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Potentially, the most significant airborne wastes from nuclear power reactors are the
radioactive iodine isotopes. To isolate these radioiodines from the environment large
beds of charcoal, silver zeolite, or other silver impregnate materials are used. From a
safety and regulatory viewpoint it is important to continuously monitor the retention
efficiency of these radioiodine off-gas filters.

Accordingly, the purpose of this study was to develop an on-line radio-iodine monitor




to continuously measure this retention efficiency. This goal was accomplished in three
steps : 1) a previously developed iodine-129 monitor was evaluated and modified, 2) the
separation factors for iodine-131 from the short lived isotopes of krypton and xenon were
determined, and 3) the optimum detector arrangement and data handling to measure
iodine-131 was determined and modified monitor was demonstrated on a reactor off-gas
stream.
The major conclusions of this report are :
1) Separation factors greater than 10° for Xe and Kr can be achieved ;
2) Separation times of less than 15 minutes are possible :
3) Memory effects for elemental radioiodine on the order of a few percent of the average
radioiodine concentrations were observed ;
4) The monitor response is insensitive to off-gas composition ;
5> Radioxenon and radiokrypton cause no discernable memory effects ;
6) It is possible to measure a concentration of 5x10 *4Ci ®'I/cc if a daily averaging

time is used.
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This report summarizes the.status of radioiodine control in a nuclear fuel reprocessing
plant with respect to capture, fixation, and disposal. Where possible, we refer the reader
to a number of survey documents which have been published in the last four years. We
provide updates where necessary. Also discussed are factors which must be cinsidered
in developing criteria for iodine control.

For capture from gas stream, silver mordenite and a silver nitrate impregnated silica
(AC-6120) are considered state—of-the-art and are recommended. Three aqgueous scrub-
bing processes have been demonstrated :

Caustic scrubbing is simple but probably will not given an adequate iodine retention by
itself. Mercurex (mercuric nitrate-nitric acid scrubbing) has a number of disadvantages
including the use of toxic mercury. Iodox (hyperazeotropic nitric acid scrubbing) is
effective but employs a very corrosive and hazardous materials. Other technologies
have been tested but require extensive development.

The waste forms recommended for long-term storage or disposal are silver iodide, the




iodates of barium, strontium, or calcium, and silver loaded sorbents, all fixed in cement.
Copper iodide in bitumen (asphalt) is a possibility but requires testing. The selection of

a specific form will be influenced by the capture process used.
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This report documents the development, evaluation, and demonstration of a conti-
nuous *H, "“C, *°I, and **Kr monitor that uses selective permeation to separate each
isotope on-line before radiometric detection. The kinetic expressions for the conversion
of tritium forms to HTO, carbon-14 forms to *CO., and iodine-129 forms to CH;'*I are
presented. The permeabilities, solubilities and diffusivities of HTO, CH;l, I, and Kr in
the polymeric membranes employed are presented as well as the mathematical expres-
sions to derive separation factors, respose times, and memory effects from these quanti-
ties. Additionally, comparative response curves for the selected detector and results of

an in—plant demonstration of the integrated monitor are presented.
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Table 1 Summary of Iodine species distribution in a beilling water reacter off-gas system

Fraction of Species Fraction of Species Ratio of the absolute
at Steam Jet Air Ejector|at End of Delay line¥* guantity SJAE/Delay
Tsotope 134I 132I 135I 133I T31I 134I 13ZI 1BSI 133I 131I 134I 13ZI 135I 133I 131I
k&
Particulate ND ND ND ND ND ND .039 ND ND .015

Elemental .035 .317 .282 .244 .240(.037 .035 .039 .044 ,054

Hypoiodous .379 .362 ,358 .348 .320(.196 .219 .249 ,232 .2341} 4.8 4.2 3.4 3.6 2.7
Acid

Crganic <271 .316 .360 .408 .439(.767 .705 .712 .724 .698 9 1.1 1.2 1.3 1.2

* Correction for 70min transition in delay line

** ND <0.01




Table 2 Distribution of total'*’ I in exhaust air at positions upstream and downstream of filter

Sample Conc; of total Flow rate Period Total 1311 involved (C x F x T)
No. 1311 in stream F T (uci)
C (uCi/ml) (ml/min) {min)
Upstream CH3I 88
A-1 2.5x10°° 28x10° 60 4,200 C,HI 17
HIO, 109 CH,I 896(15%)
103 3,986 C,H.I  108( 2%)
_ CH,I 808 HIO, 183( 3%)
A-2 1.1x10—6 28x106 60 1,850 C2H5I 91 HIO3 4,863(80%)
HIO, 74 Total 6,050uCi
HIO3 877
Downstream CH3I 117
B-1 1.'1‘}{1()_7 28x106 60 290 C2H5I 14
HIO, 59 CH3I 487(69%)
HIO, 100 C,H.I 46( 6%)
CH,I 370  HIO, 59( 8%)
B-2 2.5%10° 7 28x10° 60 420 C,H,I 32 HIO,  118(17%)
HIO, —  Total 710uCi
HIO 18




Table 3-1 Inorganic Impregnants

Chlorine and bromine
{Cl, or Br,} + CH,I » (ICl or IBr) + {CH,Cl or CH,Br}. (1)

Mercuric chloride
chlZ + CH3I -+ CHgchlzI. (2)

Mercuric iodide
HgIz + CHgI - CHngIs. (3)

Potassium fluoride
KF + CH4I + KI + CH,F. (4)

Potassium selenocyanate
KSeCN + CH3 I - KI + CH;SeCN. (5)

Potassium thiocyanate
KSCN + CH I + KI +CH,SCN. (6)

‘Silver nitrite
AgNO, + CH;I » AgI + CH,NO,. (7)

Silver perchlorate
AgCl0, + CH3 I + Agl + CH4Cl0,. (8)

Sodium or potassium cyanide
{NaCN or KCN} + CH3I - {NaI or KI} + CH;CN. (9

Sodium sulfide
Na,S + CH43I - Nal + CH;SNa. (10)

Sodium sulfite
Na,503; + CH4sI » Nal + CH4SOgNa. {(11)

Stannous iodide
Sni, + CHI + CH,SnI,. (12)




Table 3-2 Organic Impregnants

CHloroacetic acid
CH,C1COOH + CH,I -~ CH,ICOOH + CH,CL. (13)

Dimethyl sulfoxide _
(CHg) ZSO + CHgI -+ [(CHg) 3S+01'I—- (14)

Ethyl sulfide
(CH3CH2)2S + CHoI + [(CH,CH,),S"CH,]-I".  (15)

Hexamethylenetetramine
(CH2) 6Ny + 4CH3T + [(CH2) ¢N,*(CH3) )41, (16)

Hexamethylenediamine
HzN(CH2) 6NH, + CHSI = [HoN*CHj3(CH,) ¢NY(CH3)H,1-21I7. (17)

Sodium n-caproate or n-caprate
{CHz(CHz)uCOONa or CHa(CHzJaCOON&} + CHgI + Nal
+ {CHg(CHz)qCOOCHg or CHg(CHz)gCOOCHa}- (18)

Triethanclamine
(HOCH2CH2) sN + CH3I -+ [(HOCH,CH,)sN*CH;]-I-. (19)

Triethylenetetramine
(-CHzNHCH2CH2NH2)2 + 4CH31

> [{~CH,N*H(CH;)CH,CH,N* (CH3)H,1,] +41-.  (20)
Triethylamine

(CH3CH2) sN + CHaI + [(CH3CH,) sN¥CHs1-I7.  (21)
Thioacetamide

CH3CSNH, + CH3I + [CH3CSN*T(CH,)H,]-I". (22)
Thiourea

CS(NHp), + 2CH3I ~ [CS(CHaN*H,)1-21". (23)




Table 4 Effect of presence of inorganic impregnants on concenut-charcoal for methyle iodide trapping

Impregnant Impregnation Efficiency(%}
Bromine 10“70, from vapor 98.9
Chlorine 6w/o, from agueous solution 45.5
Iodine 10W/o, from vapor 88.1
Mercuric chloride ‘IOw/o, from agueous solution 45,1
Mercuric iodide 1W/o, from alcoholic solution 71.0
Potassium cyanide 10‘%, from agueous solution 27.0
Potassium fluoride ibid. 6.2
Potassium lodide ibid. 93.6
Potassium selenocyanate ibid. 13.2
Potassium thiocyanate ibid. 93.5
Silver nitrite 1W/o, from agueous solution 16.4
Silver perchlorate 10w/o, from agqueous solution 35.4
Sodium cyanide ibid. 56.8
Sodium sulfide ibid. 34.9
Sodium sulfide ibid. 17.2
Stannous iodide 1W/g, ibid. 91.5

- - 6.6

Experimental conditions Temperature: 70°C, Relative humidity: 90%, Flowvelocity: 24cm/sec,

Staying time: 0.10sec, Charcoal grain size: 16/35mesh




Table 5 Effect of presence of organic impregnants on coconut-charcoal for methyl iodide trapping

Impregnants Impregnation ‘ Efficiency(%)
Chlorcacetic acid 10W&, from agueous sclution 14.7
Dimethyl sulfoxide ibid. 5.5
Ethyl sulfide 10%&, from vapor 23.8
Hexamethylenetetramine 10%6, from aguecus soclution 70.3
Hexamethylenediamine ibid. 20.3
Sodium n-caprate ibid., 7.3
Sodium n-caproate ibid. 8.2
Triethanolamine ibid. _ 19.4
Triethylenediamine ibid, ‘ 98.4
Triethylenetetramine 10W&, from alcoholic solution 53.9
Triethylamine 10", , from vapor 50.0
Thicacetamide 10%&, from agueous soclution 4,0
Thiourea ibid. 17.0
Triphenyl phosphite 1OWQ, from alcoholic sclution 4.3

- - 6.6
Experimental conditions Temperature: 70°C, Relative humidity: 90%,

Flow velocity: 24cm/sec, Staying time: 0.10sec,

Charcoal grain size: 16/35mesh




Table 6 Removal efficiency on adsorbents of iodine, methyl iode and hypoiodous acid

BEME  RERE 8 & E = o R
L] (%) (hr)  (ft/min) Cug/co)
I >90 1 45 3IX1071%~1x 10712
>90 1 25~55 1.5x107*
CH.I >09 1 4~45 1x10°1°
HIO ~80 — - -




Photo. 1 Todine Monitoring Test Apparatus (side 1D

Photo. 2 lodine Monitoring Test Apparatus (side 2)






