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Plutonium Handling Techniques
especially in French Laboratories

Abstract

Based on the author’s experiences on plutonium handing in France, the plutonium handling
techniques in chemical laboratories are summarized. Laboratory facilities, equipment, regula-
tions and techniques for handling plutonium are mainly discussed. The chemical and physical
properties of plutonium and the safety problems are also outlined.

Abstracts of papers on plutonium handling are given in the Appendix.
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TABLE 2
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Chemical behavior

Y UERE CicEBlic AR
TABLE 2 |C B lekd 3~ B AR

of plutonium

metal in agueous Solutions (at room
temp)

(Taube, 1964)

Reaction with

Reagent concn, of reagent Phrtonium metal
H,0 pure slow reaction
HCl coc. T29% reacts

H,PO, »  859% reacts
NH.Cl coc. solution no reaction
HNO, soln of any cocn. no reaction
H.SO, diluted solution slow reaction
” conc. soln reaction stops
CH,COCH | diluted solution slow reaction
” conc. 10094 no reaction
NaOH diluted soln 1096 no reaction

Tt =vabs&lLTREHOOBIOSNTY
2205, Z0H T3 U-Pu-Mo, U-Pu-Fs i1 ESFL T

H5.

2.4 Thb=DLOBERILED

KBFEHO TV =9 £1FFELLT 3+, 4+, 5+
BXU 6+ oM bikiEs L, Fa LBHPT TaBLE
3 LRI HEOREET .

Pu (IID) @F+HFeHEE, Pu(dV) 3 Ce (IV) &,
Pu(V) i Np(V) &, Pu(VI) 3 UMD &K<
RUFACEREEERTC EBL STV S, KEKS
DOE{LEICIZ TABLE4 TR LA HEI & » THBlIcE

TaLE3 Plutonium ion in acid solution

(Taube, 1964)

TABLE 1 Reactivity of plutonium (Taube, 1964)
ﬁ;{;‘?ﬁ Reagent Temperature Product
Pu NH, 1000°C PuN
metal C 1300°C PuC, PuC,
H. at room temp. PuH,, PuH,
HF, H, 700°C PuF,
PuO, HBr, HI 800°C PuBr;, Pul,
CCl,, PCls,SCl; |  300~500°C PuCl,
Pu
oxalate 0. 900~1200°C Pu0O,
hydlate
F, 800°C PuF,
PuF, Si >1500°C |PuSi, PuSi,, PuSi,
BaS, Ba 1200°C PuS

Oxidation| Cation Acids
State form HCIO, | HCI HNO. H.SO.
il Pu*s dark blue |notstable] ~—
diluted
%oln,
yellow TOWN
v Pu to brown |concen- red
trated
soln, green|
diluted soln,* .
v Pu02+ tht pil’lk color leSS
inkish [Yellow
Vi PuO* ¥ on gepmklsh
orange

* Not stable, the color is deduced from absorption
spectra
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Taste4 Ozxidation and reduction of plutonium ions (Taube, 1964)
Conditions of reaction
Reaction Temp. Rate of reaction
Reagents Solution
BrO;~ dilute acid room temp. | very rapid-
Pu(Im) . Cett 1.5M HCl1 o # ”
—~Pu(V) Cl 0.5M HCl P slow (Ty.=9kr)
Crz;02 dilute acid ” extremely rapid
HIO, ” ; ” ”
MnO." ” 7 7
0O, 0.5M HCl 97°C 2. 594 oxidized in 4hr
Hydroguinone dilute HNO, room temp. rapid
Pu(Iv) H,, Pt 0. 5~0. 4M HCl — >899 in 40 min
—Pu(ll) I- 0. 1M KI+0.4M HCI — Ty»=2min
NH,0H* 0. 5M HNO, + 0. 1M NH,OH* T172~40 min
Zn met. 0.5M HCI rapid
SO, 1M HNO, A T/<<1 min
NaBiO, 5M HNO,+0.84 g/l room temp. complete in less than Smin
Pu(IV) BrO,;~ 0. 1M BrO;-+1.0M HNO, 85°C 9994 oxidzed in 4hr
=-Pu(VD Cet+ 0. IM Ce**+0.5M HNO, room temp. | complete in 15min
HOCI1 pH 4.5+0. 1M HOCI 80°C o
HIO, 0. 02M HIO, +0. 22M HNO, room temp. T1/==100 min
. O, Ce?* or Ag catalyst 0°C complete in 30 min
o Agrt Ag#++S,0:-+1. IM HNO, 25°C complete in 1min
Cr,0,2- 0. 0sM HCIO, 25°C T1/2~15 mirn
Pu(V) HNO, 0.5M HC] Toom Jemp. slow
—~Pu(IV) NH,OH* 0.015M NH,OH* slow
Pu(Vi) 1- pH2 room temp. instantaneous
—Pu(V) NH,NH,* 0.5M HCI-+0. 05M NH,NH,* 25°C T2 =180 min
SO, pH2 25°C complete in 5 mim
HCOOH HNO, room temp. slow
Pu(Vl) C,02 0.02M H.C.O, 75°C T1/2=60 min
—Pu(v) I- 2.3M Hl+3.1M HNO, rapid
Fez+ HTI room temp. ”

TIHTLEMTES.

Ty.=the time reguired for 5094 reaction.

A4V BFvYrrDFEN PuldV) ALY

BELIREEICH B 7V b =9 LDKIETEIL Fig. 41T LEEAEKEED DT, Pt =v sfiEORERER
FRTEBSORN A7 b vERTOT, LIELERE ROIEFEENTS.

{LIREBICH B T b =T 2DFFICHAN LS. Put*(IV) >PuOz2* (VI) Pus* (IIT) > PuO:* (V)
IM HCl (25°C) IAHicHT 27w b = LO81L (8)
BREBAMIFRO X S ICTRS N, MIOBKPTHIZITED kAT OV TS TABLe 51TRT & S5 K EDIERF

ExzLs. HIR O 3LD.
Pu (0) 202 b, (I1L) —0.9701 o, awv —1.20p, ) —0.91 5, (V)
~1.053 (5)
—1.025
b= L3SV EEEPTRRIDOLS 3tk AED S b =9 LDEEERIEZ D
IR (Disproponation) AsiEr. FTHEEHNBLROEFELS.
3Pu (IV) —2Pu (III) +Pu (VI) (6) Fe3t> Am? >Sm® > Sr2+ > Pudt >Ced* >Np3t > Us+

Pu (IV) +Pu (V) —Pu (III) + Pu (VI) (7) (9)
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(Katz and Seaborg, 1957)

40} 34.3 Pu(1I)

19.3
5.25

Pu(1V)

e
(=]
1
w
.LQ L
=)}

(=

@ . 4.
= |
K l —
£ gol- l || Pu@v
Q | | | Colloid
o
© ! [
§ 2l | Iy
g ! L
e 1 | | ]
i »
= 40k | L Pu(V)
c) | |1
= o |
1.82 4f|5m

0 : ! {

10 . N Pu(VI)
N | ] ~300 , u
I o

o\ 1| | |
|\ 11.25 | ! o'sa
\N\1.75 }i
L I 1 N
200 5w 600 700 800 900 1000 1100

Wave length (mg)

Fig.4 Spectra of plutonium in aqueous solution of
HCIO,

Zr** >Pu**>Ce* >Np** > U4+ > Th*+
%70 Pu(V) iTd§ 5 1 4 ¥ OEEEREERK
DIEFEILS.
CH3:COO~>Cl~>NO;~>ClO,~ (10)
CO32~> 8052~ >C0,42~ >S50,z (11)
Pu(IV) BHAEHOESE (HTFB~107) D,
W A7 R, YU AOREICHL BET IS 54
HERT.

Tt =T DA F VIR~ OREE, Pu (1)
BEA A Y JWAT, Pu(V) TEBA A VY BLUER
TaBLe 5 Hydrolysis of Plutonium

(Katz & Seaborg, 1957)

Reaction K Ion strength
Pudt+H,O—PuOH*++H* 7.5%x10-® 2=0.07
Pu*t+H,0—PuOH**+H* 0. 054 2.0

PuO,*+H,0—PuO,0H+H* | 3 x10-1 3x1n-3
PuO,**+H,0—Pu0,0H*+H*| 1, 95x 10-* 1.0

in HCIO, at 25°C, (Pu**)(OH-)*=7x10-%¢

2. b=y a0kt 5

A& YRR TARETH 5, Pu(VD) i Pu(ly) &
K UBB<RT. BEHISSNERNEEZ 2 ¢ E08
1K B3V RIBEHZEZROCTCEFEEAEZ 3 Lick
STEBIBLEICTENTEE. L3 EEF b=
U ADHERIE Fig. SIKRTXIICRIAVEEA AV
REEDORH CHE TS DHETETH 3.

Pu(IV) in 7N HNO,

Anion exchanger

Eluted with
0.3 N HNO,;, 5% NH.OH

Pu(I) in 0.3 N HNO,

|

Cation exchanger

Eluted with
6 N HNO,

Pu(IV) purified
Fig.5 Purification of plutonium
T =Y A3 E{ DFRIEEMCE-THHE S
1, TOMBBBICE > T3 DI T B EMTE 3.
1) AR A4AY (Fr—FHZEE) - B4
a3 (HhERA
TTA (Thiophene-carbonyl-triflouracetone)
DBP (Dibuthyl phosphoric acid)
2) thEEEE oo B it D)
TBP (Tributhyl phosphate)
(Hexon Methyl isobuthyl ketone)
3) HHIRAA YR A A VR, ATRA
TLA (Trilaurylamine)
Purex 7o+ 2¢ld Pu(V) % 3N HNO; i&igh
5 30V/o TBP/Kerosene THit L, A7 7 3 VEES
2&8k%=a7 0.28 HNOs THMtiZH > T30,
Thid Fig. 6 IRT &S IKHEK Ko BETMEE
BBECI-TREZCLZMALLLOTSH 3.

2.5 T b= LOHEHEE
Fwu b= ARG S - & HHEEL 2°Pu O
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10!_
Temp. ~25C
102_
;} Pu(IV)
2 10 Pu(VI)
e
=
8
5
f’; b o
2
104
Pu(IH)
-2 1 1 L 1 |
1075 2 4 6 8 10

HNO, concentration({N)
Fig. 6 Extraction of plutonium with TBP 100%

TaBLteé (1) Radiological Properties of Pu-239

type of tramsition Energy Half-life
« 5.14 MeV 24360 years
T 0. 038~0. 38
Light~-X-ray 0.013~0. 021
specific activities 0.0617 c/g
neutron 0. 03 n/g/sec
Cross-section  Thermal(0. 025 ev) Fast (average)
Ga 1025+13
of 738+9 1.78
v=no.n/fissiun 2.91+0.04 2.98
7=v(0¢/oq) 2.09+0. 02 2.74

TABLE6 (2) Radioactive decay characteristics of
plutonium isotopes other than Pu®?

Emiss- < neutrons
Isotope ions | Energy [Half-life gﬁ%ﬁc Jg/sec
Pu T ¥ spontaneous
ype (MeV) |[(years)| (c/g) fission
Alpha 5. 49
238 | Gamma |0. 040 86.4 17.4 3420
LX-ray | §oir
Alpha > 13
240 | Gamma| 0.04 %% 1 0.23| 1380
LX-ray | 0.017
Alpha 4.9
241 | Beta 0 0.02 13.3 | 111.5
.1
Gamma ~0. 145
. 5
242 | Gamma| 0. 045 |3-8%10% 0.004 2300
LX-ray | 0.017
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BHEBIUCHEREE Tame s Q) &, 2007
W b=y LAENEROBEREE TARE 6 (2) IR L
7‘:10).

Pu(VD) 0 ¥ 2 Y BiE%: a-B-dhi¥Es LT CO
BERL, PulzB0B0 Pu(VI)—Pu(IV)—Pu(lIl)
LEILINDG. TN =AY 2 9BERMEL—I
Tt = ARBEICHELT S.

2.6 T b= LAORF{LEY

T b= AOCEMFIR TV b = Ak
ZZFPFC L, RELE R (Disproponation) Z5i2
52L&, BTN =9 a0FESTO-DIERS
HTLEOSTDO LS KBTI

LS OFEE LTRERE, B8E LEE
ARY P, B-FuSF7ETESBREIRTY
5. 72EZE, Ce(IV) itk 3 #HEETIH Pu® Jones
BTE (Zo-Hg) iIck->T Pu(D ic L, HEEY v
£ (Ce(S0y)2) TEBiLZEBCT IS Fikdidb 3, BEID
ey v LEMATODL, Bgk (D) 7ve=v
ATHFEEB TS,

CORETRE mg OF =y 4t +0.25% O
EEATHITE S E0bh T 3.

BN R 7 + it Xk B347ECl3 Fig. 4ITRLA- &
9 iC Pu(IIl) iZ 600 my, Pu(IV) i 470 mp, Pa(V)
3 569 myg, Pu(VI) 1T 833 mpy RIS AL
3.

Zofiic dEesT:, BRORE BRR~R7 b
WERRAT A HEREBRRINTOEYN, o283
LTHEICHAVONZOI a-FH8Uc X 2 Fu b
TH5. DBEA, LU T 2Pu BHFUTE B 83,
BfE9 3% ®Pu, *Am L XOEHICEELTHFEL
TOnERSIN. Emik 2 Fak—vatraR
Y v 2 —TEHF 34, 10°cpm Ll Fo3EidE s
LTt = AROERER,OThEOT, BEL
3.

FREDOATZBCRESBA, 53VREEFE0E
PRETIEEREHERHOTEMEAT, 2D
AEBRZHBAZOT, Lzl tIYEORERTH
HRETH3 COHEOFARIZ1gD 3 Puis 1.42
X 10" a~decay/min TH 35 6 75 H DR (1072g)
DTN =T LBMITEBCETHSS.

—RTEBEEDO TNV b= Ald a-315 T, SO
DOEALELHEC L 3 HAHE .
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3. BREWMBMMBSH =TIV b= LADFsE

T b=y AOKEORT, BEWMBODORTHIC
FEIREC LI Fig. 7 TRLAKS I, REHPER
kB 7=y ADFEE, b= AREZEICHR
SEADOHTRHE (v BLXUKR X)), 35K, &8
BERPLKE G EOERELBEEE, 5XTb-E
SEAHNEREIBROLIEREOHERLETD

6 12)13) .

3.1 7}[’ l\:a_‘\wﬁﬁm)-l?)

T =9 ARELBTH 2OTZThASHNEE
HEEEE L, ERABEL, OB ALF-Da
g (TABLES) O TFDERERIREHHTHNT &
BELLeNTWE. L TR ERDIEEL
THNIERE SO RSB S AEEROBET
5 5.

Fb=gARZFELLTERBSLICRORCK>TE
WENBH, KAIRA-TVE=9 L0 BHETED
B4, 15~20%, HBEOEE, 0.01% MERICRRES
na:bhTH3b.

AEEo 7 b=y 63FEE LTEIC, FEtEDDd
DIHICEE L, BEDO L AFHRBERERRLZ
Tz, HEHEBHRBOBOFIK BT 197
£, BT 3608, THT7 =9 ADEMEE
PR RERE (R.B.E) 810 EVWHN TV SO

T, KADOT =9 AREHICOI: D EEAMICHER
FREELOSHAZ EICIRA.

ﬁk%{z{:ﬁ'ﬁn"ﬁ (Maximum Permissible Body Bur-
den, M.P.B.B)) T2 Ti3@k 60 ££Of (F&EL
TF VY AEDVTHRERBETEZELTC) WESE
adh, MPBB=0.1uc (Ra) BELEZ b T

L LEHsZ0%, BPERAVEIIILET L
F =Y AOHEERE L ZORRBAIICEI T
511, BETIE 1960 £ KT 1963 £ ICRP #i&
TR I 0.04 gc (0.64 pg, Pu) % MPBB O{f
ELUTHBAZATNS.

z® 0.04 pc (MPBB) OELHEME LTKEXT
EEHORKFARE (MPC) 45 Tase7 (1) ofmg
HExhTNHE®, 2Ol 1) AR 30 F/HES
{ &, 2) B2 10l DESEZRATEC L. 3) EH
2.51 okEHRDCEREOREPSEREN DD
Tdb 5.

BiZi3 18IC 40 BRAE < B, ERDh OB
AiEpEE (MPC). Rk, SBOHEY.

_ 10-7g f>
(MPC). = TF.(1—e0-603t/T)

T=%3LHE=". 2 x 10* days

(l=L; 1 )
T T, T.

pefem® (12)

a—particles

on the skin
(External
contamination)

a—particle internal
contamination
by inhalation

Criticality
in aqueous and
organic solution

~
&
»

°g

>10-

Gamma rays
external
irradiation

i

@
AN
w
Plutonium
X—rays external | >1g

irradiation "
A%

=\

7

Neutron emission
from plutonium

compds and alloys

e
\\‘

@%

Criticality
in solid state

Pyrophority
in air

10008
>18
4
&

Fire hazard

Fig.7 Hazards in plutonium handling
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Taste 7 (1) Maximum permissible concentration of plutonium (ICRP, 1963)

Maximum Permissible Concentration
solubility critical MPBB For 40 hr/week For 168 hr/week
organ . .
‘Water air ‘Water air
uc scfems - pcfem?® xcfcms xcfem?
bone 0.04 1x10-4 2x102 5%x10~ 6x10-13
liver . 0.4 5x10+ Tx101 2x10~* .| . 2x10=
Scluble kidney 0.5 . Tx10 9x 1012 2x10~¢ 3x102
GI(LLI)* 8x10* 2x1077 3x10~* 6x10-8
Total body 0.4 1x10-2 1x10-n 3x10+ Hx10-1
Insoluble Lung 4x10-n 1x10-1
GI(LLID)* 8x10-* 2x1077 3x10-* 5x10-®

* GI(LLI)=gastro-intestinal tract (Lower large intestine)

To=HRE I =6.5%x 10* days

T =4I R I =8.9x 105 days

Fo=RAZNLFAV =9 205 bFBIcET S

#5=0.2
t=H4R =50 365 days
afe=HERS (CThRE) hickd 3 70
F=2 ADEME=0.04 zcx0.9
CHLTER S
(MPC).=2x10"*2 pic/em?® (3. 2X 10~® mg/m3*-Pu-239)
EVSEEDIVERZESD Im® -0 EX L6
DIV =T AT 1HEHIcH-5bDTH 3. S
HPETRIREREZXY) ) Y A0EKH TOSAFE
REHN 2X107° mg/m® TH B C LEEILHENIET
TN =T LAOBOEENRRICER T3 TS5
5. & 5ic ICRP DEi&EH, SHhN I BATFEE
ZLBLAS TABLET (2) DX S IKEHINTNED.
Taste 7 (2)

Maximum permissible contamination
surface contamination

Inanimate surface

Active areas 10~* gc/cm?
Inactive areas 10~® gc/cm?
Skin
Hands 3% 10~3 uc per hand

Skin (apart from hands) 10-% zc/cm?

UEDE ST b= i3 B b HMEORUO U
B TED—DTH 50T, KROEML:EOD
ERZRLBWVT, 7—FR/a—7FKy 7 2TAEHM
SRELTHRbDN B C &I B.

3' 2 9}'%5%5#15) 18)
Frb=9ahdill 3 a-BlIEDRERAIE L

(8.61cm ZEKH) O THEBHOETRIEZLALH
BLERLRVE, BBOF V=9 65 H5BAICIT
Twr=oapbiid v ®XHE EEEXH
EEEIRANTIRERS L. kA=A
ZEERULCERTIEALR, ko7 vi=va
R SE T O CRERMIIBERICRE(EET3
C&iTiss.

Tt =9 AOREREER V=9 48, Ffir
AR (B, 2SR ORR, ey - (L3R
HEICK-TERS. L2 E, BREEXDOS v
=Y LAEREBIRD v-BBXUK X BickskmgEE
D, (rad/hr) FRATEDbIATH B,

D,"-X=960 P28 1.0, 98 P29 4. 7 P40
+{0. 19+17[1—e0-102¢]} P21 1, 29 P42
(13)
Pi={ B2EHEHD Pu %
t=5EE% DR (days)

—7, HEEFIcX A BREE BRI »-8 X&
ZH &S00 VJI0 BEELEIShTHED, &
ROBMAERE L5 ERETFIcd &5 EligR
RRARE<UB. FROTV =9 2&RBICONT,
thit Fic k 2 REHREE Do (rem/hr) RRA THE
THRILEMNTEBRW.

D.2=M"3[0. 927 P28 8. 24 x 10-6 P2
+0. 281 P20 10, 467 P22} (19
M: Fubr=vr&EB0 g

EMBREFEONL 2 ORI E LT TaBes B LT
TABLEQ [ZERIR7 NV b = A2 1kg ORGICE 23
MHRFEOE(LERL IS,

R X 2 X EEOEMI[ROTVE=T A
ISR L MAm BERT B7:DTH3. Trb=v
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3. RAREPDLZHITNV =T LD 4 9

TaBLE8 External radiation dose associated with
metallic plutonium (1 kg sphere)

(Appleton, Dunster, 1961)

Irradia- : Beta
00 of | Ltusonium | sseation| SEIA | omission
fum metal-isotopic | from total dose (Spont,
(MWD composition |irradia rate fisssion)
/T) ted U (rad/hr) (n/sec)
238 0.002%i O0.1lyrs 2.56
239 90.2
1000 240 8.5 0.2 2.73 1.2%x10°
241 1.2
242 0.028 1.0 4.16
238 0.02 94 0.1yrs 6. 85
23y 73.5
3000 | 240 19.8 0.2 7.68 | 2.95%10%
’ 241  6.04
242 0.64 1.0 14. 42

TaBLle9® Dose rate at surface of a 1 kg sphere of

cooling time
{B,7,X> (rad/hr)(Appleton, Dunster, 1961)

plutonium as a function of irradiation and

L4E, PuO: BLY PuO-UO:; #EHICDINT KA
L B R (DIEHES A TABLE 10 TR L 7. CORICRL
Ik =y ALBEOERMBER 1.69rad/hr 3T X
(13)ic k 25tEfH 1.6 rad/br & K —HKL T\ 3. X
oAb =9 AERSBEFORT 2R TABLETD
KRLEEES S n—T Itk o T { BAERK S h,
ETHHRERIZ ~1/6 KX TETT 5.

— B o—T Ry 7 ZARTHgDO V=T L%
FXHBESIR S v—7, BREEOERMNHBDT,
AMBEIEREEE U TELA BB ST,

L Lshioganzem F.P) 2aARKRETT
NE=y L EERT AR, LdThEAvE=
v ADEMEATICEETE FP. hoosBRHE
ENBbLTHEDTHEEESETS.

ZFu b =9 A0 EFR—BERESREPOED,
E—PIRANV =9 AMEAHPEETO (@, n) K
Bk -THEL A, F&ZIE Tases TR 7 #°Pu
DEREAEPLT7 vt XYYV LA&D () K

Taste 11 Neutrons emitted per gram of PuF,

Isotopes Pu Aml| U Total
o Dose by (@, n) reactions for various isoto
Time(yeary)| 255 | 239 | 240 | 241 | 242 | 241 | 287 [T ) 35 isotopes
1000MWD/ T (Lister, 1964)
0.1 [0.015 0.97| 0.62 0.16 0.19) 0.60| 2.56 o Nowtrons emitied per
0.2 0.35 2.73 Dhutonium g-second of fiuoride
10 178 416 n/sec/g-fluoride
3000MWD/T 238 3.2x10°8
0.1 [0.15| 0.79; 1.44 0. 75 0. 86} 2.86 6.85 239 6.8x10°
0.2 1. 69 7,68 240 2.5x10*
1.0 8.43 14.42 242 3.5x10?
TABLE 10 Measured surface dose rates and attenuation factors (Merker ez al. 1965)
Attenuation Factors*
. Isotope Flutonium 0.030 cm 0. 043 cin 0.076 cm
Material composition wt. % Dose rate plastic Neoprene Lead-Loaded Nep.
Pu0,-UO, Pu?**~unknown 1 0.24 1.56
Pu*°-894 3 0.30 1.50
Pu?*-unknown 5 0.37 1.47
. for all four cases 10 0.45 1.40

Pu?¥*-unknown 3 0.47 1.50
Pu-27. 394
Pu?-unknown

PuO, Pu?*°-90. 451 100 1.57 1.31 2.2 5.9
Pu2+°-8,578
Pu?-0.923
Puz2-0. 048

Pu Pu2*-90. 451 100 1.69 1.30 2.6 58
Puz*°- 8,578
Puz:- 0.923
Pu- (), 048

* Attenuation Factor=(surfare dose rate of bare source)/(surface dose rate of covered source)



10 7 VRIEBF AT b= A OREER

Bhb 5. 7ot vb=v s (PuF) hoRETS
thiEFH%E Tase 1l CRL7AW. 72 Pu-Be 54T
I3 5x10* nfsec/g-#*Pu Oh#gFAE N EHEINT
WA,

3.3 E mﬁ&@{tﬁQ) 137162

TNE=Y AEBDORKR, FVE=VADYTY,
Fna=g s, ERXATX, 8 EDESE, T =Y
LkFEGB LURMGE EZERET, BRIKREK
TEOTZORBNCRAEFERL R T LT 6T
V. ELITHPVEBERROBAICIEA LT ESN
T3, HROBHICOVWTROWERR SV LEE
BITRVD, —RICEBEKEORENEFZT IO
EEZONTVAS. Lich-TA V=Y AQHMRE
ZHSIKIZE Yy 7 RhDBEa ¥ b o— oK HRE
LB FIN =T b E2BREBICHLLTE
{EOBEEEIED, ThBRREBDPTODOTEYE
BOREEILS.

3.4 Eﬁﬁlz)w}

bUBAEHICEABEDO 7V b =y 4 (BREE)
PEET 35 IKITEHR BRG] SR, SHgED
BROGENRELS. COBREEIIFANVF=YLD
ek RRORE, ShikiE, BROME, HEk

JAERI 4036

RAMOEREIEC X - TRER2DbDTHB. 72&
A, KR EEBEREh s v b=y A
DEFEEI 460g LLDITHEDT, 200g DI F
DTN =Y L EEEE LTRSS BARRETERD
DEEVSED. —F, 7o b=9agBERELT
AT 254 CRABICHEEM PREEIEO E il
L5kg ZITOF N =Y A TCREBRICELRINEX
T 3.

AL DX S BB X - TS50
EWMTHBEH, BHEREED BR Kk-Thboi
DL ENTES. kEAZRF V=T L2BTKER
A& LIcBA, B 1.4inch (8.5em) OS2
WiZ 0.2inch (0.5 cm) EX DR, KEKTIE, BER
4.5inch (11.4cm) O HEEH 3 it 1. 2inch (3. 04cm)
EIOWBBERICESTNWERILSEEhATHER, |
P UREMS B PRE (Y Va4, EK B
i E) PEETIBACRERERIIETL, ERK
ERZOPTVCLEABLEFRERLEL. -&
ZiE 100 g DT omsEM BEEcET 3884 TRS
W= ADEREBRERR 150g &5 5.

VLD & EEDLEERICENT100g BITD
Tt =9 AEEKSEASCIRERONEIZRNDS,
100g IEOEEZHSBEICRBIT “BR” L1
CEEAHIcESE, THMCEMREEALT, ST
BRl-TERCESH T EZHELUTBAMNEND
3.

-l
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4. ] # & =

PRIz KTV b=y AdEhOHDTEREDS
D a-EETEEL S ZONIMEREIRLEENLS
BICHE UTRE LI 5700, 0K
EZRBERDBOT N b =y ADTLHCRE, BA
DI REEIRE & 25754 % ICRP T4 S - {f (TABLE
7) BEAWKS IR T ETHB.

ZODfth, SEEREPMRICIESE, BEEHLED
L EAAL RENSB.

7 7 ¥ REFHF (CEA) oB&icii—Riciizko
BERELTORBICH - THEDSN TS,

FTBRRBELBHERIN, KIEOBEERIEAIER
i3, DVTCORREDOTICER, k%, kit
BEE, wHigs HXRORERSN D> o, BHRE
BN TEOBOHMRBFSICHET L, TOHRE
ZR-TERIKEBEFINEC LTS,

4.1 HSBREERRED

7 7 Y AT EOIE D & BEEXIRERD
2R3 LT 3.
1) Inactive Area (la zone inactive) FERCHHEX
=
2) Area of ordinal working (la zone active
ordinaire) FEEFEXIER, FREIGIRL HEik
HIcEEEBCRABET A
3) Area of conditional stay (la zone active con-
ditionnele) HIfRXIR, MYIEET E—EOH
RES>FTHEZTHLECS
4) Area of forbidden stay (la zone active d’en-
trée interdite) i, A DHEEILEHh
T3 XIR
Kigi 2) 8) 4) 345 U THOHERIB (la zone
active) & KUK 1) 2) DORICERKR, Y+ 77—
1L D Area of Transition (la zone semi-active) %
050N EBTH 3.
HEDOXBARICIBERGER < 729, 0K
FEdOW, RRE=KE1)>KHE2)>RKK3)>
K5 4) QIETASELDRECREEZNTNS.

4.2 MmN
T73VADT N =Y AEEITIIKIR2) 3) 4)

O SN BB T TT V=Y ATHRS
NTNBEBIEL, ROXDKAHERBIN T 3B.
1) SEERFEIE (plutonium solution)
a) Kifl, I RF v 2 TA
b) F##HE, #7RUA
KANSNHTRICHZEED F 7 AFICRET 3.
(107 cpfml LI'F DIFHE)
107 pefml Pl D7 b =7 LA S DIEEREE
W F 7 AfcRELT, 1 7ANAKERERESHh
5.
2) WEEER
a) b= LEEHE - 107* pe/ml I DEE
DOHORT V=Y ARDOKLIETONS.
b) ZofhDEER (—BPEK) - —BDOF L~
L, #F# Y7 ChHEsh2.

3) TOHALEESEY
[ = — ! Prad s
4)$%&%¥%] b= vRicEHRL

FZABCHERETS.
D& B Y e

b) # 7
c) = O i

TABLE 12 Maximum permissible amount of plu-
tonium to be treated,
(liguid state, simple operation)
(chesné, 1964)

Class A B C
Activity High Medium Low
under hood 100 zc 100 zc 100 z#c
in Glove box 10c 10me 100 zc

in Hot cell 100c 100 me —

« Factor for physical state

Solides 10
liguid 1
powder 10—
pyrophoric 10-2
- Factor of Operation
storage 100
very simple 10>a-counting, weighing

simple 1>washing, filtration, extra-
ction, dilution of solution,
chromatography.
with particle hazard 10-*>fusion, burning, insulation
fluorination, disolution,
concentration of acid.
evaporation.
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W.C.

Security Section
Entrance

Medical Service

Director Room

Bureau

Documentation

Library

Changing Room for Staff
Changing Room for Visitors
Guichet

4.3 7 b= LOIKE & RESH JTRIED
It = AQERERERE, SHEBIRAE RN

&, B, r Lahoratory of Fontenay-aux-Roses

Health Physics

Counting Room

Air Lock Room

Passage of Liquid Waste
Personal Passage
Laboratory

Material Passage

Hall

Preparation Room for Hall
Galary of Waste
Ventilation

CF B -0iciE, ERREEEY, 7-FPra—7

F oy 7 RIEE DOFEERR i

BR) AEZBHLELEBICT

Vb =y AQRKEAREZRH LIRS0,
C OEII, b =7 AOKRE, REOREE, i
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SHEC X - T &R DZORARZEF - H LIKHHRT

FYRATIE TABLEI2 DX HICEHENTLB. A, B,
CREBREDEIHTH-TA, B CEBOBOELVR
w, X, EVNVEREEERC ENTEA.
RICRU B EERREZBRRIRETE R B
DERERET, 7 =9 ADWREE, BZRSERE
KLk ->TERPOBEICETICOR LI BRERTEE/E
ZHREE T 5.,

4.4 Fontenay-aux-Roses

mEHMEFER
(Batiment Radio-chimie, C. E. N. de
Fontenay-aux-Roses)

[RFHT R

b= RIBHEFHRD—F & U TEENERES
LI » T BUR LR =BT 5.

ZOREBIIT v b= L53HEEODE 3L & Marcoule
DM TR T 5 - DICHERHRITE £ B
TS 1959~1062 EICHBI N DD TH 3.

1) 1R

Fig. 8 ICRHBDFERE &L U+ O WERER L,
ZHITH 40450m DKREET, BEALELOLD
AMASHDF - TALEE (Batiment Radiochimie) %
LTS, coBMILE @ ZADMIGEDK
DNTHIHFEDE WA MH>D K S D 3L > T
b, TIHLIFEBMIERE, HRE O, EBRE O, &
—v @ TH5 FEMEIBOBOET TEISNE
4 DHFRFRE & - T 5. FEHEHHER I FHE®,

4 W &

R 13

BHEO®, FHEE0O, BRE, #IHE0, HEEE®
Wb 5. FEBURERED S EREAASDITIEHNT
BHBEREE @ 2800, X FREYREEEDE
WESFBCEILEE. CehbHEKE @ IKAD,
WENRAEEFICERZ S, AYKRAo v H— L EE
KA v A—DEiIcy+T7—F @ MHbHFSh, £
BRBRENRT VT — DT B EMNEEINTHA.
HRE, Y+yU—%E1 55 Area of transition 12
+ v A @, REYEERFER @ KBELNTH
3. FERUHHERE S RSOOSR T 5 2 ED
(Guichet) @ ASfSHRERE @ OKICEBINEY
ICEFTH 5. BERETEHMZ L EREFRET ® 28
> TERE @ IKAS. EREOAOKRIZ2DODHZ
ZIRD DRSS D, —Fidk v  HEE Breau)®,
—HEHEZ @AV LNATNS. COERE @14
X7.8m Fig. 9) IKR ZF'u—7FKy s 2, EHREMYE
UCHBERM B AN TNS. EREOROICIE 2
DDT7—FAE ST 5N, —HE—kb¥ERRE, b
HEY BV RB7 —F (%) tkidhsdoTh
# (100u PUT) 07N b= a5 LMTE
5. EREOMICREE, BEREMEEIDEHE @
2H5. FREOUAD @ 120y 7 F = 25— 1CH
- Tk, AOIKREmET, FRe=4~— (a, 8, 7)
Bie 27, BKEM ¥+ 7 —AREIATOS.
FERE © OJJHICI—EMREZ BT, BEIREL,
7a—7 8y 7 A0WE, BEKE,; REX Y 7 2
BIN, RFCEBEY 5 v + b5,

KRiE7 7 2F v 7T, BEIMRETERERTH R



4 TIGYACBFET V=9 A0

ENTVAE. BRERHOPLICH ZHEEHEEAD
FT—DLEBHZHBAONSAD, FHE7—~Fh
5, bEO¥HREMEKOMSHENE. COHAOM
SEiE 10E/kr TH5 EREEIHAVIRIET ® 2~
ETT, = @ BHD. chiIF o b EADNT
v ML EREREERICHN SN TN S, F—iid
220WHHEIEY—> (Tx9m) EFEE 4m T,
flio—> (11x39m) {FHS 10m & EFEICEL, -
Micst D7 L—=rYRHAohTHAE. Kidarvsy
— M TH 3H, BEEARELERTE T 5h, 10t/m?
OHEICHZS 5. ZOFR—NZENOTHRZEIED
THh2E/hr THED, BOEDOOEBIITRTRE
YED&E4 — = Fig. 10 T Sh, H&=R 10@/hr

Fig. 10

=i RHRA A OA D (4 x5 m)
BhHb.

2) H1 F =

TTICII®, B, FBESITW, v =yl
R (Fig. 11,) FEEARE
D, ISICYRAHE, SBBICHFIILTHS

T b= LBEIR (107 pc/ml DITF) i394 Ly 2
AEERT T FEICAD, 8m® oMk £ Y =27

WVEIER 2 ¥ 7 ickon s, EEEK (Prvk=v o

» Bacuds, EERMS -

JAERI 4036

Fig. 11

FEREH» S N ZMERE IHRELZN-THTED
100m® 2 »7iclFAZohd. 2V 7HIEILBET 12
ErREEN, 5OBDICRIETEHE, HELD/
DOEFEROLE, dRERO, Ry 7BHEsh
T35, Fub=vsfl0z vy 3EENTE, Kbd
BH 7 Y Flek-THBIKEEE=4 3 &8 TE 5
(Fig. 12)

T b =9 AR (Fig. 1) TREFCERLE
Mo, Rk EE, £RSysShErery FRO
7a—7 ey 7 2TD SN TS,

3) ERH

T TiTEEYLEROMRET ML Y, ST~
BT AXRE, Wk7anz—-20iLTETiEbh
5. MRETICIFAFEELBMEBIRRODNYTH D

RABEECKRATL) #fiK&

sa—7Ky sz 80 mm 1500 m3/hr
E OB = 6 2100
R o= 2 1000
H K = 1 3000
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5. ;L #

TN =Y AOBOEED Y, EiROYER SR
WHENTTSFvb=v st AHEZRET AHEH,D
BREBLET, TOERNEZEZIIT V=T LDME
ERBAOONEHE, XEWEMNTEHETH
3. ZOHORERARME LT, FRAEENT
TJuswyR—YDERMRECEhhicds, BIETE
T—F, ra—7Ev IR, a B, v EHAN
BNTV 3.

5.1 R I.:23)

75 ZATHOSGNATNAE 7 — Fid Fig. 13 [T/RL
=) K v %7 (Sorbonne Etanche) &UFEEIL5HD
T7m—7$vﬁzéﬂ$®7~Fﬁm&ééﬂt§
DTHB. BImIRIEA T 2LDEY, oI
TRy g EREBRICED

s a—7hiiviAE, Fo—

Fig. 13

15

& I

/ST LHMTEE. BLKOLERRIHGL»S 1m OF
e TAE &S 50 cm/sec DERGHEISSLET
HHEEINTHE, HOMHEEELE e =—-1Th
3.

RMCIZERAR, &K, Wi AAsEEh, v 7
v b EIEHIRRIEATI O 3 i & DT ShT
b.

Bk oFEEE LTREROL LANRITED 7 —
FERULHIMONZ AF LFTEciishs, Tk
=y LEWS EECR S e —T Ry s R EREIRRICH 7
ZEMUTSe—7Z2MLTECRS. 7—FTTw
b=y RS C LIZIEEICERTH 508, KREEHN
Sa—7Ky 7 RFETHRODT, i =v L4 100
pe UFORICE LY, FERBELHELLOK
MRELCTHEATIONINLEEINTNS.

52 ya—-JRuHR

7~ FXOREENSOBEERKE LTS e -7 K
W 7 ADHSE. Ky RTIE TABLE12 TR LI-LD
I HEARET, AMBYHEBEI LSRN EAICR
10c 2ED Pu-239 2> &HTE S

sa—7Hy 7 2icBNT %%Ammﬁu&m 7
MO LANBELTH S &, FHOMIED=RT

Fig. 14
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H5.
PO a—THy 7 2EEE LTAORTTET
WFHs, KR DR EBRBEORMED S, BIETII—
FAN—T 7 ZRBOEDHEHINTIZN B 7,

BEAEDAGEH (RTYVR) BP7r52F 9081
DHDLEIL ST _

7 7 Y ATRREEIE EOMAERICIIREHYD &
DWMANSN TS A, —IICHEEl = —a8lR
v I AMECHO ST A.

Fig. 14 |[CHEHERI 7° S5 2 F » 7 K w 7 2 EFR LI
DRy 7 RBMEE e =— LA F A RT S

YRILBHAELL = A DNUREH

JAERI 4036

) L— b @ Plexi glass X D&ljﬂ;q 3., EX1Im
£ 1L.17m EXEI AT 39cm EHT 6dem DB
DOTHE 20mm k) ICHAE B EMNTEE. X5
{TFig. 15~17 TR LAc X D IcH# Loto'cﬁfzwi
A DHOMELNTNWE. Ju—THus 2B

RE LT/ o~7 R — b BIUPREHE LA R~ b
(Fig. 18), 7 4 M Z —E&(Fig. 19) FS VYR T 57—
v 7 R (Fig.20), 7' — 7 #— b+ % v 7 (Fig. 21),
Ky 7 ZA|7 n—7 (Fig. 22), EXKHEHRR (Fig. 23)
B RURRIREE (Fig. 24)73 X487 5 v 2 FEFHF(CE
A)THRILIN /o ~T Ky 7 27 74+ ) —(Ac-
cessoire de Boite & Gants)? & LCHilRE LT 3.
Fig. 15 OF v 7 RIIKBA & sl en 25 5
LADLDTH 205, KEEEIHED LT,

Fig. 16 IR Lo » 7 RIGRBPicHW Y b b, =
BTN TVEDTCOEMIC T Y R7 7 — K
v 7 AME 3T 5N, VNALOREBEBRELE 2SS
R EICHNSNA.

Fig. 17 [T/RL7z/NBIK » 7 2% 70x52X45cm O
bDOTT Wb =9 AOIFIE KTV BNS.
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5. ] &

]

Fig.19 (1) Filter parts

Fig. 18 [TiR LA #— b Vo3 v =— v 8l &
Plexi glass BIOFEH O DS D, AR E L T60mm
M5 488mm T T, HADHOMNBIEINTEH
—RBICAEE 157mm & 250mm D DAL HND
T3, R—MIRFEPE=—sy FZRAE
LTZ2D A2 51T 5.

7 4R — T BRI Fig. 19 IRLICED
b =—npolbiLs, AMOLDTH 3.

NZE 47mm {HE 265mm O&DT, £y 724t
IKEDDIFAIBICT s v 2~ L EEEIRTE. 740
B—@HT7 2T 7 AN—BOWRT TV ) 2—+7 «
WE—HBRAVLN, TOWER 3Dz T AT

Fig. 20

17

&
R

Fig.19 (2)

Z@ 99.97% MBMEINLZHDLbh T 3.

T3VATRIIFIVYRT7 7—Bw Rk TSR
O LANZEBCES> LD, BETRIFEEDT
RSSO =— oy 7 (BR) ZHOTHA
25, EU~NVEBRTHE Fig. 20 IKRLACF S YR 7 7
— Ry 7 ZEROB T ENHB.

Fig. 21 ITZRL/IcR—bF w72 PV R T 57—
Ry 7 ADMEHIZE YD, ZTa 97 F+vn—1~&
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Fig. 22

LT3, FP7vR77—FRy 7 RIZE2o08B0
AE S5, FNEHERAOEACHERELKDOMER
FILBERTHS. -+ v v 7REL=—1ET
— P EDEMEIET Ly F S TTETHS. h
BONNTZWMT LR >TT Lrey F Y IHE~
YIS NABER/NWEASTRUEN
EMERENDS
Ko 7 RKIEFRIZIE Fig. 2V (TR L%+ v TR
o—7H —MTE DO, HHEHEOSILMTEE.
Fw 7 AR 7a—7 L TIE Fig. 22 12507245
KAATLVyEES T2 7 2BDEDOHH L. T4
% “Technigom” 3 £ 7% “Piercan” X 0F I T 5
07T, EEIEF57F » 7272 0.3mm - 0.5mm,
F#F7v T3 05mm X 0.6mm O 2 FEMHD
3. BE&TIE35 50, 75, 80cm 0 4 FEATHIHINT
3
%@ﬁ@fﬁz%y7fviztbem25K%
LbDb 55 MBIV DOTRIL. 20D
$y7z®%ﬁu$yﬁxé%m“Mm@m"ibﬁ

BENRLSOT, FIEA 7 ZHMYIETES
5.

50TH

VErDEINT I3 RF v 7Ky 7 REI—BIZKEE
d &K, EEERICHIT I EMHE, BEE FESL,

RFOXBIR EITREHH S M, PPXRKIZHNE
WO RENHE. Lizd-TKROGERND D BIE
(B zHOIERCPEBERAY) TiIFig- 330
;9&Kwhg®e®~m\ooﬁ% <Hb. 77

e as

Fig. 23
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Fig.24 (1)

Fig.24 (3)

Fig. 25

- 19
e 5] —=]
-4
Q
N
\
N =
[ —
N- T
A L)
f NN __L-
B (=2} [te)
——— - f'.‘)
150

Inlet and outlet tube
Fig.24 (2)

Inlet and outlet tube
Fig.24 (4)

YRR O-TR— s RBETTONBEDH 20 s
E CEAIZ X ->TE EHONTH 3 DTEEN
BRLRThEAZET IO (O EDOBT LA
BRIC7 7Y 2L FELTTAYADTa—F#H
7 ZAO¥EEBXUHRHZET 5 2 e sBEINLD.)

3, v-hatikE &
AN AV T 7fyazf§ 0c(a) BEZTOD
1 4 = 7

FE3 550!
W

me (5-y, BELUTO 3-v BEHKTHRTAEBAIC
AR 7 AMICHBERAT O, o 7 RFTHEIC
BETR-TROMI T L THEH, cALELEOS
REHERMTI: o, 8, v-2 A BPELNE. —8HTi
[8-v-activityJ/[a-activities] 5% 500 LI FDESIZIE
a 3, v EANLETH B ENHATNS.
Fontenay-aux-Roses FF HBT AR, HAHESEEOZIZ
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BifE “Armor” “ Gascogne” “ Carmen” EWE{FH 3
300D a-f~y-ENMWHEREINTE.  (EF B
HE 7 o= ZBESEA L LT “Cylano” 2@ X141,
7 bR EIC X 2B R & LT “Attila” A3
SEERINTLS).

“Armor®™® ” 77 AF v/ B Su—~T Ky 7 2%
0em EXOMTHERKRL: ay A Thb FTelk
OARVETRESE 3m i 1.4m HX 2m T, 8 o
ENEDKR DI ->TWE, KA THE 0.75MeV @
TAVFEEZED F.P. % 30c S T|SHC EMTE3
ENVDRTNE. COEMIEREEBEICETZ NS
WARRESTICERTIh TR 3

“ Gascogne®® (% Fig. 27 ORI R L& S5 ICE

& 10cm OHfERHRE LARABREKE R v 7 20

’C% T3, é"c

6, SMHTAOMERE 2~ 467 — F (Fig. 28) HECS
EZ Sem OBERFIEZLECLETIRF 97 Ew 7
APORODN->TVE. ZEfElliay 7F - vos—
TEAEIN, ErPDLE 2— A7 — FARKESTR
Bl2E5 &EMTE 5.

Gascogne® (IR 7 o + R IFSRICEEE S i1 /- &
DTEBESREN, HRNE, fHAI=3%y—%t 5
— 1L MBS, Head-end 75 Tail-end 2 T4AH
ME 7o ZRBANN—TEEESICHRHIN TS,

FAKIT 17.8X1.5%2.83m LI KEXRIDTH
5.

[

“Carmen®” [% Fig. 29 IZ7RL7cESIC @, 8, v o
v I F 2 Y N—THIL 5724 DD 2— LT~ Find
[ZEX 15cm OfEKTHEBHIL

RERESHE BlH 72K0D8RD,

0c 2TO 8-y ZMHZ/S T &3

T&be BV 1EHOKNE (T 1.60
M1.0x1.0m O3DT,EHO I 1
—T7 Ry 7 ADQEIIZ a« BEEE
BT 5 L5 Th.

B#A L, 8, filB R,
Gt UTHLRE 7 o+ RS

3

“ Garmen

IR X7 Gascogne S TE-F
ETHEFEL LTSS TOSTA
ICHAWLGNTH A,
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B

Lob
| . T
: . @-'L'ublvy di rance I i
| of the dower, Lm0 SIE ) ! i !
| / = N general H Cod
| ventilation i I
_l / 3 ¥ t
: 1320 .
i 3330 i
Carmen cell

Fig.29 (2)
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6. 7 b= LOEBEH

TN b =T AZTERS 1o DICITEE R DR & 2 A
HBETHBC LI ERLUI, EEBICRDES Bicik
S OICEHHRITEECENMSBEL 3. BEDERET
REBICTUMETL S o — T2 BLTB RS BE
CREREE T DF LOELFEYA L hidis b1
L.

FICRE C L RZELAEHIC X 2 BRIk, &
K, R BRRLOZAN, BHOBLANCES
G4, BEEETFEXUEEEOBEBMEE £ Th 3,

UTMEFERREZBTTI Vb = 2545 BADRME A
ZEEORREL itk -

6.1 KRybHzODERHE

CHRBABDPS TV b= A £ BEET 3 2105 5T
ROEANTEERMETHZ. KEFR MIKy 2
BRI CBBEBRICKSTB bt
BoREWV. 77 YATRAERADOKR v 7 2icw LTl
ETEWO T EEY, BFE 90 mm (ki) ik
LT 8EE&ICIEE T0mm P LOBRFEEREHC &%
—IBDOEEIC LTI A,

SOoRT NI VI EREREDEES AR 5 &
v ATRETDOK[EERTBERADSE S S0 OpE
RENS (8% EDEA 85 mm Pl FOBFEAE
TWBZ EiTiE 3).

6.2 RoHRADEE
—RRICHE v 7 ARRERZOKF LD 20~30 mm

‘[ i Regulaor

p—

< —
| 3
Filter
Pressure /
= Sy,
Manometer y
Glove box

Fig. 30 Pressure regulator (Jahan)

Ok#E) DEERRENS. dLASHrOERTE ©
REBRINIE L » e B A IR EHER (77— 1)
KEoTLOINBCEILHSTVE, BFCIE
Fig. 30 O &5 TENFAMHERS MBEv 7 {FBEEL
TRHZESNWAIASh>25 5. ChiZAFEOEERS
N bR ERAFECBT T2 -D080TH 3.

6.3 RKIHIUBBEOR L

7u—7 Ry s ATREBELEARERITERICE
BRREFTACLBBRTH 3. ChizkRBLUE
FRICK->THy 7 RAD TN b =9 ANTE L, Kx
BERERELLEPOTH 3. Kb X CBIAERIE
TE1-DIRATOREERNBETS 3.

1) BEEOHER

Ry 7 ZRTRTEZ X0 EBRBERERA LTV
EVEZLLAY, EFLTHEALEGhIIE ST

LEICEIXAORENE DERY, BlASDENHEE

REDHEMEZFIRT 3. 752 TRI—FEk
UTi{LRFEWIT E51KE 35°C TR
TERWEHEEShTHAS.

TABLE 13 [T PR WIC A BAE T 2 A8 7- 2,
Class] DI TIZ 7 v 7 v 7 25729 100 ml, Class
II T3 200m! ¥ COHEABFINTINED,

TABLE 13 Careful solvent in a Glove-box

(CEN-FAR)
Maximum
class flash pt.| Permissible solvent
amount

Acetone, benzene, methyl-
vinylacetate, ethylacetate
ethyl chloride, dichloro-
ethane, methyl formate,
toluene, ethylene oxide,
methyl metacrylate petro-
leum, Kerosene, amyl ace-
tate, buthyl acetate, diace-
tone alcohol, xylene, cyclo-
hexanone, methyl cyclohe-
xanone

I | ~55C 100 mZ

55°C Cyclohexyl acetate, benzyl
I ljoorc| 200m/ | alcohol, diesel-oil, light oil
dodecane

I - — I heavy oil, grease

BT A A, TEANIRERSES
&@&LT%%?%C&P.&%¢?HD§GM%%
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LIcOAIRRD B HENDS. EEEERTIN Y2
ZARTRBORKZEFCE>TREST, =—2—12
EhSDKIEERTE, BB PRETE/LS
QR ERBET T NIZIT ST,

2) im# 8

KETFHOERG SIEEEEALEVWEATSH-T
HBORBEALCRESTNY. MEAKLLTE—
BIZCHRNT v FHZORIBRBEHACONEETH
Bo TIAMHOBELLITVE S ITEKT EAEAL
BERxE cESLELEBCEbATHE. BEXHF
EHRMAREROIE/ICRT 7 AF v IRy 7
ZAEVDERBHUE Y 7 ZEZHD, 2277 ) VRD
B AT B~ DI ERET 2 & EBICERFOHAE
BEy 7 ZADBSHALAHKICE > TRH LY
niFiE o,

3) KEHROEHA
KEHAZIRDBROBREORENEDT, 45
TREESADCERT 3. KEFROHKILONT
i, REESERBICH LT 1Y% U ToBaiizHss
ZELTEBTCENTE B8, EROEAKIIKE
H 2 OHEREFREIC Lisidhidis S,

4) REHESEOFIA

TNt =y s&BEFERTIESH 0 EMAICX
> TKREDERBHEEAICR, FuvszETHT Y
HEIVEIERETEMUTKKEH S LEMNTEX3B.
COHERELIAEETROMEEZE=2—F 3
VEBERDD. TTOMENR v 7 AICREEREEH
AT hEAECRROBRLERDIIRE0, cOF
EEEFEHTEED.

5) BEXEHoKE
RELECL-TBELbOARBELDTa V& ¥
b, =T AR EBERFRSEOERRE (14AIK1E
BE) BURETHS.

6) THXKBDHEI
KEPBROTFHRBOEDDESICEL THLLD
EETRIELERERY 224 iz i, RElcd
Ry 7 ZRITNKERBFRE U BE&IIE, DMEBRE
KEBHNTTEPLEKREBCRES T ENTE 3.
COFERTRy 7 RI/NEMKRBEARBEHITEL L
Edbs. IMNEIEABEL TR FSAHMRERX
hTws. chbid MgO, #, 75774, T
Y ov i EEERAME & (LiF, NaF, KF) ©
HENESTORBIR I N TS, LA LKoo K, REE
V=4, MEfkRER R ChS2ERTsc Lick
BERMEDBBRE TV =Y LADOFELRIIEAT 2 LE

6. Zut=v AOREER ‘ 23

BHEDOTIFITFHITIT ST

7) kEowhm

ra—7Ry 7 2FQBEME (KK BAOBRPE
BRMBRT A Y AR LETHRINTVEY, 750
TREERAR v 7 RRTREAEFHA SO TOE
V.

8) HENEX

Ry 2HTELIKEPORy 7 AREKEHES 120
BoPUHERICHBR T ) V7 7~%EFEBELTEL
TEDEZONDDHB.

9) FEFOMEH

By 7 ZNTRET BERRR v 7 RREZBAS
¥E5DT, BERGEHRICENKREZD I T 50O0BEH
TH5. ChiCd - THBICX AHEER/NRITING.
BT LEMTE B,

6.4 FEROBLE

77V ATREBRCEECEEH CERTE Ry 7
B0 00g Ll kT b=y sBER LN E
MBEEIN TN 20,

10g DIFO 7w b =Y 6 OBEIE [&FXvs 2
200g LIF] oFAIZERSBOAEFDERICECRES
TEMTESD, 100g P EOBEHICEREBYESD
FAOMNELIL .

BOICEANIE, FHEE BT v b= 45
BEEOVENS, ¥y 7 AKBEEERGOFV
=U LB EZORELRFRL, TOERBZEE 2D
HTEIITNITES N, COEDITRTF V2T
2 Fig- 31 0k 57377 2F v 7 HIICE & ToRE
ZERLUERLTHA.

Pu.
Pu(NO;)«

Fig. 31 Indication of plutonium quantity and chemi-
cal form (CEN-FAR)
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6.5 MEEhODB;IE

SBERy 7 2IEMINPT L, £ORBVICE
NWTERICE 2Ry 7 20BHBIcEELBRIhIERES
U,

BRAT R EBMES 2 2HEHT3 & &iCid Fig.
2 CRLAKDICa VF v —hIRIETH 24K
FEU, 74NME2—52BU TRy 7P CEEEEERTS
FEBELGNTVS. C{AOBOBMA A TiREICE
SOHNEHETC LI > TIEMERILT 3 EMT
x5,

7
Glove box
¢ Z
7
Corrosive gas 7 ,
' ©
@
AN,
L lo
@® Condencer ® Absorbent of gas
® Filter @ Pump

Fig.32 Theatment of corrosive gases in a glove box

BB LT, ¥y 7 2RITTIENTEH LIS
KB BITETHEWE Yy 7 XA D3 BEICLT
BLCEBFETHS.

6.6 In—7HEDEAL

Ia—TIIZ-TREDITBEEXIBEDOHNED
DERARITEZROBDPBICEEE, EF-fiTh
REDJ5h, - ETRETINENDS.

7 ABROERIASEDY, B IRIERICHERE
DOTHBIFE &> THoRERICANRIFE SIS,

7a—7 TEEYPLEBHO b DE2LOEAIIE
EfEZ a— 7 THOHOTLBIT/EBLTECIS.
7o—7TRHPELLTOEHITEE Fouds
FC o= T BR— BT D EMN - EFTH .
BRI L RRTARLUBROBEELLN, L
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Port du masque

Fig. 37 Notice for keeping mask (CEN-FAR)
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1.

2. Comments of the handling of plutonium.

COXHERENRIKESTHAS.

L —m#Es

The handing of plutonium in laboratories: precautions
H.J. DUNSTER and E.]J. BENNELLICK (Atomic
Energy Reseach Establishment, Harwell, Berks,
England). Atomics 6, 312-20 (1955) Oct.

Laboratory facilities and procedures for handl-
-ing Pu at levels up to 10 curies are outlined.
Glove box operation and maintenance are dis-
cussed. A procedure for the determination of Pu

in urine is described. Emergency measures are
suggested. (N.S. A. 10-110)

M.]J.
STEINDLER (Argonne National Lab., Lemont, IIT)
ANL-6021, June 1959, 27 p., Contract W-31-109-
eng-38. $0.75 (OTS).

Many of the features of plutonium facilities
have been covered, and a number of them have
been omitted. A great variety of safety equip-
ment is available, together with trained personnel
to operate it. All of these device, however, do
not assure a contamination-free operation. Basic-
ally, the careful design of enclosures, experimental
equipment, and procedures when handled by
trained personnel represents the only approach to
the problem of plutonium handling. (N.S. A.

13-16120)

3. Recommended practice in the safe handling of pluto-

nium in laboratories and plants. G.]. APPLETON

‘and H.J. DUNSTER (United Kingdom Atomic
Energy Authority. Health and safety Branch,

Radiological = Protection Div., Harwell, Berks,
England), AHSB (RP)-R-6, Jan. 1961, 49 p.
Plutonium, a by-product of nuclear reactor
operation, is itsef a fissile material and one of
the most toxic of radioactive substances. When-
ever the material is handled, consideration must
be given to criticality implications, and the pre-
cautions generally required for radioactive ma-
A brief in-
troduction to the physical, chemical, and toxic

terials must be applied stringently.

properties of plutonium, reviews the precautions

of plutonium, reviews the precautions to be taken

in the design and operation of laboratories, plants

and stores, and makes recommendations for safe

Criticality problems are discussed only
(N. S. A. 15-18363)

practice.

in outline.

IL E & #&
(1) {b¥RE=E

. Confinement techniques and handling of plutonium in

A.R. KEeENE (General
Electric. Co. Hanford Atomic Products Operation.
Richland, Wash.) TID-7577 (p. 83-101). Sympo-
sium on technical methods in health physics, riss,
Denmark, May 25-28, 1_959, 19p.

Plutonium with its extremely low maximum

research l!oboratories.

permissible body burden requires that some degree
of confinement be provided in order to handle
the material safety in reseach laboratoies. De-
pendent upon the quantity and physical form of
the material being handled, confinement techni-
ques may range from complete physical isolation
of the material from the research worker to
nominal control through the use of standard
survey procedures. Confinement and handling
methods must consider the plutonium both as a
source of extsrnal radiation and as a bone-seeker,

potentially most likely to enter the body through
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accidental inhalation or skin injury. Other factors
to be considered in establishing safe handling
procedures include pyrophoricity of plutonium
metal, required ventilation, use of strippable coat-
ings, and survey techniques. A review of pro-
blems- likely to be encountered when handling
plutonium in research laboratories is made. (N,
S. A 13-20054)

5. Plutonium handling—A lecture presented to the re-
actor school by C. J. BARTON, July 12, 1960. C.]J.
Barton (Oak Ridge National Lab., Tenn.), CF-
60-7-28, July 13, 1960. 12p., OTS

A discussion of the hazards and philosophy of
plutonium handling is presented. Glove box
construction and materials are also discussed along
with handling techniques and work being done
with plutonium in various parts of this country.

(N.S. A. 14-19237)

6. Experimental technique with plutonium. H. ScHuU-
MACHER (EIR, Wurenlingen, Ger.). Neue Tech.,
5: 547-51 (Sept., 1963). (In German)

Pu is an @ emitter, is highly inflammable and
pyrophoric, and reaches criticality with a relatively
small mass. The radiation protections precautions
(air-tight glove boxzes), the use of inert atmos-
pheres, and criticality control are described. The
microchemical methods used in- the weighing,
metallurgy, and separation and purification of
micromasses of Pu are discussed. (N.S.A. 18-
5563)

(2) £RERS
7. Nuclear metallurgy—A symposium conducted by insti-
tute of metals division, October 17, 1955. IMD
Special Report Series No. 1. New York, America.
Institute of Mining and Metallurgical Engineers,
1955. 126p. $3.75
The reports presented at the symposium in-
cluded power reactors, problems in materials for

nuclear power, methods used in handling Pu in
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research and metallurgical operations and pro-
perties of the pure metal, physical metallurgy of
Th and U. (N.S.A. 10-6731)

. A review of the physical metallurgy of plutonium.

A.S. COFFINBERRY . (Los Alamos Scientific Lab.
N. Mex.) and M. B. WALDRON (Atomic Energy
Research Establishment, Harwell). Progr. of
Nuclear Energy 1, Series V., 354-410 (1956).

The historical developement of plutonium me-
tallurgy, in so far as it is known to the authors,
has been traced up to the point at which detailed
publication of results become possible through
declassification changes. The precautions found
to be necessary for the safe handling of pluto-
nium are summarized and the means of given
effect to these in different laboratories are dis-
cussed. The available data on the physical pro-
perties and intermetallic compounds of plutonium
are reviewed, with the inclusion of some recent
unpublished information. An attempt has been
made to cover effectively the work on plutonium
metallurgy in America, Britain and Canada, but
knowledge of Russian achievements is limited to
that disclosed in a single article by Konobeevsky.
There are, of necessity, some fields of work by
American and British laboratories which remain
unpublishable and represent a gap in the scope
of this paper. (N.S.A. 11-3773)

. The development of handling techniques for the study

of plutonivm metal. W.B.H. LorRD (Atomic
Weapons Research Establishment, Aldermaston,
Berks, Eng.) and M. B. WALDRON (Atomic Energy
Research Establishment, Harwell, Berks, Eng.).
J. Inst. Metals 86, 385-92 (1958) Apr.
Metallurgical studies of plutonium are com-
plicated by its fissionable nature, its extreme
radioactive toxicity, and its ready oxidation to
form a fine powder. Since 1951, when plutonium
first become available in Great Britain there has
been a steady development in the methods of
handling it. The first installations were based
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10.

11.

12

on the use of fixed cells, which were operated
through gloves from one face, and to which
access could be gained by men in presurized

suits for maintenance. With increasing experi-

ence, island cells, operated from two opposite.

faces, and free-standing glove-boxes, with all-
round glove-access, were developed. The  re-
lative merits of the various arrangements are
discussed. Special features of the ancillary equip-
ment are outlined. (N.S.A. 12-9101)

Ol HafsimEpIE
(n - &

Hedlth ond safety in handling the newer metals,
Wrriam B, HArris (U, A, Atomic Energy
Commission, New York). Am. J. Public Health,
49, 1138-42 (Oct. 1959).

Some of the hazards involved in the use of
Th, U, Zr, Ti, Be, and Pu are discussed.
(N.S. A. 15-11376)

Hozards in handling plutonium. K. C. PiLral, S.
SOMASUNDARAM, and P.R. KAMATH (India.
Atomic Energy Establishment, Trombay).
(AEET/HP/SM-2), July 1, 1958. 19 p.

The nuclear and metabolic properties of Pu2®
are described briefly. Maximum permissible levels
of Pu®® in the body (personnel), air, water,
surfaces, and soil are given. Design of laboratory
facilities for handling plutonium is discussed.
Safe handling rules are given. (N.S.A. 16-
11947)

Radiation problems associated with the handling of
the actinide element. MARTIN J. STEINDLER (Ar-
gonne National Lab., IIL). (ANL-6540), Apr.
1962. Contract W-31-109-Eng-38. 39 p.

The hazards connected with the handling of
actinide elements are surveyed. Emphasis is
placed on Th, U, Np, and Pu. It is pointed out
that the chemical toxicity of the actinides is

usually minor when compared with radiochemical

13.

14,
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toxicity. Inhalation and ingestion are the im-
portant routes of entry but direct injection into
the blood stream through wounds also requires
consideration. Special enclosures, such as glove
boxes, function primarily to minimize the risk of
inhalation and aid in confinement. The external
hazard from actinide elements, primarily due to
7 and fast neutron emission, varies, considerably
with the element and its source. Irradiated
actinides, such as Th and Pu, usually show an
increase in the external hazard from 7y radiation

(N.S. A. 16-19175)

with extent of irradiation.

Evaluation of plutonium exposures in man. J. S,
ROBERTSON and S. H. CouN (Brookhaven Nation-
al Lab, Upton, N.Y.). (BNL-7041), May 25,
1963. Contract [AT (30-2)-Gen-16]. 46 p.

A substantial number of people are employed
in the processing of Pu and, despite the use of
protective equipment, some of these people ex-
crete detectable quantities of Pu. It is assumed
that the Pu enters the body via the respiratory
route. Extensive animal studies and the avail-
able human data indicate that Pu that reaches
the circulation becomes deposited chiefly in the
skeleton and liver, with the skeleton being the
critical organ because of its role in the induction
of osteogenic sarcoma and other bome lesions.
Recent studiers in dogs indicate that the lung
retention half time may be a year or longer,
depending on the particle size, and that 70 to
90% of the inhaled dose may be in the lungs
or associated structures. It is pointed out that
excretion values do not provide reliable infor-
mation on lung burdens. Methods of estimating
body burdens of Pu are reviewed. The advant-
ages disadvantages of whole-body counting are
discussed. (N.S. A. 18-132)

The monitoring of uranium and plutonium dust hazards.
S.E. HunT, D. ALLENDEN, K. Bobby, B. CATTLE,
D.V. FReck, E.D. TAYLOR, and D.G. WATERS
(Associated Electrical Industries, Ltd., Alder-
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15.

16.

17.
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maston,  Berks, Eng.). 13p. (CONF-365-7)
From Symposium: on Environmental Mom'toring;
Berkeley, Gloucestershire, England, Oct. 1963.

. A survey of-the available literature indicates

that.-the .main inhalation hazard arises from

- particlate matter of diameter between 0.5 micron

and 10 micron. : Methods - assessing this “hazard

~in the -presence of the @ activity of thoron and

- radon daughter products are reviewed. (N.S. A,

18-8598)

Safety in Plutonium handling. R.E. LEUZE. Nucl.
Safety, 5, 392-6 (1964).

A review of Pu handling hazards is presented
in which publications "ccnc'erned ‘with handling
problems are discussed. Recommended practices
for safe handling of Pu are reviewed and operat-
ing manuals, hazard reviews, and facility designs
are discussed. Other discussions are included
concerning control of criticality and fire and
monitoring of body puncture wounds. (N.S. A.
18-43857)

Safety considerations for handling plutonium, uranium,
thorium, the alkali metals, zirconium, titanium, magne-
sium, and calcium. ELLIS L. STOUT, comp. (Los
Alamos Scientific Lab., N. Mex.), LA-2147.
Sept. 4, 1957. 24p. Contract ‘W-7405-eng-36.
$4.80 (ph. OTS); $2.70 (mf OTS).

This report compiles from various sources safety
considerations for work with the special metals
plutonium, uranium, the alkali group, magnesium,
titanium, calcium, and zirconium. General critelia
to be observed in handling all of these metals
and their alloys are listed, to health hazards,

pyrophoricity, explosiveness, and other chemical

reactions, in both handling and storage. (N.S, A.

12-4688)

(2) F3Y BT BEOM EREERE
Control of health hazards in handling plutonium.

Results of 14 years experience. H.F. SCHULTE

- JAERI 4036

and D.D. MEYER “(Los Alamos Scientific Lab.,
N. Mex.). - A/CONF. 15/P/760. . 9.p.  $0.50

(OTS). 'Prepared for the Second U, N. Inter-

national. Conference on the Peaceful Uses of
AtomicﬂEnergy, 1958.

- As»a result of ‘14 years df: experience in handl- -

ing plﬁtonium, in . large,:batch" .sizes practical

o techniques for the control of health hazards have
" been developed.” The health hazards involved,

including both external and internal radiation,
will be outlined and a brief historical review will
be made of the Los Alamos experience in de-
veloping ﬁéthods of handling plutonium safely.
Remote handling equipment has made possible
the isolation of the operators from the direct
environment of the plutonium for many opera-
tions. Completely interlinked groups of ventilated
dry boxes have proven most advantageous for
other operations. Enclosure of parts in special
containers has permitted some operations without
exposure of plutonium to the atomosphere. Local
exhaust ventilation and general room, ventilation
have been combined to limit the spread of pluto-
nium aerosols and to direct the air flow toward
the most contaminated areas and away from the
opevators.  Good housekeeping has been a vital
part of the control program. Regular monitéring
of working areas, routine air sampling, and the
use of protective clothing and respiratory pro-
tective equipment are described. The probiems
associated with air cleaning and waste disposal
are discussed and practical solutions offered. An
important part of the control program is routine
analysis of urine samples from exposed personnel
and evaluation of the data obtained. A medical

program covering all Los Alamos employees

contributes significantly to the control of the

plutonium problem. The record of the Los
Alamos Scientific Laboratory in its 14 years of
experience with plutonium is reviewed briefly as
a measure of the effeciiveness of the control
program. (N.S.A. 12-14722)

18. Pultonium handling hozards. T.S. CHAPMAN (Dow
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19.

~ Chemical Co., Denver).

p. 284-91 in “ Proceed-
ings of the Seventh Hot Laboratories and Equip-
ment Conference.”

The philosophy and practices of protection from
hazards accc}mpanying plutonium - processing and
fabrication are described. ~ Topics discussed are
alpha and penetrating radiation and difficulties
associated with the presence of fire or water.

(N.S. A. 13-17620) -

Final safety evaluation of plutonium processing to
be performed in the heavy element processing fa-
cility. JOoHN WATCHER (Martin Co. Nuclear Div.,
Baltimore). (MND-P-2396) Sept. 1960. 61 p.
The potential hazards associated with the hand-
ling and processing of Pu?® and Pu®® were eval-
vated. Processing operations consist of chemical
purification, fuel from conversion, fabrication and
encapsulation and will be performed in the Heavy
Element Processing Facility. The hazards pre-
sented by these radioisotopes are a consequence of
their nuclear properties and chemical behavior.
The metals are pyrophoric at elevated temperatures
and fissile. The primary hazards appears to be
the possibility of inhaling or ingesting the material
and demands almost absolute containment during
all phases of the process. It was shown that
criticality is mnot an. area of concern since the
maximum quantity of the materials present with-
in the Facility at any time is of the order of
800 g of Pu?® and 50 g of Pu®®. An over-all
safety factor of 10 was estimated for Pu®®. During
the fluorination process ~10° neutrons/sec will
result from (@, n) reactions with fluorine, or,
coupled with spontaneous fission neutrons, a dose
rate of 2.5x103mrem/hr at 1 meter (for a
50 g batch of Pu®®8).

polyethylene (or water) are required to reduce

Approximately 12in. of
the dose rate to 10 mrem/hr. Neutron dose rates
for the nitrate and oxide (50 g of Pu®®) were
estimated at 8.2 and 20. 9 mrem/hr, respectively.
For the plutonium metal reduction phase, the
reaction vessel and contents reach a maximum

temperature of 1080°C. At this temperature the
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. internal pressure is ~47atm. . The - maximum per-

20.

missible internal pressure for the reaction vessel
was estimated at 136 atm, or a safety factor of

34, Fabrication and encapsulation operations will

be performed iknk»a controlled iﬁert‘-gas fatir‘losphvere,r )
i.e.',kth‘e‘ rate of gas flow and the gas moistu'ref
and: corrected, when necessary, to- meet speéiﬁc _
requirements;” (N, S.A. 1'5—'1-1363)-' -

Safetyfeview of Hanford Ioboratories pilot: planf

. facilitiestoi'Revised by W.A. SNYDER (General

21.

"Electric ‘Co. Hanford Atomic Products Operation,

Richland, Wash.). (HW-69587 (Rev.)) Nov. 10,
1961. Contract AT (45-1)-1350. 15 p.

The safeguards incorporated by design features
and administrative controls in Hanford laboratories
and pilot scale facilities employed in handling
fission products and plutonium are discussed. The
facilities discussed are the Hot Semiworks, High-
Level Radiochemistry Facility, Plutonium Fabri-
cation Pilot Plant, Plutonium Metallury Lobora-
tory, and Radiometallurgy Laboratory. (N.S.A.
16-3261)

IV. #a—=7KvwHR

Glove boxes and shielded cells for handling radio- -
active materials. A Record of the Proceedings of
the Symposium on Glove Box Design and Opera-
tion held in the Cockcroft Hall, A. E.R. E,, Har-
well, on February 19th to 2lst, 1957. G.N.
WwaLToN, ed. New York, Academic Press, Inc.,
1958. 523 p.

This volume is divided into two parts. Part
one is devoted to unshielded boxes and includes
safety, design and manufacture, constructional
materials, decontamination, layout in laboratories
inert atmospheres, handling of Po, operations with
gaseous materials, metallurgical glove box practice
in the USA, development for metallurgical studies,
adaptation of standard boxes to metallurgical
operations, metal fabrication plants, and large
scale operations. The second part discusses shield-

ed cells and includes shielding calculations, view-
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ing and handling equipment, design of shielded
cells, operations on fA-ray emitters, Pu handling

for a critical experiment, operations on multicurie

- cesium sources, and operations on irradiated fissile

22,

23.

materials. (N.S, A. 13-22779).;

Low cost gloveboxes, R.F. Marecua, H.O.
SMITH, J.H. ScHrRAIDT, J.V. NATALE, N.E.
Ross, and H.O. BROWN, JR. (Argonne National
Lab., IIL.). (TID-7599 (p. 485-93)) (1961)

A glove box, simple in construction, universal
in plutonium handling capabilities, and economical
to build was desired. A thorough study was
made of the means and methods involved in pro-
ducing a suitable low cost glove box with 4 clean
interior. Tests proved the feasibility of using
safety glass fastened and sealed to a metal frame
with an automobile type weatherstrip. Modular
structural elements allow glove hoxes of many
lengths to be built from a few basic carhon steel
components. The experience with the glove boxes
now installed and in operation verifies the ori-
ginal conviction that a versatile glove box could

be produced at a low cost. (N.S.A. 15-4852)

Carbide fuel development. Phase III Report, Sep-
tember 15, 1960-September 15, 1961, W. SHERI-
DAN and A. STRASSER (United Nuclear Corp.
Development Div., White Plains, N.Y.) and J.
ANDERSON and K. TAYLOR (Carborundum Co.,
Niagara Falls, N.Y.). (NDA-2162-5) Sept. 30,
1961. Contract AT (30-1)-2303 (IV). 64p.
UC-PuC solid solution powders containing only
minor amounts of impurities were obtained by
reacting a mixture of UQ; and PuQ; with car-
bon or by heating together a mixture of UC,
PusCs, and U. UC-PuC pellets with the desired
high densities of 95% of theoretical were obtained
by cold pressing and sintering, using 0.1 wt %
nickel as a sintering aid. Without nickel, the
densities were much lower for the same sintering
conditions. Prior to experiments with solid solu-

tion carbides, essentially stoichiometric UC powder

24,
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was prepared in the plutonium facility by the
plutonium facility by the carbon reduction of
UQ: in a helium atmosphere. Attempts to pre-
pare stoichiometric. PuC by the carbon reduction
of PuQ; failed, the product consisting of a mix-

ture of plutonium carbides and oxides. PusCs

* was readily obtained by reacting stoichiometric

amounts of PuQ; and carbon, Additional evalua-
tion of test samples, using x-ray diffraction and
a microprobe analyzer, confirmed that type 304
stainless steel, and niobium are satisfactory UC
cladding materials at 820°C, for 40000 hr, while
Inconel-X, Zircaloy-2, and beryllium are not saus-
factory. The irradiation of two clad UC speci-
mens was completed. The UC pellets were made

by cold pressing and sintering UC powder, which

‘in turn was made by reacting UO; with carbon.

Irradiation conditions were 18,500 MWD/ tonne
average burn up, 760°C average central fuel tem-
perature, and 315 w/cm average heat generation
rate. In-pile measurements of the combined fuel
plus helium gap conductivity gave an average
value of 0.02 g-cal/sec-cm2°C/em. The UC con-
ductivity was similar to out-of-pile values for arc
cast UC, if reasonable helium gap conductances
were assumed. A glove box for high temperature
property measurements was designed. A con-
ceptual design of the facility for examining ir-

radiated plutonium was made. (N.S. A. 16-6689)

V. HERR EERE
(1) {LFEER=E

Analytical chemical labolatories for the handling of
plotonium. C.F. METZ. (Los Alamos Scientific
Lab, N. Mex.) A/CONF. 15/P/533. 22 p. Prepa-
red for the Second U. N. International Conference
on the Peaceful Uses of Atomic Energy, 1958.
The analytical laboratories at Los Alamos equip-
ped with dry and glove boxes are described and
the philosophy of handling plutonium is presented.
The boxes are so designed that all required ope-
rations in chemical analysis can be safely pers
formed without room contamination and with

minimum risk to the analyst. These boxes are
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fabricated of stainless steel, with windows of
lucite or safety glass. All metal exposed on the
inside is painted with a stripable. plastic base paint.
Glove ports at a convenient height permit - easy
use of rubber glo{res. Experience has shown
that plutonium in solution can be safely handled
in these enclosures without rubber gloves on the
ports, but for handling plutonium in solid form,
rubber gloves must be attached to the glove
ports. These enclosures are equipped with all the
usual laboratory services. Doors betwcen boxes
are of an unusual design, vertically operated by

compressed air. Provisions exist for operation

of equipment such as centrifuges and pH meters

25,

within the boxes yet permitting removal in an
uncontaminated condition. Ventilation is provi-
ded through filters for all gloved boxes and is
regulated so as not to interfere with operations
by means of dampers in the exhaust ducts. In
case of open front boxes, a minimum face velo-
city of 100 feet per minute is maintained. Poly-
vinyl plastic was used for exhaust duct installa-

tions and was found to be quite satisfactory.
(N.S. A. 12-1464)

Analytical labolatories for the handling of plutonium
CHARLES F. METZ and GLENN R. WATERBURY
(Los Alamos Scientific Lab., N. Mex.). Talanta,
6, 149-53 (1960).

For the safe handling of plutonium in analy-
tical chemical loboratories, equipment is required
capable of handling up to 1-g quantities of the
radioactive material per analycical sample and the
storage of 100-g quantities in the form of unused
samples and residues. Special enclosti.s, known
as dryboxes, or glove boxes, were designed for
this purpose. The analytical chemistry labora-
tories at the Los Alamos Scientific Laboratory
which are so equipped are described. The philo-
sophy of handling plutonium is also discussed.
These boxes are so designed that all required
operations in chemical analyses may be performed
safely without contamination of the room and

with a minimum of risk to the analyst. Included
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are operations such as weighing, dissolving, pre-
cipitation, filtering, evaporating, centrifuging, and
igniting of precipitates and also electrometric,

polarographic, spectrophotometric, and spectro-
chemical techniques. The designs of individual
boxes are varied to permit various operatidns, and
at the same time they may be arranged inter-
ci:angeably in circumstances requiring several
boxes in a row. For routine and Semiroutine
analyses, these boxes are arranged for an assem-
bly-line type of operation. The sample to be
analyzed is introdizced at one end of the assem-
bly, successive steps in the analysis are performed
as the sample is moved progressively through the
assembly, and the residue is temporarily stored
at the other end of the assembly in a suitable
container. These boxes are fabricated of
stainless steel, with windows of Lucite or safety
glass. All metal exposed on the inside is painted
with a strippable plastic-base paint. Glove ports
are located at a convenient height to permit easy
use of rubber gloves. Experience has shown that
plutonium in solution can be safely handled in
these enclosures without rubber gloves being on
the ports but that for plutonium in solid form,
rubber gloves must be attached to the glove
ports. These enclosures are equipped with all
the usual lahoratory services. Doors between
boxes are of an unusual design, vertically operated
by compressed air. Provisions are included for
the operation of equipment such as centrifu-ges
and pH meters within the boxes, yet per-
mitting their removal in an uncontaminated con-
dition. Ventilation is provided through flters
for all gloved boxes. It is so regulated by means
of dampers in the exhaust ducts that it does not
interfere with operations. In case of open-front
bozes, the flow of air is maintained at a mini-
mum face velocity of 100 ft/min. Stainless steel
as an exhaust duct material was found to be un-
satisfactory, especially for those boxes in which.
acids are fumed. Polyvinyl plastic was used for
the more recently installed ducts and was found
to be quite satisfactory. The descriptive material

is adequately illustrated by 20 photographs. (N.



40

26.

S.A. 15-8747)

(2) &ERER=E

Some Facilities for the study of plutonium and its

alloys. G.K. WiLiaMsoN, D.M. POOLE, and

- J. A.C. MEARPLES (Atomic Energy Reseach Esta-

27.

28.

blishment, Harwell, Berks).
431-6(1957) June.
Five glove-boxes for the safe handling of the

J. Inst Metals 85,

highly toxic and reactive metal plutonium and
its alloys are described. Facilities are provided
for alloy - preparation, x-ray examination, heat
treatment, and metallography. The apparatus is
simple, is easy to use, requires little maintenance,
and can readily be modiffied and extened when-

ever necessary. (N.S.A. 11-9246)

Plutonivm metallurgy in France. E. GRISON (Centre
d’Etudes Nucléaires, Paris). p. 84-96 of “The
Metal Plutonium.” Chicago, The University of
Chicago Press, 1961.

Work with metallic Pu in France began in
Jan. 1956. Special equipment for Pu handling
is described. Most work was done Pu-Al alloys,
-Micrographs illustrating the as-cast microstruc-
tures of Al alloys with Pu content from 10 to 50

wt% are shown. (N.S.A. 17-16558)

Plutonium metallurgy ot the Argonne national labo-
latory. FRANK G. FoO~E (Argonne National Lab,,
IlL). p. 63-9 of “The Metal Plutonium.” Chica-
go, The university of Chicago Press, 1961.

Work at Argonne since 1945 in the field of
of fast-breeder reactors and efforts to prepare
Pu-containing materials suitable for use in ther-
mal reactors are reviewed, Health hazards asso-
cisted with handling of Pu and methods of hazard
control are discussed. Maximum permissible limits
in air of natural U, U%8, U283, Po?!0, and Ra?*
are listed. Existing and planned Pu-handling
facilities at ANL are described. (N.S.A. 17-
16555)
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29. United nuclear corporation plutonium facility. Du-

30.

MONT RusH (United Nuclear Corp., White Plains,
N.Y.). Proc. Hot Lab. Equip. Conf., 10 th,
Washington, D.C., 1962: 313-20(1962).

A plutonium facility was designed and built to
produce fuel samples and obtain data on their
irradiation behavior for long burnups at high
power generation rates. The facility. has ten
glove boxes and two hoods for the preparation
of  plutonium fuel elements and samples, and for
out-of-pile examination for weight, dimension,
density, microscopic structure, thermal expansion
at high temperature, melting point, vapor press-
In
all but the chemistry boxes and hoods, the box

atmosphere is either nitrogen or helium, with

ure and quantitative chemical composition.

careful control over oxygen and water vapor
content, and maintained at less than ambient
pressure. The facility is engaged in a mixed-
carbide fuel development program and during
more than a year of operation there has been
no detectable alpha contamination outside the

boxes. (N.S.A. 17-2775)

(3) a, B, 17 I

Hot cells for plutonium reator fuel research. P.J.
PETERSON, R.L. THOMAS and J.L. GREEN (Los
Alamos Scientific Lab., N. Mex.) (Los Alamos
Scientific Lab., N. Mex.) A/CONF. 15/P/532 10 p.
$0.50(0TS).

Prepared for the Second U.N. International
Conference on the Paeaceful Uses of Atomic
Energy, 1958.

The structure consists of four 6ft. by 6{t. by
10 ft. high cells in a line backed by a common
correidor 11 ft. by 30 ft. long. Shielding is accom-
plished with a combination of magnette and
ordinary concrete. One pair of Agronne Model
No. 8 manipulators are used in each cell and a
General Mills Mechanical Arm, in the corridor.
The former will be used for actual experiment-

ation and the latter to transfer material into and



JAERT 4036

31.

out of the cells. Because of the types and qua-
ntity of plutonium to be handled, the material
will be processed within a portable: enclosure
located in a cell. The enclosure is designed for
versatility. The Model No. "8 Manipulators will
have access to the interior of the-enclosure thr-
ou gh contamination-tight plastic booting develo-
ped at the Los Alamos Scientific Lahoratory and
can be remotely introduceda nd withdrawn.
Their function is to perform the lighter tasks
required and to service the mechanical aids used
for heavier work. Services to the enclosure can
be remotely disconnected and the enclosure can
be remotely removed. Special services are ven-
tilation, negative-pressure circulating water syst-
em, and induction heating facility. Plutonium
in transferred to and from the enclosure in an
alpha container by the Mechanical Arm. The
container is attachable to the enclosure and the
plutonium removed by remote operation without
spread of contamination. (N.S. A, 12-14640)

Hot laboratory facility for physical measurements
on irradiated plutonium. R.C. GOERTZ. (Argone
National Lab. Lemont, Ill.) A/CONF. 15/P/543
11 p. $0.50 (OTS).

Prepared for the Second U.N. International
Conference on the Peaceful Uses of Atomic
Energy, 1958.

A new facility is being developed to carry out
physical measurements on irradiated plutonium-
bearing fuel elements. The shielded enclosure
(cave) will be sealed tight enough to contain the
radioactive particulate material and a portion of
it will be tight enough to contain a high purity
inert atmosphere. Handling and manipulation
within the enclosure are to be performed entirely
by remotely controlled slave-roberts, manipula-
tors, and cranes. Viewing will be by means of
shielding windows, periscopes, and television.
Slave-robots are to have capabilities of setting up,
operating, and repairing or removing any of the
equipment to be used in the facility. The ability

of one slave-robot to repair another similar unit

- another improved model in 1959.
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is the first requirement for achieving the-over-all
objective. In addition,. the other equipment used
in the caves must be designed so that the slave-
robots, along with the other manipulator and
cranes, can repair or replace them. The em-

phasis will be on repair rather than replacement

_because much of the equipment for experimental

research ‘will be new and unproven. A simple

slave-robot, Model 1, ‘has been built and im-
One of
these is expected to be built in 1958 and still
(N.S.A. 12-

proved models are under development.

- 14642)

32.

Alteration of a Gomma cell for plutonium-gamma
usage. Presented at Nuclear Engineering and
Science Conference, April 6-9, 1959, Public Audi-
torium, Cleveland, Ohio. Preprint V-34. H.M.

Glen (Oak Ridge National Lab.,, Tenn). New

- York, Engineers Joint Council, 1959. 12 p. § 0. 50.

33.

The structural, mechanical, electrical, remote
manipulation, and maintenance alterations neces-
sary to provide containment of airborne alpha-
gamma emitters within a remotely operated cell
are described and illustrated with particular- em-
phasis on the unique air handling problem en-
countered. (N.S. A. 13-20082)

Operation of a plutonium hot cells. P.J. PETERSON
and J.L. GREEN (Los Alamos Scientific Lab, N.
Mex). (TID-7599 (p. 207-305))

Operation of a facility for research and deve-
lopment work with reactor-irradiated plutonium
on a kilogram scale combines the difficulties of a
plutonium glove-box operation and those of re-
mote manipulation in a shieldled cave. The
installation described provides a hermetrically
sealed glove box, within which all experimental
work is conducted, situated inside a shielded cell.
Manipulation within the box is done by means
of Argonne model No. 8 manipulators working
through plastic booting. These cells have been

in use since July 1959. The operational pro-
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34.

35.
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cedures developed during their first year are des-
cribed along with the apparent advantages and
difficulties of this particular design. (N.S. A. 15~
4832)

Criteria for safe handling of irradiated plutonium in
beta-gamma shielded cells. LEO G. Faust, J.G.
BRADLEY, and C.L. BoYD (General Electric Co.,
Richland, Wash.). Proc. Conf. Hot Lab. Equip.,
11th, New York, 1963, 437-45(1963).

No known significant internal body depositions
result from handling irradiated plutonium-bearing
materials when alpha emitting contaminants are
controlled by beta-gamma monitoring of associated
fission products. This method is in use by the
Hanford Laboratories Radiometallurgy Facility.
Irradiation data are used to establish when a
sample must be removed from the laboratory.
This assures existence of a beta-gamma to alpha
activity ratio above a prescribed value during
sample retention in the laboratory. (N.S. A 18-
473)

Equipment of the very high activity alpha, beta,
gomma loboratory at Saclay. JEAN HAINZELIN,
ALAIN TARBE de SAINT-HARDOUIN, and ANDRE
VALENTIN. Ind. At., 7 Nos. 11-12, 49-61(1963).
(In Freﬁch)

The alpha, beta, gamma laboratory at Saclay
was constructed for physical, metallurgical, and
technological studies on irradiated plutonium fuel
elements. The laboratory is briefly described, and
a detailed account is given of the equipment,
particularly pneumatic and electric remote-control

devices and instrumentation andmachinery.
(N.S. A. 18-17982)

36.

az.
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Design and operation of Hanford's plutonium metal-

O.]. Wick and I.D. THOMAS.

(General Electric Co. Hanford Atomic Products

Operation, Richland, Wash.) A/CONF. 15/P/1903

11p. $0.50(0TS). '
Prepared for the Second U.N. International

lurgy facilities.

Conference on the Peaceful Uses of Atomic
Energy, 1958.

The philosophy of plutonium handling on a
large scale is described in detail. Descriptions are
presented of the enclosure of full size ceramic
and metal fabricating equipment in glove boxes
for fabrication development and pilot plant veri-
fication of new manufacturing processes for reac-
tor fuel materials containing plutonium. Emer-
gency procedures are outlined for both major and
minor incidents in order to minimize the spread
of contamination and assure personnel safety.
Methods and techniques employed in decontamina-
tion of grossly contaminated facilities are presented
as well as design considerations which effectively
decrease the labor and equipment loss resulting
from such an accident. (N.S.A. 12-14644)

Philosophy of design for the NDA plutonium facility.
E.D. OppENHEIMER and S. LAzARUs (Nuclear
Development Corp. of America, White Plains,
N.Y.). (NDA-Memo-2145-3) Apr. 15, 1960.
28 p.

A statement is presented of the basic points of
design philosophy which will be used as a guide
in the design of a facility for handling, analyzing,
cladding and performing other operations on
plutonium carbide. Types of hazards associated
with plutonium include toxicity, pyrophoricity,
and nuclear reactivity. (N.S.A. 15-23592)

el



