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i Major Plant Operating Periods

Fuel Reprocessin

T-Plant 1944 - 1956
B-Plant | 1945 - 1952
REDOX 1952 - 1967
PUREX 1056 - 1972 and 1983 - 1988

Nuclear Materials Processing

Fuel Fabrication 1944 - 1987

Plutonium Finishing Plant 1949 -

U-Plant Uranium Recovery 1952 - 1957

UO5 Plant | 1952 - 1972 and 1984 - 1993
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i Major Plant Operating Periods

By-Product and Waste Processing

Waste Scavenging (U-Plant)
Cs and Sr Recovery (B-Plant)

Cs and Sr Encapsulation
(WESF)

Waste Evaporators
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1953 - 1957
1967 - 1985
1974 - 1985

1952 -



Selected Chemical properties of
i various oxidation # for actinides

Oxidation F-1 (PO,)3 (SO,)2
#
+2 PPT PPT Partial PPT
+3 PPT PPT PPT
+4 PPT PPT PPT
+5 Soluble Soluble Soluble
+6 Soluble Soluble Soluble
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i Precipitation (insoluble salts)

Precipitation (Insoluble Salts
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Stable oxidation states of selected elements

- Element *+1 2 +3 - 44 +=5== +§ #7048
Titanium
Vanadium
Chromium
Manganese
fron
Cobahlt
Nickel
Strontium
Yttrium
Molybdenum
Technetium
Silver
Cesium e
Barium ®
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Lead .
Polonium
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Actinium .
1 Thorium
| Protactinium
| Uraniuvm o
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Plutonium o
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Redox reagents for used In
i nuclear process industry

Strong oxidizing agents
(Pu*3/Pu** > Pu*®):

1 K,Cr,0,

2y KMnOQO,

3) Ag+2

2) NaBiO; (Sodium Bismuthate)
5y Ce*?

S

p
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REDOX reagents for used iIn
i nuclear process industry

Strong reducing agents (Pu*t < Pu+3):

1) Zn metal

2y Fet?

3y Nal (I'1)

4y NH,OH.HNO; (hydroxylamine nitrate)
55 Tit3 & U+t

S

Soaa®
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i Common Oxidation States

In HNO5;/HNO,
solution, majority of
each actinide will be
shown the following
oxidation states:

Actinide Oxidation
#

Am +3

Pu +4

Np +5

U +6
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* Radioactive elements

UOX 45 GWat
(4 years cooled) 2
u 941 kg/tMLI He
Pu 11,3 kg/tmL| ¥Ry R s
Np 611 gitmLI B|C|N|O|F |Ne
o = Am 605 g/itML.| 13 14 15 16 7 18
Na | Mo cm 90 g/tMLI Al si|lP|s|cl|a
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Carrier usage

:

For 20Sr 138 Ci = 1 gram

Separations are most easily accomplished when
erformed on a kilogram-scale, e.qg., .0015 Kg Zr*+4/
g U for M+4

In many cases, the carrier is an on-radioactive
isotope of the analyte

Some carriers are stable isotopes of chemically
similar elements

It is often necessary to add holdback carriers to
analytical mixtures to prevent unwanted
radionuclides from being carried in a chemical
process |
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Chemical Usage In the
Bismuth Phosphate Process

¥ Chemical Usage mass/mass U
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BIPO, Process

Mctal Dissolution
1

P ™
Active Dissolve Metal
Slugs :
& Metal Solution
Jacket
Solution
Extra}ction
7 M
Extract on Product Dissolve
Reduce e
BiPO, Cake Cake

Waste Metal
Solution
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BIPO, Process

First Decontamination Cycle

P u-hb Putd ' A
Product Reduce and Praduct Dissolve
Solution P’%?;él:te cake cake
o ¥
By-product ioM - e By-praduct
cake waste Vo 2n solution
Second Decontamination Cycle
., 1
- pare e Ay
- Reduce and
Dxidize and Product e Product Dissolve »
neprecipitate/ | Solution Precipitate ceake cakea
BirO4
By-product Bw-product
ceke 1 tow’- solution
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BIPO, Process

Cross-Over
|

N ) ?u-!'L ™y
e Re-oxidize
Oxidize and Product . Product .
- fnitale ; Pracipitate Soluti Precipitate
Solution LaF 1 olution | oF
By-product By-product LﬁFgc:i:gdUd
BiPO, cake LaFg cake
MCt&thﬁSiS :  la Fa —> La CoH Dy
: |
r Y
g o S | ] ]
' oLt i rocess
with KOH crka with HNO solution P
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BIPO, Process

Lsolate P Koo

La_

Isolation Process, First Cycle

' N
Product sotution ‘ F:::?;; raiggeﬁad;usq Dissolve plutonium Plutoni
from concentration . Y. Pluzoz' N peroxide in conc. solution
building (224) precipitate thatonae nitric acid
peroxida Ay
¥ Yuogy
Effluend for recycle
through concentration
~ building (224) |
Isolation Process, Second Cycle

: 1
I N

Filter, dilute, add Dissolve - -

‘ - plutonium p .
. —] H0,. Precipitate peroxide in conc. :ﬁzgg:.‘ml_ >
plutonium peroxide nitric acid
h
Effluent for recycle
through concenty ation
building (224)

(3.1)
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BIPO, Process

Isolation Process

Concentration and Evaporation
I

4 | - h
Concentration 302 plutonium Evaporate plutonium Ship evaporated
by evaporation ™ nitrate solution nitrate solution {or plutonium nitrate

shipment -

Disillate to
waste

Disillate to
waste
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BiPO, Process
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BiPO4 Process
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Solvent Extraction Behavior for
Oxidation # of actinide

+

Oxidation | Hexone | Tri-butyl | Aliphatic
# Phosphate| Amine
+3 Non- Non- Non-
~extract extract extract
+4 Non- extract extract
extract
+6 extract extract extract
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i Solvent Extraction

separatory @1996 B. M. Tissue

funnel

solute In
organic phase

solute In

' aqueous phase
-

stopcock

(3.1)
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REDOX Process

¥

s Extract Pu & U from other actinides and
FP

» Hexone can only extract M*6 (e.g., Pu*®
& Ut6)

= Need salting agents & higher
concentration of [H*]

= [H*] must be high enough to prevent
hydrolysis

(3.1)
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¥

REDOX Process

= Organic phase goes into 1B
= FS = Ferrous Sulfamate = Fe;(NH,S0;),

FS will reduce Np+® & Pu+® > Np** &
Put*: but not U*® > U+

= Pu Cycle > Extract with Hexone twice
= ANN = long chain hydrocarbon diluent

(3.1)
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REDOX Process
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REDOX Process

Spe-nf' _.Fu,e__[
Ntl.”ﬂg,
Na o v
1N
NOY>
!
Solid aru
Coating KMnDy , Hexoh-e
weste D l q;on-tf Nq,cr,_o?
| 1
SRR, N +3 A e _ 6
QAR C Np™2 J e

(Tasx aqu ovy
(P Mg (U
' Nq;cv,,u-,
I |
W orgq

C MY it - tMte 25



