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The only two highly radicactive waste streams from the Uranium
Recovery Plant are the aqueous waste streams from the RA and RO Columns
(R&W and ROW), These two streams are combined and neutralized with
NaOH before concentration, Neutralization is necessary to minimige
corrosion in the waste evaporator and in the underground storage ;
tanks. The neutralized waste is concentrated by evaporation and.
returned to the underground waste storage tanks which originally
contained the BiPO)}, process uranium waste, The volume of returned -
waste is approximately the same as ths original uwranium waste volume, :
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E:. THE URANIUM RECOVERY PLANT

Two of the three major components of the Uranium Recovery Plant =
the TBP Flant and the U0y Plant are located in the 200 West Area of
the Hanford Works, approximately 30 miles from Richland, Waal = gton,
Parts of the uranium removal facilities are located in both wne 200
West and 200 East Areas, A detailed map of the Hanford Works and plot
plans of the 200 East and 200 West Areas are contalned in Chapter XIII,
Chapters XIIT through XVIII of this manual contain s detailed descripe
tion of the plant and its equipment,

1, General Plant Lgout

The facilities for the removal of underground uranium wastes
are located at the tenk farms (2)1-B, ~HX, -BY, and ~C in the 200

" East Area; 2h1.T, ~TX, and U in the 200 -West Area) filled from the

¥B® and YT" Bismuth Phosphate Plants, Facilities for blending and
dissolution of ese wastes are located adjacent to the 21 BX and
241.C tank farms in the 200 East Area and adjacent to the 2ylwU and
211X tank farms in the 200 West Area, The TBP and UO3 Plants ere
located in U Area, a part of the 200 West Area, in Buildings 221.0U
and 22L-U respectively, These buildinzs were originally constructed
to be used as a Bismuth Phosphate Plant, All process solution
transfer: etween these various processing areas of the Uranium
Recovery Plant are made through pipelines enclosed in underground
concrete encasements, Connections to and from these pipelines are
made through reinforced concrete diveraion bexes.

There are two other buildings of interest to the Uranium Recovery
Plant in the 200 West Area: these are the 222.5 Laboratory Building,
which handles the analytic: requirements for the Plant; and the
Redox Plant, Building 202-5, which suppliss one of the feed streams
to the UO3 Plant,

l.l1 U Area lzyout *

The layout of the U Area (which "' ap L of the 200 West Area)
is shown on Figure I.l, This layout drawing shows the relative loce-
tion of the TBP Plant (221-U Building), the UO3 Flant (22LwU Building),
the 222-U Leboratory (which has no connection with the Uranium Recovery
Plent), and some of the av y facilities.
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FIGURE _I- 5
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Teble B-2

m PRODUCT RADIOACITY AS A FUNCTION OF AQE

Source of Datag HW-17001 . . T
Basle; (8) m matal ol 400 magawat!
integrated sxposure over 360
™) Radicactivities are stated per mn
ton of urentem.

R T T e er = arasming TN 11T S .
Huf e De™ Gamenal™) Beta  Gammas  Beta® Gamm mess  Beta Beta !9.__ Gomms Bata  Camma  Beta  Gamma  Bets  Qamms  Bets  Gemms  Bew =~ Camma
64,8 days L33 - 14,000 . - ET19 . %0 - s e A P .- .- - - - . - -- -- . -
5y, L6 - 2,600 - . 2,M8 - 1,500 - 2,588 - L4sa .- T, 421 - LI - 1,113 -- 1,230 -- {43 - 1,184 .-
ST deys )30 - 17,128 - - sy - a8 . ? . s P - . - - - . - . - - - -
& dys 678 8.0 180 sL000 8,360 w 1,808 nr 400 24 4 4 s - - - - - - P - -- -- -- -
2.7 dsys 32.30 .8 3r,610 3,100 18,450 i 2,770 ” 1,0 s 5 2 I .. - - - - - - . - . - -
43 deys 5.00 Lo 1,180 3,500 1,200 ” 48 . - .- .. - - .- - .- . - - - - - - .-
290 days 103 Ls 2,230 110 s 1, 10 390 1,008 200 an s 410 ue “ 1) ] n 3 1 3 1 - -- - -
130 days 1.8 -- 30 .. - [t} - 10 .. s - F e .- .- - - - - . e . - - . -
2.7 yr. s%0 1.0 L] s - 40 “ ) 7 n » ] ] 23 2 3 3 [ ] 1 L - - .- -
32 days 120 1.0 350 L 828 F11] 1 L] t 1 -~ .- - - -- . - .- -~ -- - .- - e hid -
33 yr. 430 27 1,220 L1148 20 a0 L2000 LL20 200 48 L1139 1,000 260 404 1,121 1,080 250 3 1,033 (L) 230 s 53 a7 m 0
12.8 days 2.47 3.0 430 ue 10 - - o . C .. - - - - - . .- - - - - - . - P -
1,88 days L de .3 s40 580 00 0 - e - - - - -- - - . - - - - - - .- - - .-
2 ays 800 10.0 8,30 240 1,048 ‘a0 s s 1 % -- - - -- . - . .- - - - - - .- . -
1.8 dsys 2,38 -- a20 -- 249 . - . . - .- - . - . P - - - .- - - - - - .-
275 days L0 18.0 . 41,270 22,730 28,018 2,210 23,630 1,380 12,900 1,340 4,58 8,138 433 120 (1) 7 n i8 1Y H 1 1 -- -
1.8 days 3,08 10 r2] [1] 1 - - - - - .- - - - - -- -- - - - -- -- - -
3.7 g, 1670 - . 4,890 - 200 - 4,08 - 240 - - w0z - - 138 -- 1,100 - 3 -- e -- n -
i yr. 0.00 .~ 56 - - - - - -- - - - - .- - . 128 -- -- .- ue - - -
1y, om0 .o *® 0 - - . 70 - - “ .- - Iy - - . . - . 2 2 - -
Total 165,848 62,670 19,480 3,14 11,193 17,000 3,380 17,319 3,084 1,848 1,008 7,684 LT 2,088 0 4400 1,008 80 3,523 a0 1,387 ne
Total (Peta + Gamma) 282, 80 02,080 83,517 0,380 18,200 s.000 8,801 3,140 8,480 43 1
SOTER: : i :
(s) The coumtable beta curie in dafined by counting sach (sotape under the follewing condiiions;
U & counting instremant which oparates through s 3 mg: Il| =- window. (Under this candition the beta ray sbeorpllos
Ioss ia the window will range from ¢P% fer 0.15 M. s. v, particie mhrttl,n.v. bets particles), Buch s cousting instrument
may be of the mice-window, Geiger-Muller type,
{23) Tuking the countiag measuremients en }00 mg. /eq, cma. sample, ’Mr this condition the dots ray aell l.hoorpu— loas N
in the sample ranges fros 0% for 4,15 M. 0. v. particlen to 72% lor 0.8 M. e, v, beta particles,) ) . -
£ * inquately correcting for ol) sthar countlng varisbles, such ns geometry, etc. )
(1] Comatah| 1 curle facior for eech [sciope (abtsinad by applying the above conditions), The conntable heta cwries ara cbinined by dividing .
the eslc absoclete curies by this tacior.
(=) The coumwne gamma curis ia dofined by cowsting sech lsvtape under the fallowing comditisns;
) (1) Tuking the counting mengursments on & 100 mg, /oy, coa, sample, . e A
(13 M-‘ﬂalﬁlll-lp.}ll‘.cn a( ,Iaﬂ'u-' enargy beta rays (3,88 M.o. v, hrllm)lh-&‘
h--dm‘ dmuhov-. 1t may be noted thed _mu--—mhm-ucu-u-r-ihu-d ks

(L] nﬂ-h:t-
L CMSSHED h--m carie factor bocsuse there waperimental data upon which 1o base the gamma tsolor .
s .
- . to ) - “
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6.1 Ferrous ammonium gm'fate

6.11 Introduction

Ferrous ammonium sulfate hsxahydrate is a green,crystalline compound
which is introduced as & 0.0°M aqueous solution in the RA scrud stream
for the purpose of reducing plutonium to the orgenic-insoluble Pu(III)
state. The role of the reducing agent in the RA Column is discussed in
Section A of this chapter.

6.12 ™--gical properties

Formule FeS0y . (NHY )80y, . 68,0

Molecular weight 392.15 (as the hydrate)
284.0 (as the anhydrous s :)

Melting point Decomposes at about 100°C.

Solubility in Water(%)

Tempgrature, G. FeSOy. (NH),)»S0), FeSO0, . (NH), )5S0y,
C. Per 100 G. H.O Weight Per Sent
0 12.5 11.1
15 20.0 1€.7
25 30.0 23.1
Lo 33.0 2L.8
50 Lo.o 28.6
70 5.0 3b.2

Density of Aqueous Sol"*‘ons(T)

FeS0), « (cmy )5S0y, , 15.5 25

Y“‘~ﬁt Pe; en% dy d),
2 1,015 1.013
L 1.032 1.029
6 1.048 1.045
8 1,065 1.062
10 1,082 1,080
12 1.100 1.098
14 1,118 1.116
16 1,136 -
18 1.154 ——-
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then sulfatc in this respect (Figurcs IV-21A, IV-22A, and IV-22B). This

is especially apperent in the dilute m region of the RA Col , whore
sn ° reasc in the phosphote concentration from 0.1 to 0.4 M decreases the
urenium distrivution retio, E3, by o foctor of about 3(35) ~

1.26 Effoct of ™ tyl acid;phoaphates

Butyl acid phosphates, undeeifab}? hgdrolysis products of TBP, form
very strong complexes with urani 6 The offects of these complexes
on uranjum distribution under RA Columm conditions are not appe nt due to
the high ionic strength of the aqueous : 1ise and the direction of uranium
transfer, In the RC Column system, however, the stability of t?e camplexcs
prevents the transfor of urenium back into the aqueous phose (See
under 1.34, belaow.)

1.27 Effect of temperature

The effect of temperature on urani  distribution is ghown in F7 e
IV-23, Over the temperature rangc of Q° to 50°C., urenium distributiva
into the orgsaic phasce 1s favored by a decrecase in temperature, the effect
being greeter &t low uranium concontrations{53)

1.28 RA Column eqpilibrinm diagrams

Changes in feed ccmposition resulting from variable sludge end super-
nate compositions end volume ratiocs (see Chapter III, Section A) requirc
changes in operating conditions in order to realize maximum processing
capacity consistent with acceptable uranium losses., The chemical process
variables, H3POy, EpSO,, HNO,, NaNO,, U3 N03) , and TBP concentrations,
are correlated in Figures Iv3eh thrgugh IV-27 The correlations are
pregented on the basis of the equilibrium "comstant”, X, in the equation
representing the mechanism for the extraction of uranium by TBP solutions.
The extraction is represented by the reactionf2l

U0, **(Aq.) + 2NO;~(Aq.) + 2TBP(Org.) === UO(NO3)p.2TBP (01 ),-=(1)

from vhich an equilibr; " :onstant" may be celculated and )ressed
tl foll ing form (set v A)r
Eg = [E3N03~(Aq.)]2([TBP - 2UN(org.) ]2 , - = - - - - - (@)

vhere Ef = wranium distribution retio, g.g/}. zrg. ,
. ;—u q.

K = equilibrium '"constant",

NO3~ = total nitrate concentration in the aqueous phase, M,

TBP = total tributyl phosphate concentration in the or. ¢ phese,
M, end
UN = uranyl nitrate concentration in the organic phese, M. ;
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Table IVl

PHYSICAL ...JPERTIES OF TRIBU™ ™'C"™"'7E

Source of Data: HW~15079, HW=15172, HW-17822

Nomenclature Tributyl phosphate, n-butyl phos: 1ate,
TBP
Formula (n-ChH9)3 PO),
Molecular Weight 266,32
Density, 25°C. 0,9730 g./cu. cm,
Refractive Index, n gs 1.4226
n go 14245
Melting Point -80°¢C,
Boiling Point 289°C, at 760 mm, pressure

177°C. at 27 mm, pressure
121°C, at 1 mm. pressure

Flash Point 295°F, (Tag closed cup)
Viscosity, 25°C, 3.32 centipoises

Latent Heat of Vaporization Jh,680 calories per mele
Solubility in Water 0.39 grams per liter at 25°C,

Solubility of water in TBP €l grams per liter at 25°C,

r « Tension, 25°C, 25 dynes per centimet

Vapor Pressure, 100°C.* 0.25 mm, Hg

*) See Figure IV-3 for the variation of vapor pressure
with temperature,













Hw=191L0

Table IVa5

SATURATTON TEMPERATURE AND DZNSITY

RAF SYSTEM

HW=17226

- Source of Data:

259¢C,

Density,

Saturation
Temperature,
°c

NOB'

Acid®

3
Na¥ Titratable

Composition, M

voo** Po® sop”

1,31332

57
1.3077
1,3913
1.L065
1.k115
14149
1,k325
1,006
1.4133
1.L34L7
1,3961
1.3973
1.3776
1,3776
1,4238
1,3729
1,L082
- hos1
14731

l..

M~ -3 O\
e ¢ ¢ o o
W3\ O

83338
12111

N~ N
¢ & o o o
DATARAA R TARY,Y

\O N0 \O 6
222

00000

nRRAK
” & o [

L
cCoOooCcoo

32 NN
33
OOOOO

val
12
23.5
2,0
38

ESI0HGEZI 26

) O ON
L] L ] ®
O O~ \O
NNy

=\ W\ ON QN
o 9 o
1T N nn
G~ 0wy
&2222
* & ® ®
00&00
[ b VA KoY
AN MMM
L N ) L] L) L
[ejoNeNoNe)
[ MR T AN
MMM mMmmm
* o L ] L] L ]
QOO

0.31 L.01

0.23 0,23 2,7

1.39%6
1,3269

18,
~Te

6.5
6.0

b3

0,26
0.‘

*) See Section A of Chapter III for discussion of methods

of expressing acid concentration.
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Figure IZ-9
\iSCOSITY OF THE SYSTEM T3P -DILUENT-URANYL NiTRATE

EFFECT OF URANIUA CONCENTRATION

SOURCE OF D~TA:HW-I9065

cosity, Millipolses

\

| 46 Volume per cent TBP in Decoase.
2. 23 Volume per cent TBPin Deobase.
3 1S Volume per cent TBP in Deobase.
4 15 Volyme per cent TBPin AMSCO 125-90 W

. i 1 1t :
0 O.I U-Z 03 04 0.5 AVAS) O"
Conrentration of tiua(NOs)p, Males/Liter
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Y. Grams UNH Per Liter of Organic Phase

Figure IV-27

DECMSS,HED HW-19140

RA COLUMN PHASE EQUILIBRIUM DIAGRAM

15 VOLUME PER CENT TBP IN DILUENT

SOURCE OF DATA: HW-

7747
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A. PRODICT SPECIFICATIONS

1. General

Urenium trioxide produced at Hanford is shipped to the K-25 site at
Ozk Ridge, Tennessee, for further processing. Beceuse of the siny ar
nature of both the Banford and X-25 operations (involving espects affecting
U03 specif: itioms that may be determined omly upon full-scale cpere 1),
it is impossible at the time of writing to list more than temtative UO3
product specifications. Operational or equipment modificat._._as mede at &
fuature date by either site may modify the following tentative specifica-
tioms.

Although at tho time of writing it is contempléted that all UO3 pro-
duced at Hanford will be converted to UFg at K-23, it is also possible to

(21)(23)(24)

- convert UO3 into urenium metel.

2. Chemical and Redicactivity Specifications of UO3

Tentative chemical specifications for 003 are presented in the fol-
lowing table. For purposes of comparison, the corresponding expected com-
position or property of 003 produced at Hanford is elso included in the
tabla.

Constituent or ' Ixpected (2)

__Property ~ Tentative Specification 05 Compositicn'®
Beta mctivity  Not more then 30% of the beta 25 b)
from £ission activity of matural uranium. (8.3 x 10°° curies/g.)
products

Gamme activity - Not mare than 300% of the gamme 25 (v)
from fission activity of natural uranium. (4 x 1079 curies/g.)
products

Plutonium 100 p.p.b. <80 p.p.b.

“93 (.. ty) , 9T% min. L.~ min,

Net Rot more than 1000 p.p.m. 200 p.p.n.

PoL” Not more than 2000 p.p.m. 150 p.p.m.

Iron Rot more than 1000 p.p.m. 1000 p.p.m.

Ni

]

Mo t

Sr e Not more then 100 p.p.m. each 100 p.p.m each
s |

BoO Not more than 0.1% 0.1% (e)

oxe ror om0 92 OBEO) NGSIFIED 0 . o
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