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ABSTRACT

A review of iodine spiking in PWRs was carried out in order to compare a current
spiking data base with methodology formalized in the Standard Review Plan (SRP)
published by the Nuclear Regulatory Commission (NRC) in 1981. Two spike cases in
the SRP (a pre-existing spike and an accident-initiated spike) are important because
they prescribe iodine source terms for MSLB/SGTR accident sequences. Available
spike data (several hundred spikes) were analyzed to quantity mean values and
distribution parameters for measured peak concentrations (uCi/g) and release rates
(Ci/hr) calculated from concentration-time data pairs. The highest peak concentration
reported during the past decade was 9 uCi/g. This value is appreciably smaller than
the SRP value of 60 uCi/g for the pre-existing spike case. The accident-initiated spike
case was analyzed by integrating calculated release rates over an initial two hour
period. Based on this analysis, it was concluded that two hour average concentrations
calculated for the accident-initiated spike case were bounded by the measured peak
concentrations. The highest release rates computed from available data were lowet
by more than an order of magnitude than those prescribed in the SRP.
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SUMMARY AND CONCLUSIONS

Summary

This report presents results from a review of available data on iodine spiking
phenomena in pressurized water reactors (PWRs). The phenomenon of interest
herein is the increase in iodine release rate from fuel into primary coolant as a result
of a reactor transient (power transient, pressure transient, etc). The magnitude of the
temporary increase in iodine release rate (the so-called spike) is important because
the iodine in primary coolant represents a source term in postulated accidents
involving steam generator tube ruptures (SGTR) with a concurrent main steam line
break (MSLB).

Two types of iodine spiking events are identified in standard review plan (SRP)
methodology (NRC-1981). The first is a transient-induced spike that is assumed to
occur prior to the SGTR/MSLB event. The SGTR/MSLB event is assumed to occur at
the time when iodine concentration in primary coolant is maximum. The second event
involves a spike induced by the SGTR/MSLB event itself. For this event the primary
coolant iodine concentration is predicted on the basis of a prescribed release rate from
fuel.

Curing the past decade the data base on iodine spiking phenomena has been
anpreciably expanded as compared to that which existed when SRP methodology was
formulated. The objective of the present study was to evaluate and compare currently
available data on iodine spiking with SRP methodology. Specifically, it is the iodine
concentration in primary coolant (uCi/g) over the initial two hour time pericd that is of
interest in this repont.

The sample of available spike events has been analyzed to quantify peak iodine
concentrations (uCi/g) and release rates (Ci/hr). An assumption of the nresent study
i3 that the available sample of spike events is representative of the population of
spikes that could occur in postulated SGTR/MSLB accident sequences.



Summary and Conclusions

Conclusions

The following conclusions and summary statements characterize the finding of this

raview.

1.

lodine release rates computed from spike data are significantly smaller
than rates prescribed in the SRP, For example a realistic analysis of 95
spikes indicated that 98% had release rates ot 795 Ci/hr or less. The
largest release rate was 1000 Ci/hr. These rates are small compared to a
release rate of ~15,000 Ci/hr calculated using SRP methodology.

Peak 1-131 concentrations in spikes have trended lower with time, possibly
as a result of improved fuel manufacturing processes. For times after
1980, measured peak spike concentrations have fallen below 9 uCi/g. This
value is lower than the 60 nCi/g stipulated in SRP methodology by a factor
of 6.7.

Available spike concentration-time data were analyzed by treating each
spike as a pre-existing spike and as an accident-initiated spike. For the
accident-initiated spike case, concentrations over the initial two hour time
period were predicted for zero iodine removal by the reactor coolant
cleanup system. Comparison of two hour average concentrations for the
two cases indicates that the pre-existing spike case dominates.

Equilibrium [-131 concentrations (prior to 219 spike events) have a log-
mean of 0.027 nCi/g. For 95% of these analyzed events, the equilibriumn
concentration was 0.3 uCi/g or less.

Equilibrium [-131 release rates, computed from equilibrium concentrations,
have a log-mean of 0.47 Ci/h. For 95% of these analyzed events, the
calculated equilibrium release rate is 5.6 Ci/h or less.

Peak |-131 concentrations for 189 spike events that occurred from 1970
through 1988 have a log-mean of 0.30 uCi/g. 95% of these events had
peak cuncentrations of 8.2 uCi/g or less.

Best-estimate release rates of 1-131 for 95 spike events have a log-mean
of 745 Ci/h. For 95% of these analyzed events, the release rates we'e
562 Ci/h or less.

Conservatively calculated 1-131 release rates published by Adams (1989b)
are ~3.23 times larger than realistic estimates. For these conservatively
calculated spike rates (168 events), 95% of the calculated rates are 1280
Ci/hr or less.
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OBJECTIVE AND SCOPE

Objeciive

The objective of this study is to obtain estimates of iodine concentrations in primary
coolant in PWRs under postulated SGTR/MSLB accident conditions. Focus is on
iodine concentration during the initial two-hour period of the postulated accident. The
goal is to compare estimates based on the current extensive data base with those
specified under SRP methodology which in turn was based on a relatively sparse data
base.

Scope
The following statements characterize the scope of this study.

e The sample of available characterized spikes included spike: caused by
the thermal (reactor power) and pressure transients and it is essumed that
the analyzed spikes are representative of those which could occur in the
postulated SGTR/MSLB accident sequence. lodine spiking caused by
reactor transients is treated phenomenologically. No attempt is made to
develop a mechanistic understanding of this observed phenomenon.

e Available, non-proprietary, data in published reports is used as the data
base.

e Two spike cases, as described in the SRP, are considered: (1) a pre-
accident spike caused by a reactor transient and (2) a spike induced by
the assumed accident.

e Data are analyzed by simple calculational methods which put the data into
perspective. Detailed statistical testing of the data sets is nct done.
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Review of lodine Concentrations and Cajculated Kkelease Rates 1n Characterized

"~ TABLE

Spike Events

SRR AR
Release Cumul Data

a - nominal cumulative probability = Event Rank No./(Total Events + 1)

Event Relea i ml. 7 Daa el Ev
Rank Rate Prob. Reterence Rank Rate Prob. Reference
No. Cih No Cih
q 207 5.49 09841 | Adams-198%a | 214 7.83 0.973 Adams-1989b
208 5 64 0945 | Adams-1989a | 215 882 0977 Adams-1989a
209 5.64 0950 | Adams-1989a 216 9.35 0.982 Adams-1989b
210 6.69 0955 | Adams-1989a | 217 10.2 0 986 Adams-1989b |
211 7 .46 0959 | Adams-1989b | 218 10,99 0.991 Adams-1989a
212 7.69 0.964 Lutz-1975 219 26.33 0.995 Adams-1989a
213 7.69 0.968 Lutz-1975
= W
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Spike Concentrations and Release Rates

Maximum Iodine Concentration in Spiking Events

Following a reactor transient, iodine concentration increases over a matter of hours to
a peak. Following the peak, concentrations decrease with time, primarily as a result of
operation of the cleanup system.

Under SRP methodology, it is assumed that the SGTR/MSLB accident is initiated at
the time of the peak of a pre-existing spike. It is further assumed that the cieanup
system becomes inoperable as a resuit of the SGTR/MSLB sequence, and therefore
that iodine concentration remains constant (except for radicactive decay) over the
following two-hour calculational period. For this spike case, computed doses are
proportional to the peak iodine concentration.

Data on peak iodine concentrations were selected and analyzed as follows. First, Lutz
(1975) reports data for 32 spikes which included both power transients and
depressurization transients. Second, Pasedag (1977) described 10 spike events that
had not been reported earlier by Lutz(1975). These 10 events included both power
and pressure transients. All 10 points were included in the data base analyzed herein.
The third data source was maximum measured concentrations for 168 scram events
reported by Adams (1989b). For 19 of these, the peak concentration was equal to or
lower than the pre-spike level. These 18 points were excluded because it was not
evident that a measurable spike had actually occurred.

Peak measured concentrations STET may not reflect the peak concentration that
actually occurred because samples may not have been taken at the time of the peak.
The degree to which samples taken after the peak fall short of the peak can be
estimated on the basis of cleanup system operation. As an example, assume that two
hours has passed since the peak. !f we also assume that the iodine reigase rate is
zero, and that the cleanup system A is 0.075 hr'. the concentration at two hours
divided by the peak concentration is: C/C, = exp[-2(0.075)] = 0.86. Recognizing that
spike peak concentration vary over 5 orders of magnitude, the error introduced by not
catching the exact peak is not highly significant. Lutz, (1975) used an extrapolation
method to estimate the peak concentration..

The mean and distribution of the 191 peak concentrations described above was
calculated using both the concentrations and their logaritnms. Results are as follows.

sample mean = 1.45 .Ci/lg



Review of Iodine Concentrations and Calculated Release Rateg in Character.zed
Spike Events

std. deviation = 2.83 uCi/g
log-mean = 0.31 uCifg
geometric std. deviation = 8.86

The distribution is shown graphically in Figure 4-3 on log-normal coordinates. The
open circles represent cumulative percentages of events for which concentrations are
equal to or smaller than the stated value. The straight line represents a log-normal
distribution defined by the log-mean (0.31 xCi/g) and geometric standard deviation
(8.86) calculated from the 191 data points. The log-normal curve fits the data
reasonably weil.

The empirical probability distribution is shown in discrete form in Table 4-3 whare

cumulative nominal probability is listed for each data point. The reference for each
data point is also shown in Table 4-3.

4-20
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Figure 4-3
Probability Distribution for Peak Concentration of 1-131 Resulting from Spikes
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Table 4-3 Peak lodine concentrations Measured for 190 Spike Events

Event Peak Cumul. Data Event Peak Cumul Data
Rank | Conc. Prob * Reference Rank Conc. Prob * Reference
No uCiig No. LCi/g
1 0.000215 | 0.005 Adams-1989b 26 0.0383 0.135 Adams-1989b ﬂ
2 0.0003 0.010 Adams-1989b 27 0.041 0.141 Adams-1989b
3 0.000485 | 0.016 Adams-1889b 28 0.0514 0.146 Adams-1989b
4 0.00068 0.021 Adams-1989b 29 0.0564 0.151 Adams-1989b
5 0.00074 0.026 Adams-1989b 30 0.0567 0.156 Adams-1988b
6 0000788 | 0.031 Adams-1988b 31 0.0572 0.161 Adams-1989b
7 0.0008 0.036 Adams-1988b 32 0.0574 0.167 Adams-1988b
8 0.000834 | 0042 Adams-1988b 33 0.059 0172 Adams-1988b
9 0.00189 0047 Adams-1989b 34 0.064 0177 Adams-1989b
10 0.002 0.052 Adams-1989b 35 0.0666 0.182 Adams-1989b
" 0.003 0.058 Adams-1988b 36 0.067 0.188 Adams-1988b
12 0.00388 0.063 Adams-1989b 37 0.0698 0.193 Adams-1989b
13 0.00525 0.0€8 | Adams-1989b 38 0.073 0.198 Adams-1989b
14 0.00607 0.073 Adams-1986b 39 0.0747 0.203 Adams-1988b l*
15 0.00893 0078 | Adams-1989b 40 0.0751 0.208 Adams-1989b
16 0.0101 0083 Adams-19809b 41 0.0877 0.214 Adams-1989b
17 0.0108 0089 Adams-1989b 42 0.0896 0.219 Adams-1989b
18 00264 0094 Adarns-1989b 43 0.091 0.224 Adams-1989b Jﬂ
16 0.0306 0.099 Adams-1988b 44 01 0.229 Adams-1988b
20 00315 0104 Adams-1980b 45 o1 0.234 Adams-19839b
21 0.032 0.11 Adams-1988b 46 01 0.240 Adams-1988b
22 0.033 0115 Adams-1989b 47 0116 0.245 Adams-1988b
23 00342 0.12 Adams-1989b 48 0.133 0.25 Adams-1989b
24 0.355 0.125 Adarns-1989b 49 0.135 0.255 Adams-1989b
25 0.036 0130 Adams-1989b 50 0.135 0.260 Adams-1989b

4-22
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TABLE 4 -3

Event T Cumul Data T Event Peak Curmul Data

Rank | Conc, Prob " Reference Rank Cone. Prob . Reference
No. LCilg No Cvg
51 0136 0.266 Adams-1989b 77 0.237 0401 Adams-1988b
52 014 0271 Adams-1989b 78 0.242 0.406 Adams-1989b
53 0.145 0276 Lutz-1875 79 0246 G411 Adams-1989b
54 01489 0.281 Adams-1989b 80 0.25 0417 Lutz-1975 1
55 Q15 0286 Pasedag-1977 81 025 0422 Lutz-1975
56 0.153 0292 Adams-1889b 82 0.258 0427 Adams-1980b
57 0.155 0.297 Adams-1989b 83 0.259 0432 Adams-1989b
58 0159 0.302 Adams-1989b B4 0.26 0438 Adams-19838b
59 016 0.307 Adams-1989b 85 0.265 0.443 Adams-1989b
60 0.165 0313 Lutz-1975 86 0275 0.448 Adams-1989b
61 017 G318 Adams-1989b 87 0.28 0453 Adams-1989b 1
62 017 0.323 Adams-1989b 88 0.299 0458 Adams-1889b
€3 0171 0328 Adams-1689b 89 03 0 464 Adams-1888b
64 0179 0.333 Adams-1989b 90 03 0.469 Adams-1989b
65 0178 0.339 Adams-1989b 91 0.302 0474 Adams-1988b
66 0.18 0344 Pasadag-1977 92 0.304 0479 Adams-1988b
67 0182 0 346 Adams-1988b 93 0314 0484 Adams-1989b
68 019 0.354 Adams-1980b 94 0.325 0490 Adams-1988b
69 0.192 0.359 Adams-1988b 95 0.331 0405 Adarms-1989b ]
70 0194 0.365 Adams-1989b 96 035 0.5 Lutz-1975
71 0198 0.370 Adams-1988b 87 0.388 0.505 Adams-1989b
72 0.222 0.375 Adams-1989b 98 0.395 0.510 Adams-1989b
T2 0.23 0.380 Adams-1988b 99 04 05186 Lutz-1975
74 023 0.385 Lutz-1975 100 0403 0.521 Adarns-1988b
75 0.236 0.391 Adams-1989b 101 041 0.526 Lutz-1975
76 0.236 0.396 Adams-1889b 102 0 425 0.531 L.utz-1975
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Dala

Event

Rank | Conc. Prob " Reterence Rank Conc Prob ’ Re?ea::me
No. £Cilg No uCilg
103 | 043 | 0536 | Pasedag-1977 | 129 0812 0672 Adams-1989b
104 | 0439 | 0542 | Adams-1989b | 130 | 0824 0.677 Adams-1989b d
105 | 044 Lutz-1975 131 0845 0.682 Adams-1989b ﬂ
106 | 0448 | 0552 | Adams-1989b | 132 0858 0688 Adams-1989b Jl
107 | 047 | 0557 | Adams-1989b | 133 0874 0693 Adams-1989b
108 | 0481 | 0563 | Adams-1989b | 134 09 0698 Adams-1986b
109 | 0484 | 0568 | Adams-1989b | 135 0918 0.703 Adams-1989b
110 | 082 | 0573 | Pasedag-1977 | 136 0.922 0.708 Adams-1989b
111 | 05268 | 0578 | Adams-1989b | 137 0.03 0.714 Adams-1988b
12 | 0531 | 0583 | Adams-1989b | 138 0.937 0.719 Adams-1989b
113 | 0535 | 0589 | Adams-1988b | 139 1.02 0724 Lutz-1975
114 | 0535 | 0594 | Adams-1989b | 140 108 0729 Lutz-1975
115 | 0545 | 0599 | Adams-1989b | 141 1.05 0734 Adams-1989b
116 | 056 | 0604 | Adams-1989b | 142 111 0.740 Adams-1689b
17 | 058 | 0609 | Adams-1989b | 143 111 0.745 Adams-1989b
18 | 06 0615 | Lutz-1975 144 118 075 Adams-1989b
19 | 06 0620 | Lutz1975 145 118 0756 Adams-1989b
120 | 062 | 0625 | Adams-1989b | 146 12 0760 Adams-1988b
121 | 0631 | 0630 | Adams-198%b | 147 1.22 0.766 Lutz-1975
122 | 065 | 0635 | Lutz-1075 148 144 0771 Adams-1989b
123 | 0679 | 0641 | Adams-1989b | 149 1.44 0.776 Adame-1988b
124 | 0693 | 0646 | Adams-1989b | 150 16 0.781 Pasedag-1977
125 | 0704 | 0651 | Adams-1989b | 159 166 0786 Adams-1989b
126 | 0728 | 0656 | Adams-1989b | 152 17 0792 Adams-1989b
127 | 0764 | 0661 | Adams-1989b | 153 1.72 0797 Adams-1989b
128 | o8 0667 | Lutz-1975 154 18 0.802 Pasedag-1977

~24
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TABLE 4 -3

[Event | Peak | Cumul.

” D i, Event Peak Data
Rank | Conc Prob * Reference Rank Conc. Prob." Reference
No. Cig No uCifg
158 18 0807 Pasedag-1977 174 52 0.906 Lutz-1975
h—;ﬁﬁ 198 0.813 Adams-1989b 175 55 0911 - Lutz-1975
157 1.99 0818 Adams-1989b 176 587 0817 Adams-1989b
158 199 0.823 Lui2-1975 177 6. 0.922 Adams-1989b
159 2.04 0828 Adams-1888b 178 6. 0.0927 Lutz-1975 N
160 2.16 0833 Adams-1989b 179 68 0.932 Lutz-1975
161 2.35 0839 Lutz-1975 180 74 0.938 Lutz-1975
162 25 0844 Pasedag-1977 181 7.43 0.943 Adams-19890
——1'63 261 0 849 Adams-1986b 182 82 0.948 Adams-1888b
164 265 0.854 Adams-1889b 183 83 0.953 Adams-1488b
165 28 0859 Pasedaq-1977 184 8.97 0.958 Adams-1988b
166 3. 0 865 Lutz-1975 185 10.2 0.964 Lutz-1975
167 3 0.870 Lutz-1875 186 & 0.969 Lutz-1975
168 3. 0875 Lutz-1975 187 iR, 0974 Lutz-1975
169 312 0.880 Adams-1988b 188 144 0879 Adems-1889b 1
170 332 0.885 Adams-1989b 189 1556 0984 Pasedag-1977
171 5.07 0.891 Adams-198%b 190 181 0.980 Lutz-1975
172 514 0.896 Adams-1989b 191 183 0.995 Lutz-1975
173 518 0.901 Adams-1889b

a - nominal cumulative probability = Event Rank No /(Total Events + 1)
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Data of Table 4-3 identify the median peak concentration as 0.35 .Ci/g.
Concentrations for nominal cumulative probabilities of 90%, 95%, and 98% are 5.14
uCi/g, 8.2 uCi/g, and 14.4 .Ci/g raspectively.

In addition to the 191 point data base described above, a truncated set of peak
concentrations is available from the work of Adams (1989a). This latter set of 144
points was selected (by Adams) from a larger set of data by excluding spikes for
which the peak was less than 1.0 uCi/g. Spike events for the truncated data set
included both power and pressure transients (Adams-1989a).

The distribution of these 144 spike peaks is illustrated on the log-normal plot shown in
Figure 4-4. As indicated, a normalized peak concentration, defined as C,-0.94, is
plotted. This arbitrary off-set caused the distribution to reasonably follow a log-normal
cunve.

The straight line shown on Figure 4-4 is defined by the log-mean (0.99 nCi/g) and
geometric std. deviation of the 144 values of C-0.94.

A discrete listing of nominal probabilities for this 144 point data set was presented by
Adams(1989a) and will not be repeated here. Peak concentrations for nominal
cumulative prohabilities ot 50%, 90%, 95% and 98%, taken from the analysis done by
Adams (1989a) are 1.96 n.Ci/g, 6.46 uCi/g, 7.46 uCi/g, and 12.0 uCi/g respectively.

The truncated distribution of peak concentration has a higner median than the 189
point distribution (1.96 uCi/g vs. 0.35 uCi/g) as expected. Interestingly, the 95% and
98% concentrations are similar for the two distributions.
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Maximum lodine Release Rates In Spiking Events

Maximum iodine release rates during spiking events are important because accident-
initiated spikes are quantified by means of a release rate in SRP methodology (NRC-
1981). At the initiation of a SGTR/MSLB sequence it is assumed that a bounding
spike event releases iodine at a constant rate for a two hour calculational period. A
key question is: "what is the magnitude of the bounding release rate?"

In this section available spike data is analyzed to determine the range of release rates
that are consistent with observed iodine concentrations.

As noted earlier, iodine releases rates are not measured directly, but can be inferred
from observed increases in iodine concentration in primary water. Solving eq. 1 for
the rate of release, R, gives:

MAC, - Ce™)
(1 -e™)

(eq.la)

where the symbols are those defined in eq. 1.

Based on observed values of C

» + G, M, and 4, and setting t equal to the time to

reach peak, a value of R ( an average for the time interval) can be computed from
eq. 1a. Generally, sample timing did not coincide exactly with the peak, so the peak
concentration was typically obtained by extrapolating post-peak concentration
backwards in time using a known value of A.

Lutz(1975) computed iodine release rates for 32 spiking events which included both
power and pressure transients. Lutz(1975) calculates release rates at several times
intervals during a spike. Typically these release rates increase to a maximum over
several hours, and then fall to small values. For purposes of the present anailysis, the
maximum release rate listed by Lutz for each event was incorporated into the data set.

Pasedag(1977) presents average release rates for 8 events not analyzed by
Lutz(1975) or Adams (1989a). All 8 of these rates were included into the rate data
base. These 8 events included power and pressure transients.
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Adams(1989a) analyzed 58 spike events (both power and pressure transients) and
provides average rates for each event. Three of these were previously reported by
Lutz(1975); the 55 unique release rates were included in the present rate data base.

The distribution of release rates for the 95 point data set described above is shown on
a log-normal plot in Figure 4-5. The open circles represent cumulative percentages of
events having release rates equal to or less than the stated value. Again the sample

was put into 10 bins of equal width (on a logarithmic basis) for purposes of this graph.

The straight line shown on Figure 4-5 represents a log-normal distribution having a
log-mean (74.9 Ci/hr) and geometric standard deviation (3.14) computed from the 95
data points. The line closely follows the empirical data. indicating that the sample
closely follows the log-normal aistribution.

The value of the empirical probability for each data point of this set is listed in Table 4-
4. As indicated, the median release rate is 73.26 Ci/hr. Release rates corresponding

to nominal probabilities of 90%. 95%, and 98% are 327 Cithr, 562 Ci/hr, and 795 Ci/hr
respectively.

In addition to the "best estimate” values of R in the 95 point data set described in
Figure 4-5 and Table 4-4, Adams (1989b) lists 168 values of R that are conservatively
calculated. Two conservative factors are invoived, First, observed maximum
concentrations are multiplied by a factor of 3 to obtain the peak concentration.
Second, the time of the peak is conservatively set equal to two hours.

While a detailed analysis of these two conservatisms has not been made, a
preliminary judgment is that predicted rates would be high by an average factor of
approximately 3 to 4, as compared to best-estimate values. This judgment follows
from the explicit factor of 3 and the observation that spike peaks typically occur at
times longer than two hours after the causative 1 ansient.

The distribution of conservatively estimated spike release rates listed by Adams
(1989b) is shown on a log-normal plot in Figure 4-6. The open circles represent
cumulative percentages of events having release rate smaller than or equal to the
stated rate. The straight line describes a log-normal distribution having a log-mean
(29.8 Ci/hr) and a geometric standard deviation (19.1) computed from the 168 data
points. The points do not fall very close to the line, indicating that these rate data are
not well represented by a log-normal distribution.

Analysis of these 168 rate data in terms of empirical probabilities indicates the median
to be 67.3 Ci/hr. Release rates corresponding to percentiles of 90%, 95%, and 98%
are 653 Ci/hr, 1280 Ci/hr, and 2650 Ci/hr.
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As expected, the conservatively estimated release rates are appreciably larger than
those based on best-estimate calculations. The difference can be illustrated by
comparing release rates at the 98% probability level, 2650 Ci’hr vs 795 Ci/hr (from
Table 4-4) The conservatively calculated release rates at the upper ends of the
distribution are approximately 3.3 times larger than best estimate values.
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Tabie 4-4 Discrete Probability Distribution for Spike 1-131 Release Rates

‘E* TABLE 4 - 4 ‘ P

Helease Cum. Daa

Event Event Rbase umu ‘ Data
Rank Rate Prob.* Reference | Rank Rate Prob " Reference
No Cim No Cih
1 3.35 0.01 Lutz-1975 | 27 448 0.281 Adams-1989a
2 5.2 0021 |Pasedag1977| 28 | 4637 | 0292 Adams-1989a
3 536 0.031 Lutz-1975 | 29 466 0.302 Adams-1989a
4 9.03 0.042 Lutz-1675 | 30 | 4914 | 0313 Adams-1989a
8 8.75 0.052 Pasedag-1977 | 31 53.16 0.323 Adams-1989a
3 9.85 0.063 Lutz1975 | 32 | 5333 | 0334 Adams-1989a
7 103 0073 Lutz-1975 | 33 54.5 0.344 Lutz-1975
8 12.1 0.083 Lutz-1975 | 34 55.3 0.354 Lutz-1975
9 138 0.094 Lutz-1975 | a5 | 5565 | 0365 Adams-1989a
10 14.05 0104 |Adams-198%a| 36 | 5821 0375 Adams-1389a
11 16 1 0.005 Lutz-1975 | a7 | 5826 | 0385 Adams-1989a
12 178 0.125 Lutz1975 | 38 | 61.2 0.396 Pasedag-1977
13 2187 | 0135 |Adems-1988a| 30 | 6143 | 0406 Adams-1989a
14 2383 0146 | Adams-1988a| 40 | 6356 | 0417 Adams-1989a
15 252 0.156 Lutz-1975 | 41 | 6471 0.427 Adams-1989a |
16 26.5 0.167 Lutz-1975 | 42 | 6720 | 0438 Adams-1989a
17 286 0177 Lutz-1975 | 43 67.7 0448 Lutz-1675
18 29.2 0188 Lutz-1975 | 44 | 6994 | 0.58 Adams-1989a
19 33.4 0198 |Pasedag-1977| 45 70, 0467 Adams-1989a
20 3377 0208 Lutz-1975 | 46 | 7078 | 0419 Adams-1989a
21 355 0.219 Lutz-1975 | 47 70.9 0.490 Adams-1989a
22 38 65 0229 |Adams-1989a| 48 | 7326 0.5 Adams-1989a
23 39 22 0240 |Adams-1989a| 49 | 7787 | 0510 Adams-1989a
24 39.9 025 |Adams-1989a| 50 | 7842 | 0521 Adams-1989a
25 419 0.260 Lutz1975 | &1 | 8147 | 05: | Adams-1989a
26 44.08 0271 |Adams-198%a| 52 | 8485 | 054, ‘ Adams-199a

4-32
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a - nominal cumulative probability = Event Rank No./(Total Events + 1)

TABLE 4 -4
umul | Dal | . Data |
Rank Rate Prob * Reference | Rank | Rate Prob.* Reterence !
No. Cith No. | Cin |
53 87.25 0552 |Adams-1989a| 75 | 18224 | 0781 Adams-1989a
54 876 0.563 Lutz-1976 | 76 | 18354 | 0792 Adams-198%a
55 87.9 0573 Lutz-1975 | 77 192 0802 Lutz-1975
56 88 59 0583 |Adams-1989a| 78 | 19494 | 0813 Adams-1989a
57 936 0594 Lutz1975 | 79 | 217.24 | 0823 Adams-1989a
58 94 0604 |Adams-1989a| 80 | 225. 0.833 Lutz-19786
59 96.4 0615 |Pasedag-1677| 81 235, 0844 Pasedag-1977
60 103.66 0625 |Adams-1989a| 82 | 24458 | 0854 Adams-1989a
61 11272 0635 |Adams-1989a| 83 | 24499 | 0865 Adams-1989a
62 113.56 0646 | Adams-1989a| 84 | 27713 | 0875 Adams-1989a
63 118 67 0656 | Adams-1989a | 85 290. 0.885 Lutz-1975
64 119 0.667 Lutz-1675 | 86 | 32719 | 0896 Adams-1989a
65 119 0677 Lutz-1975 | 87 367. 0 606 Lutz-1975 1
66 121.49 0688 | Adams-1989a| 88 | 40773. | 0817 Adams-1989a
67 125. 0.698 Lutz-1976 | 89 | 42203 | 0827 Adams-1989a
68 138 69 0708 | Adams-1989a| 90 | 44313 | 09375 Adams-1989a
69 14117 0719 | Adams-1989a| 91 | 561.83 | 0948 Adams-1989a
70 150.85 0720 | Adams-1989a | 92 573 0.958 Lutz-1975
71 155.74 0740 | Adams-1989a | 93 687 0.969 Pasedag-1977 n
72 158.93 075 | Adams-1989a | 94 795 0.079 Pasedag-1977 H
73 160.99 0760 |Adams-198%a| 95 | 1000. 0.990 Lutz-1975 H
74 180. 0.771 Lutz-1975 ﬂ
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DISCUSSION OF IODINE SPIKE DATA IN RELATION
TO SRP METHODOLOGY

Maximum Concentration in Pre-existing Spike

As discussed in Maximum Iodine Concentration in Spiking Events, 95% of
observed peaks in [-131 concentration were 8.2uCi/g or less. This value is a factor of
6.3 lower than the 60 uCi/g derived from SRP methodology (NRC-1993). Thus
available data (a total of 363 analyzed spike events) support the use of a lower spike
conceritration of I-131 for use in analyzing SGTR/MSLB accidents.

Another aspect of the spike data that supports a lower concentration is the trend with
time. Adams (1989a) noted a decrease in spike concentrations with time and
suggested that fuel manutacturing has improved over the years.

The reduction in maximum iodine peak concentrations with time is illustrated in Figure
5-1 Shown in Figure 5-1 are the largest spike peaks for each calendar year. The
maximum concentrations in analyzed spikes has decreased from approximately 18
uCi/g in the early 1970s to approximately 9 uCi/g after 1980. Taking 9 uCi/g as an
upper bound. the SRF value of 80 is an overestimate by a factor of 6.7.






iodine Release Rate for Accident-induced Spikes

\ : / (eq. 3)
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Table 5-2

Discussion of lodine Spike Data in Relation to SREP Methodology

Comparison of Projected Spike two hour average Concentration with Measured Peak Concentrations
(Spike Data From Adams 1989b)

TABLE 52
AC Ratio
Measured | Projected | Projected | 2 hr Avg | Measured | Timeof | G, .,
conc. e Spike C. Co Measured | C
nt Date | Time,hr uCig nCi/g 1Ci/g 1Ci/g 1Ci/g Peak, bhr
Surry 1 8/04/85 0 0.061
0.33 1.08 1.107
267 1.79 2.133 1.0583 1.986 1.89 417 1.051
Surry 1 9/11/85 0 0.053
25 124 1.496 1.496 1.43 6.5 10
rystal R 6/24/77 (¢ 0.206
3.95 1.517 204 204 1.957 9.37 1.04
rystal R. 1/06/79 0 0.237
20 46 534 534 460 20 1.16
M. Yankee 11/05/79 0 0.268
2.3 275 3.38 3.38 275 23 123

5-20
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B TABLE 5-2
i AC Ratio
Measured | Projecied | Projected | 2 hr Avg | Measured | Time of | G, .,
conc. C e Spike G G Measured |  C
ant Date Time hr 1Ci/g uCijg uCi/g 1w Ci/g uCi/a Peak, hr
St. Lucie 1 3/08/81 0 0.045
462 1.153 1.687 1.687 1.287 7.2 1.311
ryatal R. 117779 0
2.75 3.61 4 437 4.437 4.50 9.75 0.086
rystal R. 1/30/79 0 I
0.97 2.46 2.646
4.97 3.69 4981 2.521 3.944 474 8.88 0.832
lNoﬂh Anna 7/10/81 0
1.25 1.35 1.483
7.20 1.08 1.687 0.337 1.609 1.35 1.35 1.192
North Anna 7/12/81 0
1.2 1.17 1.28
512 1.04 1.481 0.311 1.404 1.17 1.2 1.20
Funy 1 11/29/81 0 !
1.22 1.80 1.972 |
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I TABLE 52 e |
AC Ratio i
Measured |Projected | Projected | 2 hr Avg | Measured | Time of | 5,!, ?_,,i
conc. Kegsis Spike S Coon Measured C i
lant Date Time b uCij/g 1Ci/g uCi/g uCi/g 1Cijg Peak, hr
222 247 2 662 0862 | 2308 3.27 4.22 0.706
[St. Lucie 1 |12/19581| © 0.10
ﬂ 3.35 1.09 1.401 1.401 1.127 7.35 1.243
lSurry i 4/13/82 0 0.158
15 4.59 5.137
38 6.75 8.021 3431 | 5995 6.75 38 0.888
HSurry 1 4/25/82 0 0.191 I
25 4.86 5.862 5.862 4.8 250 1.208
Surry 1 1/05/82 0 0.35 l
B 312 5.63 7.114 7.114 5.63 3.12 1.26 I
Surry 1 3/25/82 0 0.218
0.92 3.61 3.868 3.650 1
172 5.50 5.84 2.230
E— 292 7.46 8.163 2663 | 5.445 7.46 2.92 0.73
[Crystal R. 7/02/87 0 0.065




Discussion of lodine Spike Data in Relation to SRP Methodology

TABLE 5-2
AC Ratio
Measured | Projected | Projected | 2 hr Avg | Measured | Timeof | G, .,
conc. C,,,.., Spike Cres Coon Measured ‘"C; 37
Piant Date Time hr uCijg uCi/g uCijg uCi/g uCi/g Peak, hr
37 1.275 1.683 1683 1.275 3.7 1.32
Surry 1 1/18/84 0 0.121
285 1.89 2.34 2.34 1.89 2.85 1.238
Surry 1 2/05/84 0 0.125
2.47 215 2.588 2.588 2.15 2.47 1.204
Surry 1 1/06/84 0 0.113 l
2.1 157 1.838 1.838 1.57 2.1 1.171 ]
Pt. Beach 3/08/83 0 ]
1.7 0.907 1.030
5.07 1.47 1.893 0.986 1.178 1.47 5.07 0.801
Surry 1 1/08/86 0 0.061
3.43 2.26 2.923 2.923 2.26 3.43 1293 |
Surry 1 1/24/86 0 0.091
0.58 1.02 1.065
2.83 1.04 1.231 0.211 1.215 122 433 0.996
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! TABLE 52 iy
AC
Measured | Projected | Projected | 2 hr Avg | Measured

conc. Cru Spike Co - -
Plant Date Time,hr 1 Cij/g uCifg uCi/g 1 Ci/g uCi/g
San Onofre 3 | 2/19/93 0
[ 1.08 0.331 0.359
I 4 08 0.564 0.706 0.375 0.532 0.564 7.25 0.942 l
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IODINE RETENTION IN FAULTED STEAM
GENERATOR

In this section, phenomenological aspects of iodine retention in the faulted steam
generator are briefly discussed. The purpose is to identity parameters and physico-
chemical processes that need to be considered in models for predicting iodine
retention. lodine retention within the faulted steam generator is potentially important in
dose evaluations for the SGTR/MSLB sequence. Calculated doses would be reduced
in proportion to the decontamination factor achieved within the generator.

Assumed Thermal Hydraulic Conditions

Based on recent thermal hydraulic analyses of SGTR/MSLB sequences (Chappidi et
al. 1993, Wagner and Williams, 1993) it appears that the secondary side of the
generator will dry-out and become superheated within a relatively brief time span. For
this thermal hydraulic scenario, primary water would jet into the shell side of the
generator, and be evaporated. Three kinds of liquid/gas interfacial configurations can
be identified for evaporation: (1) steam borne drops (2) films attached to solid
surfaces, and (3) a pool on the tube sheet.

lodine Retention Mechanisms

A major fraction of iodine released from fuel during a spike is expected to be non-
volatile ionic species. Small fractions of the iodine could be present as elemental
lodine (1,) or other volatile forms (organic iodides, etc.). These species have different
retention characteristics, so the fraction of iodine present as each specie would have
to be quantified, to allow retention to be predicted.

The relative abundance of iodine species in SGTR sequences was estimated in a
study conducted at Pacific Northwest Laboratory (PNL) in 1982 (Postma, 1983). The
iodine species considered and the estimated fraction of each is as follows:

“ elemental iodine ~ 20%
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e organic iodides and HOI ~ 1%

®  jodine dissolved irreversibly ~ 80%

The speciation descrided above was chosen to yield a conservative prediction of
iodine transport, i.e., to maximize the release. More recent information would lead
one to expect iodine to be released as cesium iodide, and hence that almost all of the
iodine would be ionic in form. A more recent study (Beahm, €t al., 1989) of iodine
speciation in PWR coolant systems indicates that the fraction of |, peaks at shutdown
and amounts to as much as  20% of total iodine.

Since most iodine would be non-volatile, most iodine would follow the liquid residue
after water evaporates. For water which evaporates in a pool or in a surface film,
non-volatile iodine would be retained with other dissolved solids (mostly borate or boric
acid). For evaporated droplets, the dry kernel would transport as an aerosol particle.
A fraction of aerosol particles would be removed by various deposition mechanisms in
the steam generator.

Experiments on iodine volatilization were conducted as part of large scale iodine spray
removal tests at PNL in 1970 (Postma et al., 1870). In the tests, spray liquid was
removed from the spray chamber and evaporated to dryness in the laboratory. lodine,
which had been added to the test vessel as airborne elemental iodine, was mostly
retained in the solid residue in the bottom of the flask. The spray water contained
2950 ppm boron, made from boric acid. The pH of this solution was 50. The

€ 'aporation-to-dryness tests yielded an average iodine desorption fraction of 0.094.
The highest observed value was 0.187 and the lowest was 0.038.

In the tests cited above, iodine was added as |,, and reacted in solution to form non-
volatile species. For the spike, most iodine would enter cooiing water aiready in ionic
form, and hence should be less volatile than iodine in the evaporation tests. Thus a
large fraction (probably >0.9) of iodine present in evaporating water (pools, films,
drops) would be expected to be retained with residual solids.

Volatile iodine would be expected to be mainly |, , a fraction of which would deposit on
exposed surfaces in the steam generator. The fractional deposition could be

estimated using applicable flow parameters and an applicable iodine deposition
velocity.

Organic iodines are expected to make up too small a part of total iodine to play an
important role in iodine retention.

Based on this brief look at iodine retention for the dryout case, retention could be
predicted by quantifying the following physico-chemical phenomena;
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~ abundance of volatile/non-volatile iodine species in primary coolant,

e the fraction of water that evaporates in the physical configuration of pools,
surface films, and drops,

e entrainment of drops/particles from boiling pools and films,
e  deposition of |, onto surfaces in the steam generator

L] retention of aerosol particles formed by the avaporation of drops.

The validity of a key assumption in the foregoing discussion, namely that iodine would
be mostly non-volatile and would be retained with solid residues after water
evaporates, could be verified by relatively simple boil-off tests. In the envisioned tests,
reactor coolant water samples, taken from an operating plant during a spike event,
would be evaporated to dryness. An adsorber would be used to trap iodine carried off
with steam. A comparison of iodine in the adsorber with iodine retained in the boiling
flask would permit one to compute the fraction retained with solids in the flask. It is
anticipated that only a small fraction of iodine would be found in the sorbent trap.
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