly to shielded conta iners for bur ia l . Approximately 
500 c a r e the maximum that can be d i rec t ly t r ans fe r r ed to a 30- or 55-gal 
d rum. 

2.8 Special P rob lems 

2.8,1 Cr i t ica l i ty 

Nuclear cr i t ica l i ty in the EBR-II Fuel Cycle Faci l i ty was 
the subject of a study by Hesson and Burr is , (^^) Quantity and configuration 
l imits for EBR-II fuel of the f i r s t core composit ion during s torage , handling, 
and process ing operat ions in the Fue l Cycle Faci l i ty were recommended. 
The recommendat ions* were based on published nuclear safety guides , ' °°" '^^ ' 

* These recommendat ions do not yet consti tute official policy. They naay 
consti tute the bas i s of an official policy, the es tabl i she rant of which is 
the responsibi l i ty of the operat ing division. They a r e included in this 
repor t , p r io r to the adoption of an official policy, to indicate the genera l 
nature of the cr i t ica l i ty problem. 



The philosophy adopted was to es tabl ish maximum quantities of fuel ma te ­
r ia l s which could be handled, without r i sk of nuclear incident, in all fuel-
process ing operat ions under the assumed conditions of "full reflection" and 
with a safety factor of at leas t two to take ca re of inadvertent double batch­
ing. The assumption of "full reflection" (water at leas t 3 in, thick or its 
nuclear equivalent) obviates the need for considerat ion of the proximity of 
ma te r i a l s other than fuel or fissionable ma te r i a l . Since "full reflection" is 
not eas i ly achieved, the assumption that "full reflection" exists provides a 
considerable safety factor. 

It is considered worthwhile to quote, from the above-mentioned 
study,''"-' ' the recommended allowable l imits of fuel, graphite , and beryl l ia in 
the EBR-II Fuel Cycle Facil i ty.* The allowable l imits were stipulated as 
maximum-s ized unit amounts of fuel, enriched uranium, and plutonium, a.nd 
res t r i c t ions •were placed on the geometr ica l a r rangements of the unit amounts. 

2.8,1.1 Cri t ical i ty Control for Core I Fuel and Blanket 
Mater ia l s 

The total allowable quantity of fuel ma te r i a l s in a 
given a r e a is a function of the weight of fuel in "fuel uni ts" and the spacing 
of the fuel units . Thus, the sma l l e r a fuel unit and the g rea t e r the distance 
between fuel uni ts , the g rea t e r is the total allowable quantity of fuel mate r ia l . 
This relat ionship for Core I fuel is shown on Table 15. For a cen te r - to -cen te r 

Table 15 

A L L O W A B L E QUANTITIES O F CORE I F U E L (50 P E R C E N T U^^^) 
AS FUNCTIONS O F SIZE AND SPACING OF F U E L UNITS'-

To ta l F u e l Weight and N u m b e r of F u e l Uni ts for F u e l Uni ts S izes of 

15 kg 20 kg 25 kg 32 kg 
C e n t e r - t o - c e n t e r 
Spacing of F u e l 

Uni ts ( in . )^ 

12 

15 

18 

21 

24 

F u e l 
Wt (kg) 

310 

510 

770 

>1000 

^1000 

^ It i s a l s o n e c e s s a r y tha 

No. of 
Uni ts 

20 

34 

51 

,>66 

t t h e r e be 

F u e l 
Wt (kg) 

250 

410 

620 

860 

^4 000 

8 in. of 

No. of 
Uni ts 

12 

20 

31 

43 

50 

c l e a r spa 

F u e l 
Wt (kg) 

210 

350 

525 

740 

1000 

:e be tween 

No. of 
Units 

8 

14 

21 

29 

F u e l 
Ŵ t (kg) 

175 

290 

435 

610 

40 830 

fuel un i t s . 

No. of 
Units 

5 

9 

13 

19 

26 

3̂ Data adap ted f r o m TID-7016 , F i g u r e 22, with a fac tor of safety g r e a t e r than two. 

See footnote on previous page. 
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distance of 24 in. between fuel units with at leas t 8 in, of intervening c lear 
space, the maximum recommended s izes of Core I fuel units (which pe rmi t 
inadvertent double batching) a r e the following: 

F iss ionable Mater ia l 

Core I fuel (46 w/o U"^) 

Plutonium (in blanket m a t e r i a l at 
concentrat ions of l ess than one percent) 

Fully enriched uran ium (93 w/o U^^ )̂ 

Maximum Weight of 
Unit Quantity (kg) 

32 as total fuel 

2.6 as Pu"9 

10 as total U 

The recommended l imitat ions on the total quantit ies 
of fuel m a t e r i a l s p r e s e n t s imultaneously in the EBR-II Fuel Cycle Faci l i ty 
a r e : 

Core I fuel (46 w/o U^") 

Plutoniuin (blanket mater ia l ) ; 

Fully enriched u ran ium (93 w/o Û -*̂ ) 

500 kg (This cor responds to 
16 max imum-s ize fuel uni ts , 
i .e . , 32 kg of fuel per unit.) 

13 kg (This corresponds to 
5 max imum-s ize units , each 
containing not more than 
2,6 kg of plutonium.) 

10 kg (Storage in the cel l in 
quantities g rea t e r than this 
should not be necessary . ) 

The enriched uran ium (employed as make-up fissionable mater ia l ) will be 
received and, there fore , may be s tored in 18-kg-capacity, geometr ica l ly 
safe shipping con ta iners . The 10-kg l imitat ion i s , therefore , waived when 
this m a t e r i a l is rece ived and s tored in geometr ica l ly safe conta iners , but 
should be adhered to in subsequent handling, A maximum limit of 200 g for 
the total of a l l f issionable m a t e r i a l s in a l l of the l iquid-waste-holdup tanks 
is recommended. 

The r equ i remen t that the re be at least 8 in. of open 
or c lear space between fuel units p e r m i t s a thick, close-fi t t ing ref lector about 
a cubic a r r a y (see F igure 22, p. 26 of TID-7016, rev. l ) . In TID-7016, p, 26, 
it is stated that this spacing c r i t e r ion is a lso met if the units a r e separa ted 
by a layer of water or concre te at l eas t 8 in. in th ickness . 

The amount of potential mode ra to r s , graphite (or 
carbon) and beryl l ia , should be l imited to an accumulat ion in each cell of 
600 kg of graphi te and 200 kg of beryl l ia . 



By u s e of T a b l e 15, p . 172, a l t e r n a t e c h o i c e s of un i t 
fuel q u a n t i t i e s and sjDacing of fuel un i t s c a n be m a d e . The n a t u r e of the fue l -
r e c o v e r y o p e r a t i o n s m a y be such tha t un i t fuel q u a n t i t i e s s m a l l e r than the 
p e r m i s s i b l e m a x i m u m m a y be p r e f e r a b l e . Any un i t quan t i ty of fuel which i s 
s e l e c t e d can , in t u r n , c o n s i s t of a g r o u p of s m a l l e r q u a n t i t i e s of fuel . 

F o r s t o r a g e of fuel , t he N u c l e a r Safety Guide , 
T I D - 7 0 1 6 , p e r m i t s a r e l a x a t i o n of the c u s t o m a r y d o u b l e - b a t c h i n g sa fe ty 
f a c t o r s on the a s s u m p t i o n t h a t c o n t r o l of i nd iv idua l fuel un i t s in s t o r a g e i s 
m o r e s t r i n g e n t t han in p r o c e s s o p e r a t i o n s . The m i n i m u m spac ing for 32-kg 
fuel un i t s in s t o r a g e i s 12 in. b e t w e e n c e n t e r s wi th no t l e s s t han 8 in, of 
c l e a r s p a c e b e t w e e n u n i t s . The spac ing of s t o r a g e p i t s in the a r g o n and a i r 
c e l l s i s such t h a t t h e s e i n i n i m u m r e q u i r e d d i s t a n c e s a r e in a l l c a s e s e x ­
c e e d e d . E v e n though a 12- in , s p a c i n g of s t o r e d 3 2 - k g fuel u n i t s i s a d e q u a t e , 
i t i s r e c o m m e n d e d t h a t a u n i f o r m s e t of r u l e s be adop ted for both s t o r a g e 
and hand l ing of fuel in the c e l l s , n a m e l y , 2 ft b e t w e e n a d j a c e n t fuel un i t s 
w i th 8 in. of i n t e r v e n i n g s p a c e . 

A l though t h e 3 2 - k g l i m i t a t i o n a l s o a p p l i e s to the s t o r ­
age of m e l t r e f in ing s k u l l s o r sku l l oxide in a s t o r a g e pi t , a d d i t i o n a l p r e ­
c a u t i o n s m u s t be t a k e n i n t h e s t o r a g e of t h e s e n a a t e r i a l s b e c a u s e of the 
r e m o t e p o s s i b i l i t y t h a t , t h r o u g h w a t e r i n l e a k a g e , the p i t s m a y flood wi th 
w a t e r . It i s r e c o m m e n d e d tha t the sku l l ox ide be s t o r e d in g e o m e t r i c a l 
a r r a n g e n a e n t s w h i c h p r o v i d e a sa fe cond i t i on e v e n though t h e c o n t a i n e r s and 
p i t s f i l l wi th w a t e r . Two r e c o m m e n d e d a r r a n g e m e n t s a r e : ( l ) c o n t a i n e r s 
wi th safe d i a m e t e r s , i . e . , l e s s t han 5.5 in, in d i a m e t e r , and (2) c o n t a i n e r s 
8 in, in d i a m e t e r and 4 in, h igh wi th a t l e a s t 10 in, of c l e a r s p a c e b e t w e e n 
c o n t a i n e r s . The c a n s m a y fi l l w i th w a t e r , bu t oxide c a n n o t be p e r m i t t e d to 
e s c a p e f r o m the can . B e c a u s e the o x i d e s w i l l h a v e a d e n s i t y of a r o u n d 
10 g / c m ^ , m o v e m e n t of oxide even in an open can f i l led wi th w a t e r would 
be u n l i k e l y . 

F u e l s u b a s s e m b l i e s awa i t i ng p r o c e s s i n g or r e t u r n 
to t h e r e a c t o r m a y be s t o r e d in s t o r a g e p i t s in the A r g o n Ce l l . U n d e r the 
w o r s t - a s s u m e d c o n d i t i o n s , i . e , , w a t e r f looding of the p i t s , a t l e a s t s e v e n 
s u b a s s e m b l i e s would be r e q u i r e d for a c r i t i c a l m a s s . T h e r e f o r e , no t m o r e 
t han four fuel s u b a s s e m b l i e s shou ld be s t o r e d in a s t o r a g e pi t . 

M e c h a n i c a l a i d s and a d m i n i s t r a t i v e c o n t r o l wi l l be 
r e q u i r e d to e n s u r e t h a t un i t q u a n t i t i e s a r e no t e x c e e d e d and tha t g e o m e t r i c a l l y 
safe c o n f i g u r a t i o n s a r e m a i n t a i n e d . The fol lowing m e c h a n i c a l a i d s a r e r e c ­
o m m e n d e d for m a i n t a i n i n g the s p a c i n g s r e q u i r e d for g e o m e t r i c a l l y safe 
c o n f i g u r a t i o n s and for p r e v e n t i n g an a c c u m u l a t i o n of fuel in a m o u n t s in e x ­
c e s s of the m a x i m u m r e c o m m e n d e d q u a n t i t i e s : 

1) M e c h a n i c a l a p p a r a t u s to l i m i t the m a x i m u m 
n u m b e r of a s s e m b l i e s in any one a i r c e l l s t o r a g e p i t to four (4) s u b a s s e m b l i e s . 

2) M e c h a n i c a l a p p a r a t u s to l i m i t s t o r a g e of oxide o r 
fuel in the a r g o n c e l l s t o r a g e p i t s to g e o m e t r i c a l l y safe c o n f i g u r a t i o n s d e s ­
c r i b e d a b o v e . 
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3) In the case that fuel e lements a re cleaned (as 
has been occasionally proposed) in a halogenated carbon fluid (such as 
t r ichloroethylene) , the cleaning container should have geometr ical ly safe 
dimensions ( less than 5-j in. in d iamete r ) . The halogenated carbon fluid 
would not be an effective modera to r , but there is the possibil i ty of inad­
ver ten t substitution of water . 

The recommended l imits of fuel (quantity and con­
figuration) given in the preceding sect ions should impose no severe opera ­
tional p rob l ems , since the weights of fuel in individual major fuel i t ems or 
in var ious configurations a r e , as shown below, much less than the r e c o m ­
mended l imit of 32 kg per fuel unit: 

I tem Fuel Weight, g 

One subassembly 6,070 
One fuel e lement 67 
One fuel pin 67 
Melt refining charge about 10,000 
Melt refining ingot about 9,000 
Melt refining skull about 1,000 
Inject ion-cast ing charge about 14,000 
Inject ion-cast ing heels about 4,000 
Fuel -p in cast ings about 100 
Scrap var iable 

2,8,1,2 Cri t ica l i ty Considerat ions for Future Core Loadings 

It is anticipated that subsequent cores with plutonium 
as the f issionable m a t e r i a l in depleted u ran ium will be fabricated. In such 
ca se s , the percentage of plutonium in the fuel will be less than the percentage 
of u ran ium-235 in the cu r r en t fuel because of the g r e a t e r react ivi ty of pluto­
nium. If the s ize of the plutonium fuel core is the same as that of the p resen t 
core , the allowable m a s s for a unit of unmoderated but reflected fuel would be 
about the same as in the c u r r e n t case ( i .e . , about 32 kg per fuel unit) since 
the dec reased concentra t ion of the plutonium would compensate for its g r e a t e r 
r eac t iv i ty . ' " ' ' However, in cases of possible effective moderat ion of the fuel, 
as by water , or in the event of accidental fuel enr ichment , the minimum c r i t i ­
cal m a s s would be considerably l e s s . 

In the case in which a l a rge r r eac to r core might be 
used with, say, only 25 percen t u ran ium-235 enr ichment in the fuel, l a rge r 
unit m a s s e s could be used. A Nuclear Safety Guide ' °" ' shows an allowance 
factor of 2.5 for 25 pe rcen t enr ichment . The "fully reflected" minimum 
c r i t i ca l m a s s would be 228 kg of fuel (22,8 x 2.5 x 4), and the recommended 
unit weight would be 100 kg of fuel (10 x 2,5 x 4). 
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In the c a s e of fu tu re c o r e s , m i x t u r e s of p l u t o n i u m 
and u r a n i u m - Z 3 5 in n a t u r a l u r a n i u m m i g h t be u s e d a s fuel . The fol lowing 
t abu la t iom° '7 ) shows the c r i t i c a l m a s s e s of u r a n i u m - Z 3 5 and p l u t o n i u m for 
v a r i o u s v o l u m e f r a c t i o n s in u r a n i u m - 2 3 8 wi th a t h i ck (7 "I"-in.) u r a n i u m r e ­
f l e c t o r . The v o l u m e f r a c t i o n of u r a n i u m - 2 3 5 i s b a s e d on a d e n s i t y of 
18,8 g / c m ^ and tha t of p l u t o n i u m is b a s e d on a d e n s i t y of 14,2 g / c m ^ . 

M i n i m u m C r i t i c a l M a s s , kg 
Percent 

(Volume) in U"^ 

100 
90 
80 
70 
60 
50 
40 
30 
20 

U"5 

15 
16.5 
18 
19.5 
22 
25 
30 
36 
50 

Plutonium 

6,5 
7.1 
7.8 
8,7 
9.9 
11.4 
13.7 
17.2 
24 

A s s u m i n g t h a t 1 g Pu^^^ i s e q u i v a l e n t to 3 g U^^^, a 
fuel w i th 20 v / o ( l 6 w /o ) p l u t o n i u m and 20 v / o (21 w / o ) U^^^ would have a 
t o t a l c r i t i c a l m a s s of 45 .6 kg of fuel (7,2 kg Pu^^' and 9-9 kg U^^^). F o r a 
full r e f l e c t o r c o r r e s p o n d i n g to abou t 2 in . of u r a n i u m (or inf in i te ly th i ck 
w a t e r ) , the c r i t i c a l m a s s would be abou t 65 kg of fuel , wh ich i s abou t the 
s a m e a s the c r i t i c a l m a s s , 72 kg , for the 50 p e r c e n t U^^^ fuel ( C o r e I fuel) . 

On the s a m e b a s i s , a fuel of 35 v / o (29 w / o ) p l u t o ­
n i u m in n a t u r a l u r a n i u m would have a m i n i m u m c r i t i c a l m a s s of abou t 76 kg 
of fuel for a full r e f l e c t o r , wh i l e a fuel of 25 v / o (20 w /o ) p l u t o n i u m would 
h a v e a m i n i m u m c r i t i c a l m a s s of a b o u t 115 kg of fuel . 

2 .8 .2 A c c o u n t a b i l i t y 

F r o m the v i ewpo in t of o v e r a l l a c c o u n t a b i l i t y in the F u e l Cyc l e 
F a c i l i t y , the f ac i l i t y m i g h t be c o n s i d e r e d f r o m the " b l a c k box" v i ewpo in t . 
T h e r e wi l l be i n c o m i n g , a c c u m u l a t i o n of, and ou tgoing fuel , u r a n i u m and p l u ­
t o n i u m . The a c c u m u l a t i o n w i l l be m e r e l y the d i f f e r e n c e b e t w e e n i n c o m i n g 
and outgoing m a t e r i a l . T h e s e i t e m s would c o n s i s t of c o m p o n e n t s a s fo l lows : 

a. I n c o m i n g F u e l 

1) F r o m r e a c t o r 

2) M a k e u p 
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b . F u e l A c c u m u l a t i o n 

1) P r o c e s s i n v e n t o r i e s 

2) Skull o r sku l l ox ide 

c. Outgoing F u e l 

1) To r e a c t o r 

2) U n r e c o v e r a b l e e l e m e n t s o r s p i l l m a t e r i a l 

3) L o s s e s in c l a d d i n g , c r u c i b l e , and mo ld s c r a p 

4) W a s t e s t r e a m s f r o m sku l l r e c l a m a t i o n p r o c e s s 

5) A n a l y t i c a l and o t h e r s a m p l e s . 

The " b l a c k box" c o n c e p t r e q u i r e s a c c u r a t e knowledge of a l l 
i n c o m i n g and outgoing fuel i t e m s . Iteixis ( l ) and (2) u n d e r both i n c o m i n g and 
outgoing fuel would p r o b a b l y be known wi th suff ic ient a c c u r a c y for the c o n ­
cep t to be u se fu l . H o w e v e r , the a v e r a g e m a g n i t u d e s of the outgoing l o s s e s 
in c l a d d i n g , c r u c i b l e , and m o l d s c r a p ( i t e m c-3) m u s t be d e t e r m i n e d . Th i s 
wi l l be e s p e c i a l l y i m p o r t a n t in o r d e r to p r e v e n t a c c u m u l a t i o n of a c r i t i c a l 
m a s s . 

S ince the r e a c t o r fuel c o n t a i n s u r a n i u m - 2 3 5 and s i n c e p l u t o ­
n i u m wi l l be b r e d in the fuel and b l a n k e t m a t e r i a l s , a c c o u n t a b i l i t y of fuel and 
b l a n k e t m a t e r i a l s w i l l be invo lved . T h o r i a i s u s e d a s a coa t ing for i n j e c t i o n -
c a s t i n g c r u c i b l e s and m o l d s . A c c o u n t a b i l i t y of th i s m a t e r i a l m a y a l s o be r e ­
q u i r e d . I n v e n t o r i e s of t h e s e m a t e r i a l s w i l l be a s fo l lows . 

2 .8 .2 .1 New M a k e u p U r a n i u m and F u e l A l loys 

The a c c o u n t a b i l i t y of the n a t u r a l u r a n i u m , u r a n i u m 
e n r i c h e d in u r a n i u m - 2 3 5 , f i s s i u m a l loy , and f i ss iuna a l loy in new fuel e l e m e n t s 
c a n be h a n d l e d wi th s t a n d a r d p r o c e d u r e s . A s the m a t e r i a l i s t r a n s f e r r e d in to 
the c e l l s , a c c o u n t a b i l i t y c a n be t r a n s f e r r e d to the fuel c y c l e . 

2 .8 .2 .2 F u e l in F u e l E l e m e n t s in S u b a s s e i n b l i e s in the R e a c t o r 
and Coffin 

A l l s u b a s s e m b l i e s w i l l be n u m b e r e d , and ind iv idua l 
fuel e l e m e n t s w i l l e a c h o c c u p y a n u m b e r e d p o s i t i o n in the s u b a s s e m b l y . F u e l 
in s u b a s s e m b l i e s w i l l be i den t i f i ab l e a s n u m b e r e d fuel e l e m e n t s in a n u m b e r e d 
s u b a s s e m b l y . R e c o r d s wi l l show t h e l o c a t i o n s of the s u b a s s e m b l i e s . F r o m 
p r o c e s s i n g o r m a n u f a c t u r i n g i n f o r m a t i o n , f r o m a n a l y s e s , and f r o m r e a c t o r 
o p e r a t i o n i n f o r m a t i o n , the h i s t o r y , a n a l y s i s , and we igh t of the fuel p in in e a c h 
fuel e l e m e n t w i l l be known. A s the s u b a s s e m b l i e s a r e t r a n s f e r r e d to and f r o m 
the r e a c t o r and F u e l Cyc l e F a c i l i t y , a c c o u n t a b i l i t y c a n be t r a n s f e r r e d 
a c c o r d i n g l y . 



2,8,2.3 Fuel Being Reprocessed in the Fuel Cycle Faci l i ty 

After the fuel has been exposed in the r eac to r , it will 
be too active to be s tored outside the cel ls or coffins. Hence, accountabili ty 
will need to be maintained on a r emote bas i s . 

2,8.2.3,1 Identification of Fuel I tems 

Since many i tems of fuel, such as fuel 
e lements , ingots, and pins , may not be numbered or marked d i rec t ly on the 
i tem, identification may be by position. Fue l -e l emen t magaz ines , oxide-
or sku l l - s to rage cans, s torage locat ions, e tc . , can be numbered for 
identification. 

After d i sassembly of a subassembly and 
until decanning and chopping, each fuel e lement can be individually identified 
by giving it the numbered posit ion it occupied in a specific subassembly and 
keeping a r eco rd of the posit ion it occupies in a magazine. 

After decanning and chopping the fuel in 
the fuel pins (except for sanaples) becomes pa r t of a mel t refining charge 
batch and loses individual identity. The melt refining ingot and the skull 
can be identifiable with the mel t refining batch number . 

The mel t refining ingots, r e m e l t ingots, 
and possibly the heels become p a r t of an inject ion-cast ing batch number . 
The h is tory of the charged m a t e r i a l will be recorded . The fuel pins, heel, 
and s c r ap f rom the inject ion-cast ing batch can be identified with the 
inject ion-cast ing batch number . 

If hee ls and sc rap a r e remel ted , the r e -
melted batch will have a number and the h is tory of the charged m a t e r i a l 
will be known. The r eme l t ingot and skull or res idue from the renaelt can 
be identified with the reixielt batch number . 

The fuel pins and fuel e lements from a 
given inject ion-cast ing batch can be identified with the batch numiber. They 
will be ass igned individual identity as they a r e mi.easured and weighed. After 
the fuel e lements a r e r e a s s e m b l e d in a subassembly , they can assum.e the 
identity of a numbered position in a specific subassembly . 

Records of the fuel could thus contain a 
complete h i s to ry of any i tem of fuel on an opera t ion- to-opera t ion bas i s . 
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2.8.2.3.2 Quantities of Uranium and Plutonium in 
Inventories of Fuel 

The quantity of uranium and plutonium in 
any fuel i t em will be a product of the weight of the i tem and the fraction of 
f iss i le m a t e r i a l p resen t . Scales or balances will be used for weighing, and 
chemical ana lyses will be made. In the ca ses where analyses a r e not made, 
es t imates based on previous r eco rds can be made. 

The sca les planned for the argon cell a r e 

Remarks 

Toledo pla t form-dia l type 

Servo- record ing mechanism 

Differential t r a n s m i t t e r type 

Differential t r a n s m i t t e r type 
for pin process ing . 

There will be some uncer ta in ty in the quantit ies of uran ium and plutonium 
in the fuel inventor ies due to inaccurac ies in ana lyses , es t imates , and weights. 
The quantit ies of u ran ium and plutonium in the melt refining skulls or skull 
oxide may be among the mos t uncer ta in , because of the difficulties in obtain­
ing r ep resen ta t ive samples for ana lyses . It may be m o r e accura te to use 
the difference in u ran ium content between the charge and ingot as the weight 
of the skull . 

2.8.2,3,3 Fue l Losses 

as follows: 

Range 

5 - 2 5 k g 

4-20 kg 

0-4 kg 

67-71 g 

Es t imated 
Accuracy, g 

±20 

±2 

±1 

+0.1 

Fuel l o s se s may occur as follows: 

a) with cladding sc rap ; 

b) with mel t refining, remel t ing, or 
inject ion-cast ing cruc ib les ; 

c) with mel t refining ingot molds or 
inject ion-cast ing Vycor pin molds; 

d) as badly damaged fuel e lements not 
suitable for r ep rocess ing ; 

e) as fuel from a spil l or leak; 

f) in waste s t r e a m s from the skull 
rec lamat ion p r o c e s s . 



The quantit ies of u ran ium and plutonium lost will be difficult to de termine 
accura te ly because of the difficulty of obtaining rep resen ta t ive samples . 
Since cladding sc rap , used c ruc ib les , and molds will be sampled only oc­
casional ly for uranium l o s s e s , it may be neces sa ry to es tab l i sh values to 
be used for average l o s s e s , 

2,8.2.4 Blanket Mate r ia l 

The accountabil i ty of the blanket m a t e r i a l will p r e ­
sent problems somewhat s imi l a r to those involving the fuel. The blanket 
m a t e r i a l original ly consis ts of deple teduranium. After it has been exposed 
in the r eac to r , it will be too act ive to be exposed outside the ce l ls or coffins. 
Hence, accountabili ty will need to be maintained on a reniote bas i s . The 
blanket e lements can be identified in a manner s imi la r to fuel e lements . 

2,8,2 5 Thoria Coatings 

The inject ion-cast ing graphi te c ruc ib les and Vycor 
molds a r e coated with a thin layer of thor ium oxide. Since only about 35 g 
of thor ia a r e used per crucible and 60 g per 120 Vycor molds , the thoria 
can probably be charged off as it is used 

2,8.3 Radiation Shielding^^^) 

The air ce l l and argon cel l a r e designed for radia t ion levels 
up to lO^r/hr and act ivi t ies up to 5 x 10^ c At the operat ing level the cel l 
walls a r e 5 ft thick and a r e made of 220~lb/ft^ concre te , The roof has a 
min imum thickness of 4 ft and is made of s tandard concre te . The windows 
have a total thickness of 57 m. and a r e provided with s tee l radiat ion shields , 
about 6 m thick, for protect ion of the windows fromt radiat ion. E lec t r i c 
mo to r s (except on some p r o c e s s equipment) within the cel l a r e shielded. 
Steps, such as el imination of g r e a s e s and organic insulation, a r e taken to 
reduce the effects of radia t ion damage. 

In o rder to check the radiat ion levels m the ce l l s , radiat ion 
d o s i m e t e r s based on the darkening of g lass due to exposure to gamma r a d i ­
ation have been developed. The d o s i m e t e r s consis t of g lass s t r ips in 
s tandard 2- in.- long by -|—in.-diamieter, aluminum sample cans It has been 
found that 0 .12-in , - thick g la s s , P i t t sburgh Pla te Glass - 6788, can be used 
for total exposures of about 10 to lO' r at exposure r a t e s of 3 x 10* to 
3 X lO*" r / h r . 

Although the ce l ls a r e designed for high levels of radiat ion, 
some of the equipment will have its life shortened by radia t ion damage. It 
might be possible to reduce the radia t ion within the cel l substantial ly during 
nonoperation per iods (at night and over weekends) by re la t ive ly simple 
shielding. For ins tance , fuel e lements in magazines and baske t s may con­
sti tute a major amount of the fuel inventory. The hor izonta l magazines will 
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be kep t wi th t h e i r c a r t s . T h e s e could be s h i e l d e d by m o v a b l e U - s h a p e d 
c o v e r s of l e a d . L e a d t h i c k n e s s e s of-|- to 1 in. would g ive s u b s t a n t i a l s h i e l d ­
ing . The A, B, and load ing m a g a z i n e s could be c o v e r e d by l ead be l l s h i e l d s . 
The s h i e l d s could be p r o v i d e d wi th v e n t i l a t i n g l o u v r e s to a l low for c o n v e c t i o n 
cool ing , 

2 .8 .4 U n r e c o v e r a b l e F u e l O t h e r t h a n N o r m a l W a s t e 

N o r m a l l y , fuel would be c o m p l e t e l y r e p r o c e s s e d and no fuel 
e x c e p t p o s s i b l y s k u l l m a t e r i a l would be s e n t a s s u c h f r o m the c e l l s . How­
e v e r , i t i s p o s s i b l e t h a t u n r e c o v e r a b l e fuel m a t e r i a l m a y be g e n e r a t e d which 
wi l l r e q u i r e d i s p o s a l . Such m a t e r i a l m i g h t be a s fo l lows : 

1) s u b a s s e m b l i e s w i t h o v e r h e a t e d o r bad ly r u p t u r e d fuel 

e l e m e n t s ; 

2) b a d l y d a m a g e d o r ben t fuel e l e m e n t s ; 

3) fuel f r o m a s p i l l o r l e a k a g e f r o m e i t h e r f u r n a c e c r u c i b l e ; 

4) b a d l y n i t r i d e d p i n s , s c r a p , o r s p i l l m a t e r i a l not c o n s i d e r e d 
s a t i s f a c t o r y for ox ida t ion to sku l l ox ide . 

The m e t h o d of d i s p o s a l of fuel i t e m s b e c o m e s a s p e c i a l p r o b ­
l e m , m a i n l y b e c a u s e of h igh a c t i v i t y , s e l f - h e a t i n g , and a c c o u n t a b i l i t y . Whe the r 
an itemi would be s e n t to t h e a q u e o u s c h e m i c a l p r o c e s s i n g p l a n t a t the 
Na t iona l R e a c t o r T e s t i n g S ta t ion for u r a n i u m r e c o v e r y o r would be b u r i e d 
would d e p e n d upon the a m o u n t and cond i t i on of the fuel , 

2 .8 .5 D i s p o s a l of C o r e - s u b a s s e m b l y B l a n k e t E l e m e n t 

T h i r t y - s i x b l a n k e t e l e m e n t s wi l l be ob ta ined f r o m e a c h c o r e 
s u b a s s e m b l y . E a c h b l a n k e t e lenaen t o r i g i n a l l y c o n t a i n s two d e p l e t e d u r a n i u m 
p i n s , 0 ,3165 in. in d i a m e t e r by 9 in , long. The 36 e l e m e n t s con ta in abou t 16 kg 
of u r a n i u m . The p l u t o n i u m con t en t of the b l a n k e t p ins w i l l be low b e c a u s e of 
the r e l a t i v e l y s h o r t t i m e in the r e a c t o r . T h e r e a r e no i n i t i a l p l a n s to r e - u s e 
the b l a n k e t e l e m e n t s . S ince the p l u t o n i u m con t en t of the p ins wi l l be only 
about 0.2 p e r c e n t a t t he end of the e l e m e n t s nex t to the c o r e and wi l l qu i ck ly 
d i m i n i s h to e s s e n t i a l l y z e r o a t the o t h e r end of the e l e m e n t s , t h e s e b l a n k e t 
e l e m e n t s m a y be b u r i e d r a t h e r t h a n sen t to a p l u t o n i u m r e c o v e r y p lan t . 
Some b l a n k e t e l e m e n t s w i l l be a n a l y z e d . 

Af te r i n i t i a l t e s t w o r k , b l a n k e t e l e m e n t s m i g h t be e l ina ina ted 
f r o m the c o r e s u b a s s e m b l y , a s i s done in the c a s e of c o n t r o l s u b a s s e m b l i e s . 
A s e c o n d a l t e r n a t i v e i s a r e d e s i g n of the c o r e s u b a s s e m b l y so tha t the a x i a l 
b l a n k e t r o d s c a n be r e u s e d . 
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2,8 ,6 N i t r i d a t i o n of E x p o s e d Fue l (^^) 

The e x t e n t of the n i t r i d a t i o n p r o b l e m for i r r a d i a t e d f i s s i u m 
i s a t p r e s e n t not fully known. H o w e v e r , t e s t s have b e e n conduc ted by 
L a P l a n t e on u n i r r a d i a t e d f i s s i u m in the f o r m of s o d i u m - c o a t e d and uncoa t ed 
p ins and on i r r a d i a t e d f i s s i u m p in s . ' ' ^ ^ ' Tab le 16 shows c a l c u l a t e d n i t r i ­
da t i on v a l u e s for u n i r r a d i a t e d p ins b a s e d on L a P l a n t e ' s da t a . Since the 
r a t e of n i t r i d a t i o n i s p r o p o r t i o n a l to the s q u a r e r o o t of t i m e , the q u a n t i t i e s 
would be t e n t i m e s a s l a r g e for 10,000 m i n (7 days ) than a r e g iven in the 
t a b l e , A t i m e of 100 m i n was c h o s e n for the t a b l e , s i n c e i t is a p p r o x i m a t e l y 
the t i m e to d e c a n and c h a r g e a b a t c h of p i n s . O t h e r of L a P l a n t e ' s da ta not 
r e p o r t e d h e r e i n d i c a t e t h a t the n i t r i d a t i o n r a t e s for a r g o n a t m o s p h e r e s 
con ta in ing 0.20, 0 .28 , 2 .04, and 100 p e r c e n t n i t r o g e n a r e abou t 50, 75, 100, and 
100 p e r c e n t , r e s p e c t i v e l y , of the r a t e for a 5 p e r c e n t n i t r o g e n a t m o s p h e r e . 

Table 16 

CALCULATED NITRIDATION OF UNIRRADIATED FISSIUM^^^) PIKS 
AND INGOTS IN ARGON-5 PERCENT NITROGEN ATMOSPHERE 

Temperature, C 

Rate constant K x 10''̂  [(g/sq cni)/(min)] 

Uncoated pins 

Sodium-coated pins 

Grams nitrogen reacted per sq cm in 100 min x 10 

Uncoated pins 

Sodium-coated pins 

Nitride thickness in 100 min, mi ls^ 

Uncoated pins 

Sodium-coated pins 

Percent of total uranium nitrided in 100 min 

Uncoated pins (0.144-in. diameter) 

Sodium-coated pins 

6-kg ingots (square) 

5 

197 

0.236 

0,958 

1.53 

3.06 

0.008 

0.016 

0.011 

0.021 

0.002 

308 

5.60 

15.2 

7.5 

15.3 

0.039 

0.099 

0.053 

0.108 

0.011 

504 

186 

325 

43 

57 

0.224 

0.296 

0.304 

0.403 

0.040 

^ Based on the assumption that the nitride is U2N3 (density = 11.24 g/cc) 

T a b l e 17 s u m m a r i z e s the r e s u l t s of L a P l a n t e ' s e x p e r i m e n t s 
wi th i r r a d i a t e d p i n s . It wi l l be noted tha t the r a t e s for i r r a d i a t e d p ins a r e 
s i m i l a r to t h o s e for u n i r r a d i a t e d p i n s . F o r n i t r o g e n p e r c e n t a g e s above 
1 p e r c e n t , the i r r a d i a t e d p ins would s e l f - h e a t o r igni te a t t e m p e r a t u r e s of 



about 650 to 730 C. The ignitions occur red near the t e m p e r a t u r e s when 
pin swelling and fission gas r e l e a s e s tar ted . Es t imated tem.peratures of 
ba re fuel with 2 percent burnup and 15-day cooling with no forced-
convection heat r emova l a r e : 

Decanned pins in crucible cha rge r 
Pins in mel t refining crucible at the end of one hour* 
Ingots 
Cast pin in Vycor molds 
Cast pins in single layer in t ray 

Table 17 

SUMMARY OF NITRIDATION TESTS OF IRRADIATED 5-w/o,^^^^ 

350 C 
650 C 
525 C 
393 C 
170 C 

(640 F) 
(1200 F) 

(975 F) 
(740 F) 
(336 F) 

Pe rcen t 
Burnup 

0 

0.74 

1.0 

1.0 

1.0 

1.0 

1.12 

1.18 

1.18 

1.18 

1,18 

1.18 

10-

Cooling 
Time 

(months) 

8 

4 

3 i 

3 ^ 

5 

3 i 
3 4 
3 i 
34-
3 4 
3 i 

PERCENT ENRICHED FISSIUM PINS 

2, 

2, 

2, 

Percen t 
Nitrogen 
in Argon 

5, and 100 

5, and 100 

5, and 100 

100 

100 

5 

100 

100 

100 

5 

1 

0.5 

Tempera tu re 

(c) 
300 

300 

300 

300 

450 

650 

500 

650 

660 c 

660 «= 

730 c 

None ^ 

G 

Sq_ 

r r a m s N i t r o g e n 
A b s o r b e d P e r 
C m P e r 100 Min 

7 X 10"5 

8.5 X 10-5 

9 X 10-5 

12 X 10"5 

19 X 10-5 

620 X 10-5 

57 X 1 0 - 5 ^ 

800 X 10"5 

100%^ 

5%d 

l % d 

| % d 

^ P i n w a s s o d i u m c o a t e d . 

" in 30 m i n . 

^ T e m p e r a t u r e a t wh ich i n i t i a l s e l f - h e a t i n g ( igni t ion) of p in o c c u r r e d 
a t f u r n a c e h e a t i n g r a t e of 10 c / m i n and in a flowing n i t r o g e n - i n -
a r g o n s t r e a m . 

E s t i m a t e d ex t en t of pin n i t r i d a t i o n , wh ich w a s l i m i t e d a t low n i t r o g e n 
c o n c e n t r a t i o n s by l a c k of n i t r o g e n . 

E s t i m a t e d m i n i m u m tiiTie to r e p l a c e c o v e r and f r e e z e s e a l b e f o r e 
p u r g i n g . 



It s e e m s t h a t n i t r i d a t i o n could be a p r o b l e m w h i c h m i g h t r e ­
q u i r e u s e of one o r m o r e of the fo l lowing: 

1) R e d u c e the n i t r o g e n in the a r g o n c e l l a t m o s p h e r e m u c h 
be low the n o m i n a l e s t i m a t e d 5 p e r c e n t . 

2) P r o v i d e a r g o n cool ing w h e r e v e r f e a s i b l e , a s for the p ins 
d u r i n g d e c a n n i n g . 

3) P r o v i d e c o n t a i n e r s wi th v e r y low n i t r o g e n con ten t for 
o v e r n i g h t , w e e k e n d , and s t o r a g e for l o n g e r t e r m - t hey 
m i g h t c o n s i s t of s m a l l b e l l j a r s and a s o u r c e of h i g h -
p u r i t y a r g o n , 

4) A c c e l e r a t e p u r g i n g of m e l t r e f in ing f u r n a c e . 

If s k u l l s a r e s t o r e d , n i t r i d a t i o n would p r o b a b l y o c c u r wi th 
s o m e p o s s i b l e r e l e a s e of i od ine . The r a t e , h o w e v e r , would be low. 

In h i s t e s t s w i th i r r a d i a t e d p i n s , L a P l a n t e found tha t e x p o s u r e 
of the p ins to n o r m a l a t m o s p h e r e ( r e s u l t i n g in the f o r m a t i o n of an oxide 
coat ing) b e f o r e h e a t i n g for n i t r i d a t i o n t e s t s r e d u c e d the r a t e of n i t r i d a t i o n 
m a r k e d l y . T h i s o b s e r v a t i o n , h o w e v e r , h a s l i t t l e p e r t i n e n c e to o p e r a t i o n s 
in the a r g o n a t m o s p h e r e of the A r g o n C e l l , 

The ef fec ts of s t o r i n g u n i r r a d i a t e d p ins for 2 h r in a r g o n 
a t m o s p h e r e s wi th up to abou t 5 p e r c e n t n i t r o g e n a t 350 C and 650 C on s u b ­
s e q u e n t m e l t r e f i n i n g - p o u r y i e l d s w e r e i n v e s t i g a t e d by Bennet t , l^O) The 
y i e l d s w e r e not a p p r e c i a b l y a f fec ted by s t o r a g e u n d e r t h e s e c o n d i t i o n s . 
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