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U.S. ENRICHED URANIUM SUPPLY ABROAD

Mr. E.J. Bloch
Deputy General Manager
U.S. Atomic Energy Commission

The U.S., Atomic Energy Commission is presently forecasting the installation
of 150,000 MWe of capacity in the U.S. by 1980. As of Feb. 1, 1968 a total
of 91 units, with a capacity of more than 63,000 MWe had been announced.
Similar rates of growth are expected in Japan.

The U,S. A.E.C, established charges for enriching services at $26.00 per
unit of separative work, representing the third reduction in charges since

1956.

The U.S. A.E.C. has been responsive to fuel supply needs overseas where ,
there are currently 24 power reactors committed which depend on US enriéhed
uranium. The US-AEC is assisting in the development of a viable uranium
.mining industry to augment world supply of uranium ore.

Assurance to foreign countries of long-term availability of enriched
uranium involves two basic steps: first, there must be an Agreement for
Cooperation between the U.S, and the second country. These agreements

can be for as long as thirty years. Secondly, there must be firm contracts
between the US-AEC and responsible parties in the other country covering
specific fuel supply needs. The customer for enriching services must '
deliver and will receive his material in the form of UF,.. The customer
may elect to receive, also, the enrichment plant "tails," resulting from
the processing of his fuel. '

US~AEC is presently studying the possibility of some day allowing private
ownership of gaseous diffusion plants. This will in no way Jjeopardize
fulfillment of the United States' obligations previously agreed to.
Approprlate modifications to long term agreements will be made to reflect
this change if it comes about. ' '

A pamphlet entitled, "Atomic Energy Commission Gaseous Diffusion Plant
Operations" is being released concurrently with this Forum meeting.
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"Nuclear Fuel Cycle Services in the U.X."

The paper will review the transition from military to civil usege of the
nuclear fuel cycle facilities in Great Britain. It will examine the
economics of scale in development, construction and operation of these
facilities and will forecast the pattern of decisions which will have

to bé taken in the next few years to meet the probable requirements of

the later 1970's.
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THE FRENCH FAST REACTOR PROGRAMM
. SUMMARY

The objectives of the fast programm in France are quite obvious since the
development of that type of reactor is considerced the best approach to a
purely national source of energy and the mest promising for cheap electricity
production. ‘

The first step of the french programm is the 20 MWth sodium cooled reactor
Rapsodie which went critical on January 28, 1967, rcached 20 MW on March 17
and is now operating at 24 MW. Rapsodie is bringing highly valuable informa-
tions, particularly on components technology and fuel behaviour under irra-
diation.

A thorough review of the reactor characteristics is made and the important
improvements which are now contemplated are discussed.

The second step of the programm is the 250 MWe protype power plant Phenix
which construction will start at the end of 1968, The main features of the
Phenix reactor which represents an intermediate stage between Rapsodie and
the future large industrial power reactors are given,

After a brief survey of the french effort in the fast reactor field some
comments are made on the leading ideas of the programm.
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— BWEETHE, vy R TBEAEETEOME
RHEF IR RO FE & AR, IS
O VIPAC HRERDHH
‘—-rtb/y_rﬁ&ﬁ¢(Fig.s) Sinter & Crush

) —r vy pRER: Crush & Sinter (Fig.é)

NUPAC - (Fig.7)
FUSION
SOL—GEL #: . (Fig.8)
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2 %*%?ﬁm#»#:vA%%mI@EJXht@m?
O BMEERBE 22 ORIR (SHHEBE)
fa = bR IR, R, O REE L U0, T 783% (Dresdeniiy )
THbH, u <, FHE, UFs |HBHT109% TS5, U0, & U0,—PuQ, » IR }+#E%
B 198%1C T8 2 n,
O JMERAE®FWn
REM# T 116% & HiE Sh b,
4y o T ER SR BIR 0 2 AR E O K B SICHIE D <o
Ry 7 AMFEO KR D/ HC Throughput Rate BEC % B,
Kﬁmﬂf@%mmﬁﬂ%ﬁﬁ,y,*ﬁfﬁﬁﬂwK%<O<o‘
O HHHBF 0, | |
RV 7 AEEO KRR
SMB IR BLRICH 5 5 ZE 5 b g5 o B, BRI Pu o84 fF K HIR,
O RLEEHRMEEERZ 0,

BRBO L E WG EBEHCHLH 5L, (Fig.?)

% 2 7 AT BB B (Fig.10)
BRI AL = = v | B Y AL (Fig.11)

% HCALVE & BB

B oz, srm—7, JArg—pa R b (Fig.12)
O IHEEIREPu =2t

SRR NE 1 —2F

a X b EH—HOEZI

SOL-GEL oA Fl#
O sl SPECIFICATION 05 |

B I O B B O L AR (Fig.13)

PR 89 o R (SRHA L Fig.4)

B #SMPFUEFFATILIZ aBBMTERE RO 7
O HhF L HIR
Fab =y A0BOER, & CCRATRIC S0 288 3 HE LR L BH KL%
GESLT
EELRESBRILDIKE ST 5
AL TR &l Bb 4 7 Feed 3410 WAt ~ CP 30> MB i i o B AR S
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O

O

et

O

B 4Y (Cold reproc;ssing)@;%npﬂﬂg
T o7 TR

Containment M, BB oHE

b =v s gL BL, FEEERCOEREELEL

P 08 T B 1k > HE B

g 3

bW BETFFEH T v b =0 aO HBHEL, VY42 a7 b =0 aOME (Fig.14)
Self—shielding A Y 5 I IBWN, 22 b dusEROBME (Fig.15)

ra—F K RO FEHREEEB NI L8N, LB S WEET D MIH%

HREMSRIC L 5F I (SRR E 2K )
FRIRP O HE& OH i FE#
BRI AEE
MPCof A & RFERHO B I
Mk S M (A.A a disintegration/nmfesec)

$a % Hek > st (50dpm/ec)

4 BMHEMFFERASL b= L BBORTSMHNG2BLODM
O BWBIEHEEL A EBE  (Fig.16)

i T 4 b o Bl & 8 I sk 0 854
BHF 22 b aNORBERORENT L

BIE, BRI (4 1) 0B AR O R ISECS £ 2 Z4L
RS (L IC5 1 BRSO ¥ 7 5 — i o

O U0 ,~H,0#F x5 5 U0,~Pul ,—H,0 k& F

BHEH O K st F LA (Fig.17, 18)
HEBER T T TS0, BEEEL T3 2.

A& O H A KA¥EHMismatehing % & 55 <2

5 O B P A SLISEE % 0 e M RLIE 0 B E R0 Fuel Relocation
€ E 5T B Do |

O ﬁ"ﬁiﬂ%l’?@ ﬁ?ﬁ%ﬁ}l&)‘*?ﬁﬁ%}‘ (Perturbation)

SRR M E (TCA it ) (Fig.19)

BEHFHEF TR E-T L ONEBOEN (Fig. 20)

FRE S 4 A O B B L LR & RS IC L B A (LICIR N 3 B B (L~ ) [US E o
Mg {l (Fig. 21) :

A0 VB 585 1 T U 2 WO TR 7 P e M O S R

Hot Skin Fuel ®#Hot Core Fuel Mt & (Fig.22)
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O Te>¥7)—#&it
T—F——F IO R OE{LREREE (Fig.23, 24 )
Hetrogeneous Enriching, Spike Enriching g Resrn— 7K Y 7 A
EZERPCIL AT Y7 ) — 3R O AEAETH Plutonium Value nZE L (Fig .25)
Zoned Core MMA | |
BEKERL DEAPANDERIBHENK ENT &0 E 5 Heterogeneous Enriching
BAOATEEM L AN Plutonium Value OB KN ATEEM:

BHI Y —% > 27Ok b0 EILRE %

5 et R
O  HEuEs
S FE A VCHT R AR 0 S 7 —
UM ICH L TN TF — 2O RN RS
Fral BRI 3 3 5 BT AR
O Ry |
R BB R BRI O B T VR T ICREE S AL D B IR~ AHEE R & R E
B> T B AR
PN ETEE B A NI L b, BlBREE., w4 FEL KR Ol ARk odlE
O FIxHEL
ﬁﬁwmbﬁév5yﬁ@%ﬁﬁ%ﬁﬁmmuﬁ?x$Tﬁyfv—%%wwﬁé
Matching@phge 5 B SR EBIEBIC L 5 bR & b, BT ik o fless
ABMF ST 28R OERIC L b, Pu FLARS P AMCH T 2B EEED KB
W21 © R AT

6 BUELHHLAEZILI=V L
O BRHEECEBERZZIZVWTSA 9
H# BT >nwtostE (Fig.26)
BMBTEH WS % Turnaround @ L4584k
AT A o v BE L eBRMEOTHE — UEPunrd TR*E X, HikMakeup %
E LB T EORFMEOHE
O ERET v =9 o@iGEE
K% W9 1 0 e Y
WA SEEE L BamI I Xt O~NF vT 4
BE WA Plutonium Value
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UF6 Uo2F2 ADU uo2
GRIND SINTER PRESS GRANULATE PREPRESS
_ y ! ) : SURFACE
LOAD PELLETS WELD com’rzrg\;i%% INSPECT TREATMENT INSPECT
SHIP STORE INSPECT FINAL FUEL RO
" ” ASSEMBLY L RODS
OTHER
ASSEMBLY
HARDWARE
FIGURE | REFERENCE UCz PELLET FUEL
UFg UQ2F2
ADU {Pu,U)02
Pu(NOz)q Pu(OH)4 POWDER
GRIND SINTER ¢ PRESS GRANULATE PREPRESS
DECONTAMI- UREA
LOAD PELLETS WELD > NATE INSPECT TSF;E ATMCEZT INSPECT
FINAL
SHIP STORE INSPECT ASSENBLY FUEL RODS
OTHER
ASSEMBLY
HARDWARE
| S—

FIGURE 2 COPRECIPITATION PuO2-UO02 PELLET FUEL
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UFe —==  UO2F2 ADU uos
PulNOz)a Lt PulC204)2 PuOz MECHANICAL PuO2-102
MIXING POWDER
GRIND < SINTER PRESS GRANULATE PREPRESS
LOAD PELLETS sl WELD DECONTAMI - INSPECT =) SURFACE INSPECT
NATE TREATMENT
SHIP = STORE INSPECT FINAL FUEL RODS bt
ASSEMBLY
19
OTHER
ASSEMBLY
HARDWARE
FIGURE 3 MECHANICAL MIXING PuQz -~ U0z BPELLET FUEL
UFs UO2Fz
ADU {Pu,U)02
PU(NO3)4 PU(OH)‘Q POWDER
{Pu,U)02
PARTICLE SIZE CRUSH SINTER PRESS
MIXTURE
DECONTMI - SURFACE
VIPAG LOAD WELD INSPECT
NATE TRENTMENT INSPECT
' FINAL
R T
SHIP STORE INSPEC ASSEMALY FUEL RODS
)
OTHER
ASSEMBLY
NARDWARE
FIGURE 4 COPRECIPITATION PuC2-~UQD2z VIPAC FUEL




UFg UOpFy ADU Uos
MECHANICAL. PuOz-UOp
PulNO3)4 Pu (C2049)2 PuO2 MIXING POWDER
(Pu, UK
PARTICLE SIZE CRUSH SINTER PRESS
MIXTURE
DECONTAMI- SURFACE
VIPAC LOAD WELD NATE INSPECT TREATMENT INSPECT
FINAL o0S
SHIP STORE INSPECT ASSENELY FUEL
OTHER
ASSENMELY
HARDWARE
FIGURE © MECHANICAL MDING PuQp-UDz VIPAC FUEL
FEED PREPARATION FOR VIPAC
| Pu2 | |UDz |
i
Mechanical Blending
Binder Addition
Compaction
¥ Y
(C-3S ROUTE) ($-C ROUTE)
Crushing Presinterin
T ﬂ__Q
Sieve Sizing Sintering
Presintering Crushing
Sintering Sieve Sizing
l K
Milling _Milling
Coarse & Fine Coarse & Fine
Medium Fraction Medium Fraction
Fractlon ' Fraction
L l

Fig.6

Rz

VIPAC
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Coprecipitation x10
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HW - 20%Pu0, U0, NUPAC e

%5

Fig.8 Auto Radiograph of NUPAC  p,.450)c

504
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H————-\  Fixed MFG Cost

&——-——&  Fived NonMFG Cost
8 Diract Material
Oo———0 Labor & Rework iLabor
B K Space & Equipment
N H—————O IME

Working Capital

O—=G Use Charge

FAY g———{d Nucleor Reject
‘ B——————8  Ordinary Rsject
[POOH o
- ?\ \ §p——————&f  Conversion Cost {PuCp+ UOo)
N ~.
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Fig.\0 Inventory and Criti‘catity Control

( G.B Head Operator)

“Transter Form |

FACOMZ230—-10

Calcutation]

Caution

!Stopping!
Messag

| Message
s

{ Inventory

Renewal
Manager) <tdent‘|fication )
Approval to G.B Head Op.

no Miss ?

/Twaterial) .
\Transter/ (Stop) (Corre{ction>

F ! Fissile
At Allowable Inventory
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WASTE SOLUTION TREATMENT IN THE Pu FUELS LAB.

WASTE SOLUTION|] «——— From Precipitation Processes
4 ‘Pu Recovery Process
NHe OH Neniralization Chemical Analysis
E.T.C.
Filiration
M)
FILTRATE PRECIPITATE
Pu ~ | mg/t
| |
¥ L4
Esg}?h = st Fioccéuieﬁcn To_Pu_Recovery
Filiration
K
FILTRATE PRECIPITATE
Pu =~ 1000 dpm/m!
|
Transferring to HOOD
CalOH)2 > 2nd Flc‘ccu!eﬁon
FeCls
Filtrgtion
¥ 1
FILTRATE PRECIPITATE |
Pu~ 100d
- i pm/mi —2> Storage
Activity Determination T -‘_1
Dilution
Dilution
¥ v
To WASTE TANK Disposal
¢ 100dpm/mi =2 MPCW 167 pescc (17100 MPCW)

Fig.1l1
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Fig. 12 OPERATION COST FOR SAFTY CONTROL
: (April 1’ 1967 bl J&na 313 1968)

Power cost for
Ventilation Op

inlet
outlet
Abgolute filter
sgize F
gize C
size B
Neoprane Glove
Miscellaneous

‘Total

erating
432,000kw

651,600kw

1il0pes.
109'{)83 o
SOPCS e

240pcs.,

3—2-—5@13

5,418,000
2,160,000
3,258,000

8,741,000

1,879,000
12,692,527
28,730,527

(%)



Figo 13

FUEL ROD TNSPEC

e 396 ~ .336Y Height
Chipped area :
Ingpection ; Visual 100%
Diameter and density
Digh and sguareness
Chemicael gample

TI0N (PELLET TYPE)

Plutonium loading

Weld 3 10 dummy samples
no x-=vray radicgraph
weld dismeter? sheck
dyve penstration check
He leak

Contamination ; wipe test ¢ 10c¢/min
weld < 50c/ain
Corrosion test 3 1000pst., 400+5¢. 1

i~2 mils.
{VIPAC TYPE)

Average density ; 87.0+1.0% T.D.
Pu loading ;3 +2.0%

not more than 109 ares

+1.5% of gpec., weight

a

8%3?5 =

PLUTONIUM FUBL SPECIPICATION
(1) sAaxTON

Pubo=U0>2 PELLETS {VIPAL Powder)
AL A00 Opom { 500.03 Ph 20 . 0ppm { 20,0)
B 1.5ppm { 1.3} 8i 500 ,0ppm { 500.0)
Bi 2. 0pnm | 2.0} 8n 5.0ppm { 5.0}
Ca 100.0ppm ( 3100.0} 7i 40 ,Opopm
cd 1e§§§m { 1.0} V 1.0ppm {  1.0)
Co .0ppm { 6.0} W £0 . 0ppm
Cr 800 ,,0ppm { 500.0) Zn 20.0ppm { 20.0)
Cu 5@ Oppm 56,0} ¢ Eﬁﬁeﬁ?gm {150.0)
Fe v {1000,0} F 10,.0ppm { 10.0)
in 3.0% W P’?"‘J@y {100.0)
Mg { 50.0! €1 10.0pom { 20,0}
Mn { 10.0} Total RE 0 .6npm
Mo 30.0ppm { 150.0)
Hi a0 Qcﬁjym { 200,03} 15 pom {20 )

Total Me 25 ppm {100 )

O/M 3 1.97~2.02 (U0 2.040.02, Puby 2.0+0.10)
Pu/U ;3 0.071+0,001 5§avj§i339§2§
Total Gas Release 3;<0.05ce/gr Pul-U02 {(0.06cc/gr)
Dengity 3 94+2% T.D. {98.7% T.D.)
Dimengion § .3384~ .2364% Diameter

Weld, Contamination, Corrosgion same as pellet fuel
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Fig, 13=(2)

PuQ,-U0g

PELLETS

PELLETS

SPECIFICATIONS AND RESULTS ON UO,-PuOj FUEL

FOR HALDEN TFA 159 (PNC)

Chemical impurities

SPEC,

RESULTS GROSS AV.
B 1.5 0.2 ~ 0.9(10 lot) 0.43
Ca 100 I o~ 6 3.9
cd 1.0 0.2 ~ 0.3 0,22
Cr 500 5 ~ 40 17
Fe 500 50 ~300 126
RE 50 1 ~ 5 2,06
Ni 300 4~ 20 11
Cu 50 0.5 ~ 1 0.6
C 100 20 ~ 80 40
N 75 25~ 60 2.5
c1 10 2 o~ 10,23,70(17 lot) 11.3
F 10 3 e~ 0,11,14(10 lot) 5.5
Total impurities
3000 <. 300
0,35
Total gas 0.2cc/g 0,02 ~ 0,2(10 lot) 0.005
o/ 2,00 +g'g% 1,991~ 2,010(10 lot) 2,000

Enrichment 2.5+0.1 w/o Pu0o 2,36~ 2,58(17 lot) 2.517

Pellet Density
93.5+1.5% T.D. (see Fig.13-(3))

SPECIFICATION

Pellet Diameter
10.0+0.05
97 i~ _____x.——-&'-ﬁ-x -1-‘06
2 St I SRR R T TP NGt L AEEN. FF- o0 ---
Sosf | | PR
= SR H (8 “n, L
1.8 P SR - - - - » - e
S~ i1 mT H_-}— BT gy
. xa
X
=93 r % ] T L 160 Z
§ = (m ! [ j_\\ (99) (g3 an P
B ]T'- ) Rt el N l-—"—EO'ﬁJ—‘
] i 1 ¥
2 g k 10) L ~40 F
¢10)(4) ( 50} <
90 + - 30 o%
A -1 20
x///
<110
| 1 1 1 1 1 8 1 | I 1 i i ! | i }
o~ Mmoo Ly B e oW o < —_ N m T 0 O ~— 0 0
a & 4 8 8 o 8 & =2 Z d o2 = 9O o2 o X
¥ ¥ r r r L I » ®™ XX I r T ;= T T T
i 13 ~(3)
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Fig. 1

4 SPECIFIC ACTIVITY OF PLUTONIUM

Standard Pu Magnox Pu BWR Pu Recycled Pu

Pu239 00~01 80 69 56

Puz4o §~9 16 19 28

Puz4l 0.7~1,0 3 10 iz

Pu242 0.,04~0,06 0.4 2 4

Gross Specific

Activity 1.19 3.43 11.23 12.48
Ci/g

Gross Neutron

Emission i35 230 308 478
n/sec./g

Fig. 15 EXTERNAL RADIATION DOSE OF PLUTONIUM FUEL AND FUEL PIN

(PNC)

Measurement of Radiation Level Emitted from Fast Fuel Pin

for

the Irradiation in the Enrico Fermi Fagt Breeder Reactor

Enrichment ; Pul, - U0

(40+1%)(60+1%)

Iszsotopic content of plutonium ;

239/240/241/242=91.30/7.884/0.780/0.035

Igotopic content of uranium

235/238/236/234=19.91/80/<0.5/<0.3

Pellet Density 3 90+1% T.D.
Pellet ; 5.50+0.01mm Dia, 9.00+1.00mm H.

Clad AISI 3163 63@3@1 OD. §¢6ll_g_m1 LDe
Pellet _
_Number 5 10 15 30 50 87
Digtance! C N C N C N C N C N C N
em mR/hr n/cmisec
! 009( ) 2@4 3.2 364 3,4
0 0.8 10 10 10 10 20 20
(r.1)( ) (4.0) (4.7) (5.0) (5.0)
0.45 1,0 1.4 1.8 2.0
10 0.4 10 10 10 10 10 10
(0.5) (1.4) (2.0) (2.2) (2.6)
0.15 0.26 0,41 0.55 0.7
30 0.1 © 0 0 0 0
(0.19) (0.30) (0.48) (0.78) (1.0)
0.12 0.18 0.22 0.28 0.4
50 0,07 O 0 0 0 0 0
(0.14) {(0.19) (0.24) (0.31) (0.5)
0.07 0,12 0.18 0,22 0,29
70 0,05 © 0 0 0 0 0
(0,12) (0.14) {0,19) (0.22) (0.31)
0.06 0,10 0,13 0,14 0,19
100 0,05 © 0 0 0 0
(0.10) (0,12) (0.14) (0.17) (0.22)




Keff = Effective Multiptication Factor

1-35
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1-25

T

Ref. 0. 77
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Fig.16 MICROSCOPIC CROSS SECTION COMPARI-
SON UZ®% anD PLUTONIUM [SOTOPES

TET
< % Vold
.24 i
- 30% Vold} 2-3%0 fiss. Pu 6x6
23%

0%

Increasing
Ensichment

0% Void

Q

30% Void

13 1 1 1

i-20
100

200 300 400 , 800
N, /N Hydrogen-fo-Figsile Atem Ratio

Fig.17 Keff vs. Degree of Moderator (AFCPU-REPORT-05_ 1966-]0
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Fig.21 Shem&t%c Biag?&m of Temperature Digtribution in Fuel:
Comparison of Pellet ve VIPAC and UOy vs U02-Puli

PELLET VIPAL

U0: FUEL AS FABRICATED
.“'”"'Uog”;u-@2 FUEL ; . g

DENSITY

FLUX DISTRIBUTION
THERMAL m——t

RESONANCE -
EAST )
- t MELTING
| TEMP.
e | _GRAIN.
GROWTH
TEMPERATURE TEMP.
. ]
DENSITY
FLUX DISTRIBUTION
THERMAL ——j
RESONALFE -
FAST
- MELTING
TEMP
_ - GRAIN.
G ROWTH
“TEMPERATURE TEM P.
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HOT  SKIN Fig.22 HOT CORE

@ Test Channels
@ Thorium - Channels
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