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Int rodustion

During the dissclution in nitric asid of uranium motal which has been
irrediated in s pile, radio-iodine (5.0 day) end redio-xenon (5.3 day) are
liberstod along with the oxides of nitrogen. Gince in the plant these gases .
are discharged iuto the atmosphere, the presence of the agtivities (particularly 2
radio~{odine because of its grester chexical roactivity) presonts a physiological 3
bazurd. A3 8 oonsequence, the cooling period (that is, the time between the ﬁ%
dischirge of the metal from the pile and the dissolution of the metal in nitric 7 o
acid for tha extrastion of the product) should be sufficiemtly lgng so that the -
astivitios will have deareased ihrcuzh deceay to_the point whore their oonoentra-
tions in the atmosphere will not exceed 2.5x10713 ouries/oc® and Sx10-11 curies/
co* for radic~icdine and radio-xencn, respectively. Before the stavt of overs-
tions at D.E.W. a atudy was =ade of the existing informaticn {larzely from Site
X) cohcerning the lideration of iodipe and xsnon during the diasolution of the
netal and the information was summarizad in & memorandumé¥ At that tine it was
spparent that radio-iodine would preseat the greater haszard, and that very
littlo wac kuown about the fastors governins the liberation of iodine during
the motal diasnlutiom. Por thia resson, an investigation of the faotors in-

volved in the liberatiom of iodire during metal dissolution was unlerteken in
the laboratory. :

At the ztart of the investigation %t appeared that the probles could be X
divided in two parts: (1) evolutiom of Zodime fram the uranyl nitrate solution,
and (2) oscape of the iodine past the reflux in the dissolver column and through
the off-rus lines It wes coneidered that the following faotors might pesaibly
izfluence the evolutics of iodine fram the uranyl nitrate soluticm: (1) comsen-
tration of iodins, (2) concentration of nitrio asid, (3) corcentraticn of ursnyl
nitrste, (4) the ratio of the surface of the metal to the volume of the solution,
snd (5) the tomperature. Since the temperaturs is fairly definitely established
in the plant at 105°C-110°C, and since the rete of evulution is probably depsn=
dent an the 3urfacs to volume ratio %o 20 more than first power, the investiga-
tion was fooused on tho first three variablos. Of the memy fastors that might
possibly influencs the sscape of the 3odine, only the absorption of iodire in i
the roflux was investigated, since dat: obdtained Ly the Health Instrument )

Boction augfested that the reflux in the dissclver column greatly retarded the
rete of d!uh;rgo of the 1odine.

Susmary ead Conoclusions ’ ‘

*

Fram the data presanted im thia report and discussed more fully under the
heading "Disousaiom™, the followin; oonclusicns may be drawe with respeot to

the disocharge of ilodine during the diesolutian of irradiated uranips metal in
nitrie acid; ‘

(1) Tre evolution of iodins from the uranyl nitrats solution {s prinoipally
influenced by the concentration of iodine and is substantially inde-
poadent of the soncentratign of nitrio asid or uranyl uftrate. The
reastion inmvolved in the evolution of {odine aryears t5 Ve approximately -
& seoond order reectioa mith respect to the comcentrstiam of iodine snd
to have a roaction rats conatant of 0.051./ag of Yodine/mir.

(2) The above oonclusion is qualitatively subatantiated by plamt data.

Tolerance concentration for an eight bour day (of. CE-690 and CH-504).
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(3) The addition (insotive) either aa iodide or as iodete omly
slichtly increases the rates of evolution of the astive icdine from
the uranyl nitrate soluticn. By visual ocbservation, the added iodine,
bowever, is evolved quickly fram the solution. Thise suggests thst
the soctive iodine in the uranyl nitrate solution does mot exist as
either todide or iodate. Although the state in which 1odine existe

in the uranyl pitrate solution is not known, very likely the 1odise
exists in & ocanplex ion, snd im an oxidatics state higbes tban

{since concentrated M0y oxidizes iodine to lodate). :

(¢) Under simulated dissolver conditions in the laboratary the reflux

removed a large frection (707 to SO%) of the iodine fram the off-gases.

(6) Analyses of the plant solutions (Run T-5-03-B-1) through the extrastiom
otep indicates (a) that about 48%* (on the basis of a fission yield of
2.87 for 8.0 day iodine) of the 10dine ramains in the metal scluytion
after the metal dissolutiom step, (b) that about 25% of she iodine
ramaining is evolved from the uranyl nitrate solutiom defore the ex-
treotion step, snd (o] that e decontaminatica factor, with respect
to iodine, of about 60 1a obtained in the extrsctiom step.

111 Discussion

A Qrder of the Reastion and the Reastiom Rate Constant

On the assumption that the evolutioa of indine would invelve anly the
concentration of iodire and nitrie scid, the appropriate data obtained in
the experiments were substituted im the equation - d1/dt = KXI®xHNOzb. If
values for "a" and "b" which resultsd in a ccnstast welus for X could be de-
temined, the dependency of the reaction involving the evolution of iodine
froa uranyl nitrate solutions during the dissolution of metwl would be estad-
lished. For this purpose the conceutration of lodine and nitrio ecid during
the course of the runs (at various concemtrations of ilodine, mitric acid,
snd uranyl nitrate) were plotted im Figures 1, 2, 3, and 4. At 2 given time,
t, the canoentration of lodine (I), the concentration of HEOy, =nd d1/at (the
slope of the curve represemting the comcentration of 1odine) were substituted
in the above equation. The resulta of this substitutlom, using velues of “a"
from 1 to 3 and values of "b" from O to ), are shown in Tables la, 1lb, le, and
lde An inspection of the values of K given in the tables show that under 2ll
the varied conditions the most cnstant value is obtained whean "a" equals 2,
sod "b” equals O, that is, the reaction is approximately second order with

respect to the comsentration of icdine and independeat of the somcentration
of mitrio aoid.

The values of K ocaleulated fram the equatiom - dI/dt = 2 lack 00U racy
because of the freedom permitted by the data in the drawing of the vurve rep-

resesuting the concentration of iodine. For this resson, after establishing that
the reaction was wmost likely a secopd order reaction, the resctiocn rate sonstant

was deSemined by plotting the resiprocal of the cancentration of iodine with
respeet to the resotion time.®*» The straight lines osbttained as & result of
thies pilot are also phown in Mrures 1, 2, 3, and 4. The svarage reaction rate
oonstant determined fran the slopes of the straizht lincos is 0,05 l/ng/min.

&t higher concentratiana of product in the mctal, and hencé ad higher cancentra-
tions of iodinoé the pomantnio rewnining ia solution should ba less.

If - aT/dt = LI, then -d1/1Z = 5[ dt. Since the /-d1/12 21/1-1/1, snd the
Jdt s, 1/1 « Kt v 1/T... Hemona. the plot 1/7 val ¢ wmild ba ¢ straipht line,

I 082 mkt?‘—“ lepo of tue Llue ivpriysemiiug he




a0 M

€.

X

%
yh

T

sl
M
o

':'-B."".

kM

Do v

-
A

AT B e e 2

.i‘

ses 3 ie ek
x.'y&-y} ShE
Sl adi

LAY

Irsal o,

17w

r ¥

G pw

Tl

st

U

gt g pE -yt

SR

o~ vl 1 b

Ly Wl f

"t{-,“é

YRSy
$of

e ®

EE-FC{74
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The ratio of ths surface of the metal to the volume of the nitris asid™7¢
solution was approximately O.lem? per ml, in the sxperiments from which the :'m,
sbeve resotion constant was obtainmed. Approximutely tho ssme surface to volmmermms
retio exists in the plant whem 480 gal. of nitric woid (usual charge) is edded s
to three tors of metal, without any remaining metal heel. "Although time did (EEIES
not permit the study of the effest of the surface to volume ratio om the re=YREY)

sctiox rate ccnatant, 1t appears quits probable that reection rete constent Shmswmssr
may vary in direct proportiom to the ratio. 3

Correlation with Plant Data

Direcst correlstion between ths laboratory data and plant data is diffi-
cult becaunse the oconcentration of iodine in the dissolver solution during the
ocurse of dissolution of.the metsl is not kuown. Thus, in the plant, during
the sourse of dissolution of the metal, iodine is liberated fram the metal =
and, {n part, is evolved from the uranyl nitrate solutiom. In waddition, the @&

reflux in the packed ocolumn on the dissolver apparently returns a cmidorabh%m

freotion of the evolved iodins to the solution. However, if the digsolution ;Z;-:-

time is reduced by estimatiom to ag "effective reactica time"s, scme oorr.h-_"m
i{on Detween ladorstory data apd plamt date is obtained. i s '
Thus, in 1-5—03-?- the metal had bean irradiatad for & total of 84.4
negawatt days per ton'2/, which would result in an iodine coentemt of 0.2g to
0.8¢ per ton®®. The corresponding comoentrations of $odine in the dissolver S
solutiom would be 0.lag/l and 0.3mg/1, i€ nome of the fodine had evolved duringy
the dissolution of ths metal. Analysis of the metal golution (d4-7-Y) in S
T-8-03-B-1 ghowed that 487 (cm the basis of 2.8% fission yield for 8 day -
1odipe®®®) of the iodine remsined im the uramyl nitrate solution following
dissolution. The curves shows in Figure 5 indicate that 48% would have re~
mained in the soluticn after about ¢ hours 4f the {nitial sodine oono etk re=
ticn bad besu O.lmg/l, and after about 1 hour if the inivial oconsemtration
had beem O.3mg/l. 1t sppears quite probable that with a dissclution time -~ '-M
of 8-9 hours, tho "effactive rescticn time" would be in the order of 1-4 hours.:t
On the other hand, data fram the plant operation at Site X{3) {pdicste that
enly 5%~10K of the iodine zas evolved during the disssluticm of the motal.
The sveraze exposure of the metal was 1bout 3.2 mezawatt days per tem which
would result in an iodine cortent of 0.01 (,/ton to 0.03 g/tom, depending upon
the fiassion yield wied. In turm, om the basis of no iodine wvolution, the
conoentration of 1odine in the dissolver solution would be 0.006 mg/l and
0.017 mg/1. The curves in Figure 5 indicate that, at these cogeentrations
of iodine, 10% of the 1cdine would have evolved (SOX remsining in solutiom)
in 2 hours to 8 hours, whioh sppears to be & reasonable "effective resction
tire” under the qonditions the dissolvar operated. As & result of this cor-
relation, 1t oan be predicted that at full power level (250 megawatt days
par tou, which corresponds to a concentration of iodine of 0.4 to l.2mg/liter »&H
of solution) sbout 80X of the fodine will be evolved during metal dissoclutian.

buring the dissolution of the metal & givem smount of lodine is evolved. The ik
"effeotive reaction time” is definod s the time required for the evolutiom of

that szme smount of iodine, 4f all of the iodine in the metal had bean initially
prezent in the saolution.

yield of 1127(ctubh) and Iug(leag lived) 1s 0.59%; however, this value is prob~ _-f
ably low samd ecoording to smoothed fission yield ourves the yield should be adout :

l.6%. lethouch 8.0day iodine has a greater fission yield(oe. 2.8%), under normal i
proeess conditions, because af deosy, the 8.0 day 15dine represemta anly a asmall '

fraotion cf the toka)d 1.)’\!‘.60: Te Indlce contant is culoulzteod from the total

megamatt days of {rradiation as follows:

— Pootnots coutiaued on next page--
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Footnote ocontinued {row pre-lous page:

a 844 x _g:_g.é x %g% X 0.0059 € 0.2g of I per tom, where
64.4 = mezawatt days of irradiatiomn per tom of metal,
0.91 ® pgrams of product per wecawatt dey,
0.88 5 ocapture to fission matio
128 ® average molecular weight of lodine,
239 3 molecular weight of produst, and

0.0059% cambined flsxitn ylelds of the long lived and stable iedine.

sev It is penerally recognized that the fission yield of 8.0 dxy iodins is not
definitely kmown. Tho lateat yleld based on experimental evidence is 2.3%,
hevwever, that valus was determined without the benafit of improved methods
of iodive unalysis. From wnoothoed {izeion yield ourves the yield for 1131
(8.0 day) has beer estimated to be fram 2.7% to 3.0%.

€ Addttion of lodins (sither as Jodide or Iodats) During Masolutieon

In one experirent, after about 50% of the iodine which had been sdded
to the laboratary dissolver had svolved, sufficient insciéive iodine as potassium
1odide was added to give & cancestrstion of about 10Gmg/l im the aolutionEL_'I. R
the evolutian of lodire depemded upon a second order roactiom with respest to - i&
the oanoentration of $odine (with @ reaction rate constapt o 0.05 l/ez/ein) and
Af the added iodine gquickly equilidrztsd witn the iodime im the nolution, the
s2d4ti0b of the iodine should have resulted in the evolution of over S8% of the .
1odime in the sclution within 10 minutss- However, omly about 20% of the iodim T

e in the solution wes evolved within 10 minutes. 1In a similar experimunt, whem ;A&

. an oqual amount of iodine ss potassium iodats was added, only about 15% of the i
iodins in the solution was evolved within 10 minutes. In both experimants,
however, visusl evidence indioated that the added iodine was gquickly ovolved.
Sinoe 1% has been fairly definitely shown the evolutiom of todine from the
soluti-~n is dependent upon the consemtration of lodine to approximately the
second powar, it follows that iatarchange hetwean the added lodine snd tas
1odine in the solution was not quickly attained apd therefore that the jodine
im the solution was not prosent either as iodide or as iodate. In wadditian,
since laboratory expsriments have shown that concentrated nitrioc soid oxidizes
lodine to 1odate, 1t appears that the i{odine in the uranyl nitrate solution
sxisted in an oxidation state higher than I,, and probably was oomplexed in
$CGne DMARDOr.

jo

Recoval of Jodine from the Off-Gasos by the Rellux

Typical data obtained by the Health Instruments Sectiom 1z the monitoring
of the dissclver off-rases are shown in Tigure 8. The dip in tho rete of dla-
charpe of fodine has deen uttributed to the ramoval of jodipe frcm tho off-
geson by ths reflux in the packed column on the dlssolver. Tuat the iodine
is removed by the raflux has boen shown by & laborstory experirent in which,
dquring the first part of dissolution (the concentiration of HI:Ug in the dis-
solver solution deoreaced [ram 31.3U %o 6.2N during the experimemt), 70% to
50 of the lodine was reroved fran the off-gcases. The samo fraotion msy not
be remeved in ths plant since the axtemt of the removal ls deposdent upon the

@ rolative smounts of the reflux amd the relative efficimmoy of the columna.
However, in the plant a large {raction of the iodine is po doubt absorbed by
the raflux during the stags of dissolution where vigorous doiling oocurs.

1082129 Egieas
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E Analysis of Plant Solutions for 8.0 Day lodine

. The following solutions from the plamt run T-6-03-D-1 were analyzed for
8.0 day iodine: 40K UNE solution without H3S04(4-72), 407 UUE sclution with
H2804 (B-14), 20% UNE solution after pre-reduction with NaliOz(8-11R), extreo-
tion waste solution (8-3MS), and the oxtruction cake solutiom (8-4P). The ana-
lytical mothod, which wus shown to [ive greater than 807 interchance between
the active lodine and the carrier iodino added, is described im the "Fxpurirem- =g
tal Details” seation of this repert. The results, corrected for decay to 3/5/66. e
indicate that the solutions contained the followins, smoumts of 8.0 day iodine:

. 8olutiom Activity(ouries)
4-7H 260+
8-1x 220
8- 1R 219
8-51S 182
8-4P . 3.

The value for 8~1¥ ia not based on direot measurement dut o2 an extrap-
olatien of the data obta'ned. Thus, analysis of the B-1! selution on 3,15,
3/19, 3/21, and 3/27 gave valuss (correoted to 3/65/45) of 176 and 177, 161,
142, snd 126 and 124 curizs, reapectively. These results {ndicate that ihe
sample was losing iodine (perhaps by evolution), hence the dats were extrap-.
olated to 3/6 and the value of 220 curies was obtained.

1% was eatimated by l.Perlman that the metal (discharged safter pile shut-
dowm om 1/18/45) diasolved for the runa T-6-03-B-1, 2, and 3 had been irrad-

. 1sted at & rate of 1250 KW/ton/day for a sufficient length of tims prior to
shutdowm of the pile to approach neer squilibriua concentrations of 8.0 day
: lodine. The sotivity of 8.0 day 10dine in three tons of metal at time of

dissolution (3/5/45 teken as the sverage date) would therefore be

1250 x 3 x 3.1 x 1013 X 0.m
3.7 x 1010 x 246/8 « 1640 curies, where

1250 » X%/ton/day; 3 3 number of tons; 3.1x1013 = fissions/sec./XW
0.028 « branching ratio of 6.0 day iodine; 3.7x1010 « disintegra-
tiona/seq./curie; 46 = vaye of decsy; 8 T half life of todine in days.

Sipce analytical data showsd th.lt the one ton processed in T-5-03~B~1 contained
280 curies on 3/5/45, the percentage of iodine remaining after the dissolution
of three tons was 3 x 260 x 100/1840 = 485

E3 TR R

Wi b &

The data also indioate that sbout 25% of the rwmeining ifodine is evolved
in Coll 8eeand that a decontaminatiom factor with respect to lodine of 60-70
i1a obtained in the extractiom staep.

3 h 2y
S ¥Y SR U Y

¢ Activity in that fractiom (]/3) of 4~71. soclution whioh wes proceesed in T-5-03-B-l.

se Data reported in SE-PC-78 (File No. 3-1943) indicste that the walls of Cell 8 were
. contaminated by spray from the metal solution, however, the iodine activity presemt
with the othar fission product slememts represented an enrichmenmb.
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IV Yiporimastal Netails

A Apparatus and Procodura for tha Datormination of the Order of the Reactiom

XA schematic drawing of the appsratus used in thsce experiments ls showm
in Figure 7. A pormal sxperi=ant »ma ooncucted #e follews: Two pledes of
uranfum metal® were placed in the flask. The tranaler lime am? the scrubbers
(cewtsining sufficient NaCll solutfon eo that the NeOH would not be depleted
within s resson:ble lenpth of time) were atitachod to the {lasks The nitrio
acid or a nitric scid-uranyl mitrate solution (300 ml) wes addad to the
flask through the inlet tube, By memna of & water aspirmtor, 8ir was ewept
through the syatem st & rate of 1Q0-230nl/min. (In order to duplioats the
reduced pressure in the plemt dissolver, the air wae drswm through 15-18 inches
of sutar as shown in the Tigure). Beat wus applied to the flask
to roise the torperature to 103°C, and when the resctitiy had eubsided suffi-
olmmatly 8o that the tempersture oould be maintain~d at 106%0, & given amount’
ef 10dine with radic-iodine”® was added. Before the NeOH was depleted in ons
serwbber, the off-goe flow mas divarted to the alternate sorubder. During
the course of a run, water was added to the flasgk at & rete estimated to
compeasate for the evaeporations For apalysis, two sots of sampleés of the
oramyl nitrate solution were taksn. Ons set, withdrawm about owe~helf minute
belore the other, was used for tha determinstion of the comrentrstion of RN
and UNII; tho other aet wasm withdrswa into 25«30 ml. of m XWalyU selutios for
determinatian af the lodine conosmtration. Fram the oconc#stratiocn of URI in
the solution (obteined by the snalysts of the firet set of sumples) snt the
UNB comtent of the samples in ths second set, the volume of the smmples with-
drawa Into Ya0OF was osloulated. At the completion of a rum the reeaining
. solution in the flask was withdrssm for the messurement o the velume. This

voluze wan always in good agreement with the initial volume minus the volume
of theo samples takem.

The 1odine contsst of the zeeszd sst of samplsas was Cebermined by measure
img dhe entire activity (dus to radig-iodine and !TH) of the semple in the
bigh pressurs, liquid, gaumme ohamber{*/ and by correcting fer the asctivity
due to UNH. The o oncentration of UNH 1n both sets of samples wnd the con-
oentymtion of LNO3 in the first set were determined by the Analytieml Group.
Beoduse the accuracy of the 1odine determination was largely dapendemt  upon
the socdrsoy of tha ULT detsmination, the UMl ves amalyzed by & grarimetric
aethcd, xt lesst in duplicete.

rith the uee of thelgh pressurs, liquid, gamma chamder, emsept in
Rum 128(deta shown in Figure 1), satiafactory material balances with reepect
to {odine were obtained. In Rum 126, the material balances, caloulated at
seversl points during the run, desroessed ss the run progressed. This deoresss
wes sttributed to the lack of ooceplote aLsorption of the lodine in the scrubber,
] beosuss of the high rate of evolution of the off-gases; however, the concen-
tration of i{odine in the uranyl nitrate solution was considered to be of
suffielent socurscy ncvertheless for resction rate decen:imatiens. SECT

The results of the runs made umdar various conocentratians of nitrio noiid,
urenyl aitrate, end iodine are shown in Figures 1, 2, 3, and 4.

eLzan

® The pleces together weirhed about 50 frama, end had a total surface of sbout 27 c?
so that the addition of £50-300ml of solution resulted in @ surface to volume mtio
of 0.10-2/31.

Interohamge between the active apd inaotive lodine was sohleved by oxidation with
H202 ip an alkaline medium. After the 02 had heon campletely desomposed by bheat-
iar, the solution was acidified and ;ad.i to the flask:. The solutions of radlo-
lgﬁfno was lupyllod by Site X. Oms solutinn was concentrated HX03, the other was
slightly acid in ACl. In ordey ¢to avold the fouibility of the formation of & com-
lex fon between {5dine end ohlorine, the radioc-iodine on the latter csse was puri-
fad by CCla axtraotion. R

st
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*




IS T

2 iorp R ST R

ciape s e

HW-3-3003

7ims® (mdn.) -
Coad- of IOy in solution (¥) 1.8 105 9.8 8.3 8.1 Ted 87 8.2
Yoluee 6f reflux (mwl.)

sstivity in reflux (v /s00
sedivity in sorubbers (v /s 00 ) 0.00 1.40 0.48 0.24 0.21 ‘Ge11 0G.18 0.18

Pereemt w sotivity in eflm?® 67 TO 8 85 €3 gg m® 78

o After ths addition ol the iodine.
+s Prroemt of the em of the activities in the reflux and the ssrutber.

16

fied t8 include the reflux sttagiments shown {n Plgure ¥» Sempios of uranium

setal were pleced in the [
thre the system by mowns of & wator sepirster, however,

plwo
treted nitrio soid (300 ml) vas sdded to the f1esk and, aftor reflux hed
compemond, the equilibrated radio-todine and parrier fodine (O.2%gs/1. of MEOy
eotukion) were sdded. Periodically the ocndensate was drained from the well
bemsabh the reflux condemnsers and giznltaneounsly
cheaywde Also, oacesicnally, ssnples of the uranyl nisrste solatiomwere
withdresm from the [lask tor the determinntion of the pitpio esid comoantra~

tica. The results of the experinett ate shown 1n the vable belows

e Experimeats in the Jaborstory showed that boning 13X EBOg(O A
-}

. ooayerted omly 2% of the 1odine (
being converted to I2. S
*s Presipitate vas weshed with 1 HNOg to remave sy sllver sulflite. - L

1a the investigation of the of fett of tbe reflux, the spparatus was modi-

lesk aad the apparstus was sspenbled. Alr wee seept
‘the zystem was not

wmder & reduced procsure A9 {s the reaction rade atpocimpetts, Comoen—

t“e sorubber wolntioms were

2 T 12 17 22 av 32 37

7.0 lt.4 11.8 8.7 7.3 Tef 8.2 8.4
1.37 3.20 2.06 1l.82 1,03 ©.%0 0.68 0.58

Thoss results show thet the reflua removes a large frastiow of thw todine
fvea the ofegases. It iB quite lilely that the reflut world sontain s high
somoentraticn of HXOg, bot only bessuse of the boiling mitrie soid solution
Mt alss becanss of the pasaAge of XOp, BO and air. IS ®ould be supposed,
warafora, that the ehsorphion le due to the conversios of the svolved Ip to
sodate®. Although time did not permit a thorough invesbigatios of the fastors
{mralved, the éeta suggest that iz the plant the raflum, duxing vigorous
digeeludion, rewoves & large fraation of the iodine from the off-guses.

smalytical Prooedurss

1. smalyticnl Procedurs for the Determination af lodime

Preliminary experimemba showed thst the conpentratiome of {odine (pwo~
vrally less thap ome 2i1l4crem per liter) imvolved im this investigstion
wouyld be too low for sccursts smalysis by conventional methods. Because
of this faot redio-iodine ms employod ss a tracer. A nown smount of
todine plus sufficient redlo-lodine (in the ssmo state as the Insdtive
1odine) to permit radiation messuregents were added im an axperimeut .
4he concentration of jodise i{p en sliquot was them detarained from the
freotion of the total setivity in the aliquot.

The smount of sctivity iz the sorubber solutions (ususlly ¥a(H solu-
tions) were determined by t®c moshods: (a) soidifiostion of an aliquot
wi th MOy, wddition A oarrier lodine, reduction by bisulfite, precipita-
tien of Agl®% traneforsnce of Arl through dissclutiom ip XOB to s watoh
glass, avaporation, and renaurereut of the sotivity with & Geigeriuller
ooupter, (b) direct mcasure eut of an aliguot (up to 70 nl) by the high
pressurs, liquid, gasme chmber. Since the two methods gave oampersble ro= -
sults, ccmplete interchange betwesn the active fodine and the oarrier iodine
pust have been obtained in the _preoipitation method (a .  Gemarally, the

solution converted

ive (added sa KI) qumtituttvog ve iodate. Boiling HHOy, ow the other hand ,
ded a8 K1) to lodate withis ome hour, with 98%

woi e T
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When the above precipitatiom procedure was used for the anslysis of
solutions of uranyl nitrate for iodine, erratio snd low results were ob-
tsined. Work at Sites C and X show that the erratic and low results were
due to lack of interchanre between the normal and redio-iodime atoma.

A prooedure for squilibratiom the oarrier i{odine and the radio-iodine
bes been devaeloped by Glendemina 55. The procedure oansists of the oxida~
tion of the carrier and aotive fodine with NaOCl iz an alimline medium
(Ha2C03), soidification, reductiom with bisulfite, oxidetion with NaNOp
to 13, and extraction with CCly. Uhen solutions of uranmyl nitrate con-
tains other activities iz addition to jodipe, the adove method is nen-
essary in order to obtain guantitative snalysis fer the radig-icdine.
HBowever, when the ouly sotivity in the solution is radio-iodipe, the
solution ocan slso be analyted by means of the high pressure, liquid, psama
chanber. In that case a correotiom has to be made for the radistlon to
the UKH. Bcoause of the simplicity of the ismtter metbod, it was used in
21l experiments involving activities due only to iodime amnd UEB.

Analysis of Plent Solutions for 8.0 Day ledine

‘In order to separate the iodins fran the other fission produwod sle-
mests and in order to obtain 3 quantitative yleld, the prec dure developed
by Glendenin (briefly deseribed above) for equilidration of sotive and
carrier iodine wes used. After eytrectiom into CClg snd re-extraotiem
into bisulfite water, the iodine was further purified by at least two
sipilar extraotion cycleg. Dospite this treatment the final aquecus
solution scaetimes contatned other sctivity (as showm by deosy nessuremeyts
vith the bigh pressure, liquid, gsmma chapber) thes 8.0 day indine. Whem
other activity was ovidemt, the emount of 8.0 day ivdime pregent was
caloeulated fram the rate of decay, om the assumptios that the other
sotivity was representative of all the other fiassion product elementc.
According to Pigure 16, C1-697 (Chep. 111, Part D,6) the nverall rete
of deoxy of fission product slememts produced in metal which has besen
irradiated for 50-60 days smd whioh has been cooled 50-80 days is about
1.7 per day. On that besis, the eotivity due to 8.0 day iodins in s
solution was caloulated by the equation.,

]
29/8y , AKX s .
where d s period in days durimg whioh the decay of ¢the astivity waa
followed, X s amcunt of sotivity due to 8.0 day iodine after d days,
A 8 total aotivity at the start of the period, and A' = the total ectiv-
ity at the end of the period. That this method of sorrectiop was valid
within the acourscy of the exporimemts iz shown by the tabla below;

Analysis Ro. 1 2 S
Yoluze of aliquot (ml) 0.01 0.01 0.025
Total activity et 10 2, 715 (mv/s0c) 5.8 4.42 --
Total activity e 2 PRI, 3/21 (av/eec) 3.62 2.54 6.20

Caloulated {odine wotivity per 0.01 ml
at 2 R, 3/21 (mv/aec) 2.48 2.65 2.58
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1) Dreber: "Required Mud Dilutiom for Redustion of Xeo amd I Aotivity to . .-,1
Tolerance Levels”, September 25, 194¢ (File ¥o. 3-811). A
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4) laVielstte: “Liquid Ssmple Pressure Chamber”, Feb. €, 1545 (File Ho. 3-1602) :
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A faotor (1.38 x 10% d/a/av Mec.) for the comversicn ef uv/se0 to
d/a (and hence curies) was determinod by the messurememt of the sotivity
ia & mmber of Agl precipitates eontaining 8.0 day iodine doth with the
high pressure, liquid, gaxma chamber and with o Oeiger-liuller chsmber.
In the messurment with the Geiper-lluller chamber, a correstion for the
sbsorption of the beta partioles was made, using a half-thickness of
Zt'hg./eaz.

The detailed experimeatal data upon which this report is besed is
sostained in notebooks HEV-136-T, EEW-86-T and HEN-402-7. The sxperie
semtal work was performed by O.J.Xamack and J.L.Dreher.
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T
. Caloulatiom of Order of Reactiom
(Data from Rum 128 ahown in Pifure 1)
Resaction Time (Min.) 10 20 50 40
Oonc. of Iodine (mg-/L) 0.248 0e224 0.207 0.154
Comc. of INOy (N) 9.1 7.6 6.8 5.7
a/zee @) 0400290 0.00194 0.00149 0.00120
ﬂ{ﬂ- () 0.0117 0.0087 0.0072 0.0082
g4 (U 0.047 0.039 0.085 0.082
1 ¥in.
d1/dat 12/ g?
Jir (e 0.19 0.17 0.17 0.16
15 Ve,
a1/dt 1
Té'ma' ‘HI.‘xT) 0.0013 0.0011 0.0011 0.0011
a .
. 0.0082 0.0061 . 0086
® E%T;' ('ulﬁiT) 00 00 0-0083 °
(—Aﬁ;—) 0,021 0.022 0.028 0.028
Sx xmo3 Mn.x
Tadle 1b
Caloulatiom of Order of Remotiom
(Data fros Rum 129 showm in Figure 2)
| Reactirm Time (¥in.) 10 20 30 40 | %0
' Comc. of ledine (mg./). 0.260 0.232 0.208 0.190 0.176
Cons. of IOy (¥) 2.52 2.25 2.03 1.83 1.63
a1/dt (&&Q_) 0.00309 000267 0.00212 ©.00160 | 0.00127
= d1/at/1 (LAin.) 0.0119 0.0111 0.0102 0.0084 0.0072
. O / 1.
> il?j-l (ﬁf) 0.046 0.048 0.049 G.044 0.041
J— |
£
w 1 fact 0.18 .21 .2 . .
L ﬂﬁi (deet) 0 0.24 0.23 0.23
. .
% sy 0.0047 0.0049 0.0048 0.0044 0.0041
i
o. - [ ] *
Y}é’mL e 018 0.021 0024 0.023 0.023
Ale  Qthad) 0.012 .
-072 0-093 nag 012 O- 13
I13x ENO3 Uim.x§ ., | °
) - T
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Caloulstion ¢f Qrder of Reactiem
(Data from Bum 24 shown in Pleure 8)

Table Lo

Besctich Time (Mim.) ] 10 20 30
Cono. of Jodive (mg./.) 0.68Y 0,558 0.498
Como. of EGOg (N) 8.30 8.85 8.50
d1/ds £:/14) 0.0149 0.5102 0.0084
L R 0.022 0.018 c.018
dlédt )

3 . 0.032 0.033 0.080

. .
Qg‘. C}-ﬁé{i) 0048 0.080 0,087
VS
IxHNOx ‘u.ﬂ) G028 0.0028 0.0032
- -
3 Oy IMn.x¥ 0.0088 0.0088 0.0158
- fabdle 14

Caloulatiom of Order of Rénotien -

(Data fros Ban 28 ahown 4n Fipure 4)

Resshion Time (Min.)
Como. of Iadine (mg./ls)

Gome. of H¥Oy (N)

d1/de (ifi{'l")
el -

dléh %fz)
axéac Gersly)
dlsdt (Lag. )
I Qs Uin.xR

41/4¢ 12 fup?
I°xHNOy (ux.n )

-xB

W

10 20 30 40 80

. 0.49 0.89 0.325 | o.2¢

4.59 4.15 .00 3.88

. 0-0188| 0.0068| 0.0062 | o0.00CS

0.034 | 0.018 | 0.019 | 0.020

0.C70 | 0.046 | 0.068 | 0.073

0.143 | 0.116 | o.18 0.27

0.0078 | 0.0043 | 0.048 | 0.062 | 0.0¢9
0.008 | o0.011 | 0.015 | o.019 0.022
0.033 ! 0.028 | 0.046 | 0.070 |o0.10
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