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Environmental Radioiodine Monitering to Control Exposure
Expected from Containment Release Accidents

C. Distenfeld and J. Klemish

Abstract

Reactor accidents may cause releases of radionuclides from
containment. The active mater.il would cause expusure to
man through inhalation of gases or aerosols or through con-
sumption of food products containing deposited radioactive
particles.

Certain aspects of internal exposure are considered. They
are field assessment of the exposure potential of milk, and
predictions of human thyroid dose commitment based on direct
measurements of radioiodine incorporated within the human
thyroid.

Radioiodine in milk may be inferred by measurements of radio-
iodine in cow thyroids, and by measuring deposited radio-
iodine on pasture grasses corsumed by cows. Direct radio-
iodine measurements on milk were also considered.

Human thyroid exposure could be through inhalation as well
as ingestion. Pradictions of thyrs:d dose commitment can be
based on measured human thyroid rad.ciodine content and
known metabolic parameters.

The re¢ ort is organized in (he order of their introduction
above starting with inferred milk radioiodine content based
on measurement of radioiodine iu the cow thyroid.
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Summary

Reactor accidents may ca.se releases of radionuclides from
containment. The active material would cause exposure to
man through inhalation of gases or aerosols or through con-
sumption of food products containing deposited radiocactive
particles.

Certain aspects of internai exposure are considered. They
are field assessment of the exposure potential of milk, and
predictions of human thyroid dose commitment based on direct
measurements of radioiodine incorporated within the adult
human thyroid.

Radioiodine in milk is inferred by measurements of radioiodine
in cow thyroids, and by measuiing deposited radiciodine on
pasture grasses consumed by cows. Direct radioiodine measure-
ments on milk are also considered.

Inhalation is an alternate pathway to thyroid exposure.
Predictions of thyroid dose commitment arc based on measured
human thvroid radioiodine content and known metabolic parameters.
The report is organized in 'he order of introduction starting

with inferred milk radioiouine content based on measurement
of radioiodine in the cow thyroid.
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1. PREDICTIONS OF RADIOIODINE IN MILK BASED ON COW THYROID MEASUREMENTS
1.1 Introduction

Minimizing ingestior depends on control of supplied milk.
Radioiodine content governs whether milk can be accepted for
general use, home consumption, delayed by diversion to cheese
or dried milk, or be rejected. Radioactive content can be
measured at farms, dairy collecting points or markets.

Farm measurements permit control of smaller milk stocks, re-
ducing the possibilities of contaminating larger dairy pools.
Field determinations can involve direct pasture measurements.
Extensive research allows prediction of radioiodine in milk
based on direct measurement of radioiodine on pasture grasses.
When feeding primarily stored hay, grain or processed feed,

an alternate measurement system is required. Radioiodine
intake is then only possible by respiration of aerosols and
gases and not by consumption of pasturage.

Direct measurements on cow thyroids can be used to predict
milk radioiodine content. Simple, external, under neck
measurements can be used to predict radioiodine content in
the milk. Measurement time can be less than a minute per
animal. Representative herd determinations are possible in
5 to 10 minutes for an average collected herd of 100 cows,
assuming 10 cows are representative.

1.2 Bovine Iodine Metabolism

Prediction of radioiodine concentrations in milk depends

on iodine metabolism. Two models were considered, the first,
developed by Dr. J.K. Miller,(1 is debiggated the eastern
model, and the second by Dr. C. Blincoe( is designated the
western model. Each model represents iodine metabolism =ome-
what differently and with different rate constants. The
eastern and western models and rate constants are outlined in
Figures 1.1 and 1.2. Time dependent calculations were made
for both models for both single and continuous feeding.

Twice daily milking was assumed with 80%Z discharge for all
milkings. Eastern model results, shown in Figure 1.3, in-
dicated that thyroid uptake of iodine reached a maximum of
12.5% three days after a single intake. After 7.5 days ot
ingestion, iodine accumulated in milk and excreta reached
levels of 9 and 807 respectively.

The western model provided very similar results for iodine
transport {. milk and excreta. The most striking difference
Yetween the two models was the magnitude of iodine uptake
by the thyroid. The western study, Figure 1.4, predicted a
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maximum thyroid uptake of about 41% . intake, about three times
larger than the eastern model. Regional differences in stable
dietary iodine supplements(3) and feed could be responsible.
Part of the data base for the eastern model included cows given
a standard commercial concentrated feed c?zsaining icdized salt.
Some degree of iodine blocking was likely . Extensive use

of su%glementary stable iodine may be related to the goitro-
genic ) nature of corn silage-soybean 0il meal feed that was
widely used.

The eas: nodel was adopted to provide some regional conser-
vatism for predicting general milk radioiodine content from
thyroid uptake.

1.3 Measurement of Radioiodine in the Cow Thyroid

Practical predictions of milk-radioiodine content depend on
direct measurement of thyroid radioiodine and the time de-
pendent metabolic relationship between thyroid uptake and
milk release of iodine. Radioiodine assay of cow thyroid
uptake can be made with CDV700 civil defense instruments
fitted with standard D-103 GM probes or with specially fil-
tered Victoreen 6306 GM detectors.

The relationship besween instrument counts per minute, CPM,
and microcuriesof 1311 in the cow thyroid was measured with an
appropriate cow thyio d phantom. A full scale model of a
bovine neck section(®) was constructed containing a trachea
and two flattened triangular thyroid lobes, laterally arranged
(see Figure 1.5). T?i)hollow thyroid lobes wzre filled with

a total of 37.5 cm> of radioiodine solution. The neck
section was t 'lled with water immersing the model thyroid
lobes "1t leaving the model trachea dry.

1.4 Results

Measurements were made with probes arranged (a) longitudinally
below the model trachea and centered between the model lobes,
and (b) laterally orientated and centered. Results for var-
ious detectors are summarized in Table 1.1.

Slightly higher counting rates per unit activity were observed
with longitudinal orientation. However, ease of lateral
probe positioning probably makes this the preferred me¢ od.

Proper probe position for optimum detection of thyroid radio-
iodine uptake can be determined by palpation(6). Flacing one's
fingers at the throat-neck juncture (Figure 1.6) and locate a
lateral subsurface indentation corresponding to the arch of
er.cold cirtilage (see Figure 1.7). The probe should be placed
to the rear of the arch, adjacent to the position of the Isthmus
of thyroid.
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The measured counting rate can be converted to thyroid uptake
by use of Table 1.1. Todine metabolism provides the relation-
ship between thyroid uptake and radioiodine in milk.

Two feeding scenarios are considered. Continuous feeding re-
presents maximum intake and transfer to milk, while single
feeding results in smaller values. Single feeding results
from dairy farmers switching their herds to stored feed to
limit exposure or cattle inhaling iadioiodine frow a passing
cloud while on stored feed.

The predicted cow thyroid net counting rate for milk contain-
ing 8.7 nanocuries per liter is shown in Figures 1.8 and 1.9

for a 6306 probe and for single and continuous feeding. The
family of curves labeled "Hours After Reactor Shutdown", allow
adjustment for changing iodine isotope composition with time,
The curves can be used by selecting a time after start of
feeding along the abscissa. Follow a vertical line to the
intersection or interpolation of time after reactor shutdown,
and the corresponding thyroid net CPM is on the ordinate for

a milk 1311 activity of 8.7 nCi/%. This value correspends

to 1 rad dose comitment to a 2 gm thyroid for daily milk
consumption of one liter.

1.5 Discussion and Results

Two uncertainties were perceived and were difficult to quan-
tify. They were regional variability in location and size

of the bovine thyroid gland and in bovine iodine metabolism.
Good agreement between the two models was apparent for the
fraction of iodine intake that later apneared in the milk.
However, the two models differed by a factor of three in
bovine thyroid uptake. This would lead to similar uncertain-
ties in predicting radioiodine in milk from thyroid measure-
ments.

Sensitivity of the method was based on an initial 1311 milk
concentration of 8.7 nCi/% . Continuing intake corresponds
to a projected dose commitment of about 1 rem to a 2 gm
thyroid. This sensitivity can be achieved at the farm two
days after reactor shutdown for continuous feeding and one
day for single feeding, assuming normal 6306 probe background
values.
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Table 1.1 I Calibration of Various Detectors with a
Cow Thyroid Phantom
Detoctor(“) Longitudinal Lateral
Net CPM/ucCi Net CPM/uCi
OCD-D-103  Probe 9.8+2% 9.2492
TGM Probe 54.6+1% 51.8+45%
6306 Probe 110477 105+5%
Compartments and direction A SE
X (per hour)
Ag1 Central pool to kidney 1.80 .07
A1 Kiuney to central 1.57 .05
A3) Central pool to thyroid .0258 .0013
A13 Thyroid to central pool .00502 .00091
A7; Central pool to outer pool .837 +.172)¢, -
A17 Outer pool to central pool . 645 . 066
Ag) Central pool to mammary gland «113 .003
A19 Mammary gland to central pool - .576 +8.074)q, -
Ag) Central pool to GI tract 145 .N39
A1g GI tract to central pool .068 .016
A, Kidney to urine .14515 -.05126A¢, -
Aig GI tract to feces .0321 .0077

Figure 1.1 Eastern Metabolic Model and Rate Constants
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2. MILK RADIOIODINE CONTAMINATION FROM GROUND DEPOSITED FISSION PRODUCTS
2.1 Introduction

Radioiodine contaminated pasturage consumed by dairy cattle
results in radioiodine in milk. The magnitude of the radio-
iodine concentration in milk will be proportional to the
amount of contamination. Thus, pasture measurements can be
used to predict radioiodine concentration in milk.

The pasture contamination - measurement relationship was
studied experimentally and extrapolated to field depositions
expected from BWR and PWR release from contaimment accidents.
A 20 meter diameter pseudo fallout field having .144 mCi/m2
was constructed, using 84 1311 sources. The field was used
to calibrate a number of instruments. Corrections were cal-
culated to adjust the instrument calibrations from a 20 meter
diameter to the more appropriate infinite field case.

Fallout deposits contain a mixture of radionuclides, which
varies in composition and depends on the type of accident and
reactor. Previous calculations of time dependent ratios of
radioiodine to total non-gaseous fission prc lucts were used
to correct the 1311 infinite field calibrations for total
fallout.

2.2 Field Calibration and Extrapolation to an Infinite Field

Previous :alculations(7) were used to design an adequate cal-
ibration range. The range consisted of a 20 meter diameter
pasture like area on which were placed small point sources

of 1311, Eighty-four small plastic petri dishes of 15cc
volume were used as source containers. Five cc of activated
charcoal followed by filter paper were placed in the bottom
of the petri dishes. Radioiodine solution was dispensed ont
the filter paper. Taped, plastic petri dish covers were used
to seal the sources.

An adjustable volume Oxford(s) dispenser was used to provide
reproducible 0.2cc aliquots of 1311 in 1/10 normal sodium
hydroxide solution.

Twenty sources were loaded with 0.17 mCi and 64 sources with
0.65 mCi. The sources were measured with an ion chamber to
verify uniform loading. The few sources showing ~10% de-
viation from the mean were placed near the outside diameter
of the calibration range. The resulting calibration range
had an average deposition of .144 mCi/m*4.

1522 255

o ll -



The center of the calibration range was organized into a
cross like structure with 20 sources about 1.07 meters apart.
The remaining sources, of 4 times th~ activity, were placed
on a 2.14 meter grid shown diagramatically in Figure 2.1 and
pictorially in Figure 2.2. Grid locatione were marked with
anchored white plastic coated paper cup lids; so that the
sources could be dispensed rapidly and reproducibly.

A water filled whole body phantom was placed in the center of
the field to provide realistic radiation shadowing. Standard
probe monitoring positions were approximated for both a hand
held probe extended 18" and a probe retained in a CDV 700
handle mount adjacent to the torso.

Calibration data error was controlled to less than +5% stan-
dard deviation of the mean by use of electronic scalers
located in aISiailer shown in the foreground of Figure 2.2.
Results fgr I are shown on Table 2.1 in terms of Net CPS
per mCi/m* and per mR/hr for the 20 meter diameter calibra-
tion pasture, and for different probes, and instruments.
Infinite field results were obtained by correcting the 20
meter diameter data by a calculated dose rate ratio of
infinite field to 20 meter diameter field.

For uniformly deposited disc sources, the uncollided y fluence
at point p for source S of y/cmzsec, and linear absorption
length pu is:

2R

1

since Z2 = r2 - az 2dz = rdr
R

o =3 e YT rdr

u 2 2
0 r

i’
Adopting the Goldstein‘g) form of dose buildup factor for

point sources where K = %_ - 1= 2.3 for 365 keV y's produced
a

1522 256

)3 =



by the decay of 131L Bp(ur) = 1 + kur
The buildup fluence is

R ~ur
ob-%J (1+kur)-:: dr
o

Let ur = t; Note: r = a at R = o lower limit

Jor = t/y; dr = de/p

-t
e S|luasece e uya sec e . -t
Ih Z[I 7 dt/u+j ke d{]

ua ua

#b =5 | (By(ua)-Ej(ua sec o) + k(e™® - @ Se€ ')]

2 3
vhere Ej(t) = -.57722-log t+ t + o + =

2L2+3I‘—3+ e

air

Since X a¢.E-u/a" = where X = dose rate in Roentgens/time

Assume E(uncollided) = E(buildup) and pa = .0129 for 100 cm
above the ground

X10M) _ 9, OM)_ 2.56 _

42

A slightly different approach was taken by Haynes(7). He
divided the infinite field calculation into regions above
and below pa sec e = 1. For the smaller region closer to
the source, he used the method outlined above. The buildup
function for this other region was changed to the more
accurate Berger 9) form.

Bp =1+ Lure-sur

Parameters L and 8 were obtained by 1nterfolating the dose
buildup factors of Goldstein and Wilkins(10) for water, for
365 KeV, and for ur = 1 and 2. Hayne's results indicate the
infinite field correction factor was, 1/406, in good agree-
ment with the derived value of 1/.42.

The calibration data were corrected by 1/.406 in preferer-e
to the Berger form of buildup function for absorption
lengths >ur = 1.

2.3 Radioiodine Pastri2 to Milk Pathway

WASH 1400(11) related to radioiodine consumed by dairy animals
to milk contamination. They assume an average cow consumes
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11.8 kg/day of pasturage and obtains this quantity by graz-
ig 45 m2 with 50% of the iodine deposited on the grasses.

Lengeuann(lz) empirically determined the radioiodine frac-
tion, A, of daily intake that appears in milk as a function
of time t in days.

A= ,0091e

liter

021t [l-e

-.292? -1

Radioiodine pasture ievels decline by radioactive decay and
weathering. In WASH 1400, a weathering half-life of 14 days
was assumed. Thus, the weathering factor, L, is e~ -.0495t
Finally, 1311 decays with an 8.06 day half- life leading to
the radioactive decay factor e~ .086¢t Therefore, the radio-
iodine milk concentration, Q, in mCi/ % for a field deposition
of C mCi/m2 is

QeCxé&dx . 5xAxLxh

The expression was evaluated ior a milk concentration of

8.7 nCi/i for decay times of 1,2,4 and 8 days. Results are
shown in Table 2.2. It is interesting to note for a fixed
milk concentration for times varying from 1 to 8 days after
shutdown, the initial iodine deposition is roughly comstant.
Iodine released to milk increeses with time for continuing
feeding. This tends to compensate for weathering and decay,
reducing the expected time dependence for the first 8 days.

Radioactive deposition from a release from containment
accident contains a mixture of fission products. The effect
of the mixture on instrument respcnse was calculated ()
earlier. The calculations prcvided time dependent ratios

of iodine instrument response to total non-gaseous fission
products for the 9 PWR and 5 BWR WASH 1400 hypothetical
accident cases. A constant depositiou relocity was assumed
for all of the non-gaseous fission prouucts. The earlier
ratios were corrected for the calculated instrument response
due to the total fission iodine compared to 131y, Finally,
the corrected ratios and the 1311 field, calibrations were
used to predict the Victoreen probe instrument responses

one meter above an infinite field contaminated with mixed
fission products. Predictions were made for 1,2 and 4 days
after reactor shutdown and for a pasture that would produce
milk containing 8.7 nCi/¢ 1313, Results are shown on Table
2.3 and indicate that the hypothetical BWF uccident cases
produce about twice the instrument respousze of the PWR's for
a given concentration of radioicdine in milk. This is due
to the larger fraction of iodine trapped in a PWR contain-
ment and therefore nct available for release. BWR 5 was
treated as a special case since the release composition and
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accident scenario were not characteristic of the other BWR's.
In this case, a large pipe break without core melt down and
without use of the pressure suppression pool was assumed.
Cladding failure and release of the gap activity to the con-
tainment were assumed. It was also assumed that the release
was ultimately filtered and discharged by an elevated stack.
Except for the magnitude of noble gas release, the non-gases
Components may experience roughly the same conditions as the
PWR cascs. Instrument predictions for a BWR 5 accident class
closely match the PWR cases which follows this contention.

The data are graphically displayed on Figure 2.3. Normal
background values for filtered Victoreen 6306 probes are
less than 1 cps. Thus, the lower detectable milk concentra-
tions would be less than 1 nCi/¢ of 1311,

2.4 Summary
A 20 meter diameter 131I calibration field was constructed
to approximate uniform contamination. Calculations were
made to correct the results te an infinite field. Earlier
calculations were adopted to account for the contributions
expected from other fission products for the WASH 1400 PWR
and BWR hypothetical accident cases. The calculations were
used to predict 6306 probe responses to pastures pro-
ducing milk containing 8.7 nCi/t 1311 that were contaminated
by mixed fission products from PWR and BWR accidents. The
method can easily be used to evaluate pastures capable of
producing milk of less than 1 nCi/f of 1311,
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Table 2.1 Detector Response t Ground Deposited 1

Instrument BKG Pr ?robe on Instrument 137

CPM 10 Meter Radius 2 = Fleld , 10 Meter Radius = Field , | = Cs Calib

Net CPS/mR/hr Net CPS/mCi/m‘ | Net CPS/aCi/m* | Net CPS/mR/hr Net CPS/mCi/m? t CPS/mCi/m” | Net CPS/mR/m

0CD-D-103~1 13492 7.945% 21.8452 54 6.743.52 18.6+3.52 46 9.3+ 22
oCD-D-103-2 18472 8.0+22 22.1452 54 7.046% 19.3+462% 47 9.5+ 2%
2y 454 5% 95432 265+32 652 Ba+4x 232442 571 76+ 12
V2 4B+L% 108+2% 298+2% 734 89+22 24742% 610 599442 82+ 12
V3 4745% 100+32% 276+3% 680 86+5% 24045% 590 - 78+ 12
Va4 49452 15422 292424 719 92+42% 255+4% 628 80+ 1%
3remM-1 19472 43+47% 120+4% 296 38+2% 105422 259 e+ 12
TCM-2 2047% 45+2% 124427 304 38+22 106422 261 34+ 12
SLudlum 192432 565+2% 1566 3857 235+.52
Note . 1‘.il:d OCD-D-103 GM tubes in std CDV shield

2yictoreen 6306 GM tube in 1.27 mm Pb +0.8 mm Cu shield

3np3ss special 3.875 inches LOA by TCM Detectors Inc. shielded as 2 above

4Ludlum model 44-3 Low Energy Gamma Scintillator with companion instr.
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Table 2.2 1 Pasture Contamination to Produce a Q of 8.7 nCi/f in Milk

Time A (ng4{n)
days x103 L R I

1 2.4 .95 .92 .19

2 4.2 9 .84 +12

4 6.8 .86 o¥7 .09

8 9.7 .67 .50 .12

1322 24"
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Table 2.3 6306 Probe16

Response to Pastasgs Contaminated by PWR and BWR Accidents Normalized to
Resulting Milk

1 levels of 8.7 nCi/2

ATART4%

131 131 Pl L
Time I on Pasture Instr £1/ I PWR1-9 Intr. BWR1-4 Intr. BWRS Intr.
days mCi/M crsglJlxz LFis.P/I1 | CPS(PWR) IFis.P/I1 |CPS(BWR1-4) |IFis.P/L1 CPS (BWRS)
8.7 nCi/% 8.7 nCi/% 8.7 aCi/2 8.7 nCi/t
1 «15 113 2.70 1.96 596 4.0 1216 1.49 453
2 % Y 72 1.69 2:.33 283 4.5 553 1.69 206
4 .09 51 1.16 2.70 159 5.88 347 2.0 118




© 64 LARGE SOURCES + 20 ONE- QUARTER SOURCES
FOR 10 METER RADIUS, SMALLEST SPACING IS |.0669 METERS

4
10669
FMETERS

Figuce 2.1 Simulated ‘3!1 Semi-Infinite Fallout Field
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3.

DIRECT MILK AND WA' ZR MONITORING

3.1 Introduction

Potable water can be supplied by wells, streams, reservoirs,
and cisterns. Historically milk was collected in 40 quart
cans. The current method used by large dairies, typi-al of
northern New York State, is tank truck collection.

A common feature of water and milk monitoring was a lack of
a consistent sampling geometry. For this reason two sampl-
ing methods were studied for detection efficiency and ease
of use. The first consisted of a container with a monitor-
ing port for GM probe measurements, and the other involved
iodine trapping with bulk ion-exchange and measurement in
an efficient, reproducible geometry.

Both methods employed GM probes and were sensitive to all
gamma emitting fission products. The ion-exchange method

of milk monitoring for radioiodine concentrated I~ but was
inefficient for cations. Milk collected frggbfarms con-
taminated by fission products will contain Cs 36Cs,
137¢s, 89sr, 90sr, as well as the iodines. Cesium ions

will not exchange with an appropriate anion exchange material
that will be efficient for radioiodine. Since the strontrium
and their chains are only beta emitters, closed probe meas-
urements reflect a direct iodine response.

The container method of iodine sampling required an analysis
of release fractions for various hypothetical reactor acci-
dents. Calculations were made to account for the enhanced
response due to the presence of the cesium group along with
the iodines.

3.2 Bulk Ion-Exchange Method

The chloride form of Amberlite(la) IRA-900C was used as the
exchange media. A 3500 cc water solution containing 131y
was placed in a cne gallon plastic container. 200 cc of dry
amberlite resin along with 25 mg of stable Nal carrier were
introduced. The contents were mixed by rotating top to
bottom for 1 minute, and the entire contents were rapidli
strained thr-ugh an empty, open, air sampling collector(15),
Victoreen probe(16) and standard, close), D103 civil defense
probes were introduced into the counting port for calibra-
tion. Results were 2525+1%Z net CPM/upCi/% and 190+3% net
CPM/uCi/t for the 6306 and OCD-D-103 probes respectively.
Ion Exchange bed efficiency was 63%.

1522 266
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A me ‘surement was made that allowed the 1311 test solution

to dr.ip slowly through an Amberlite resin filled air sampl-
ing collector. The drip rate of 3 &L/hr increased iodine
exchange efficiency to over 80%. The relatively small effi-
ciency improvement was not balanced by the much longer col-
lection time, increased apparatus required, and clogging
potential due to milk solids.

Radioiodine naturally secreted in milk appears as two chem-
ical species with ~90%(1) available to anion exchange
resins.

In WASH 1400(11), several radionuclides contained in

milk that could cause significant human exposure weis con-
sidered. They were 1311, 1331, 89gr, 90sr, 134cg, 136¢cg,
and 13 Cs. As mentioned earlier, this anion exchange resin
will trap the iodine but not the cesium. The strontium
group is a beta emitter and will not be significantly meas-
ured by filtered GM detectors.

Drinking water was assumed tc contain the same radionuclides
as milk. In general, soluble molecules are expected suggest-
ing salts of alkale metals, salts containing halogenr, and
nitrates. The halogens include iodine and will be trapped
while tbe cations will not be retained.

Field use of the bulk ion exchange method for milk and water
requires corrections. Adjustment must be made for the

other members of the iodine family, and for milk the detec-
tor calibration factor must be reduced by 10% to account

for the iodine bound by organics. Figure 3.1 contains the

corrected results for the 6306 probe and the standard
OCD-D-103 probe.

3.3 Iodine Measurement by the Container Method

The container(17) used was a 5 gallon heavy wall polyethyl-
ene "Jerri" type measuring 12x9x10 inches wide. The size
was selected to insure near maximum counter efficiency(18
and to allow the results to bm used directly with larger
containers, including tank trucks. A 4.75 cm ID blind tube
was installed to allow the GM probes to be positioned in the
center of the container.

1311 was introduced into the container that was previously
filled with 1/10 normal OH™ and an excess of stable I”,
Mixing was accomplished by cycling the container ten times
through 180°. Probes were cal.. rated end down within the
sampling container and on top of the container.
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Results are listed on Table 3.1 for thre: GM probe types and
a commercial thin Nal scintillator. All instruments were
connected to a scaler and accumulation times adjusted to
reduce the counting error *o less than 5Z. The error limits
given on Table 3.1 are one standard deviation of the mean

of several determinations.

Use of the CDV 700 meter readout constrains the user to
statistical uncertainties governed by the instrument time
constant (R.C.). The standard deviation, s, of a gross sin-
gle reading, a, in CPS is given by:

g =,/ a CPS
2RC
where RC = integrator time constant with R in ohms and C in

farads.

The minimum detectable level, MDL, depends on the uncer-
tainty ascribed to background. Taking 2s to be the MDL for
the most sensitive range with a 6 second time constant, the
MDL's range from 16 to 33 CPM. Comparing these values to
the 1311, calibration with probe inside container, sensi-
tivities listed on Table 3.1 provided the MDL values for
iodine shown below. The Victoreen probe is about 5 times

131

Probe BKG(CPM) MDL(CPM) MDL(nCi/% 1)
0CD-D-103 12 16 120

TGM 19 2C 29

6306 55 33 23

more sensitive for near background levels and about 11 times
more sensitive for 1311 concentrations of >1 uCi/2.

Account must be made for the presence of 13aCs, 136Cs, and
137¢cs. The magnitude of the effect depends on the relative
fractions of cesium to iodine released from a hypothetical
reactor accident. The method used to account for the vari-
ability, due to differences in reactors and accident sce-
narios, was to determine the most probable 6306 probe
sensitivity for PWR's and BWR's.

Deposition on pasture w=s assumed to be independent of
idionuclide. Tranuport through a "typical" dairy herd was
ado, ted from WASH 1400.

The 6306 probe sensitivity, s, in CPM per uCi/% was
given by:

o = [CPM 1311) (cPM rT )(CPM IFiss.P
uci/z ity CPM II

1322 248
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The fraction A(Iuotopcit; appearing in milk from daily
ingestion is given by (12

A(Cs,t) = (.0138+.000073t) (l-e ">%) liter ™t
A(I,t) = .C091 e-021t (1_e-.29iv) 1jter-l

Since
Q=Cx45x%xAxL xRmnCi/t

where all variables are defined in part 2.3

Q(Cs,t) . y(Cs) . f(Cs,Accid) " A(Cs,t) - R(Cs,t)
Q(1,t) y(I) f(I,Accid) A(I,t) R(I,t)

where ¢ = fission inveatory

f = release fraction for . given accident

CPM(ICs,t) _ Q(Cs,t) CPM(ICs,t) _ Unit Act(to)
CPM(ZI,t) Q(1,t) Unit Act(to) CPM(II,t)

CPM(ICs+El,t) . CPM(IFissP,t) . +[érnngs,cz]

CPM(ZI,t) CPM(ZI,t) CPM(II,t)
Time, Days 1 2 4 8
A(Cs,t)
AL D) 1.5 1:5 1.5 Jh

ceM z1(r)  , cem(Bln
cpM LO1I(t) uci/e

1790 1120 760 665

Results are shown on Table 3.2 and Figure 3.2 for 1 to &
days after reactor shutdown and for PWR and BWR accidents.
Calculations for the BWR results, Figure 3.2, indicate that
the most probable and average probe sensitivity are similar.
All of the 5 hypothetical BWR cases provide probe sensi-
tivities within a factor of 2 of the most probable value.
Uncertainties appear to be much larger for PWR accidents.
The most probable sensitivity closely follows the locus of
highest sensitivitv. Table 3.2 provides a }}fting of

6306 probe sensitivaty in CPM per uCi/2 of I for

all the reactor accidents considered. PWR 9 has the largest
probabily and the highest cesiun to iodine release fractionm.
This single case dominates the probability weighted detector
sensitivities.

(N
~U
(N
)
LI N
O
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3.4 Discussion and Summary

The sensitivities of the bulk ion-exchange and container
countin~ aethod may be compared. For milk monitoring one
day after shutdown, the bulk ion-exchange and container
method provide similar 6306 probe sensitivities for PWR
accidents. Since the bulk ion-exchange method does not
include the longer lived cesium isotopes, the sensitivity
declines more rapidly than the container method. The over-
all sensitivity can be increased by us‘ng a larger- volume
of liquid. Use of 20 liters of liyuid would increase the
bulk ion-exchange sensitivity by factors of 2 to 5 depend-
ing on exchange efficiency. Assuming an improvement of 2,
the 6306 probe would have a sensitivity, one day after
release and shutdown, of about 1.2x10% cPM per pci 1311/2.
This would lead to a minimum detectable level of about

3 nci 1311/¢ with normal backgrounds. Thus two advaniages
exist for the bulk ion exchange method. The method is
inherentl more sensitive; since the iodine is concentrated
by ion exchange and measured with higher efficiency. The
required quantity is the radioiodine concentration in milk.
The ion-exchange method discriminates a‘'jainet cation fissiou
products, thus providing greater confidence in determiniry
iodine concentration regardless of accident and reactor type.

1322 270
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Table 3.1 Water and Milk Monitoring of l311 with a 20 liter Container

(16)

Inst. BKG, CPM Inside(Net CPM/uCi/f) Outside(Net CPM/uCi/2)
0CD-D-103-1 12+ 10% 1324 12 55.743.7%
OCD-D-10%-. 18+ 7% 136+1. 5% 56.147.1%
v-1 51.4+ 3% 1370+1.9% 652+ .7%
V-2 55.0+ 5% 1519+1.1% 683+1.7%
v-3 54.6+ 5% 1435+1.1% 640+3.,1%
V-4 56.4+ 5% 1489+1.5% 654+2. 4%
TGM-1 18.5+ 7% 703+2.3% 321+ 4%
TGM-2 19.7+ 7% 662+1.6% 300+3.7%
Ludlum 15342. 6% 8052+ .6%

V = 6306 Probe

Table 3.2 CM Probe* Response to WASH 1400 Fission Products
in Milk per pci/e 1311

Accident Probability :(gs 1 day 2 day 4 day 8 day
PWR 1 9x10”’ .57 2115 1468 1167 1212
2 8x10~6 71 2198 1555 1268 1347

3 4x10™6 .97 2350 1720 1458 1605

4 5x10~7 b 2040 1386 1072 1083

5 7x10~7 .28 1951 1291 962 935

3 6x10-6 .29 1954 1295 967 941

7 4x107 .25 1933 1274 943 909

8 4x10™ 4.76 4547 4067 4168 5266

9 4x10™% 5.51 5036 4592 4774 5910
Probability Wt. Avg. 4635 4160 4455 5440
BWR 1 1x10° 98 2357 1724 1463 1611
2 6x10~6 .55 2107 1459 1156 1197

3 2x1073 .94 2329 1695 1430 1566

4 2x10™" 3.33 3719 3183 3147 3886

5 1x10™% 1.94 2913 2319 2150 2539
Probability Wt. Avg. 2795 2190 1990 2520

*6306 Probe(l6)
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4, HUMAN THYROID DOSE COMMITMENT PREDICTIONS
4,1 Introduction

Direct measurement of the radioiodine content of the thyroid
can be used to predict the dose commitment. Field measure-
ments of an exposed adult population could be used to set
priorities for evacuation, for medical referral, and for
confirmatory thyroid uptake determinations by qualified
hospitals. Measurements, within a few hours after cloud
passage, could be used to suggest administration of stable
iodine to reduce the potential dose commitment.

"he thyroid roughly resembles a butterfly and is located in
the base of the neck. Most of the 20 gram mass is vertically
arranged and the "wings" lie on either side of the ¢ . uchea.
The center of the thyroid is about 1 cm above the ¢ 'avicle,
but may lie below the clavicle in some people.

GM measurements can be made either with a probe arranged
vertically along the front center of the neck, horizentally
along the clavicle or .nd-on with the open window centered on
the thyroid.

4.2 Methodology

Organ uptakes(19) are usually expressed as constant fractions
of intake. Considering the short and variable decay times of
the five fission iodine isotopes, metabolic and decay time
must govern thyroid content for a given intake and time after
intake. Realistically three time dependencies govern organ
content; breathing time in the cloud (At), metabolic time

(At + t3) and decay time from some reference (t) govern the
amount and composition of the five radioiodines in the thy-
roid. Berman(20) calculated the time dependent fraction f(t)
of inhaled stable iodine reaching the adult thyroid for t2
hours after intake.

£(t) = .235 (e~+000453t2 _ -.111tz, )

The measured counting rate, CPM, for radioiodine isotope i,
with decay cons*tant i, for :quilibrium fission yield(1l)
Yy per 10° curi=s is given by equation 2

é (to+at
CPM = .235 2BI [RiYie—)‘i(t+t2) (e"°°°"53‘-e"u“)d:] (2)
1-5 t2
where Ri is the detector response relative to 1311. % is the

adult thyroid phantom 1311 detector calibration factor in
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CPM/uCi, B is the breathing rate, and t; is the time of
measurement after start of inhalation exposure.

The dose commitment He depends on the iodine activity in
the thyroid integrated over 50 years and this is approximated
by extending the integration limit to w,

B 1 )it RiKi -AiAt
Ho =4 7 e —XI_(I e ) (3)

1-5

where He, is the committed thyroid dose in rem, Ki is defined(17)
as .5928 IFE{(RBE)i x Ti where LFEi(RBE)i is the decay

chain energy absorbed by a critical organ per decay of parent

i, and M is the thyroid organ mass of 16 grams. Table 4.1

is a listing of tue 131I calibration results for a number of
detectors with an adult thyroid phantom(ZI). Table 4.2

provides the values of R, Y, A and K for the five iodine
isotopes.

4.3 Results

The ratio of equations 2 and 3 supplies the relevant factor,
CPM/He, allowing a detector reading to be used to predict

the dose commitment, at a given time after reactor shutdown,
for a certain cloud breathing time and for a particular time
after passage of the cloud. Res?}gs for radioiodine in adult
thyroids detected by 6306 probes are given on Figure

4.1 to 4.6 and i~ tabular form in the appendix. Figures 4,1
to 4.6, respectively, are for .5, 1, 2, 5, 10 and 18 hour cloud
immersion times. Separate curves are drawn on each figure
for various times after reactor shutdown to start of intake.
The system of figures, or the tabular data in the appendix
can be used to predict thyroid dose commitment from an
instrument reading of radioiodine already in the thyroid.

For clarity, the use of the figures is illustrated. First
select a figure corresponding to cloud immersicn time. A
time along the abscissa corresponding to the measurement
time after reactor shutdown is followed to the correct time
after shutdown to start of intake. The corresponding
ordinate provides the 6306 probe dose commitment sensi-
tivity factor. Other instrument probes can be used by
adjusting the detector-dose commitment interpretation by the
ratio of a phantom calibration for a different detector,
given in Table 4., to the Victoreen probe calibration for
horizontal probe geometry.

The approximate minimum detectable thyroid dose commitment,
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MDDC, for a cloud immersion of 1 hour starting immediately

after shutdown and measured 300 hours later is about 2 rem.
Reducing the measurement delay time to four days improves

the MDDC to <1 rem.

It may be useful to consider the WASH 1400(11) release from
containment accident cases Assu-.ing a wind speed of 1 m/s
and a thyroid measurement made 4 hovrc atter clo'd passage,
0.6 rem is the MDDC, Table 4.3.

4.4 Discussion

The above method depends on use of an ADULT thyroid phantom,
a metabolic prescription for general populations, and cal-
culational parameters for adults. The technique could be
adapted for use with children, but only if significant
parametric adjustments were made. The infant thyroid lobes (22)
have about half the diameter of adult lobes and are covered
by about .73 cm of tissue compared to 1 to 2 cm for an
adult(22), Instrument response, per unit radioiodine in the
thyroid, would be somewhat greater for the child than the
adult, but the smaller gland results is a lower overall read-
ing per rem. Therefore, adjustments for tissue shielding

and organ mass are necessary to predict a correct response.

Sensitivity of the method depends on a normal instrument
background to detect 2 rem. Monitoring sites must be
selected for nermal, natural background readings with the
same instrument types that are to be used for personnel
scrcening. Use can be made of available structures for
shielding. Below grade basement corner locations may have
adequate background readings, assuming somewhat elevated
values are observed outdoors.

Personnel to be monitored must be premeasured for surface
contamination with standard open probe CDV-700 instruments.
Change of clothing and decontamination by washing are neces-
sary to remove surface contamination prior to thyroid
measurement for minimum detectable dose commitments.

Radioiodine thyroid measurements must be made with closed
probe standard CDV-700 or other instruments listed on

Table 1 for the results presented to be applicable. The
probe should be centered on the front lower neck along the
clavicle. Background meter readings must be subtracted from
thyroid readings. The difference or net readings are usei
to predict the dose commitment.

Greater instrument sensitivity and accuracy can be obtained
by counting the audible signal provided by the earphones
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for a predetermined length of time such as a minute. Again, a
net value of counts per minute, CPM, is needed. This raquires
a similar audible count of background to be made and subtracted
from the thyroid monitor measurement.

4.5 Summary

Direct measurement of radioiodine in adult thyroids canr be

used o predict dose commitment. Care must be taken in the
selecticn of monitoring locations so that normal, natural
background will allow thyroid uptake measurements to be made with
optimum sensitivity. Minimum detectable dose commitment

values of .2 to .6 rem wer> calculated for Che nine PWR and

five BWR hypothetical release from containment accidents
outlined in WASH 1400 using a 6306 probe. The method

must not be applied to children without detailed adjustment

in the results given.
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Table 4.1 Thyroid Phantom Cal.brations for 1311

Probe Orientation

Inst. (264) Vertical Horizontal 10 cm away End-on
(Net CPM/uCi in organ)

0CD-D-103~1 44 + 3.2% 47 + 1.7

0CD-D-103-2 42 + 3.22 49 + 2.22 6.5 + 2.42

V-1 446 + 1.3% 453 + 1.6% 75.4 + 2.5%

V-2 486 + 1.3% 517 + 1.22 87.7 + 1.5%

V-3 406 + 1.6% 476 + 1.1% 72.4 + 3.42

V-4 428 + 1.8% 511 + .N% 76.2 + 2.22

TGM-1 214 + 3.0% 245 + 1.8% 35.5 + 3.6%

TGM-2 252 + 2.7% 266 + 1.9% 36.1 + 2.1%

Ludlum 574 + 3.4% 4890 + .4%
(16)

V = 6306 Probe

Ludlum(23) | Model 44-3

Table 4.2 Parameturs Used to Calculate Thyroid Uptake

1i R Y ) hrs-1 K
23 1 1 .003581 5.997
112, 4.468 1.412 .30347 .0575
9, 1.372 2.0 .03332 .0264
A%, 4.737 2.235  .7952 .0132
s 2.231 1.765 .10345 .2765
R = Detector Response Relative to 1311
Y = Fission field Per 108 Curie
A = Decay Constant, Hrs
K = .5928 rFE1(RBE)1 x T1‘17)
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Table 4.3 Minimum Deiectable Dose Commitments 5, 17, and 30 Miles from
PWR and BWR Accidents for a Wind Speed of 1 m/s and for the

3
3

Category

s5558

$EE 5553

BWR
BWR

WOONOWLmEWN -

L T

*To adult c(hyroid

6306 Probe
Time of Duration of ~“Minimum Detectable Dose Commitment, Rem*
Release(hr) Release(hr) 5 mi, 10 mi. 30 mi.
23 '3 3 4 5
2.5 > =3 " 5
5 1.5 o .3 4
2 3 i3 . 4
2 4 o | % 4
12 10 o +3 4
10 10 3 iod 4
g 3 ol P | 3
. :3 3 "3 5
2 o3 o3 A 5
30 3 " 23 6
20 3 3 .| 6
5 2 .3 o3 4
3:3 5 ol o 13
6306 /M 5% adult thyroid

Cloud Immersic.. Shours

Measurement time, hours ofter reactor shutdown

Figure 4.1 Conversion of 6306 Probe (16) to Adult Thyroid

Dose Commitment
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mrm‘nmw
Clowd Immaersion - | hours

Figure 4.2 Conversion of 6306 Probe \16)

Dose Commitment

to Adult Thyroid

6306 PROBE /H o o adult thyro'd
cn'u Immersion - 2 hours

0 100
Megsuremen! fime, hours offer reactor she Jown

Figure 4.3 Conversion of 6306 Probe (16)

Dose Commitment

to Adult Thyroid
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Meosurement time, hours aofter reactor *hutdown

(16)

Figure 4.4 Conversion of 6306 Probe to Adult Thyroid

Dose Commitment

6306 PROBE /H 0% odult thyroid
' Cloud Immersion -IOhours

(16)

Figure 4.5 Conversion of 6306 Probe to Adult Thvroid

Dose Commitment
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6305 PROBE /H o % adult thyrold
Cle immersion -IBhours

0 100
Migsurement time, howrs offer reactor shuldown

(16)

Figure 4.6 Conversion of 6306 Probe
Dose Commitment

to Adult Thyroid
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Appendix A

Adult Thyroid Dose Commitment as a Function of Victoreen Probe Response
for Direct Thyroid Uptake Measurements

where
H(inf) - rem dose conmitment to the thyroid
t2 - time of measurement ir hours after reactor
shutdown

dt - hours in the cloud

t - hours after reactor shutdown to start
of intake
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CPM

H(inf)

ceu
H(inf)

Timve 1n cLoup= 0.5
IODINE RESIDENCE TIME In EODv=Z

156,455 1.9021
133,760 1.010
124.331 1.000
105,136 0.932
74,031 0,235
S51.926 0.872
25.074 0.712
2,943 0.431
4.2%4 0.2320
2.098 0.112
0,250 0,012
IODINE REZIDENCE
173.866 1.021
166,356 1.010
155.322 1.000
1338.992 0,232
107.0939 0.93%
79.425 0,372
40,627 0.712
16.631 0.431
7.254 0.220
3.543 n.112
0.5 0.01%
IopIME REZIDENCE
134,262 1.021
177.140 1.010
170.632 1. 000
152.147 0.932
133.223 0.33%
105.771 0,372
59.147 0.712
25.337 0.431
11.392 0.230
5.56S n.112
0,329 0.019
lopingE RPEZIDENCE
159.975 1.021
156.433 1.010
153,160 1.000
146,938 0,952
131.085 0,93%
111.224 0.872
70.238 0.712
34,209 0.421
15.373 0,220
7.512 0.112
1.254 0,012
IODINE REZIDENCE
131.770 1.021
129.691 1.010
127.678 1.000
122.241 0.982
113,643 0.33%
100,087 0.372
68,573 0.712
36,362 0.431
16,628 0,230
8.123 n.112
1.3%6 0.019

153.3
137.4
125.0
107.1
79.3
59.6
35.2
20.7
12.7
13.%8
18.8
TIME 1IN
175.2
164,7
155.8
141.6
114.8
21.1
S7.1
34.7
2.5
21.95
31.95
TIME IN
130.5
175.4
170.6
162.1
142.5
121.3
33.1
53.3
49.5
43.9
43.5
TIME 1IN
156.7
154.93
132.1
143.7
140,82
127.6
92.2
71.1
£6.3
56,3
66,3
TIME IN
129.1
122.4

H(inf)
CPM

0, 0nese
0, 00728
0. 00200
0.00324
0.01282
0, 01679
0.02833
0, 04237
0, 05361
0, 05263
0, 0532632
EOD =4
0. 00571
0, 00607
0, 00842
0, 00706
0, 003732
0, 01033
0. 01752
0, 022332
0.02174
0,.0217S
0,.0217%
EQDVv=3
0, 00554
0, 00570
0. 00526
0.00617
0. 00702
0.00224
N, 01202
0. 01859
0, 02021
0,0202!
0, 02021
EODv=16
0, 00832
0. 00645
0.00653
0, 00662
0,007132
0, 007332
g.o01012
0.01407
0.,01437
0,01437
0, 01437
=
0,0077%
0., 00779
0.00732
0,00732
0. 00322
0, 00871
0.01032
0.01323
0,.0133%
0.0133%5
0.01335

2
2.0 0.0
2.9 0.9
3.0 1.0
4.0 2.0
7.0 S.0
1.0 10.0
32.0 30,0

102.0 100.0
302.0 300.0

S02.0 S00,0
1002.01000,0

4.0 0.0
4.5 0.9
S.0 1.0
6.0 2.0
2.0 S.0
14,0 14,0
34,0 30,0
104. 0 100,0

304.0 200,.0

S04.0 S00,0
1004,.010M0 .0

2.0 g0
3.5 0

.0 | PR Y
10,0 s Y
13.0 S.0
13.0 10.0
33.0 30,0

103.0 100.0
308.,0 200.0

S03,0 S00.0
1002, 01000,0

1.0 0.0
16.5 0.9
17.0 1.0
13.0 2.0
21.0 S.0
én.0 10,0
4e.0 30,0

116.0 100, 0
316.0 200.0

S16.0 S00.0
1016, 01000, 0

c4.0 0
24.95 0
25.0 1
2.0 e
29.0 S
34.0 10
S4.0 30

0

S24.0 S00.0
1024. 01000, 0
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CPM

H(inf)

TODINE RPEZIDENCE TIME IN EODv=43

79.221 1.021
79.146 1.010
73.433 1.000
77.193 0,932
73.593 0.93%
63,362 0.372
53,303 0.712
34.107 0,431
16.124 0.230
7.877 0.112
1.319 0,019
lopinge RPEZIDENCE
45. 266 1.021
45,034 1.010
44,323 1.000
44,533 0,932
43.221 0,935
42.13% 0.372
37.374 0.712
27.540 0,421
13,343 0,220
6.522 0.112
1.032 0,013
lapine RE=IDENCE
17.170 1.021
7.139 1.010
17.103 1.000
17.047 0,932
16,364 0.33%
16,564 0,372
15.417 0.712
15,957 0.421
S5.8-2 0.2830
Sei 0l n.112
0.473 0. 013

TiMe v CLoup= |
IODINE REZIDENMCE TIME 1IN BODY=E

342.677 2.031
303,221 2.010
273.741 1.991
230.276 1.95%
162.2%53 1.862
113.732 . 733
54,319 1.420
21.790 0.3a1
3,405 0.460
4.534 0.2295
0,787 0,032
IopINE RESIDENCE
373.731 2.031
347,592 2.010
325.523 1.991
290,413 1.95%
282.778 1.862
165.95% 1.738
24,323 1.420
34.874 0,361
19156 0,460
7.403 0.22%
1.23% 0.033

CRM H(inf)
H(inf) CPM

3.2 0.01279
78.3 0.01276
75.9 0.0127
72.6 0.01272
8.7 0,01270
72.4 0.01279
- T 4 2. 01320
70.9 0.01411
0.0 0,01422
TO.0 0,.01422
T0.0 0,01422

TIME IN EOQDVY=9%
44,32 0, 0225%
44.6 0, 02240
44,3 0, 022ee
45.4 0. 02202
46,7 n.r214z2
43.3 0, 02083
52.% 0,01304
Tl 0.01747
S2.0 0.01729
S38.0 0,0172%
S3.0 0.01729%

TIME In EOD =300
16.8 0, 05345
17.0 0, 052%4
17 1 0, 05246
17.4 0. uS753
13.0 0, 05542
13.0 0, 05284
21.7 0, 045818
4.3 0. 04011
299 0. 03322
9.3 0.039227
s 9 0. 03927
1863.7 0, 00532
151.2 0, 006861
137.S 0, 0072y
117.2 0, 00243
87.1 0.01143
£5.4 0,01523
33,7 0. 02528
2.7 0,03413
cu.4 0, 04231
0.4 0. 04232
20.4 0, 04232

TIME IN EODv=4

124, 0 0,00542
172.9 0, 00572
163.9 0. 00812
142,86 0,00673
120.2 0. 00332
.5 0,01047
59.3 0.016732
36,3 0. 027S7
32.9 0,0303%
I2.9 0,0303&
32.9 0, 03038

43 =

tz t
43.0 0.0
42.5 0.5
43,0 1.0
S0.0 2.0
S3.0 S.0
S2.0 10.0
7.0 30,0
142.0 1006,0
343.0 200,98
S43.0 S00,0
1043, 01000,0
.0 0.0
95.5 0.5
s7.0 1.0
98.0 -0
101.0 S.0
106.0 10,0
126.6 20,0
196.0 100.0
3.0 200.0

S9%.0 S00.0
103, 01000, 0

300.0 n.o0
300,95 0.9
201.0 1.0
302, 0 c.0
305.0 S.0
310.0 10.0
3320.0 30,0
400,0 100,0
&00.0 200,0
200,00 S00.0

1300,01000,0

2.0 0.0
&.95 0.5
3.0 1.0
4.0 2.0
7.0 S.0
12.0 10,0
2.0 30.0
102.0 100,0
2028.0 300.0

1002, 01000,

0

4.0 0.0
4.5 0.5
S.0 1.0
&.0 2.0
3.0 S.0
14.0 10,0
4.0 30.0
104,0 100,0
204.0 200,0

S04,.0 S00.0
1004,01000.0

dt
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CcPM H(inf) P H(inf) ¢y t dt

H(inf) CPM

IODINE REZIDENCE TIME IN BODYV=S
375.138 2.031 124.7 0.00541 2.0 0.0 1.0
360.63% 2.010 172.4 0, 00557 3.9 0.%5 1.0
347.326 1.991 174.5 0.00573 3.0 1.0 1.0
324.003 1.953 165.7 0.00603 10,0 2.0 1.0
271.226 1.862 145.6 0.00637 13.0 S.0 1.0
215.33% 1.732 123.9 0, 00207 18.0 10.0 10
120.417 1.420 34.8 0,.01179 38.0 30,0 1.0
S2.703 0.961 S4.3 0.01824 102.0 100,0 1.0
23.193 0.460 S0.4 0.01324 203.0 300.0 1.0
11.329 0.22% S0.4 0.01334 S03.0 S00.0 1.0
1.891 0,032 S0.4 0.01934 1003,01000,0 1.0

IODINE REZIDENCE TIME IN BEODV=16
321.624 2.031 153.4 0, 00631 16.0 0.0 1:0
314,515 2.010 156.% 0, 00633 16.5 0.5 1.0
307.924 1.991 154.7 0, 00647 17.0 1.0 1.0
295.411 1.959 §58.1 0, 00862 13.0 2.0 1.0
263.542 1.862 141.5 0,00707 21.0 S.0 1.0
223,793 1.733 123.7 0.00777 g6.0 10,0 1.0
141,311 1.420 99.5 0.,0100%5 46.0 30,0 1.0
63.776 0,951 1.9 0.01393 116.0 100,0 1.0
30.917 0.450 67.2 0.01423 216.0 300,0 R
15.103 0.22% 67.2 0,01432 S16.0 S00.0 1.0
2.520 0,033 &87.2 0.01433 1016,01000,10 1.0

IODINE REZIDENCE TIME In EQD(=Z4
264,032 2. 031 1320.0 0, 00783 24.0 0.0 1.0
259.3£9% 2.00 129.3 0,.00774 24.5 0.% 1.0
25%,.832 1.991 128.9%5 0.00772 2%.0 1.0 1.0
243,143 1.99595 126.9 0,00732 26.0 2.0 1.0
2e7.710 1.862 122.3 n, 00818 23.0 S.0 1.0
200,427 1.732 £113.3 0,002e7 24,0 10,0 1.0
137.411 1.420 .7 0.010324 S4.0 20,0 1.0
T2.060 0,91 75.8 0.01320 124.0 100,0 1.0
33.317 0,450 72.4 0,01321 324.0 300,0 1.0
16.276 0.22% 72:4 0.01321 S24.0 S00.0 1.0
2.716 0.033 2.4 0.01321 1024, 01000, 0 1.0

IODINE PEZIDENCE TIME IN EOD =43
153,645 c.031 73.6 0.01272 43.0 0.0 1.0
152,294 2.010 78.7 0.01270 42.5 0.5 1.0
156,963 1.991 73.8 0.01263 43,0 1.0 1.0
154,389 1.9599 79.0 0. 01266 S0.0 2.0 1.0
147.182 1.862 73.0 0.01265 $3.0 . 1.0
136.727 . 7338 7e.? 0.01271 S2.0 10.0 1.0
107.302 1.420 9.9 29.01317 72.0 30,0 1.0
62.2195 0,91 0.9 0.0140% 142.0 100, 0 1.0
32.243 U.450 70.1 0.01427 343.0 300,0 1.0
15. 799 0.22%5 701 0.01427 S42.0 S00,0 1.0
2.629 0,032 70.1 0.01427 1043,01000,0 1.0

IODINE REZIDENCE TIME IN BODVE=3F
20,523 2. 031 44.¢% 0. 02244 .0 0.0 1.0
20.178 2.010 44,3 0, 022239 9.5 n.s 1.0
89,337 1.991 45,1 0,02216 arv.o 1.0 1.0
239,165 1.955 45.6 0,02192 2.0 2.0 1.0
37.233 1.3862 45,3 0,0213% 101.0 S.0 1.0
84, 262 1.733 43,9 0,02062 106,0 10,0 1.0
74.740 1.420 S2.6 C.01300 126.0 30.0 1.0
55,073 0,951 573 0,01745 19,0 100,0 1.0
26,694 0,480 S3.0 0,01723 96,0 200,0 1.0
13.045 0.229% 53.0 £,01723 S96.0 S00.0 1.9
2.177 0.033 53.0 0,01722 103&,01000,0 1.6
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CPM H(inf) CPM H(in() ty t de
H(inf) CPM

IODINE REZIDENCE TIME IN EBODv=300

34,335 2.031 16.3 0. 05315 00,0 0.0 1.0
34.274 e. 010 17.0 0, 05266 300,95 0.5 1.0
34.212 1.991 17.2 0.05319 301.0 1.0 1.0
24, 090 1.955 17.4 0,0573% 302.0 2.0 1.0
33.724 1.862 18.1 0. 05522 305.0 5.0 1.0
33.124 1.733 19.1 0, 05248 310.0 10.0 1.0
30.821 1.420 21.? 0, 04207 230.0 30,0 1.0
23.99%2 0.961 2%5.0 0. 04007 400,0 100, 0 1.0
11.722 0.460 29.% 0, 03224 w00, 0 300,0 1.0
S.728 0.22% 5.5 0,03324 200,00 S00,0 1.0
0,95 0,032 25.9 0,03524 1300,01000,0 1.0
Time 1N CLoun= 2
IODINE RESIDENCE TIME IN EODY=E
793,048 4,022 132.4 0, 00504 2.0 0.0 2.0
707.789 3.933 177.7 0.00563 2.9 0.9 2.0
£37.304 3,348 161.5 0,005132 3.0 1.0 2.0
S36.280 3.877 133.3 0.,00723 4.0 2.0 2.0
377.37% 3.8637 102.2 0, 00373 70 S.0 2.0
264.366 3.45% 76.7 0,01304 12.0 10,0 2.0
127.899 c.829 45.2 0.02212 22.0 30,0 2.0
S0.74% 1.919 6.4 0.03782 102.0 100,0 2.0
21.390% 0.9128 23.9 0.04132 302.0 300,0 2.0
10,699 N,.443 3.2 0, 04134 S02.0 So0.0 2.0
1.73%5 0.07% 23.8 0.041934 1002,.01000,0 2.0
IODINE PEZIDENCE TIME IN EQDV=4
203,023 4.022 200,23 0, 00433 4.0 0.0 c.0
751.515 3.983 138.7 0. 00520 1.5 0.5 2.0
703.930 3. 345 173.4 0. 00561 S.0 1.0 2.0
627,300 3.877 162.0 0.00817 6.0 2.0 2.0
433.821 3.697 130.9 0, 007&4 3.0 5.9 2.0
353,805 3.4%5S 103.3 0,00%832 14.0 10,0 2.0
182.534 2.829 54,9 0,01541 24.0 30,0 2.0
7S.400 1.913 39.3 0, 02%54% 104, 100,0 2.0
32.763 0,918 35.7 0.022032 204, 200.0 2.0
16, 008 0,443 35.7 0, 02304 S04.0 S00,0 2.0
2.671 0,07 35.7 0.02204 1004,01000,0 2.0
IODINE PEZIDENCE TIME In EOQOD(=2
775.297 4,022 192.8 0, 00512 8.0 0.0 e.0n
745, 324 2,922 187.1 0, 00524 8.9 0.5 2.0
T17.943 3.94% 181.9 0, 00850 2,0 1.0 2.0
562,617 32.3°7 172.7v 0, 00573 10,0 2.0 2.0
Se0,542 3.637 151.6 0. 0080 13.0 S.0 2.0
445, 03% 3.45% 128.8 0, 00778 12,0 16,0 2.0
248, 366 2.829 33.0 0. 1137 3.0 30,0 c. 0
102,922 1.313 $6,8 0.uv 7862 102,00 100,0 2.0
47,933 0.313 S2.8 0,0131% 302,0 200.0 2.0
23.413 0,443 S2.2 0.01317 S03.0 S00,0 2.0
3.307 0, 075 S2.2 0,01917 1002, 01000,0 2.0
IODINE REZIDENCE TIME In EODYVE=LR
643,531 4,022 161.5 0,00e13 16.0 0.0 2.0
635,424 3.9383 159.3 0.00627 16.5 0.5 2.0
621,911 3,945 157.6 0.006324 17.0 1.0 2.0
S99, 028 3.877 153.2 0, D0RSH 12.0 2.0 2.0
$32.273 3.697 144, 0 0, 00535 21.0 S.0 2.0
451.912 3.45%% 130,83 0, 007esS ce.0 10,0 2,0
235,405 2.329 100,32 N, 00331 46,0 20,0 c.0
132,906 1.213 72.4 0.01331 116.0 100, 0 2.0
6. 442 0,312 83,0 0,01471 316.0 200,0 2.0
30.503 0,443 &2, 0 0, 01471 S1e.0 S00,.0 2.0
S.030 0.07% 53,0 0.01471 101&e,M1000,0 2.0
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CPM H(inf) CPM H(inf)
H(inf) CPM
IoDINE RESIDENCE TIME IN EODV=24
529.212 4,022 131.3 0, 0n7s2
521.554 2.983 130, 0, 00764
S12.440 2,345 130.1 0, 00762
493, 022 3.877 128.5 0.00772
457.013 3.697 123.6 0. 00202
402,331 3.455 116.% 0, N353
evs.787 2.329 7.5 0. 01028
146.231 1.919 76.2 0.01212
66,363 0.913 72.8 0,.01274
32.566 0.443 7.8 0,01274
5.451 0.07% 72.8 0.01374
IODINE REZIDENCE TIME InN EODY=43
313.297 4.022 79.4 0.01260
595 3.933 79,95 0.01253
313.943 3.34¢ 73.6 0. 01297
302.734 3.877 79.6 0, 01256
294, 332 3.697 79.86 0. 01255
272.4%59 3.45% 79.2 0,012832
215.820 2.329 76.2 . 01312
132.432 1.219 3.1 0,01407
64,497 0.213 70.2 n.n14z4
31.911 0,443 70.2 0,01424
$5.258 0. 07s 70.2 0,01424
IODINE PEZIDENCE TIME IN EODYVEI5
121,004 4,022 45. 0 0. 02222
130, 315 3.983 45,3 0. 02203
179.633 2.94 45.9 0, 02197
17€.290 3.877 45.0 0.02179%
174,425 3.697 7.2 a.02120
163,435 3.455 43.3 0. 02051
143,44 2.329 S2.3 0,01393
110,121 i1.919 r g | 0,01743
53,376 0,918 $3.1 0.01721
26,079 0.443 S53.1 0.01721
4,352 0, 07s $38.1 0.01721
[ODINE REZIDENCE TI''= In BOD =300
53,655 4,022 171 0, 05252
638. 932 3.983 17.2 0, 05212
63, 409 3,945 b gl 0. 05783
53,154 3.877 17.% 0, 05632
67.432 3.697 18.2 0.05433
£6,.234 3.45% 19.2 0.05216
51,649 2.3829 21.8 0, 04523
47.973 1.919 2s.0 0,04000
23.440 0,312 295.9 0.02918
11,453 0,443 3.3 0,03318
1.911 0.07% £95.9 0,03913
Time 1n cLoup=s S
IODINE REZIDENCE TIME In EODY=E
2727. 35S 3.790 278.6 0. 003%9
2412,.302 a,704 249.3 0.00401
2178.70% .621 2ee. 4 0.00442
1232.765 3,468 193,58 0,00516
1291.410 9. 052 142.7 0.00701
AS.193 3,433 106.7 0, 00937
437.103 6,939 62.9%5 0,01599
172.424 4.763 5.4 0.02743
74.3862 2.284 32.8 0,03051
36.9565 1.116 32.8 0N, 03052
6.102 0.126 32.8 0. 03052

- M -

tz t

c4.0 0.0
24.5 0.5
25.0 1.0
26,0 2.0
29.0 S.0
34,0 10.0
S4.0 30,0

124.0 100.0
324.0 300.0
S24.0 S00.0
1024, 01000,0

42,0 0.0
43.95 0.9
43,10 1.0
S0.0 2.0
53.0 S.0
Sg.0 10,0

3.0 30,0

143.0 100,0
343.0 300,0
S43.0 S00,0
1042, 01000, 0

6.0 0
9.5 0
97.0 1
32.0 4
101.0 S
106.0 11
1g6.0 20
19,0 100
3.0 200,0
S96.0 S00,0
1096, 01000, 0

2ooco0cco0oNo

00,0 0.0
200,95 0.9
201.0 1.0
02,0 2.0
205, 0 S.0
30,0 10,0
330,0 20,0

400,.0 100,0
00,0 200.0
300,0 S00,0
2GS0, 01000, 0

c.0 0.0
2.5 0.5
3.0 1.0
4.0 2.0
?-0 5. y
12.0 10.v
3.0 30.0

102.0 100.0
302.0 300.0
S02.0 So0. 0
1002.01000,0
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CPM H(inf)
IODINE REZIDENCE
2413.534 2,730
2244.7320 a.704
2102.5%96 9.621
1875.493 3,460
1445, 144 9.052
1071.722 2.433
S42.204 6,939
22%.215 4.763
97.879 2.2584
47.302 1.114
7.978 0,126
lopinge RPEZIDEN o
2100,.691 F.790
013,472 3,704
1945,.229 9.621
1214, 349 2. 465
15138.303 9. 052
1205.337 8.453
674,309 6.929
295.12¢6 4.7682
129.875 c.224
63.433 1.118
10,537 0,126
IopingE REZIDENCE
1664, 363 3,790
1628.676 9.704
1594, 041 2.621
1529.262 Q. 455
1364.287 9.0%52
1158, 311 2.433
731.931 £,989
356,024 4,TES
160,042 c.284
78.182 1.116
13,047 0.186
Ioping RPEZIDZNCE
1336.722 3,790
1315.629% 3.704
1295.207 3.621
1256.221 3. 488
1152.334 9,0%2
101S.010 8.433
£:5.674 6,989
3€3.8683 4,782
168,679 2.284
32.401 1.11%
13,791 0.136
IopINE REZIDENCE
798.213 2.790
791.453 3.704
784,328 9.621
771.932 9,468
7335.928 9.0%52
683.621 2.4332
539.030 6,989
341.0638 4.762
161.238 2.284
78.77%5 1.116
13.148 0.13%

H(inf) CPM
TIME IN EODVE4
245,95 0, 00408
231.3 0,00432
213.9%5 0, 00453
138.1 0.0050S
159.7 0, 00828
126.3 0, 00732
2.4 0.0127%
47.2 0.02117
42.3 0.023332
42.8 0,02334
42.3 0,0232324
TIME IN EODY=2 y
214.5 0., 00458
c03.1 0, 00421
cne.e 0, 00435
191.7 0, 00522
167.2 0, 0053
142.1 0.00704
9%.95 0,010326
€1.9 0.01515
$56.9 0,01752
56.9 0. 01753
8.9 0.01753
TIME IN EOD(=16
170.1 0, 00522
167.3 0. 0059
165.7 0. 00804
161.¢ 0.00519
150.7 0. 00863
136.% 0.00732
104.7 0, 0035S
74.7 0,01339
70,1 0,01427
70.1 " 01427
70.1 0,01427
TIME IN EODV=C4
126.95 0, 00732
135.6 0,00733
124,56 0,00743
132.7 0.00753
127.4 0. 00729
119.6 0, 00238
99.95 0.01008%
7.4 0,01292
73.9 0.012%54
73.8 0,013%4
73.8 0.013%54
TIME IN EODY=45
81.5 0.01227
B1.6 0.01226
21.86 0.01226
31.6 0, u1226
81.3 0.01220
80,6 0, 01241
77.1 0. 01297
TheY 0,01398
70.6 0.01416
70.6 0.0141¢
70.6 0.0141%

~

2
4.0 0.0
4.5 0.5
S.0 1.0
6.0 2.0
9.0 S.0
14.0 10,0
24.0 30,0
104, 0 100,0

304.0 200.0
S04.0 S00.0

1004, 01000,0

2.0 0.0
3.9 0.5
2.0 1.0
10,0 2.0
13.0 5.0
13.0 10,0
33.0 30.0

103.0 100.0
302, 0 300, 0
502, 0 S00,0

1002, 01000, 0

12.0
16.5
7.0
13.0
1.0
ge. 0
46.0 30,
116.0 100,00
316.0 200,0
S16.0 S00,0

DA - oo
- s e s e e
oSoooonNs

—

1016, 01000, 0

c4.0 0
c4.95 0
2%5.0 1
26.0 i
29.0 S
34.0 a

0

0

42,0
48.5
43,0
S0.0
S3.0
S2.0 1
8.0 3
143.0 100.0
243.0 200.0
S42.0 S00.0

1043, 01000,0
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cPM H(inf) cPM H(inf) t, t dt
H(inf) CPM
IODINE RESIDENCE TIME IN BOD(=34
452.205 3,730 46.2 0.02'-5 3.0 0.0 $.0
450.433 9.704 45.4 0.02154 5.5 0.9 S.0
448,778 2.621 45.6 0.02144 7.0 1.0 S.0
445,424 2. 468 47.1 0.0212% 98,0 2.0 S.0
435.771 9.052 43.1 0. 02077 101.0 5.0 3. 0
420.925 2.433 43,5 0.0201% 106.0 10,0 S.0
373.363 6.939 53.4 0,01372 126.0 30,0 5.0
275.117 4,768 S$7.7 0,01733 196.0 100,00 S.0
133.350 2.284 $3.4 0.01713 396.0 300,0 S.0
£5.154 1.116 S53.4 0.01713 S3&.0 S00, € S.0
10.373 0.136 S2.4 0.01712 103, 01000,0 29
IODINE SESIDENCE TIME IN EQDY=200
171.521 9.790 7.9 0, 05703 00,0 0.0 S.0
171.214 2,704 17.6 0. 0582 300,95 0.5 S.0
170,308 9.621 17.38 0, 05630 201.0 1.0 95:0
17n 234 3.460 12.0 . 15552 302.0 2.0 S.0
163,453 9. 052 12.6 . 05373 05,0 5.0 S.0
165.472 2,433 19.95 0.05127 210.0 10,0 9.0
154,017 6.9339 22.0 0, 04533 320.0 30,0 S.0
119.3%52 4,783 5.1 0, 03373 400,0 100,0 S0
53,959 2.2249 5.6 0. 02300 &00,.0 00,0 S.0
23.812 1.11% 25.6 0,03300 200.0 Son,0 S.0
4.77%5 0.135 25.% Q. 03300 1Z00,01000,0 —

TimMe 1n cLoup= 10
IODIMNE REZIDENCE TIME In EQDV=S

7301.42% 18.242 387.95 0, 00252 2.0 0,0 10,0
£475,.656 13,693 342, 4 0. 0023% SsD 0.5 10,0
S$332.608 12,543 314.4 0,00313 2.0 1.0 14,0
4306,433 13.279 c63.5 0.00272 4.0 2.0 10.0
3457.231 17.953% 197.2 0, 00507 7.0 %.0 10,0
2423.290 15,501 4n,. 3 0, 00021 1g.0 10,9 10,0
1170.162 13. 715 85.3 n.o117ve 32.0 20,0 10,0
464,272 3.433 43,2 0,02033 102.0 100,00 10,0
200,413 4,527 14,3 0.022%59 02,0 00,0 (0.0
7,389 c.212 44,2 0. 02260 S02.0 S00,0 10,0
16,335 0,369 41,32 0.02260 1002,01000,0 7.0
IopInE PEZIDENCE TIME 1 EODv=4
5312.334 12,342 30/, 2 0.003224 4.0 0.0 10,0
5411, 382 12,893 289.9% 0, 00245 4.5 0.5 10,0
S069,1283 13.543 e73.3 0, 00266 9.0 1.0 10,0
4521.574 18.27% c47.4 0,00404 £.0 2.0 10,0
34234.125 17.53% 193.7 0, 00503 3.0 S.0 10,0
2533, 249 16.501 156.¢ 0, 00e 39 14.0 10,0 10,0
1321.476 13.715 .4 0, 010622 4.0 30,0 0.0
S42.97% 3,432 - P 0.01733 104,00 100,00 10,0
235,979 4.527 S2.1 0,.01912 04,0 00,0 10,0
119.263 2.21e Se.1 n.01313 S04,.0 So0,.0 10,0
19.23% 0,359 S2.1 0,0121% 1004, 01000,0 10,0
IOoDINE REZIDENCE TIME IN BEOD =5

4610,252 12,342 244.7 D.0040,3 2.0 n.0 10,0
4432, 020 18.632 237. 1 0. 00422 3.9 0.% 10,0
4263, 200 12,543 230.2 0, 004324 2.0 1.9 10,0
3981.83% 18.27% e17.9 0, 0n4s2 10,0 2.0 10,0
3333.230 17,9395 190.1 0. 0nSze 13.0 S.0 10,0
2646, 372 16.501 150, 4 0, 0024 12.0 10,0 10,0
1479,.363 13.715 107,39 0, 00527 2.0 20,0 10,0
B47.5835 3,433 62,6 0. 01457 102,00 100,0 10,0
239, 029 4,57 63.0 N, 01523 02,0 00,0 10,0
139.227 e.212 He.? 0. 01539 S02.0 So0,.0 10,0
23.224 0,369 &6c.9 0,01929 1002, 01000,0 10,0

1322 29
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CPM d(inf) CPM H(inf) tz t de

H(inf) CPM
IODINE REZIDENCE TIME IM BEODY=16H
3432.%2% 13,842 132.2 0, 00545 16,0 0.0 10,0
3357.714 13.633 179.5 0, 00SS? 16.95 0.5 10,0
3286.310 12,543 177.2 0, 0054 17.0 1.0 10.0
3152.760 13.275 172.9 0. 00530 12,0 2.0 10.
2212.644 17.935 1£0.4 0. 006232 21.0 S0 10.0
2337.939 16.501 144.7 0, 00251 és.n0 10,0 10.0
1502, 140 13.71%5 110.0 0, 00303 45.0 30,0 10.0
734.002 3.432 7.8 n.01236 116.0 (00,0 10,0
323,953 4.527 72.9 0.01372 316.0 300.0 10,0
161.183 2.212 72.9 0.01372 S16.0 S00,0 10,0
26,398 0,383 72.9 0. 01372 16G14.01009,0 10.0
I3nINE REZIDENCE TIME IN EODY=24
e7nz.317? 13.342 143.4 0, 00637 4.0 0.0 10.0
260, 161 13.693 142.3 0,00703 4.5 9.5 10.0
613,877 13.3543 141.¢2 0, 00702 5.0 1.0 10,0
2540, 162 18.879 133.0 0.00712 2.0 2.0 10.0
2221.001 17.93% 132.9 0, 00752 2 %l S.0 10,0
20952, 325 1£.501 124,.4 0, 00204 4.0 10.0 10,0
1406,5 38 3. 7195 102, % 0, 00375 S4.0 20,0 10,0
745,241 3.433 79.0 0.01285 124.0 100.0 10,0
341, 0%= 4,527 75.3 0.01327 24,0 300,0 10,0
166.612 2.212 75.3 0.01323 S24.0 S00.0 10,0
27.204 0,383 75.3 0.01322 1024,01000,0 10,0
IanINE PEZIDENCE TIME 1IN EODv=43
1595.914 18,842 284.7 0,01121 43.0 0.0 10,0
1522.402 123,693 24,7 0,01131 43.5 0.5 10,0
159,153 12,549 24,5 0,01132 43,0 1.0 10,0
15432, 389 18.27% 24,5 . 01134 S0.0 2.0 10.0
1471,383 17.93% 23.9 0, 01132 S53.0 5.0 10.0
1265,.304 1£.501 32,3 0,01207 S2.0 10,0 10,0
1077.714 13.71% 72.8 0.01272 2.0 20,0 10,0
©31.917 “.432 72.2 G.01234 143, 0 100,00 10,0
322.372 4.527 alad 0,01404 342.0 209,0 10,0
157.433 2.212 71.2 0,.01404 43,0 S00.0 10,0
26.223 , 369 71.2 0.01404 1042, 05000,0 10,0
IODINE PEZIDENCE TIME 1N EODVv=9%
203,391 13,342 T 0, 02038 3.0 0.0 10,0
293,333 13,633 42.1 0. 22077 3%.5 0.9 16.90
296,545 12,543 43. 3 0, 02083 7.0 1.0 10,0
239,843 18,275 43.7 0, 062054 43,0 2.0 10,0
370,559 7.53% 43,5 0,02014 101.0 S.0 10,0
240,302 15,501 S1.0 0, 019&2 10,0 10,0 10,0
745, 33% 13 71D 54,4 0. 01339 126.0 320.0 10,0
S43,.614 3.433 $3.2 0.01717 196, 0 100, 0 10,0
cgen ., 400 4,527 $58.23 0, 0133 3.0 00,0 10,0
170,162 2.2l 53,3 0, 01899 S0 SO00,0 0,0
21.721 0, 383 58.8 0,01893 109, 01000,.0 10,0
IODINE PEZIDENCE TIME IM EODY=200
242.65% 13,242 18.¢ 1, 5432 300,0 n.o 10,0
242,040 18,693 18,3 0, 0545 0.5 0.9 10,0
341,420 13,543 12.4 0, 054323 301.0 1.0 10,0
340,202 183.27% 18.¢6 0, 08372 302.0 c.0 10,0
336.5%7 17,938 19,2 0, 05210 205, 0 S.0 10,0
320.570 15,501 e, 0 0, 0433z 0.0 10,0 10,0
307,635 13,715 c2.9 0. 04452 3I20.0 30,0 10,0
239,433 2,432 2s.4 0, 03342 400,0 100,0 10,0
115,936 4.527 5.8 0, 03370 c00,0 00,0 10,0
S7.160 2.212 2%5.8 0, 05370 200,0 S00,0 (0,0
9.539 0, 383 £%5.8 0,03370 1300,01000,0 10,0
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CPM H(inf) CPM H(inf) t, t dt
H(inf) CPM
TiME 1M cLOUD= 13
IODINE REZIDENCE TIME IN EQDVSZ

16612, 146 32.136 Si16.1 0,00134 2.0 0.6 138.0
147232, 364 31,981 461.0 0,00217 2.9 . 3.0
13270, 305 31.74¢2 413.1 0, 002329 3.0 1.0 12.0
11163. 2186 31.321 356.4 0, 00221 4 2.0 13.0
7865.366 30.170 260,7 0. 002249 7.0 5.0 18.90
55132.450 28,534 193.2 0.00518 1e.0 10.0 18.0
2662, 357 24,000 110.9 0. 00901 32.0 30.0 18,0
1056, 302 16.717 63.2 0.015332 102.0 100.0 13.0
455.979 2.034 S6.8 0.0176c 30,0 300,00 18.0
222.717 3.92% 6.7 0.0178e SOu.0 S00.0 13,0
37. 1866 0,655 6.7 0.01762 1002.01000,.0 13,0
IODINE REZIDENCE TIME 1IN BODY=4
12335.103 32.186 383.2 0.00261 4.0 0.0 18.0
11472.38% 31.9%1 399.0 0, 00273 4.5 0.5 18.0
10745, 964 31.74¢e 333.5 0. 0023% S.0 1.0 18.0
9538%5.313 31.321 308,0 0, 00327 6.0 2.0 12.0
7385.3%5 30,170 244.3 0, 00403 3.0 S.0 18.0
S$477.395 28.%534 132.0 0. 00521 14.0 10.0 18.0
2301.762 24,000 116.7 0. 00357 34.0 30,0 13.0
1151.031 16.717 63,9 0.01452 104,.0 100,00 12,0
S00,241 3.024 62.3 0, 01606 304.0 200.0 13,0
244, 241 3.92% 62.2 0. M1s0e S04.0 S00,.0 12,0
40.775 0,85% 62.2 0.01606 1004,.01000.0 13,0
IODINE PEZIDENCE TIME IN BODYV=S
62,279 32.186 281.6 0, 00355 2.0 .0 18.0
8712.393 31.981 272.6 0. 00367 8.5 0SS 18.)
23392.308 31,742 264, 4 0, 00373 2.0 1.0 13.0
7327.876 31.321 243,13 0. 00400 10.0 2.0 18.0
69552.786 320,170 e17.2 0. 00480 13.0 S.0 18.0
S202.494 23.5324 182.3 0, 00542 13.0 10,0 13.0
2903,.2%8 24,000 121.2 0, 0032% 38.0 30.0 13.0
1273. 301 16,717 76.2 0.01313 102.0 100, 13,0
560, 337 2.034 69,7 0,014324 203.0 300,0 12,0
273.70% 3.92% €3.7 N.01434 So2.0 S00.0 12,0
45,679 0,655 63.7 0.N1434 1002.01000.0 12,0
IODINE REZIDENCE TIME 1IN EODY=16
6367.910 32.1F% 197.8 0. 00505 16.0 0.0 18.0
6229.182 31.9»1 134,3 0.00513 16.5 0.5 18.0
509, 656 31,742 192.1 0. 00521 17.0 1.0 18,0
5248.8 % 31,321 186.7 0. 0053% 18.0 2.0 18.0
S2.7.926 30,170 . 172.9 0,00578 21.0 S.0 18.0
4430,139 28.534 195.3 0. 00844 26.0 10,0 18,0
2797.85%53 24,000 116.86 0, 00353 46.0 30.0 18.0
1361.709 16,717 21.9%5 0.012:3% 116.0 100, 0 18,0
612.130 8.034 7h.2 0.01312 316.0 200.0 18,0
299, 022 3.22% 76.2 0.01313 S16.0 S00,.0 12,0
43,300 0.65% 76.2 0.01212 1016.01000.0 12,0
IODINE PESIDENCE TIME IN EODv=E4
4917.3%6 32.184 152.8 0, 0055 24.0 0.0 18.0
4339,743 31.961 151.4 0, 00680 24.5 0.5 18.0
4764,.629 31.742 150.1 0. 00666 25.0 1.0 18,0
4621.441 31.321 14/.86 0, 00673 26.0 2.0 18,0
4240,3° 30.170 140.8 n. 00711 29.0 S.0 18.¢
3733.8. ¢ 28.534 120,9 0.00754 34.0 10.0 18,0
2959.135S 24,000 106.6 0, 00933 S4.0 30.0 13,0
1356.943 16.717 81.2 0.01232 124.0 100,0 13,0
620,493 3,034 7v.e 0.0129% 324.0 s00.0 18,0
303.12% 3.92% s i 0.01&9% S24.0 S00.0 12.0
50,534 0.65% 7.2 0.012395 1024,01000,0 12,0
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CPM

H(inf)

IODINE PEZIDENCE TIME In EODV=42

2869,329 32.186
2345.602 31.981
2821.766 31.742
2773.399 31:321
2645,949 30,170
2457.2336 23.9534
1332, 024 24,000
1226.2732 16.717
$79.712 2,034
283,226 3.92%
47.264 0.655
lopine RPEZTDENCE
1623.16% 32.136
1616,924 31.9¢61
1610,369 31.742
1593.823 31.321
1564,179 30,170
1510,304 28,534
1340.171 24,000
937.521 16,717
472.65S 23.034
233,868 3.92%
39.027 0.e5%
IopIiNg REZIDENCE
615.663 32.186
614,558 31.961
£13,45S 31.742
611.256 31.321
604,707 30,170
533,950 23.934
$52.2831 24,000
430,201 16.717
210,194 2.034
102.702 3.92%
17.139 0.655

CPM H( af)
H(inf) Cp’
a3%.¢2 n.01120
23.0 0.01123
32.9 n.o0112s
23.6 0.0112%9
a87.7 Nn. 01140
36.1 0.01161
80.8 0.01233
73.4 0,.013632
7e.2 0. 013386
7.2 0.01338
72.e 0.0133e
TIME IN EODYV=3%
S0.4 0, 01333
S0.6 0.01977
$50.7 0,.01370
S1.0 0,01352
S1.8 0.01329
S53.0 0. 01239
5.8 0,01731
99.1 0.7 33
S3.6 £ ‘ol
99.6 1673
59. ¢ v, 01673
TIME 1M EODVv=200
19.1 0. 05223
19.2 0.05zm
19.3 0,05174
13.5 0,0%5124
20.0 0. 04929
0.8 0, 04204
23.0 0. 04241
es.? 0,.03338
26.2 0, 03322
6.2 0.03322
26.2 0.03322

t2

43.0 0
42,95 0
43,0 1
S0.0 2
S32.0 S
S3.0 10
72.0 320

0

coooocono

342.0 300.0
S42,.0 S00.0
1042, 01000, 0

96.0
6.5
97.0
923.0
101.0
106.0
126.0
196.0 100,.0
39%6.0 200,0
59,0 S03,0
109, 01000, 0

SO oo
® e 8 8 ® & o
ooocooNo

) -

300,0
306,95
301.0
302.0
305.0
310.0
330.0
400.0 100,0
&00.0 300,0
300.0 S00,0
1300, 010006, 0

-
CONue oo

ae e s 8 @
coocoons

W
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5600 Fishers Lane
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Mr. Gene Reimer
Calvert Cliffs Nuclear Power Plant
Lusby, MD 20657

Mr. Dale Donaldson

Office of Inspection & Enforcement
U.S. Nuclear Regulatory Commission
631 Park Avenue
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