e o |
Ty - h" } . !‘”‘ . ‘
gl Ara ‘ 1

a=133%, §-D
.

B DECLASSIFIED. V
- GENERAL @ ELECTRIC miZssmr]

COMPANY | - REEGRDPENTER

¢ RICHLAND, WASHINGTON . . . « &+ &+ + + + o ¢ ¢ » = NANFO&D ATOMIC PIODUCTS OPIRATIO

: L 13 _pages
‘ ‘ 1 R L e e,
' | DECONTAIINATION OF URANTUM RECOVERY me—_
J » PROCECS ORORLD WAGCTES . . o
Clssiicalon Canceled (Change to LR 4 ! i‘; =
DECLASSIFIED ) by i "z;_“; o ;‘f
oy ey Vv 915 = =
S W et 7 ’q}_"i’f : ¥, . Schulz g :i rf
PN Eade 2-2 .. .= <
> %44 liny 16, 1955 ‘ = =
o \ :
bPlant Processes Sub-Section
i e
WCLISFEARICOFRND L
Woekuws MEGoegl. -2 -
BUML%;MHE_L_SQ_.&__ t =

THIS DOCUMENT 1S PUBLICLY : o RE‘@E ;-

AVAILABLE L = ¥ . T_::

g 200 AREA
© CLASSIFIED FILES
DECLASSIFIED = '

A PRIME CONTRACTOR FOR THE U.S5. ATOMIC ENERGY COMMISSION .



;

] |

@ DECLASSIFIED o
-

52-

b

" DISTRIBUTION

" RB Richards
1 £ FW Voodfteld
- RE Burns

f:g\oco-:o\m::'wml—-

F¥ Poucher

1 . JO Ludlow’
15 : a " WP Ingalls =
16 MJ Stedwell 5 &
7 . = DW Rhodes __ -
18 . ~ CA Rohrmamm .

12 = 20 - Bxtra
21 200 File

W 22 | . HeXlow Wile



=7

I.

JECLASSIFRD

DECONTANINATION OF URANIUM RECOVERY PRDCESS
v - 1

INTRODUCTION

Mickel ferrccyanlde scavenging of Uranium Recovery Plant aqueous wastes to
reduce the radicactive cesium content to cribbing levels was incorporated
in the plant operating procecdure in late 195h. Prior to this date, the
aguoous wastes were neutralized, concentrated, and stored in uwnderground
tanl"s, liore than eight million gallons of these wastes are novw stored.
Nickel ferrocyanide scavenging of the stored wastes and subsegquent cribbing
of the supernatant ligquids has been proposed . as a means of providing stor-
age capaclty for other process wastes., A program to determine pertinent ;
physical characteristics and suitable scavenging procecures is now in pro- g
gress. Altheugh the study is net complete, data so far obtained are pre- =
sented at this time to assist in the design of plant facilities needed for . £
scavenging and cribbing the wastes, - :

SUIMARY . ~

Physical and chemical properties and scavenging behavior of stored Uranlum
egovery Plant wastes from six underground tanks {representing about 3 x ——
10” gallons) have been studied. 1In all cases, scavenging of the wastes
with nickel ferrocyanide (0,0025 molers per liter of waste) at pH 9 reducei
the readicactive cesium content to less than 0.2 wc/ml. Residual radioactive
stror‘ium content ranged from 0,007 to 1.5 uc/ml. Scavenging with a com~
hinetion of niclkel ferrocyanide and saleium nitrate, 0.0025 and 0.01 moles
per liter respectively, produced supernatant liquids containing, in all
cases, less than 0.1 uc/ml of either cesium or strontium.

In most cases, the nickel ferrocyarﬁ.de precipitate settled (unhindered)

from one to four feet per day. One sample siudied contained an appreciable
anount of aluwminum which precipitated when the pH was adjusted for scaveng-
ing. The solid produced settled much slowsr than when aluminum was absent.

Clear point terperatures of the wastes after adjustment to pH § ranged from
1y to 199C. Dilution of the wastes (at pH 9) with water reduced_the clear
roint temperatures, althoush 300 per cent dilution was necessary to obtain
nlear point temperatures of about 10°C. 'teproduc* ble freezing point data .
warn difrficult to obtzin., Values of 4-5 C. Gere ohbsarved for clarified
wasle colrtions at pH 9. Altheupgh the clear points of these wastess, aven
ulth ilution, ar: relotively high, winlertire *ransfer through overland .
viping of wastor <f cimilar cormposition has been done withovt line plugging
ir connestion with current waste sscavengiry at *he Uranium Recovery Pilant.

Phosphate concentrations of_the stcred waste solu’c.ion varied fron 0.1l to
T.27 1 0lar. Juvesitigations made by tha Soil Sciences Unit shew that s
rhosohate cone inbration orf abourt 0.1 7. Ls necessaryto asrure godd retention
o rtrontium - the snll. nNreater than 100 Hevr zendf dilution ofSthe stored
waches wweuld retuce phosphale to cone ini ra,tio“s 10Wer than desirahle for
aribbine, - -
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A, Composition of Stored Wastes }

w

t L L J= S

4 should be emphasized that data with respact to the properties and ¢owpo=-
sition of storecd wastes have been obtained soi far for samples from only six
of the tanks considered for scavenging. Alsd, each of thess samples repre-
sents only 500 milliliters from a tank containing about 500,000 gallons. -
Tn view of the probobility that solutions in these large tanks are strati-
fied, it rust be admitted that the samples tdotad may not reprezent an ade
equate cross-section of the total volume of waste to. be processed. It is
encouraging, therefore, to find that solutions from tarks selected at ran-
dom are all low in strontium activity and have accepiable phosphate con-
centrations. Scavenging resulis also indicate that each solution can be
adequately decontaminated by one set of scavenging conditions. These facts
tend to minimize the danger imvolved in extrapolating from results obtained
with only si: samples of stored wasto, - : ” S

Tabias T shows the corpositiorn of samples (supernatant liquid) from six tanks of
Uraniun Recovery Plant stored waste, The tanks frow which these samples
were taken were so thosen as to reflect differences™in plant neuntraliza-
tion procedure and include solutions ranging in pH from 9.2 to 12.0.

I ” =

Samples of stored waste examined to date are characterized by high cesium
and low strontium activity levels., The low strontium activity levels are
the result of the scavenging action of hydroxide and phosphate precipitates i :
formed during neutralization of the wastes prior to storage. ¥With the eX- g
ception of solutions from tanks 112 C and 109 BX, strontium levels are ahove '
the provisional 0.1l uc/ml sp?(_i.’sfication for cribbing at 6,000 gal./ft.2 by
factors of only one tc five. Selutions 112 € and 109 BX are in the pH
range 10.L4 - 10.6. The poor stontium scavenging by hydroxide snd phosphate
_carriers in this pH range has been observed previously in comnection wi.th
current in-line scavenging in the Uranium Recovery plant. The reason for
it is not knowm. '

Phosphate concentrations for these sarples range from 0.1l to 0.27 molar.

Recent work by the FZarth Sciences Unit indicates that a phosphate concentra-

——— tion of a2t least 0,1 molar is needed for effactive soil retention of stron- _
: tium,. :

. Crystallization and Clear Point Terperatures

Crystallization and clear point temperatures wére measured for waste sam=
plec from four storage tanks. This information is of interest since it is
planned to pump scavenge¢ solutions about two miles across country through

a contour pipe line which will have minirmum provision for removal of
obstacles., It is desirable, thercfore, to insure against plugging the line
threugh deposition of solicds which might be frozen out of the szavenged
raste, Trior fto measuring erystallizaticn and clear point temperatures,

eusch solution was adjusted to pH 9,0 since it is probable that scavenging
will be performed at or near this pH and since it is lmown that the clear =~
point of 4thesc solutions is pil cependent. The solufion was then stirred




IAALE I

N . , F STORED RECOVERY PLANT WASTE 3
Solution Ceaium Stroatium Fhosphate Sulfate Sodiun
e Tank Nugber ot uo/ml —uc/al M N ¥
106.C 9.2 5.2 0.4 029 - -

108 BX 9.3 - 132.4 0.26 R ¥ 0.18 7.8
109 BX*** 10.4 56.3 1.08 0.1 - 6.7
‘u2¢ 10.6 25.8 12 0.17 - 5.1
105 ¢ 11.2 0T o - 019 0.2 6.3
12,0 35 0.10 0.27 0.1 4.9

* Supernatant liquid only.

¥  Moawured with Beckman Type 1190-80 Qless Electrode snd not corrected for sodium
error.

ettt an

@UFHISEEo3g @
| E

*** Solution as received contained about 50 volume percent black solids. Values
» roported here ars for oclear supernatent liquid abovs sclids.
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and cooled slowly in a dry lcs hath until crystels first appeaved. The mix-
ture of crystals and solution wwe *then mmned slow"_y until a clear solution
was oblained. Tomperatures were noted ai both tho pelni of appearanne
(erystallization temperature) and disappearance (cleas point temparature) of
crystels. Thls same procedure was repeated aitor diluting the waste solution
at pH 9 with wvater to 12Y, 150, 20C, and 300 pex cen, respectively, of the
original volure, Data obtained for the four solutions are shown in Table Ii,

Small amounts of a yéllow precipitate formed when solutions 109 and 112 C
were neutralized to pH 92.0. This precipitate has not been identiﬁci but is
thought to be zn iron phosphate. ol
Heutralizaticn of solution 111 C to pH 9.0 produced a whits precipitate.
qualitative analyses of a solution of this material in nitric acid showed
the presence of large amounts of aluminum and phosphate and traces of iron.
This suggests that the precipitate is alumdnum phosphate, aluminum hydroxide,
or a mixtire of these two compounds. The presence of alwnnum in thissolu-
tion nay be accounted for in the following manner, Sevéral of the tanks of
stored TP wastes, including tank 111 G, originally contained Bismuth Phos-
phate Plent ceoating removal and Mrst Cycle wastes. Neutralization of these
wastas produced a sludge containing aluminum hydroxide, When tank 111 G was
PLlled with Urardum Recovery Plant waste at pH 12 0, evidently ‘some. oi‘ th:!.s
aluwdinum hydroxide was dissolved. ‘

Crystalli.zation and clear point terperatures could mot be accurately deter-
nined in the precence of these preclipitates. Since only solid-free super=
natant ligeid will be pumped through the pipe lina nost of the measure-
ments made involved [iltered sclutions. The phosphate concentration of
solu‘qion 111 ¢ was 0.12 molar after removal of the alwdnum precipitate.

For the undiluled solutions clear point temperatures ranged from 1l to 19%C.
Clear poinit temperatures for these solutions may Lo correlated with phosphate
concentrations, Thus, solutions 106, 109, and 13.2 C, iith phosphata concen-
trations of (.17 - 0.1l%9 molar, had essentially ident.ical ¢clear points. Solue
tion 111l C had a lower phosphate concentrstion, 0,12 molar. and corraspond-
ingly a lower clear point. This behavior is consistent with the hypothesis
that the crystallizing substance iz a sodiuwn phosphate,

Cryet=llization temperatures for these solutions were found to be 5.15 degrees
lower than corresponding clear point temperatures, However, these solutions
erhibit cupsrosaturation and- crystellizalion temperatures observed depended

on cwel laclors a3 tha degree of agitation “uring coolihg and the presence

or absence 2f foreipgn particles., The elfect of the latter variasble is illus-
tratod by the dilference in crystalliszation ‘emperaturés for solution 112 C
‘balore ans after nlarification. '

Cryciallizetion and clear point temperatures arc both lowered by dilution.

The diluilon’ effoct is not large, however, Irr'throse solutions approximetely
Ouf muler in phouonnte 200 to 300 poo -ent r'iluf’ on is_reguired to lower

DECLASSIFIED
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TABLE IT = = .
. CRYSTALLIZATION AMD CLEAR POINT TEI@F‘%ATUREé OF STORZD WASTE sor;ﬁTIons '

vith dry ice uwntil crystals formed and then slowly
warmed until solution clearad. The temperature was
noted for both appearance and disappearance of crystals.

Procedures Solution pH was adjusted to 9 0. Solution was oooled

®
Solution, Dilution, Crystallizatign — " Clear Point -
Tanlc Humbex Par Cont™ Tﬂmpera'bure , °C. Terparaturs, °C.
106 ¢ 0.00 S. 19,
125. 7. 17.
150. 8, 16.
200, 3. 13.
300, L. : 10,
112 ¢ 0.00 13.%% 17,
0,00 3, N 17.
125, 5. 16,
150. ho . frynn - lhc
200, 3.. 12,
300, 1. ST 8.
w9 c 0,00 7.%% . 16,7
‘ 0.00 L. 16,
125. hc ' 15-
150, he = N
" 200, 1. - 11,
300. "2- 11.
111 ¢ 0.00 T c. ) 11
l.., - 0. o el lh-
150. 2. ¥ - . 12. -
20, -—— = = 9.
300. —_— ’ 5.

*  Represnsnts: the rotio of final volume to initial volune., =

™+ leasured in the presence of a pracxpitate which formed when the
solu*ion was ad;jq.;teﬁ to pH 2.0,

N
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clear point temperature to 10°C, A dilution of this arder has the dis-
advantage of decreasing phosphate concentrations below the value (> 0. 1 II)
desired for soil retention of strontium, - - .=

Bocauze of the uncertainty of crystallization temperaturas, prediction of
the behavior of scavenpged stored et solutions at low temperstures ls
Hlficutt, TH this comnection, hotwever, recent letal Recovery Plant experie
ence in wintertime piping of current scavenged wastes 13 of Znterests. Dure
ing the period Decembor 195L to April 1955 the Metal Recovery Plant pumed
savaral milllon gallons of scavenged wastes through an overland pipe line
approximately one-i‘ii‘th mile long without any pluggi'zg difficulties., The
chendcal similarity of current scavenged waste tn: the solutions uhich will
be produced when siored wastes are seavenged i.ndict.tes that the latter can
bo transferred through a buried line without plugginﬂ difficulties,

C. MNickel Ferrocyanide Scavenging of Stored Was{:es - ..

In the Uramdum Recovery Plent. nickel ferrocyam.de scavénging of waste sole

utions is carried out at pH S *1. Scavenging agent concentrations of O, 005 M

Ky, Fe(Cd)? anc. G.00% It Nil(}, are used. These same conditions were used to

test nickel ferrocyanide scavenging of stored waste solutions., Data obtained

for each of the six samples of stored waste are preaented in Table III. They

show ‘that cesium is removed effectively undor these scavenging conditions.
Coasium activity levelc after scavenging were 0.1 ue/ml or less for five of

the colutions and 0,2 ue/vrl for the sixth,

Strontiun activity levels for the scavenged scluiions were generally higher
then corresponding ceosiws lovels. Howovor, with the exception of solutions
109 BX and 112 ¢, the highest zirontium activiiy level was a Ffantor of only
three above 0,1 'uc/ml “alutions 112 C and 109 BY, as already pointed ou'b,
are indtially in the pk r.age 10.4L « 10.5 and have higher initial strontiam
levels than wastes atored ai either higher or lower pH. WNickel ferrocyanide

scavenging of these two saslutionz at pil 9 4id not lower appreu:.ably the
gtrontlum levels,

Stronvlum was ozt effectively removed {from solviion 111 C. The improved
ctbrontium decontaifnation 15 attribuled to the presense of the zluminum pre-
sipisate during scavenging, [leutraliza’ion to piI 0 and removal of the
cluninum precipitate reduseC the strontiun level «f seluftion 111 C by a
Zector of three, Conver 3'_‘..;, the 3—3110«' precipiiiate foriied when solutlons
0 and 112 O were noutrallzed 42 pH 7 carried little or no strontiwma,

o  Comlined ilickel Ferzrosyani-e - Calocius Phosphate Ssavenging of Stored

winshes

neoont ouperinen®s with currend Uranium Dusovery Plant wastes show that the
e Bion of daleoivm nitvate Guring “l:l.c‘; ,;1 Carrocynide scavenging improves
<troniiw decontaraation c.u:msa.mnlv "alziur nhosphate is procipitated
rac the fsmroves stroniln “econtadnniineg L0 etiribubted Lo the scavenpging
actiow or tiuls corpowrd. Ieridlied el Tereocienide and nolziun phoepha’re
scavenging was tried on five sarpla: of c‘mref‘ uasto, =r:"per1.. erntsl

K HEELASSIFIED
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* NICKEL FERROCYANIDE SCAVENGING OF STORED WASTES

. Experimental Conditions: Solution pH was!‘adjusted 0 9.0 ~ 5.3,
While stirring the solution, 0,005 moles
per liter of Khl"‘e(CN) and NiS0) were
added. Slurry was stlrred one Hour at
23 - 25°C. and then centrifuged.

Activity Level After Scavengin

Solution, Coaiun = _otrontium
Tank Number uc/mi D ‘ uc
106 ¢ 0.10 540 3 5.21 5.0
106 ¢ - 0.0L5 1200 h 17 2.6
108 BX 0.037 3600 ; 0.17 1.5
108 BX 0,022 6000 0.15 1.8
109 BX . 0.1 o . = -
109 BX 0.19 300 i 0.76 I
| o ll2 ¢ 0.053 490 a 0.96 1.2
“ , 112 ¢ 0.060 430 1.5 - 1.0
. 112 ¢c* ' 0.038 700 0.77 1.6
w0 c® 0.005 8000 . 0,11 4.2
‘109 ¢ 0.001.  Llooo ! 0.12 3.8
109 c* 0,01y * 2900 .. 0.049 9.
: 111 ¢ 0,009 3800 0,003 . 33,
. 111 ¢ 0.003 11000 B} 0,007 1k,

# Procipitate which formed when the solution was adjusted to
PH was removed before scavenging with nickel ferrocyanide.
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conditions and resulis are given in Table 1V. For comparison, results
obtained without caleiuwm are also listed. H = = S =
Additlon of calcium improved strontium decontamination in every case. The
resulta for solution 10F BX and 112 G waere particularly encguraging. Al
. though scavenging was slightly more effective at 0,03 ¥ Ca(li0 )ps the ad-
. dition of 0,01 ¥ Ga(ID3)2 was sufficient to reduce strontium le¥els for
~ these two solutfons t0”0¢1 uc/ml. Strontium levels for the other solutions
. were well below 0.1 ue/ml for both 0.0l and 0.03 i Ca(lD.).. The lower
calclun concentration has the advantege of decreasing thg solume of pre-
cipitate to be storsd, T )

Ceslum levels for all solutions were below 0,1 us/ml at bo*h 0.OL and 0,03 I
Ca(Nv,), addition. " The addition of caleium apparsntly imp-oved cesium de-
contamifiation for solution 109 BX. The validity of this ipprovement is
questionable, however, since nesium decontamination for the other solutions

was not affected appreciably by the addition of caleium, _

A point of interest in these experimenis is that addition of calcium nitrate
reduced the pH. For solutions initially at pH 9.0, addition of calcium
nitrate to a concentration 0.03 molar caused a change in pH from 9.0 to

ca2. 8.2, At 0,01 N Ca(NOJ) the change was from pH 9.0 to pH 8.8. The de-
CTease in pH is accounted fér by the fact that the concentrations of l-grgohz"
and HpPO),™ at pH 9 are large in comparison to the concentration of PO}, 7~
then calcium nitrate is added, Ca3(P0h)2 is precipitated and hydrogen ions
are released.s = ‘ T ' i

In the present experiments no pH adjustment was made after addition of.. .
calcivm, Scavenging was thus carried oub at pH 6.2 and 8.6 for 0.03

and 0,0l I Ca(NO3),, respectively. The fact that strontium removal was im-
proved at both pH's suggests that combined nickel ferrocyanide - calcium
vhosphate scavenging is effeciive over a range of ‘pH values. Experiments
to define this range are now in progress. .

@
C. BSettling Rate Studies

Bxperiments were performed with three stored waste solutions to datermine
sottling rates of nickel ferrozyanide precipitatess 1In each expariment
0.002% moles/liter of nickel ferrocyanide were precipitated from 20 milli-
liters of stored waste at pK ©.0. - The slwrry vwas stirred one hour and
transferred to a 25 milliliter graduated cylinder in a water bath maine
tained at the decirsd temperature. Ccttling was observed as a function of
time., ’ — - =

g

Settling retes were dotermined by plotting the height of settled precipi-
tate as a function of sSettling time. These plots. vere edFfentially straight
Lnes for the perlor of unhindered sottling. The slopesof the straight-
Line rojd.iu udis talten o’ ropresewt sebiling ratés for wmlilndered setiling.
Lhes Jetomidned D this procedure are chowm in Table V. o -

DECLASSIFIED
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COMBINED NICKEL FERROCYANTDE - CALCIUM PHOSPHATE SGAVENGING
T 0D WA IS

"

! T

xperimental Conditions: Solution pH was adjusted to 9.0. While aclutio
. was stirred, 0, 005 moles/liter of X Fe(CN) and
Wi80), were added. ca(lit,), was added to
dicated ccmcentration. glﬁrry was stirred one
‘hour at 23 - 25°C. and then centrli‘uged.

Activity Level Lfter Scaven%ng
ca(IK)B)z, Casium » Strontlum
o & e N ;>
A —— _ —

0.0 0.073 ~ T7ho 0.19 2.3

0.0L 0.054 1000 0.018

0.03 . 9.031 1800 _o 020

0.0 0.030 L4800 0x16

0.0L 0.061 2200 0,007

0,03 0.029 5000. 0.004
0.0 ®5.27 350 0.76
0,01 0.050 1100 0,11
0,03 o.oh? 1200 0,069

0.0 0,050
0,01 .o 092
0,03 0 063

0.0 6,010 =1
o 0.01 . 0.0l
. 0,03 0,014
% Average of duplicate results.
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MBEIEY SR
o SETTLING OF NICKEL FERROCYAMID® PRECIPITATES

Settling Rate Durihg Settled Volume

Solution, '  Settligg Unhinderad Settling, of Precipitate,®

Tank No. Terw, C, o/ hr, i ~  Per Cent .

1L o™ 25. 0.19 Z® 3 °
106 ¢ 25, 0.57 - = 9.

112 ¢*¥ - 28, 1.8 e a5

106 ¢ 36, 1.2 S

12 gher - 30, 3.2 ; S,

106 ¢ 0. 1.5 P

2 ¢™* o, a5 | .

#* Represents per cent of total volume occﬁpied by'_precipitate after
settling for 2k to 72 hours, K = Lo T

@3 White aluminum precipitate which formed when solution wa: adjusted
to pH 9.0 also present. @ ' ° .

#x%  Tellow precipitate which formed when solution was adjusted to pH 9.0
also present. : = =

| y
P =
Settling rates of nickel ferrccyanide precipitates will vary from tank to tank
of stored wastes. Settling rates and settled precipitate volumes for those
slurries uhich also contain aluminum or iron pracipitates depend the sot-
tling properties of these foreign precipitates. Particularly slow settling
may be expected for those slurries which contain alwminum precipltates. Rates

observed at 25°C, and in the absence of aluminum correspond to one - four feet

per day. At these rates two to three weeks would be sufficient for settling
in 750,000 gallon tanks. Settling rates at 30°C. ! and L0°C, were about two
and 2.5 times, respeciively, as high as those at 25°C. Experiments to de-
termine settling rates of combined nickel ferrocyanide - calcium phosphate
precipitates have not yet been performed. The settled volumes of the pre-
cipitates indicate qualitatively the differences among the various solutions.
They sheuld not be talken to represent uwltimate precipitate volumes in_the
waste settling tanks. S T
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