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Int roduction

' During the dissolution in nitric asid of uranium motal which has been
irradiated ¢ 2 pils, radio-iodine (5.0 dey) end redio-xenom (53 day) are -
lideratsd along with the oxides of nitrogen. S8ince in the plant these¢ gases .-
are dizcharped into the atmosphere, the presence of the activities (particularly eSsmar

.

radic-iodine becanse of its greater chexical resctivity) presenmts & physiologieal = %

haturd. 43 & consoquencs, the ccoling period (thit is, the time between the - iIENEAw
dissharge of the metal from the pils and the dissolution of ths metal in aiirisc o

Tk

acid for the extrastica of the product) should be suffiociently lang so that the -
sativities will have decreased thrcuch decsy to_ths point where their concentra=-
tions in the atmosphere will not exceed 2.5x10713 guries/co® and Sxio-1ll curies/
g0® faor r:dic-iodine and radio-xemon, respectively. Bafore the start of opers-
tiocns at D.5.¥. a study was =ade of the sxisting informaticn {largely {rom Site
X) concemning *ha liberation of iodine and xsnon during the disselution of the
netal and the informatica was summarised in & mamorandumi¥ At that time it was
spparent that rsdio-iodine would preseut the grsater hazard, and that very
1ittla was kmcwm about ths factors governiny the liharatien of {odine during
the metal dissslutiom. Por this resason, an investigation of the faotors in-
volved in the libeoratiom of icdire during metal dissolution was uniertaken in
the laboratory. :

At the 1tart of ‘he inveatigation it appeared that the probles sould be -
divided in two parts: (1) svolutiom of icdine from the uranyl nitrate solutionm,
and (2) osoaps of the lodine past the reflux {n the dissolver column and through -
the off-ras lines It wae considered that the following faotors might possibly -
infiuencs tha ovolutioe of iocdine fram the uranyl nitrate solutiom: (1) ccceene A
tration of lodins, (2) concentratiom of nitric msid, (3) sencerntration of uramyl
nitrate, (4) the ratio of the surfacs of ths metal to the volume of the solutiom, -
and (5) the temperature. Since the tamperaturs is fairly definitely established
in the plant at 105°C-110°C, and since the rate of evulution is probably depan-
dent on the surface to volume rat{o %o no more than first power, the inveatigs-
tion was focused on tho first three variables. Of the mamy fastors that might
rossibly influencs ihe escape of the iodins, only the absorption of iodire in
ths reflux waz investizatad, ainoe dat:. obdtained by the Health Instrument T
Gectian suggested that the reflux in the dissclver column zreatly retarded the ..
rete of dischargs aof the iodine. . e

Summary snd Conclusiors

From the data presented {m this report and discusued mere fully under the
heading "Discussion”, the followins comolusions may be drawa with respect to

the discharge of 1odine during the dissclutiaon of irradiated uranige metal in
nitrie acid;

(1) The evolution of iodine fram the uranyl nitrate solution {e principally
influenced by the concentration of iodine snd is substantially inde=-
peadent of the concentration of nitric aoid or ursnyl nitrate. The b
reection involved in the evolution of {odins arpears Lo Lo approximately - 3
& s400nd order reection mM¢h respect to the comcantraticm of iodine and
to have a reaction rate sonstant of 0.051l/=g. of fodine/mir.

(2) The above scnolusion lg aqualitatively substantisted by plant data.

Tolerancs concentration for an eaight hour day (of. CE-630 and CH-504).

0008041
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(3) The ddaltlam!‘o!ﬂgémi“iﬁ(imuu) either as iodide or as iodate omly

slichtly inoresses the rate of evolution of the sotive fodine from
the uranyl nitrate solution. By visual observation, tbe added iodine,
however, is svolved quieckly from the solution. Thie auggests thet
the sotive iodine in the uranyl nitrats solution does mot exist s
either todide or iodate. Although the state in which 1odine existse

{n the uranyl nitrate solution 1s not known, very liksly the lodice
esxists in & canplex iom, and in an oxidatiocz stats higbes than

(since concentrated IOy oxidites iodine to lodate). :

(¢) Under simulated dissolver conditione in the laboratary the reflux
renoved s large Tractiom (70% to SO%) of the iodine fram the off-gases.

(5) Analyses of the plant solutions (Run T-5-03-B-1) through the extrustion
step indicates (a) that cbout 48<¢ (on the bas{s of & fission yield of
2.8% for B.0 day io0dine) of the lodine ramains in the metal solytion
after the metal dissolution step, (b) that sabout 26% of the lodine
revaipning is evolved from the uranyl nitrete solutiom bYefore the ex-
traction step, and (o) that a decontaminaticm faotor, with reapeot
to 1o0dine, of about 60 41s odtained in the extrsotiom step.

JI3 Discuasion

A Qrder of the Reaction and the Reastion Rate Constant

On the assumption that the evolution of indine would Invelve only the
concentration of iodire and nitrie ecid, the appropriate data cbteined in
the experiments were substituted in the equation - dl/dt = KxI®xHMOzb. 1If
valuss for "a" and "b" which resultsd im & comstant walus fos X eould be de-
termined, the dependency of the reaction involving the evolution of iodine
frem uranyl nitrate solutions during the dissolutlen of metal would be estad-
lighed. For this purpose the comcentration of iodine and nitrio acid during
the course of the runs (at various oomcentrations of icdine, milric acid,
and urenyl nitrats) were plotted im Figures 1, 2, 3, and 4. At s given time,
t, the conoentration of lodine (1), the concentration of HNOy, snd d1/dt (the
slops of the curve representing the concentration of iocdine) were substituted
in the above equation. The results of this substitutfom, using valurs of "a"
from 1 to 3 and values of "b" from O to 1, are shown in Tables la, 1lb, lo, end
lds An inspeotion of the vulues of K given in the tables show that under 2ll
the verled conditionas the most ocmstent wvalue is obtained whern "a" equals 2,
and "b" equals O, that is, the resction is approximatsly second order with
respect to the concentration of iodine and independent of the comcentration
of nitrlc acid.

The valuss of X oaleulatsd from the equation - dl/dt = KIZ lsck accurecy
because of the freedom permitted by the date in the drawing of the vurve rep-
resenting the concentration of iodine. For this reason, after establishing that
the reaction was most likely & aeccpd order reaction, the resctiom rste constant
was detomined by plotting the reeiprocal of the concentration of iodine with
respeet to the reactlon time.®s The straight lines ohtainsd as & result of
thie plot wre also shown in Mirures 1, 2, 3, end 4. The averags reaction rate
constant determined fran the slopes of the straizht lincs is 0,05 1/mg/min.

® At hirhar concentretians of prodyct in the mctal, and hencd ad higher caoancentra-
tions of iodine, the pementago recalininy &= zolutior should ba leas.

ss If - AT/Qt = 1415, then, -dI/1¢ = 5[ ¢t. Since the /-dI/I2 31/1-1/1, snd the
Jdt x 6, 1/1 a Kt ® 1/T.. Hemea. the plot 1/7 va ¢ weiild ha o stradphs lins,

Shotae rlepo of tue Line Luprdseniiug he

| 4
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: The ratio of the surface of the metal to the volume of the nitris asid"’
solution was approximately O.lem? per ml, in the experiments from which the =

° abeve reaction constant was obtaimed. Approximutely the ssme surface to volm
ratio exists in the plant whem 480 gal. of nitric scid (ueual chargs) 4ia ;

to three tons of metal, without any remaining metal heel. 'Although time did

not permit the study of the «ffect of the surface to volume ratio on the re=

scticn rats constant, 14 appsars quits probable that reestion rete oons

. Mmay vary in direct proportiom to the ratio.

-

2 Correlation with Plant Data

s

i
Py
*

Direct aorrelation betwesemn the laboratory data and plant data ie diffi~ ==nd
cult because the concentraticn of icdine in the dissolver solutien during the
oourse of dissoluticm of .the metal i3 not kmown. Thus, in the plant, durin
. the scurse of dissolution of the metal, iodine is liberated fram the metal

and, in part, is evolved from the uranyl nitrste scluticn. In addition, the
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fractiom of the evolved iodina to the solution. However, i€ the dissolution.
time is reduced by estimation to ag "effective reaction time"s, sme correla
iom bDetween laboratsry datx and plant data is obtained. :

Thus, in T-&-OS-?- the metal had been irradiatsd for o total of 64.4 -
mogawatt days per tonlZ), which would result in an iodine contemt aof 0.2g to
0+8g per ton® . The corresponding comsentrations of icdine in the dissolver
solutiom would be O.lmg/l end O.3mg/1, Af nome of the {odine had evolved during
the dizsolution of the metal., Ainalysis of the metal golutiom (é=7-i) in

. T-6-03-B-1 showsd that 487 (om the basis of 2.8% fission yield for 8 day -
@ f0dine®**) of the fodine remained i the uranyl nitrate solution following
dissoluticn. The ocurves shown in Figure 5 indiocats that 49% would have re~
mained in the solution after about ¢ hours if the initial fodine concentra-
ticn had been C.lmg/1, and after sbeut 1 hour if the ¢nitial ooncestration
had been O.3mg/le It appears quite probable that with s dissclution time :
of -9 hours, tho "effective reastion time” would be im they order of 1-4 hours. ¥
On the other hand, data fram the plant oparation st Site X(3) {pdicete that 7
enly 5%-10% of the iodine 7as evolved during the dissslutica of the motal. -
The averase exposure af the metal wes tbout 3.2 megawat® days per tecm which -
would result in an iodine coctaent of 0.01 g/tom to 0.03 g/tom, depending upon
the fission yisld used. In turn, on the beais of no iodine wrolution, the
concentration of {odine in the diseolver sclution would be 0.006 mg/1 snd
0.017 mg/1. The curves in Figure 5 indicate that, at these cogoentrations
of iodine, 10% of the iodine would bave evolved (9Q% remeining {n solutiom)

in 2 hours to 8 hours, which appears to be a reasonable "effective reactiom
tire" under the qonditions the dissolvar operatad. As s result of thig cor
relation, 1t oan be predicted that st full poser level (250 mogewatt days
par ton, which corras;yonds to s soncentraticn of iodine of 0.4 %o l.2ag/liter
of solution) about 80% of the {odlne will be evolved during metal dissolutian.

® Luring the dissolution of the metal & riven smount of iodine is evolved. The
"affootive reection time™ is definod es the time required for ths evolution of
that szme smount of iodine, if all of the ioding in the metal had been initlally =
present ia the solution. =

*¢ Ascording to the nrojest handback (21~697, Chap.III, Part D,1) the sambined fissionm

o yield of 1127(gtable) and Ilzg(lcng lived) $a 0.59%; however, this value s prob- _:

ably low amd according to smoothed fission yleld ourves the yield should bs about R
1.6%. [Although 8.0day iodins has a greater fission yleld(ca. 2.8%), under normal
prosess condisions, because qf deosy, the 8.0 day iodine r‘-_p-!'.lﬂtl anly a soall
frrotiom cf thae tokal la!{nco: e Iadlie comiant ia suloplzied fram ths total
negawett days of irradiation ss follows:

S — Poobuots coantinued on next p‘&o.-';}m
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Footnote sontirued from pre~lous pages

ﬁ 64..4 x g-:-g% x }1%% x 0.0059 € 0.2g of I per ton, whare
84.4 = megawatt days of irradiation per ton of metal,
0.91 = grams of product per megawatt dey, .
0.88 2 capture to fission ratio
. 128 @ averapgs molecular weight of iodine,
239 2 molecular waight of produet, and

0.0055% sombined fisxi-n yields of the long lived and stable iedine.

ss* It is genarally recopnized that the fission yield of B.0 day iodins is not
definitely mown. Tho lateat yield dased on experimental evidence is 2.3%,
hewever, that valus was determined without the benefit of improved nethods
of iediné inkiysis. From smoothed fissicn yieid curves tae yieid for 1131
(8.0 day) has been estimated ta be fram 2.7% to 3.0%.

G Addition of lodins (aither as Iodide or Jodats) Durizmz DMasolutien

In ocne expsrirent, after about SU% of ths iodine which had been added
to tha laboratary dissolver had evolved, sufficient inschive iodive as potassium
10dide was added to pgive a concestratlon of about 10Qmg/l in the solution. 17
THe evolutian of iodire depemded upon a second order rcastiom with respest to
the cancentration of jodins (with & reaction rate constant of 0.05 1/m=gkiz) and
if the wdded iodine quickly squilidratsd with the fodinme im the sclution, the
, 22dition of the fodine should have resultsd in the evolution of over 983 of the
iodime in the asolution withim 10 minutas. Eowsever, only about 20% of the iodize
@ in the solution was evolved within 10 minutes. In a similar experizunt, whem
. an equal amount of iodine ss potassium fodate waz added, omly about 15% of the
iodine in the solution was evolved within IO minutes. In both experimants,
howevsr, visual evidsnce indicated that the added lodine was quickly eovolvsd.
Slnce it has been fairly definitely shown the evoluticm of i1odine from the
soluti~n i{g dependent upon the soncentration of iodins to approximately the
sesoond power, it follows that iztarchance batwean the added f{odine and tas
iodine in the solution was not quickly sttained and therefore that the iodine
in the aclution was not prmsent either as iodide or as iodate. In edditianm,
since laboratory expsriments have ghown that concentrated nitrio moid axidizes
iodize to iodate, it appears that the iodins in the uranyl nitrate solution
sxisted in an oxidation state higher than I,, and probably was oomplexed in
scme manner-

jo

Recoral of Jodine frae the Off-Gases by the Reflux

Typical data obtained by the Health Instruments Sectiom 1z the monitoring
of the dissolver off-;azes are shown in Tipure 8. The dip in ths retae of diz-
. charpe of lodine has been uttriltited to the removal of jodine frcm the off-
gasos Yy the reflux in the packad column om the di{ssolver. Thuat the iodine
is removed by the raflux has bosn shown by a laborstory experitrent in which,
during the first part of dissolution (the concentratlon of HIIUs in the dis-
solver solution decrssced fram 11.3ll to 6.2N during the sxperiment), 70% to
50 of tha iodire was reroved from the off-cases. The same fraction may mot
be removed ip ths plant since the sxtent of thm rezoval s depoadent upon the
relatire smoun*ts of the reflux amd the relative efficiemcy of the colimns.
However, in the plant & large {racticm of the iodine is na doubt absorbed by
the raflux during the stags of dissolution where vigorous boiling occurse.

00080uUY
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E Anmalysis of Plant Soluticns for B.0 Day lodine

¢ Activity in that fraction (1,/:!) of 4-7. solution which wps processed in 7-5-03-B-1.

®s Data reported in SE-PC-78 (File No. 3-1943) indicete that the walls of Call 8 were
contaminated by spray from the metal solution, howewer, the iodine activity preseant
with ths othor fission produet slements represemted an enrichment.

o~
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The following solutions from the plamt run T-5-03~P~1 were snalyrzed for
8.0 day iodine: 40% UNH solution without mpS0,(4-7v), 407 UNH solution with
H2S04(8~114), 20£ UNH solution after pre-reduction with FaliOz(8-1:R), extrac-
tion waste solution (8-3VS), and the oxtruotion cake solution (8-4P). The ana-
lytical mothod, which wus shown to pive greater than 907 interchange between
the astive 1odine and the carrier iodino added, is described im the "Fxpuriren-
tal Detalls" seotion of this report. The results, correctsd for decay to 3/5/46,
indicate that the solutions contained the followinr, amouats of 8.0 day $odine;

Solution Activity(ouries)

4= 260+
8-1Y 220
8-1rR 219
8-51s 192
8-4P el

The value for 8-1K is not baged on direct measurement dut or an extrap-
olation of the data obta'ned. Thus, enalysis of the 8-1) selution on 3,715,
3/19, 3/21, and 3/27 ;ave values (corrected to 3/5/46) of 176 and 177, 181,
142, and 126 and 124 ouri-z«, respestively. These results indicate that ihe
sample was losing iodine (perhaps by evolution), hence the data were extrap-
olated to 3/6 and the value of 220 curies was obtained,

It was estimated by I.Perlmap that the metal (discharped after pile shut-
dowa om 1/18/45) disaolved for the runa T-5-03-B-1, 2, and 3 had been irrad-
fsted at a rate of 1250 K¥/ton/day for e sufficient length of time prior to
shutdowm of the pils to approash near squilibriua concentrations of 8.0 day
fodiges The sctivity of 8.0 day iodino in three tons of metal at time of
dissolution (3/5/45 teken as the average date) would therefore be

1250 x 3 x 3.1 x 1013 z 0.028
3.7 x 1010 x ZWS
1250 * KW/ton/day; 3 2 susber of toms; 3.1x1013 = fissions/sec./XW;

0.028 « branching ratic of 8.0 day iodine; 3.7x1010 « dieintegra~-
tions/ses./curies 46 = .aye of decsy; 8 T half life of {odine in days.

e 1640 suries, where

Since analytical data showed that the one ton processed in T-5-03~B-1l contained

2680 curies on 3/5/45, the poercentage of iodine remaininyg after the dissolution
of three tons was 3 x 260 x 100/1640 = 487

The data also indicate that sbout 25% of the remaining iodine is svolved
in Coll Bssand that a decontaminatiom factor with respect to iodine of 60-70
is obtained in the extractiom step.

0008045
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IV Yiporimental Details “

A Apparstus and Procodurs for tha Jstermination of the Ordsr of the Resctiom

A schemstic drawing of ths apparatus usel in thscp experiments is shown
in Figytre 7. A norral sxperizonl sz oonducted as followss Two pletes of
urandie metal® were rlaced {n the flask. The transfer lime and the morubbers
(cemtaining sufficient ¥aCH solutfon ao thst the NeOH would not be depleted
within » reason:ble length of time) wore sttmohcd to the {lask., The nitrio
aoid 67 a nitric scid-uranyl mitrate solution (300 nl) wos edlded to the
flsek through the inlet tnbe, By memna of a witer aspirmtor, 8ir was swept
through the system at a rate of 100-2:0nl/win. (In order to duplioate the
reduced pressure in the plamt diesolver, the air was drssm through 15-18 inches
of water ag shown in the Cigure). Heat wus applied to the flask
to podse the tomperature to }08°C, end when the reaction hed eubsided suffi-
olmmtly so that the tempersture oculd te raintain~d at 10690, & givan amount
of 16dine with radic-iodine*® was added. BRefore the NaOH wag depleted in ons
sersbber, the off-gae flow maa diverted to the salternate serubder. During
the couree of a run, water waa added to the flask at a rate estimated %o
oanptagate for the svarorations For analysis, two sots of samplées of the
artmyl nitrate solution were tiken. Ons set, withdrewn about ome~halfl minute
before the other, was used for the doterminstion of ths comrentmtion of RN
end UNTIs the other set wag withdrsum into 25~30 ml. of m HaD{ solution for
detersinatiaon of the iodines coneemtration. From the concémtration of URI in
the molution (obttained by the soalysis of the firet set of sunplen) amd the
TNB content of the samples ln the second set, the volume of the samples with-
drawa Ints M2OF was calcultted. At the completion of a rum the remaining
solution in the flpsk was withdreem for the messuremsnt ol the volume. This
voluae war slwvays in rood sgrevecent with the initial volume ninne the volume
of the senples takem-

The 1ndine cont=ut of the zescnd st of samples was Cetermined by measure
img 4the entire activity (dus to radig-iodine and 'iT) of tbe semple in the
blgh pressure, liquid, gesme ohsmberi*/ and by correcting fer the astivity
due to UNI- The concentration of UNH in toth sets of samplos wnd the ocon-
oentration of N0z in the first cet were determined by the Analytieal Group.
Beodase the mccurecy of the iedine dstermination vas largely dependent upon
the soctraoy of tha UNT detamiratisn, the 1M wag amalyzed by e sravizetrls
2ethed, ot loezt in duplicate.

ith the use of theMgh pressure, 1liquid, psrma chamber, exsept in
Ran 123(data shown in Figure 1), setisfactory material balances with respesot
to 10dins ware obtained. 1In Rum 126, the material balsnces, calculated at
severxl points during the run, dearesased es the run progressed. This deoresae
wxe atlrituted ¢o “he lack of oomplete alLsorption of the iodine in the sorubdbdber,
beoausn of the high rate of evolution of the off-rases; however, the concen-
tration of fodine in the urany) nitrete solution was considered to be of
suffiolemt socuracy ncvertheless for resction rate decencinatiens. -

The results of the runs rnede yrder various concentratianas of nitriﬁ-_noid,
ursxyl nitrate, and iodine sre shown $n Figures 1, 2, 3, and 4.

® The pioces togather weirhed abosut 50 ysrums, and had a total surface of about 27 e
8o that the sddition of £50-300ml of solution resulied in a surfeoce to volume ratio
of 0.10-2/1:1.,

»s Interchamze botween the active ard insotive iodins was sohieved by oxidaetion with
H202 ip an alkalins medium. After the P70z had Liesn campletely deeomposed by heat-
4 the sclution was roidifled =nd ¢d¢ to tho flaek: The solutions of radio-
1od{ne was aurplied by Site X. Ore solutinn waz conceatrated HNOz, the other was
slightly acid i)n ACl.” In ordey to avoid ths poeaidility of the formation of a com-

Flex {on between 153inm end chlorins, the radioc-iodine on the latter osss waa puri-
{ad v CCla arxtraotien.
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. Ia the investigation of the effedt of the reflux, the sapparatus was modi-
fied t8 include the reflux nttectments shown in Figure Te Semplés of uraniwm

netal wers plated in the {leske sad the apparstus was sspegbled. Alr was seept
thyp the system by mewne of & water aspirater, however, the rystem was not
placed under a reduced procsure A f{m the reaction rite @tparimetts, Conoene
treted nitrio seid (500 ml) vas added to the flask and, after reflux hed
catfensed, the equilibrated redio~todins and earrier fodive (0.2kngs/1. of
solution) were sddod. Periodieally the ccndemsate was drained from the well
bemeath the reflux condenser, and simpltaneonsly t“a sorubber solutioms were

—— - chanced. Also, cocasionally, sanples of the uranyl nitrate solutlomwere

: W tadrewn from the flask [or the determination of the nitpio s8id omcantyra-

tioa. The regults of the experinent ace stiown in the table below:

7ine® (win.) 2 T 1

K

7 e ] a7 32 37
Con¢. of IMOg in eodution (K) 113 10,5 9.8 8.9 0.1 Ted 6.7 6.2
Yolume 6Ff reflux (ml.) 7.0 1.6 11.6 8.7 7.3 T8 6.2 6.6
Astivity {n reflux (mv/se0) 1.37 3.20 2.06 1.33 1.03 0.90 0.58 0U.58

Aedivity in sorubbers (zv/sen Q.00 1.40 0.49 0.26 0.2) 3G.11 0.8 0.18
Peremmt uf astivity in reflex®® €7 T0 81 85 635 a8 78 78

¢ ffter ths pddition of tho 1o0dine.
¢s Porcetrt of the sum of the activities 12 the refluxr anf the soruldber.

Thess results show that the refloa removes a largs {reotiomn cf ¢he fodine
frem the offegases. It i3 quite likely that the refluz wonld soatein s high
. somsemtretion of ENOF not only beoause of the boiling mitrie m0il solution
. ot also because of the pessage of N0z, HO and air. It sould be supposed,
Sersfors, that the shecrptiem Yo due to the conversiom of the evolved Ig to
16dete®. Although time did not permi¢ a thorough investigatias of the fastors 7
imfolved, the duts suggest that iz the plant the reflwx, durimg vigorous
diggolubion, reroves a large frastism of the iodine from the off-gaees.

4 Jmalytical Prooedures

J: Amlytical Procedurs for the Letermination of Iodine

Preliminary experimemts showed that the concemtrations of iodine (pem~ i
erally less than ome millicram per liter) invelved im this investigetiom :
woild be too low for mccursts amalysis by oconventional methots. Because
af this fect redio-fodine was smployed as a tracer. A lmown smount of
fodine plus suffiocient redlo-lodine (in the ssme state as the Insdbive
iodine) to permit radiation measurements were added im an experiment .
the concentration of 1odime in an aliquot was then deterpinmed fram the
freotion of the total estivity im the aliquot.

The axmount of activity iz the sorubber solutions (usually NaOH solu-
tions) were detormined by twe mothods: (a) acidification of an aliquot
with N0z, addition o earrier {odins, reduotion by disulfite, precipita-~
tien of ApI®t traneference of AT through dissolutiom inm KO to a watch
glsss, eveporstion, and mewsurerent of the sotivity with a Geiger-Muller
oounter, (b) direct mcasure est of an aliquot (up to 70 ml) by the high .
’ pressure, liquid, garma chsaber. Since the two methods gave camparable ree ..

sults, complete interchange between the active 1odine and the carrier ifodine

_ . must havy been obtained in the preoipitation method (a), Gemerally, the
* Experimests in the laboratory showed that boilinpg 13N HBOg(G ) solution converted
1ogiu (added ss KI) quantitatively te lodate. goiling 50 HNOy, om the other hand,

- converted only 2% of the iodins (added sz KI) to iodate within ome hour, with 98%
Yelng converted to Iz

** Preoipibtate was washed with 10N HNOy teo remove anmy silver sulfite,

Lh08000
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TWhen the above precipitation procedure was used for the anslysis of
solutions of uranyl nitrate for iodine, erratic and low results were ob-
tained. Work at Sites C and X show that the erratic and low results were
due to lack of interchmnre between the normal and radfo-iodinme atoms.

A procedure for equilibratiea the oarrier iodine and ths redio-iodine
has beon developed by Glendemim 57 The procedure omsists of the oxida-
tion of the carrisr and sotive iodine with NeOCl ia en alkaline medium o=
(¥a2C03), acidificsation, reduetiom with bisulfite, oxidation with NaNOp
to I3, and extrsction with CCly. Vhen sclutions of uremyl nitrate cen-
tains other scotivities im addition to iodine, the adove method is nen- &
sssary in order to obtain yuantitative snalysis fer the radig-iodine-

However, when the only sotivity in the solution is radio-iodine, the

solution can also be analyzed by means of the high pressure, liquid, gemma
chamber. In that case a correction has to be made for the radiation to

the UNH. Bcoause of the simplicity of the latter method, it was used in

21l experiments involving activities due only to iodine amd UNH.

2, Analysis of Plent Solutions for 8.0 Day lodine

In order to separate the icdins {rom the other fissiom produot ale-

monts and in order to obtadn » quantitative yield, the prec Jdure developed
by Glendenin (briefly deseridbed above) for equilibration of ective and

. carrier iodine was used. After extraction into CCly and re-extractiem

Q into bisulfite water, the iodine wes further purified bty at leasat two C
sipilar extrection cyclegs. Dospite this treatment the final aqueous E N
solution sasetimes contafned other activity (as showm by deony neasuremegts :
with the high rpressurs, liquid, gemme chepber) thag 8.0 day 1odine. Wham ' C
other activity was ovident, the emoumt of 8.0 day ivdime pregent ws
calculatsd fram the rate of decay, on the sssumptionm that the other
aotivity was representative of all the other figsion produet elemantr.
According to Figure 16, C1-697 (Chap. 111, Part D,6) the nverall rets
of decay of fission product elements produced in metal which has been
{rradiated for 50-60 days and which has been cooled 50-80 days is about
1.7 per day. On that basis, ths activity due to 8.0 day iodins in s
solution was casloulated by the equation.,
t
29/8x o 4oy * A

where d s periocd in days durimg which ths decay of the adtivity was
followed, X = smount of activity due to 8.0 dey iodine after d days,
A ® total astivity at the start of the periocd, and A' = the total sctive
ity at the end of the period. That this method of correction was valid
within the acocursacy of the experiments is shown by the table below;

Analysis Ko. 1 2 h]

Voluza of aliquot (ml) 0.01 0.01 0.025 : :

Total sctivity et 10 A, 3/15 (z¥/sec) 5.84 4.42 -~ ke - -

Total activity et 2 AI, 3/21 (av/eec) 3.62 2.54 6.20 2

Calculated j{odine tnthit/y per 0.01 ml 1
e st 2 R, 3/21 (mv/sec) 2.48 2.68 2.58

ooogous

‘ :
= a
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1)

2)
3)
4)
5)

JLD;34

®
0008049

A factor (1.36 x 105 d/a/av/Aec.) for the comversiom of mv/3e0 to e
d/a (and hence curies) was determinod by the measuramemt of the aotivity
in a mmber of Agl preoipitates econtaining 8.0 day iodine both with the
high pressure, liquid, gamma chamber and with s Geiger-liuller chamder.
In the mesagurement with the Ceifer-ltuller chamber, a correstion for the
absorption of the beta partioles was made, using a half-thiokness of

2“6./3‘20

The detailed experimemtal data upon which this report is based is
coxtained in notebooks HEV-130-T, HEW-86-T and HEW-402-T. The experie
sextal work was performed by I.J.Kemsok and J.L.Dreher.
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Tolerance Levels”, September 20, 1944 (Pile Wo. 3-811).

Craner "Processing History om Predustion Batches" (File INo. 7-1838). 3
Beall snd Adegps: "205 Staok Gas lomitoring", (CB-2205).

laVielette: "Liquid Ssxple Fressure Chamber”, Feb. 6, 1945 (File No. 3-1602).:

x

Glendanin: "The Interchan;s of Radicactive Jodine with Carrier; a Procedure
for the Quantitative Separation of Radiocastive lodine from
Flssion Vaterial", (CCe2218).
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Caloulation of Order of Resction

Table la

(Data fran Bm 126 shown in Figurs 1)

HW-3-3003 ‘

August 2, 19456

Reastion Time (Min.) 10 20 80 40
Oono. of Iodine (mg./)) 0.248 0e224 0.207 0.194
Comc. of Im% (N) 9-1 7.6 6.8 5.7
d1/d¢ /1) 0400290 0.00194 0.00149 0.00120
91{”- (uds) 0.0117 0.0087 0.0072 0.0062
i (L 0.047 0.089 0.085 0.032
1 Kin.
d1/se Qihd, 0.19 0.17 0.17 0.16
1 1tn.
ar/et 1
-rlx-m m) 0.00138 0.0011 0.0011 OI-NII
4 L/ee.
E{% (hLmE_) 0.0062 0.0061 0.0068 0.00%6
2
aifes  Vfeg?, 0,021 0.022 0.026 0.028
15x MCS  t4dn.x¥ |
Table 1b
Calsulation of Order of Reaction
(Data fram Run 229 shown in Figure 2)
Reactirn Time (Min.) 10 20 30 40 50
Comc. of Iedine (mg./1. 0.260 0.232 0.208 0.190 0.176
Conc. of LUNOy (N) 2.52 2.25 2.03 1.88 1.63
d1/d¢ (ﬁ&/l_) 0.00309 | 0.00267 | 0.00212 | ©.00160 | 0.00127
d1/¢t/1 (1Ai4n.) 0.0119 0.0111 0.0102 0.0084 0.0072
WA (Lhs 0.046 0.048 0,049 Q.044 0.041
1 Lin.
g 12acd
—Iﬁi (A-BEE) 0.18 0.21 0.24 0.23 0.23
d1/dt :
r‘é‘m o w 0.0047 0.0049 0.0049 0.00¢4 | 0.0041
d 1.
-I{-xl%roi Q"&u.xn) 0.018 0.c21 0.024 0.023 0.023
Akt QPhd)
0-072 * > 1 3 »
1Sx HNO3 lMim.x% 0-093 % °-12 018




1608000

Table le

Calouletion ef Order of Reaotion

(Pata from Rus 24 shown in Figure §)

HW-3-3003

Aggast 2, 1045

Reaatioh Time (Min.) 10 20 30 40
Cono. of Jodine (mg./d.) 0.687 0,558 0.488 0.388
Come. of Eli0g (N) 8.30 8.85 5.80 4.56
d1/de %&ﬂ') 0.0149 0.5102 0.0084 0.0068
fiee (L) 0.022 0.018 0.018 Q.017
d1/4¢ - A
1,2 ‘}Ef) 0.032 0.088 0.080 0.044
. ,
%’- &ﬁfi) 0e04s 0.060 0.087 0.11¢
oLy o2
IXENOy ‘u_zﬁ) 028 0.0026 0.0038 0.0037
. ! -
xgxnno, _(nn.xn) 0.0089 0.0048 0.0071 0.0097
aL/at -'(13@52_ .
?iéﬁo, g 0.0058 0.0088 0.0156 0.025
- fadle U4
Caloulatiom af Order of Réwotien
(Data from Bva 28 shownt 4n Figurs 4)

RetoWiog Time (Min.) 10 €0 30 40 80 80
Como. of Iadine (mg./ds) | 0.49 0.89 0.325 | 0.8¢ 0.22 0,19
Gong. of uos (m 4.%9 4.19 4.00 3.88 S.68 J.44
d1/de (gﬁ/.l,-)  0.0168| 0.0068| 0.c062| 0.000s | 0.0040 0.0080
dgee o 0.0 | 0.018 | 0.019 | 0.020 | o0.018 | 0.016
9—1{53 (%;—ém') 0.C70 | 0.045 | 0.068 | 0.078 | 0.082 | 0.08%
-‘—14‘,’,1‘- (ﬁueé) 0.148 | 0.116 | 0.18 0.27 0457 0. 44
%%s ey 0.0078 | 0.0043 | 0.048 | 0.052 | 0.049 | 0.047
a1/d¢ L/ag. '

* [ ] L ] * L ] 2 L]
T % ([in-xﬁ) 0.018 | 0.011 | 0.015 | 0.019 |o0.02 0.02¢
41/d¢ 12 fng? :
-13%03 Gig oy 0.033 : 0.028 | 0.045 | 0.070 |o0.l0 0.15
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