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ENVIRONMENTAL EVALUATION OF AN ACUTE
RELEASE OF I-131 T0O THE ATMOSPHERE

by

J. K. Soldat

ABSTRACT

The inadveftent release of 60 curies of I!3! from a Hanford Separations plant
stack occurred in September, 1963, Plant operations were shutdown as soon as
the abnormal release was detected, snd a comprehensive program of environmental
surveillance was undertaeken to define the extent and magnitude of the 113!

deposition,

Initial sampling efforts were guided by rapid calculations o the probable
region of maximum deposition made fy plant meteorologists. The results of the
initial data collected allowed a more precise definition of the area of maximum
1131 deposition and the location of the individual who probably received the
maximum thyroid radiation dose resulting from the accidentai 1131 release.

This individual was a child residing at the small farm where the maximum I13!

concentrations in milk were messured, The estimated maximnm total thyroid dose

to this child of 0,035 rem was supported by direct measurement of the thyroid

burden in the Heantord Whole Body Monitor. For comparison, the Radiation
Protection Guide published by the Federal Radiation Council for individuals is

1.5 rem per year to the thyroid.

The results“of the surveillance program also supported previously derived para-
meters for the behavior of 1131 in various media in the Hanford environs and

provided guidance for rapid evaluation of future accidental releases,
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"INTRODUCTION

A study of the behavior in the Hanford environs of T!3! arising from the
influx of'debris from nuclear tests durinz 1961 and 1962 was previously
published.(l) The present naper describes the environmentsl evaluation of
an acute release of 60 curies of I}3! from the Hanford Purex Chemical
Separations Plant stack on September 2 and 3, 1963 and contrasts the 113!
behavior found to that observed in the earlier study., Fipure 1 illustretes
the Hanford plant environs and various samplingbeites for air, grass and‘
milk, The Purex stacklis approximately centrally located within the

project boundary,

METEOROLOGICAL PREDICTIONS

~ Measurements of wind speed and direction made at the plant meteorology

tower during the 1131 release guided initial environmental surveillance
efforts on September 2 and Setpember 3. On September 3 meteorological
personnel calculated the I13! deposition pattern shown in Figure 2, based

on the laboratory analyses of stack effluent samples operated uﬁ.through

the merning of September 3 1963, About 10% of the T13! yas released in

the afternoon of Sentember 2, 1963 during unstable meteorolopical conditions,
while moat of the remeinder of the I131 yag released during the night of
Sepﬁember 2 to September 3 under very stable meteorological conditions,

The mathematical models used by the meteorologiststo calcuiate the pattern

shown in Figure 2 tends to maximize deposition estimated for off-project
locations, (2)(3)(¥)
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ENVIRONMENTAL MEASUREMENTS

A, Vesetation Sgggles

Extensive vegetation sampling was performsd beginning on September 2 and
continuing for the next week to define the pattern of 113! deposition,
Leafy sagebrush was collected whenevgr possible at on-site locations,

A few samples consisted of leafy weeds, cheat grass and in one case,

- bare sage stems where a fire had previously destroyed the normal vepge-

tation growth, Off-site vegetation samples consisted of pasture grass
samples from local dairy farms or leafy weeds and native grasses along

the highways and at the permanent atmospheric @onitoring stations,

Guided by the predicted deposition pattern, environmental surveillance

was intensified east and southeast of the project on September 3 and

~ September 4, 1963, Although the vegetation contamination found south

of the project was about as predicted by meteorology personnel, the

large area of 10 to 100 pe I'3!/gram of vegetation north of Pasco vas

- not found, Seampling of pasture grass and milk was extended as far as

60 miles southeast in an unsuccessful effort to locate the predicted -

maximum deposition,

As sample results were received'from the laboratory, it became evident
that the position of maximum deposition was probably in the Bentoa City-
West Richland area, Vegetation samples from this latter region ranged
from 1 to 10 pe I'31/gram (wet weight). The vegetation pattern actuslly
found is shown in Figure 3, Maximum offesite vegetation contamination
of 13 pe Ilsl/gram vas measured on a sample of green hay from a farm

20 miles SSE of the Purex stack where no cattle were being grazed,

Maximum on-site vegetation contamination was found within two miles of
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the Purex stack where several samples contained 50 to 250 pc'Ilsl/gram
(Table I). Maximum I'3! concentration detected on pasture grass was

2.7 pe I!31 /gram at a farm 22 miles SE of the point of release (Table II),

‘Alr Sampling

Twenty-two permanent atmospheric monitoring stations are maintained
within the Hanford site and the immediate environs (Figure 1). Equip-
ment installed in these stations includes gir samplers consisting of '
an HV-TO asbestos film particulate filter and a caustic scrubber Il3!
collector in series., These permanent air sampling stations were
supplemented by several temporary caustic scrubber and charcoal cart-

ridge I!3! gamplers during September, 1963,

The maximum off-site air concentration of 0.24 pe I‘?llm3 was measured
at the city of Richland over the period September 3 to 7, 1963, Maxi-
mum on-site air concentration detected was 73 pc I!3!/m3 at one-fourth
of a mile NE of ;hg Pnrex stack during the period from the morning of
Septeﬁber 2 to the morning of September 3, Table I summarizes the
maximum I13! concentrations measured in air at 1L of the permanent air
monitoring stations, Table II summarizééwaif h;asurements made in fhé '

vicinity of local dairy farms,

Milk Samples
Routine milk samples collected from the Hanford environs in 1963

.included one daily and six weekly samples from dairy farms, two milk

shed composites obtained twice per month from the collection truck of
a local dairy plant, and three commercial brands of milk purchased
twice per month frdm a local grocery store, On September h, two of the

weekly milk collection schedules were increased to a daily frequency
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for the remainder of the month. In addition, a new location (Farm B)

vas added at a daily collection frequency starting on September 12, 1963,
Spot aampling‘at several other dairy farms brought the total number of
farms vhere milk and grass were sampled up to 15 during the month of

September,

Maximum milk concentrations in the first few days after the emiasion
vere detected at Benton City, 18 miles south of the Purex stack, where
a peak value of 120 pe I!31/1iter wes obtained on September 5, 1963.
Sample results obtained in the next few days (ihowg in Figure 4 and
Table II) indicated the possibility of a maximﬁm milk concentration at
West Richland., A éuqcessful search was made in that area, and a sample
collected on Séptember 12, 1963 fiom a farm 16 miles SSE of the point
of release {Farm B) was found to contain 1hb pe 1331 /11ter of milk,

The subject milk was obtained from a single cow maintained for the

sole use of the owner's family,

IV, EVALUATION OF ENVIRONMENTAL RADIATION EXPOSURESV .

. The maximum off-project radiation exposure vas estimated to be that received
by a four year old child residing at the farm where the maximum 113! con-
centration in milk were measured. Since milk sempling et this farm (ca;led

Farm B) was not initiated until September 12, 1963, some estimate of the
probable peak milk‘cogéenﬁfation had to be ij:ain?df Daily milk semples
had been collected at a farm (called Farm A) ~T.5 miles SE of Farm B during “
the period September 4 to October 1, 1963 and weekly samples were collected
during the other 11l months of 1963, Figure S illuetrates the conaiatent
ratio of the 1131 concentrations measured in milk aamples from the two
farms during September and October, 1963, Using this ratio, back-extrapolﬁtion
of the I13! {ontent in milk at Farm B to a probably peak of 450 pc I!3!/1iter

on September 5, 1963 was possible,
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Using the extrapolated and.pgasured daily milk concentration values shown

- in Figure 5 for Farm B, a probable thyroid burden versus time and a probable

total thyroid radiation dose was estimated for the four year old resident
of Ferm B, Assumptione used for the estimate were° a) one liter per day
of milk was consumed, b) 30% of the ingested 113l reached the thyroid where:
it remained with an eff!ctive half-life of 7.6 deys, c) the child's thyroid
weighed 4 grams, and d) the amount of I!3! contributed by inhalation and
ingestion of fresh leafy vegetables was insignificant compared to that |

contributed by the milk.

Applying the sbove assumptions, the total estimated I!3! ingested during
September and October, 1963 of 3600 picocuries was estimaﬁed to have yielded
a radiation dose of 0,035 rem to a b-gram thyroid,  For comparison, the
Radiation Protection Guide published by the Federal Radiation Council for

individuals is 1.5 rem per year.(>)

Several unsuccessful attempts were made to arrange for thyroid counts of
the residents of Farm B, Since the actual radiation doses involved were
insignificent and since it was desirable not to arouse undue concern on
the part of the family, no urgency was implied in the requests for thyroid
counts, Finally on October 19, thyroid counts were obtained_onbthe four.

year old boy and his eight year o0ld sister., The measured thyroid burden

of the hoy was T3 picocuries and that of his sister was below the detection

level of 30 picocuries,

In the meantime, a running estimate of the boy's probable daily thyroid
burden had been made assuming the previously mentioned parameters for con=
sumption, uptake, and retention., This estimated burden for October 19, 1963
was 75 picocuries, in excellent agreement with the measured value of 73

picocuries, This correspondence between measurement and calculation was
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probably a fortuitous combination of compensating errors in the assumed
factors, and it is unfortunate that more thyroid counts were not available

to allow determination of the exact factors involved,

Milk consumption estimated by the parents was one gallon per day for the
boy and one quart per day for the girl. These consumptions seem to be

somevhat high, but the ratio of the measured thyroid burdens for fhe two
children is about right considering the consumption ratio of four to one

quoted by the parents,

ENVIRONMENTAL BEHAVIOR OF THE Il3!

The individual resulta_obtainedfbr'concentratioﬁa of 1131 4n air, pasture
rrass, and milk versus time were used to estimate the environmentsl be-
havior of the I13!1, This behavior was then contrasted to that previously
reported for the fall of 1961 and 1962 during the influx of I!3! from

fallout of nuclear test debris.(l)

The ratiés observed in September, 1963 are similar-to those found in 1961
and 1962, with the exception that the concentrations of I!'3! found on
pasture grass samples seemed to be high by about a factor of 2 when compared:
to that found in either the air or the milk., The ratios of dose to a Z-gram
thyroid received as a result of milk consumption to that received from
breathing air reﬁainéd about the same in 1963 Aa was found in the 1961 to

1962 study, i.e., 400 to 1, These ratios are summarized in Table III,

R

The aferage delay period found bethen grass and milk was approximately
three days in September, 1963 compared to a value of approximately six days
found in the 1961 to 1962 study, The effective half-times for I'2! in grass
and milk were found to be approximately four days and approximately five

days, respectively during September, 1963, Corresponding values determined
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during the earlier study were approximately six days and epproximeteiy nine
days, respectively, The acute nature of the 1963 releeee was undoubtedly

responsible for the decreased parameters observed.,

CONCLUSIONS

The inadvertent release of 60 curies of I!3! from the Hanford Purex facility
in September, 1963 4id not result in any significant radiation exposure to
persons residing in the Hanford environs. The maximum off-site exposure
was deemed to be thet.received by a small child residing at the farm where
maximum . 1131 concentretione in milk were measured. The radiation dose to
the Logram thyroid of this child was calculated to be 0,035 rem compared
to the FRC Redietion Protection Guide of 1. 5 rem per year for an individuel
member of the public. Iodine-131 deposition on vegetation was about as
predicted by meteorology for close distences, but was much less than pre-.
dicted at distances of. 20-30 miles, On the other hand, 1131 depoeition on
pasture grass eeemed to be high when compared to concentretione-meesured |
in air and milk endato reiioe of concentrations expected on the basis ofi
earlier studies, The retio of thyroid redietion dose received via milk
consumption to thex received from inhalation of eir wes the same for both
the 1963 end the 1961 to 1962 studies (or 400 to 1 for 2-gram thyroid).

The delay period between the appearance of 1831 4n grass end'ite subsequent
peak concentration in milk vas approximetely three days for the acute
release of September. 1963. The effective half-time for clearance of the
113! from pasture grass and milk wes approximately three days and approxi-

mately five days, respectively,

It was demonstrated that meteorological guidance, plus rapid collection and

analysis of grass samples can lead to prompt definition of the probeble

e b3 g ) gl
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position of maximum deposition., It was also shown that use of a combination
of standard assumptions for milk consumption, 1131 uptake and thyroid reten-
tion appeared to lead to a satisfactory estimation of thyroid burden versus

time and of toial thyroid radiation dose,in spite of the probable inaccuracy

of each of the assumptions teken alone,
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TABLE I

B Rl

~ MAXIMUM 113! CONCENTRATIONS MEASURED IN AIR AND
ON NATIVE VEGETATION COLLECTED AT AIR SAMPLING STATIONS

HWSA-3338

Distance from
* "Purex Stack

On-ProJect

8 miles NW
8 miles NKW
9 miles North
10 miles North
T 1/2 miles NNE
1/2 mile SSW
31/2 miles West
1/4 mile NE
11/2 miles NW
2 1/2 miles WSW

Off-ProJect
17 miigs SE
28 miles SE

28 miles SE
15 miles South

September 1963

Vegetatioh

Date

9/k/63
9/L4/63
9/4/63
9/L/63
9/4/63
9/3/63
9/L4/63
9/L/63
9/4/63
9/4/63

9/7/63
9/1/63
9/1/63
9/1/63

(wet weight)

6.5%
0.70
0.09
0,38
0,10
91
b
125
4
250

0.81““
0,51
0.60
1,53

Alr

Date

8/26=9/4
8/26-9/4
9/2-9/4
9/2-9/4
9/2-9/4
9/2-9/3
9/2-9/4
9/2-9/3
9/2-9/3
9/3-9/6

8/29-9/7
9/3-9/7
9/3-9/7
9/3-9/7

pe I3k
per m3

N oowvown

v

.

*
O=1I=WAWMNWI

-3
wrl\)l\)NOOOOO
* L J

0.10 #
0008
0.10
0.1k

. ‘ \
* A1) on-project vegetation samples listed were leafy sagebrush except this
one which was bare sage stems,

*% Al11 off-project vegetation samples were leafy weeds,

# Average of three samples, the highest of which was 0.14 pc/m3 on 8/29-9/3,
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TABLE III

RATIO OF I CONCENTRATIONS
MEASURED IN VARIOUS ENVIRONMENTAL MEDIA

Ratio | September 1963 1961 and 1962

pe/kg Sagebrush (oneproject) .
pe/md air ~ 2,300 -
."nc/k Weeds (off-project) ’ o
pc/mI alr ~ 6,700 -
- pe/kg Pasture Grass (Dairy Farms) -
pc/m? afir " 10,000 v N 14,200

pc/liter of Milk 4
pc/Kg grass ~ 0,07 ~ 0,15

pe/liter Milk . .
- pc/md air A~ T00 A 600

Dose to 20-gram Thyroid from Milk , :
Dose to 20-gram Thyroid from Air ~ Lo ~ ko

Dose to 2-gram Thyroid from Milk ‘
Dose to 2-gram Thyroid from Alr ~ 400 ~ 400
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FIGURE 1

Hanford Plant Environs and Sampling Sites

ALCHE RICHLAND, WASH.




14 NI Sy NG WSOy FT

Ll S S L e bl |

-

HWSA-3338

mwmﬁ .uopaoﬁmo_w.

NOILVLIDIEA NO ~m—H 40
SNOITVHILNIONOD WAWIXVH dILIIANUd
, ¢ SNOIA
LN HANONA , . %\QA‘ 000/~00/ : @ ) i
) TR . S ouos gl S
AT 7 o g ’
Y R N -
T ) " NOLGYR -e e . .
- BB . | p—
| y \. A RS X\ 4 £ , r ..u...._.v.:lu..qou,“
"\ ’ e e e
..w_ T IMSANNNS .
v 7 ) 1 HSINIOL
{ mmem, |
T e ! , osveva
G Mﬁﬁ N r/4 "
¥ 4 ]
\ / N IN : : 4¥0 NOWN
N 1.\\ ] ! u.ci.u. Z3%0N .
v - YIDIVA
SNLOWMWH 1138809 ) e R~
v 3 g R
o
NSV -
s ....f..cll..\.. «
N4N03 _
WYHONNNND Paar ) - AW3AI0
rb.?roc
sy rm—

NIouva / : ‘ sunesNITa



o e ey

——a———

rue

Sadiataill Bl dutefbe Sl SL AR Bh ke

AT O NN NS W RSO . S

HWSA-3338

16w

€961 *doquagdeg
NOIIVIZOEA NO QEUASVEA (g I €O
SNOLLVELNEONOO WOWIXVA

€ JNOId
:. e NOSAMIIWY eawxn\un\ oy 3«3@
e — - ST & Sx.vxw\&\kﬁﬁ\g |
e / ié_m\o& / 930 |
/ \ NOLEYR ,ﬁ,r PO N .
N : ou...-.luaco.
\ \ ‘, 2
p - 4 My Wu uﬁ& 6 a HSIN3ddOL
QYA L SRR\
™ ¥ N . |
P4 4v0 NOWNA -
vs: 7 ! () 3
J — { oy VA
$NLOMWH 1TINN0D ".“ — — .\.U... 9
» ..rrrr - | :
. n3¥0d 28
RVHONNNND 0110 ]
hU.QQ-OC
oni . o
NIQNYM / ”




T e TNIT B T e pp e

e AT R L

HWSA-3338

-‘-17-'

€961 *asquazdag

YITH #dVd NI QdOSVEN (g1 4O
© SNOLLVAINZONOD WALXVH

% 3d0OTd

w{ e bl s o v

A .\ 31T v /s u\\ =d 007 a4 0y
= v . . .
. * )V\).s\u( o/ m.y\
, ;_..K : ) ¥ NOLOVR
$37 I8 — 3738
o " e
OLV4YA
4¥8 NOWN
\ 23%0m
. , 3 YIOIVA
SNLO WY 113800 : e
HE - 9
L} ffr(f t\.\ .
i ..l..\.. (3

WVHONNNND o11L0 AW3AI
) F ¥y .‘0 a®y : .
oy - i , J9VINWA



e L - s DT aeay TOR LSTTTE IR TA TR T s it S e LTSRN TR M OIS T N e s L e T VY Y "’1'.1'.::..,;'_;.':'r‘::.":;.":'""7;';.‘:‘?';‘;'-.;4'—2-'--"1—'-—— ——r———
oL |
o~
. .’ - s
18- - HWSA-3338
&
]
pal
%
o
5
> @
3
, »1
b
i 2
o
-
G
o
/7]
]
T
-
(4]
o
- ..
. & : ‘
3¢ S 7 15 &0 35 30| & 0 S 20 &5 20 .
Aupust September. October i
/963
. FIGURE § }
'CONCENTRATIONS OF I'3! TN MIIK SAMPLES
COLLECTED DAILY FROM TWO FARMS
IN THE REGION OF MAXIMUM DEPOSITION




