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ABSTRACT

The nuclear accident at the Stationary Low Power Reactor No 1

(SL-1) on January 3, 1961 presented the most severe test to date of
meteorological support capsbilities for such an occurrence at the
National Reactor Testing Station. The activities of the Weather Bureau
in providing responsible officials with the hecessary meteorological in-
formation and interpretations during the emergency are discussed. The
stagnant weather conditions following the accident Provided a maximum
Potential air pollutiocn episode. Msteorological evaluations of air
concentrations and deposits of <odins i31 on the vegetation are Presented.
A deposition velocity for iodine 131 of 0.2 em sec"l over desert-type
vegetation was computed. Computed dispersiocn patterns and emission
rates of this isotope from the SL-1 ars presented. The computed long-

riod average air concentrations, based on wind speed and direction
statistics, are considerably less than measured values at greater dis-
tances from the source. This is apparently due to the confinement of
the mountains forming the outline of the Snake River Plain. A volume-

tric-type calculation of air concentration aprears to be more satisfactory.
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I. INTRODUCTION

On Tuesday, January 3, 1961, at 9:01 p.m. a nuclear accident occurred
at the Stationary Low Power Reactor No. 1, known as the SL-1, located
at +the National Reactor Testing Station (NRTS}, Idaho. This nuclear
accident resuited in three fatalities and extensive damage to the reactor
core. The SL-1 Reactor was designad by Argonre National Laboratory as
the proitotype for 2 powsar piant to provide power and heat for a remote

radar ingtailaticn and its support faciiitizs. Originally designated as

o

the Argonne Low Power Reactor (ALPR), tre SL-1 was & direct cycle, boil-

ing waser moderated and cooiled, natural circulation reactor.

IT. WEBATEER BUREAU ACTIVITIES FOLLOWING THE ACCIDENT
The Weather Bureau was calilsd upon +5 provide considerable meteoro-
logical information and interpretasion of radiation measurements at

the warious monitoring stations following The naclear accident at SL-1.

o]

This support can be classified esgentially into two phases: 1) the

4

emergency-type acticon taksn in +he immediate hours following the accident

for the proteciion of comnel and 2! the continucus evaluation of

taining the maximuam fofoemation to assist in salvage operations and future

resctor nazards analysss. Upon b=lag notified by the Office of the
Director, Fealth and Safety Division of the occurrerce of <he accldent,

Weather Bureau personnel mads 2 rapid preliminsry analysis of weather

cor@i®ions ia the SL-l regica from ~mservaticns taken by security



personnel have been trained to read wind records accurately and relay
this information by telephone or radio during emergencies.

The particular weather type that prevailed during the accident
was quickly recognized as the type usually associated with strong anti-
cyclonic conditions in the winter night in this region. Generally steady
north to northeast wind directions are experienced with an extremely
strong inversion under clear skies and very iight surface winds. Any
released material would have been accurately prognosticated to travel
fairly slowly to the south or southwest and thus not endanger any of the
other reactor populations, since the SL-1 is on the southern perimeter
of the NRTS (see fig. 8); likewise, no major off-site populated area
was in any immediate danger. Immediate prelimirary trajectory infor-
mation was given to the grcund monitoring teams. Their first informa-
tion showing low levels of radiocactivity, along with the unlikely inter-
ception of any major inhabited area by the radioactive plume due to the
observed wind conditions, wers factors considered by the Idaho Opsrations
Office, Atomic Ensrgy Commissior in their acticns following the
accident [_l_]o

Weather Bureau perscnnel then drove rapidly from Idsho Falls to
the weather central in Central Facilitiss for more detailed analyses.
Trajectories and arsas of maximim surface-level radicactivity were
computed for releases at several agsumed heights, sinc2 the exact height

of relsase of any radicactive material was not known.
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Mobile monitoring teams were advised as to optimum sampling areas
for radioactive material released at or near ground-level. The aerial
monitoring team was dispatched at daybreak of January 4, the morning
after the accident, down the Snake River Plain to the most likely in-
terception point of any radioactive material released at the time of the
accident a+ aboutb the 200-ft level or above. Continuous surveillance

made thereafter to direct the
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ard analysis of weather condit

and mobile surfac2 meornitcring operations until emergency conditions

gerial
had passed and the mchbile sampling crews were replaced by a fixed grid
of high volume air samplers arcurnd the SL-1. An estimate of the release

of iodine 131 which was the principal isctope detected on both the vege-

tation and in the air, was then made by working backward from the radia-

tion measursmernts in the field to the source with the usual atmospheric

diffusion squations.

The szcond phase of the metecrological support was conducted in close

ccoperation between meteorologists of *ha Weather Burzau and health

thysicists, ecologists, and chemists of ths Health and Safety Division.
Since it was obvious that thers was a slov bul continuous discharge of
tcdine 131 from the Si-1 area, an ewtensive sampling and analysils program

was iritiated. A nurber of high volume alir samp_ers wers installed around

the SL-1 region to supplement the &n wwironmental monitoring network (see

aiiy, analyzed for iodine 131, and
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then the air concanira+ticns wsrs used with the ocgerved meteorological

conditiong to dstermine a dally ralease of iodins 131 from the SL-1 arsa.
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There appeared to be no other method of determining this effluent discharg
from the SL-1, since re-entry was prohibited because of the high radiation
levels encountered in the reactor building. Vegetation samples were col-
lected near many of the high-volume air sampling stations and compared
to measured air concentrations in order to determine an appropriate de-
position velocity. Snow and soil samples were also used to compute de-
Position wvelocities.,

A wind station was installed in the SL-1 area with wire telemetry
to the main Weather Buresu office at Central Facilities, 'some 5 mi away,
for operational and researck purposes. At the time of  the acéident the
nearest weather station to SL-1 was at Central Facilities. This station,
along with the other stations normally in operation in the region, plus
vertical soundings of wind and temperature to TO00 ft above the surface
furnished the meteorclogical data for a thorough evaluation of the trans-
Port and dispersion of the sirborne iodine 131. From this observational
- program, the daily operational weather forecasts that were made to cover
the salvage operations in the SL-1 were monitored.

In the following sections, a discussion of *he meteorological
conditions during and after the accidsnt is pressznted. The estimates
of iodine 131 release, correlaticns of air concentiration and surface
deposition of iodine 131, and the relation betwsen observed radiation
patterns and meteorological information are described in the following

sections.



ITT.

METEOROLOGICAL CONDITIONS FOLLOWING THE ACCIDENT

A general anticyclonic weather regime, with its customary clear

skies, light

inversions was in existence dur
miror synoptic weather changes
wers Llargsly masksd out b

winds, and sirong nocturnal cooling permitting strong, deep

ring the period Jan. 3 to Jan. 29. The

experienced during this stagnant period

changes of the winter season.

nezr 5,000 £ above sea level, and generally

v air mwasses, a rsguiar and pronounczsd change in the diffusive capacity
of the atmosphere is measursd with the time of the day. This is shown
in fig. 1, which portrays ths +typical temperaturs and wind variation with

neight fcllowing the accident In the morning and afternoon near the times
whar +he effects of nociurnal cooling or solar heating are the maximum.
A strong nccturn inversion usually formed to greater than 3000 ft above

PR
S

ground

with a temperaturs increase ia 2xcess of 20 ¥ from

the ground

+o the ton of the irversion oy sunrise. The slight amocun® of solar heat-
cP N

ing ring this season In ths dayIight hcurs permitted a weak temperature

lapse tc form tc ground in the afternoon,

with

- el

a capping invs

persisting aloft throughout the entire aay.

quickly wsform in the lower-mos<t layars shortliy
nsl radianional cooiing. The dzally maximum

Leing d=fined as *the ftempera-

tempersture sounding

pzriod.

given in %sble 1 for this

ghove the
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Table 1

SL-1 Inversion Summary¥

Date Maximum Inversicn Helght Inversion Intensity
£4) (F)
1/5/61 3100 30
L/6/ € 3000 26
1/9/61 690 T
1/11/61 5400 17
1/12/61 5400 10
1/17/61 2600 30
1/18/61 1400 18
1/19/61 2k60 20
1/20/61 3280 oL
1/24/61 1870 23
1/25/61 1800 6
1/e6/6L 1770 10
1/27/61 2460 15
2/3/61 [als) 2

#Data obtained from T-Sonde flights shortly after sunrise.



measured with 30 F temperature increases from the surface to the inversion
top. The inversion broke each day at about 1000 MST to the 250-ft level
and reformed at near 1700 MST so that 17 hrs out of each day experienced
inversion conditions in the lower layers of the atmosphere.

The prevailing winds in the lower levels over the NRTS during such
stability conditions are steady north to northeast winds of light to
moderste speeds. Surface wind speeds are essentially near calm with the
direction strongly influenced by local topographic features. One would
anticipate an airborne sffluent very near the surface to move slowly in
an erratic course down the elevation contours much as water flows down
hill under the influence of gravity. The streamlines of flow at the time
of the accident and six hours later as could best be constructed from
the wind observations in the region are shown in fig. 2. These show
that any airborne material released in the hours following the accident
would have moved off to the south or southwest down the Snake River Plain.
In the 100-hr period following the acéident, there were 98 hours with
north-northeast wind directions with a mean speed of 7.5 mph as observed
on the 250-ft level of the meteorological tower at Central Facilities.
This consistent wind was a foritunate result, of course, with respect to
the measurement and interpretation of radistion measurements in the field.
The northeasterly winds continued to prevail during the month of January,
as shown by the January wind rose in fig. 3 for the SL-1 surface wind

station, with 60 per cent of +the winds blowing from the northeast quadrant.
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The typical variation of wind with height from pilot balloon
observations during January is shown in fig. 1 with the temperature
sounding. The layer of northeast winds extends to about 1500 ft, near
the top of the steepest part of the inversion, and then the winds veer
rapidly to assume the westerly gradient winds at about the 700 mb level.
During the first several days after the accident, the gradient winds at

the 70C mb level were wegterly to northwesierly. The stability of the

air was sc strong that the westerly gradisrt winds wers not able to work
down to the surface even during +he period of maximum solar heating in
the afternoon. Any radioactive msterial reaching the 70O mb level, about
5000 ft above the surfacz, would have moved of f to the southeast or east.
Howevsr, because of the stirong capping inversion, it 1s unlikely that

any significant amount of icdine 131 would peneirate to that height and
the most likely motion of effluent would e down the Snake River Plain
with north to northeast winds. The dispersion of ths Zodine 131 was

undoubitedly iimited in th= horizental by the

2

cuntains rising to several
thousand feet above *the surface along +the confines of tnis Snake River

Plain as shown in fig. 2, whereas, the capping inversion would tend to

o’
2
£a
4
n
O
]
#

Due to the

48

1imit ths vertizal dispersicn O below abo
light but persisisnt winds and s*rong stabilivy wivth minimum dilution
down the plain, long rangs trave. of any poilztant towards the weztern

erd of the Snake Riwver Plain woul hxve been likely.

The limitation of wertical Gispevaion 23 woll a8 LIE nssure of

varisble, light gurfacs winds during Shs sorong 1aversLin ~f +the accid
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is shown in fig. 4. The photograph, a time exposure of a smoke release
near the SL-1 shortly after sunrise two days after the accident, shows
the smoke staying near the ground and traveling in a zig-zag path down
the plain. The meteorological conditions during the accident were
similar to that when the photcgraph was taken, so that similar transport
and dispersion fzatures were liksly. The camera was facing approximately
east on Highway 20 (see fig. 7) for the photograph.

After January 29, ths snticyclonic high pressure system weakened
with a change in wind and diffusion regimes. The month of February was
marked by frequent frontal passagss with their attendant strong southwest
winds, precipitation, and reduction of inversion hours. A six inch snow=
fall on February 2 was the first significant precipitation recorded for
the year. The change of rravailing winds is shown in fig. 3 by the
wind rose for the SL-1 arsa for February in which 60 per cent of the
winds were from the southwest quadrant. The contrast between January
and February in the prevailing fiow ig also shown in figs. 5 and 6, which
chow the wind roses at several statlons along th2z Snake River Plain for

these two months. The predominancs of down valley winds in January along

1]
(s}

the entire plain is in sharp contrash with the predcminance of westerly
or southerly winds in February, with a general increass 1n speeds in the

latter month.

&

The strong, deep inversion of January were largely absent In

February with many nights showing no inversion hours near the surface.

-

Dilution of any radicachive matsrial would have been considerably
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increased over that of the previous month.

IV. METEOROLOGICAL INTERPRETATION OF RADIATION DATA

As discussed in section II, aerial and ground monitoring teams
were guided to areas that were expected to be in the path of the effluent
discharge. The aerial survey did not report any significant readings,
probably because the iodine 131 stayed near the surface, so that only
ground level data were available. Samples of vegetation were collected
at easily accessible points along two principal cross-wind surveys at
about 6 and 12 mi downwind on the first and second days after the accident
respectively. From these jnitial surveys, the estimated release of
iodine 131 during the first few days after the accident was meade. The
general areas of effluent deposition are shown in figs. 7 and 8, with
what appeared to be the main part of the plume shown by the heavy line.
The date from which fig. 7 was constructed were collected within 48 hours
of the time of the accident, whereas, the more remote surveys of fig. 8
were completed by Jan. 9. The wide deposition pattern is typical of a
steady release over a long period of time during extremely time-and
spatial-variable wirnds. It appeared that the main psrt of the plume
initiaily traveled somewhat east of the direction indicated by the
winds as shown in fig. 2, before curving to the west along the axis of
the Snake River Plain. This appeared to be due to some channeling effect

of nearby terrain elevations.
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Because of the uncertainty of extrapclating surface winds very far
from the point of measurement under the observed conditions, the observed
air concentration from the environmental monitoring station at Atomic
City, 5 mi south c. SL-1, was not used to compute the emission rate of
iodine 131. Instead the entire crosswind vegetation surveys, shown in
figs. 9 and 10, were used. These figures ghow the radiocactivity on the
gsagebrush in terms of counts/min/gm, which was determined to be largely
iodine 131. The decrease of radioactivity cn the sagebrush with
distance downwind from the SI-1 is shown in fig. 11. The graph shows
the measured activity in the main part of the plume, given by the
solid line in fig. 7. The areas urnder the curves in figs. 9 and 10 give
the crosswind integrated deposition of radioactivity, Dep, from the time
of release for approximately the first day and the first two days re-
spectively. This is related to the crosswind integrated air concentra-

tions, CIC, along the survey arc by a deposition velocity, V as

g)

Dep = Vg CIC (1)

puted from CIC by the usual diffusion

The source term, §, can Te com

equation

- T L
/i U 52\2- =
where U is the mean wiznd spssd, C

x is downwind distance, and n is a stability parameter. A slight

re made for radicactive dscav, Lut

2

correcticn shoul
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since iodine 131 has an eight-day half-life. A deposition velocity

-1 . - .
of 0.2 cm sec was assumed to be appropriate as a result of some field
experiments over similar terrain at +he NRTS by General Electric
Company L 2_/3 ince the depositicn is measured in terms of radioactivity
per unit mass of vegetation whereas the depesition velocity is used to
compute radioactivity per unit area, the density of vegetstion is re-
gquired to compare computed and observed deposition. The density of

~

vege<tation s% this site was found ©O be 50 gm m © from ecological studies,
and this value was used for deposition velocity calcuiations. It is of
interest to note that the deposition velocity found for the iodine 131
deposition from the accident at Windscale, England Z 3 / was similar to
tre value assumed above. Results of the calculations, shown in Appendix A,
give an estimate of the total relzase of iodine 131 from the SL-1 area

of 10 curies by the first day and 30 by the second day after the accident.

Later deposition surveys gave sdditional zstima*es of the average daily

i

discharge of iodine 131 for the period Jan. 6-11. All the calculations

scsured thas the relsase was at a constant rate through the day.

Completion of an extensive network of high velume air samplers around
the SL-1 by Jan. 11 gave detailed air concentraticn data for source
calculations. This included an zrc of samplers £ mi wide on Highway 20,
about 3/4 mi. south of the SL-1, and sevsral more gamplers north of the
SL-12 The filters were colisc<ed and analyzed on a daily basgis and,

- | 3 3 > 3 M - - 3
using the diffusion eguazicn (2) wizh otserwzd memecroiogical conditions,

cource caLculations were mads. Thes®: calciilations from air concentrati
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data are shown in Appendix A. The estimated daily iodine 131 discharge
to the atmosphere from the SL-1 area and cumulative total are shown
in table 2. The results indicate a tapering off from a peak discharge
of 20 curies/day on Jan. L-5 to neer 0.2 curies/day by the end of January
with a total release of 84 curies by Feb. 12.

Since vegetation samples have been useful as an indication of

trajectories of unexpected releases of radioactive material at the NRTS,

Table 2

Todine 131 Release

Date Rate Cumulative
(curies/day) Total
(curies)
Jan. L 10 10
Jan. 5 20 30
Jan. 6-11 5 60
Jan. 12-17 2- T2
Jan. 18-23 1 78
Jan. 23-29 C.5 81
Jan. 30-Feb. 12 0.2 8l

its potential use as an indication of the discharge rate of iocdine 131
from a reactor is worthy of exploration. Samples of vegetation were taken
near some of the air sampling stations and compared to air concentration
data for the week Jan. 23-28 to obtain estimates of deposition velocities.

This proved unrewarding since +the deposition rates were too low by this



25

time to provide the necessary precision. In some cases the decrease of
radioactivity on the sagebrush from day to day exceeded that which would
be predicted from radioactive decay alone. Apparently, the imperfections
of the sampling techniques gave errors on the same order of magnitude

as the daily decay, which is 8 per cent of the initial amount of radio-
activity. However, several good sampies were obtained near Atomic City, 5

+s+ few days after +the accident, where an

rk

iles south of SL-1, in the T

=]

environmental monitoring air sampler 1s in continuous operation. The re-
ported iodine 131 air concentration in microcuries per cubic centimeter
gﬂjc/cc) from this station was 36 x 107t /ak/cc, whereas the adjacent
vegetation 20 hrs after the acciéent showed a deposition of 80 counts/min/gm.
Ignoring the slight bit of radicective decay this gives

. -1
V_ - (80 counts/min/gm)(L.4 x 10 Jllc/boa +s/min) (50 gm/m ) = 0.2 cm sec

g
(36 x 10-2A0c/ce) (207 ce/m3)(20 nrs)(3600 sec/nr)

This is the value assumed in performing the iodine 131 release calculation.
Similar estimates of deposition veloclty were made from vegetation

samples collected on Jan. G, in the Soringfield-Aberdsen area about k0
miles south of SI-1, and *he mesan alr concentration for that period from
the environmental monitoring station locate +hzre. The reported values
of air concentration of iodins 131 and zagebrush ralloactivity were

]

=12 - o s fan -
“ x 10 dAk#Ec and 50 counts/mlt/gm »espectively which yield a similar

¢k
o
g
[@]

value of deposition veiocily as computed above.

The activity of icdine 131 on %the regstation along the sampling

-k

iine on Highway 20 levzled off av mooui 3 x 10 V/ch/gm on Jan. 2b and

then gradually declined. This 5t “hz sampling station showing
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the meximum vegetation reading, where the air concentration was reported

as 6 x lO—l%/L/c/cc. One can compute the deposition rate which would equal

the radioactive decay at this peaking period. These calculations are
shown in Appendix B, which reveal a deposition rate of 2.6 x ].O-LL

/Al c/gm/day and thus a deposition velocity of 0.25 cm sec'l. The air
concentration filers, consisting of a pre-filter to collect particulate
ijodine 131 and a charcoal cartridge to collect the gaseous material, were
chenged at daily or weekly intervals. About half of the iodine 131 was
collected on the pre-filter, indicating that there was virtually an even
division of the effluent into particulate and gaseous form by the time

it reached the various sampling stations. The deposition velocities

computed at several distances are summarized in table 3.

Table 3. Deposition Velocities of Iodine 131 from the SL-1 Accident

v
Distance :lix -3 DEP .o -1 & 1
(Kilometers) Date {curies m ~) (/L/zuries m *day ) (cm sec™™)
-11 _
1 Jan., 24 6.0 x 107" 1.3 x 107 0.25
~11 -3
8.5 Jan. 4 3.6 x 10 6.7 x 10 0.20
. )
67 Jan. 9 4.0 x 10 12 7.8 x 10 0.23

There appears to be little variation of Vg with distance, although the
samples were not ccllected on the same days at the various distances.
The Vg -values in table 3 are probably most appropriate for stable at-

mospheres since there wers apout 17 hrs. of sirong inversion in the day

during the period of these measurements.
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A survey was made of the soil on Jan. 25 in the SL-1 region, showing
the distribution of iodine 131 [-1_7. From these samples estimates of
deposition velocity appropriate over soil cover could be made. These
calculations, shown in Appendix B, give a value of 0.0T7 cm sec'l for the
deposition velocity over soil. Snow samples were taken along a 6 mi.
arc about 10 mi. south of the SL-1 along with sagebrush samples at each
point. The msan radiocactivity of all samples was 2510 counts/min/m
and 204 counts/min/gm on the snow and sagebrush respectively. With a

, 2
sagebrush density of 50 gm/m , this means about a 4 to 1 ratio in the
deposition velocity over sagebrush as compared to snow. Although this
figure is not surprising ccnsidering the nature of the two surfaces, the
effect of snow melt or ablation is unknown and semi-quantitative con-
ciusions only should be drawn. However, it appears that deposition rates
owver soil and snow are about 25 per cent of that over sagebrush.

ALl the estimates of depositicn velocity over sagebrush made above
are in fair agreement with one another. This may have been fortuitous

considering the low levels of iodine 131 which had tc be used, and the

9
-4

paucity of the data; howsver, it appears that 0.2 cm sec is an appropriate

ths NRTS for

ot

figure to use for the deposition wvelocity of iodine 131 =

[

operational-type calculstions. The relsase estimates of lodine 131 frem
the SL-1 accident for the first few days made from dsposition measure-
ments on the vegetation are considersd to bs not gravely in error.

ezsurements of air concantration Z l_j indicated that iodine 131

was eveatually detected throughout *he eantire environmental monitoring
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network. This network extended to 100 mi. down the Snake River Plain to
Shoshone, Idasho. The steady evolution of iodine 131 from the SL-1 resulted
in a fairly even spatial distribution of radiocactivity at greater distances.
The levels of air concentration reported agreed quite well with a volu-
metric-type calculation of dilution. It can be assumed that iodine 131

was mixed rather uniformly to a height of 2000 ft (600 m), the limiting
height due to the capping inversion. The horizontal width of the Snake
River Plain across the prevailing winds is aoout 7O mi. (113 km). A mean
wind speed of 7 mph (3 m sec_l) through the layer is appropriate for the

first tio weeks, so that a relative concentration factor of

9

sec/m3

%/ - 1 ~ =5 x 10
(;> ) (1.13 x 10° n)(3 m sec-l)(6OO m)

can be applied. For this dilution factor, the mean daily discharge of
iodine 131 of about 10 curies day—l {about lO-h curies sec™l) in the
first several days would give an air concentration of about 5 x 10-13

curies m_3, ignoring the slight radicactive decay. This was about the

of the envirommental monitoring

[e2]

ilevel measured irn the cuter-most station
network.
A more sopnisticated computation of +the mean diffusion patterns

as suggested by Culkowski / 4_7, in which diffusion equations such as

42}

(2) are used with the wind rose and atmospheric stabllity measurements
for the period, alsc was made and comparsd to measured air concentrations.
In this technique the air concentrations are computed for the various
wind speed and stability combinations, and then summed for each wind

direction sector for the appropriate numbsr of hours that a certain
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set of conditions occurred. The appropriate dispersion parameters are
the same as those used in the calculations in Appendix A, and the source
is given in table 2. The computed isopleths of average air concentration
of iodine 131 for the period Jan. 3 to Feb. 12, 1961 are compared in
figure 12 to measured average air concentrations for that period.

The agreement is good ocut to several miles, but predicted values
are a factor of ten lower than measursed values at distances beyond 25 mi.,
This probably is due to the recirculation of iodine 131 with the diurnal
changs of the wind and the containing sffect of the mountains on three
sides of +the Upper Snake River Plain. A simple volumetric-type calcula-
tion appears more suitable than diffusion eqguations for long-pericd average
air concentration calculations a% greater distances under such conditions.
Measured mean relative conceniration factors can be computed from the
source figures of table 2 and the measured air concentrations in figure 12.

There is evidence that the effluent reached Boise, Idaho in detectable
amounts., The Atomic Energy Commission monitcring air sampler in Beise,
analyzed weekly, showed a sudden jump from .08 to .34 d/min/m3 of un-
identified fission products on *heir fiiters on Jan. 7. The levels re-
rmained near the latser figurs until Jan. 28, dropping suddealy to 0.07
d/min/m3 on this date. The da%te of the riss of radioactivity coincided
well with the expected arrival time of the iodine 121 from the SL-1, a
distance of atcut 250 mi. Iodine 131 air concentrations of lO—léllc/cc,
which are twice background, were measured by the U.S. Public Health Service
ZES_] on Jan. 19, 1961. The dats <hat the lsvels drcopped at Boise,

Jan. 28, coincides with the date of ths major wind reversal from down-
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valley (east to west) wind directions to westerly winds. The inversion
that dominated the weather situation in January weakened then, with a
majcr change from the stable air mass conditions of January to the more
diffusive conditions of February. This has been discussed in section 3.
The change in the prevailing winds throughout the Snake River Plain from
January to February is shown in figs. 5 and € by a comparison of

respective wind roses for the twc months.

¥, CCNCLUSIONS AND FUTURE RECOMMENDATIONS

Although large amcunts of radioactive material were-not released
following the accident at SL-1, the situation did require meteorological
support of the type necessary to cope with a major nuclear accident. It
is felt, in reviewing the actions of the Weather Bureau, that the emergency
disaster procedures originally devised for such an occurrence were
successfully applied and vindicated. However, several results indicate

that the following points should be emphasized:

i
)
®

Re-entry into the reactor following an accident may be impossible,
so that release estimates can bs made only from radiation measure-

ments obtain=d in the fisld. These release estimates can have

[&]

apidly supple-

L]

~onsiderable significance, so that a capscity to
ment existing snvironmental monitoring networks, when necessary,
with meteorolcgical dirsction is reguired.

o, Ewven a fairly dense network of metecrological stations can fail
+o detect topographic influences on surface-level winds, particu-

larly during strong inversions. Other devices such as visual
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The meteorologist, in order to fuifill hi
b

a nucle
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tracers and radar tracking of reflecting type targets can be
quite useful. Smoke pots in reactor areas, available for imme-
diate release sre useful tools. As a result of the SL-1, both
Weather Burean vehicles, which are equipped with radio, have been
supplied with smoke pots and compasses to obtain trajectory in-
formation at strategic locaiions.

Written detailed plans delineating the action to be taken by
perzonnel within the branch should be available and memorized by
branch personnel.

Non-interception of continucusly-operated ai: samplers by the
radiocactive matarial may lsave deposition measurements as the
only means of determining initial cloud trajectory and release
estimates. Some useful estimatzs of deposition rates-air concen=-
tration relaticnships werse msasured from the SL-1, but further
resszarch into this is reguirsd.

mission during the temsion of

n

ar acciden*, should endeavor S0 bsoome thorcughly familiar with

the manner of opsration of the agsnciss to which hs is attached during
guch times. Th2 specific neads of responsibls officials must be com-
pletely understood and informaticn presentsC in a manner that will help,

not confuse, the intended recipisnt.
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Appendix A

1 A-T. Method of computing iodine 131 release from SL-1 from deposition

measurements

|
|
| 1 | Ve

Lo : Ve CIC = Dep » Vg = O

Crosswind integrated air ccncentration, CIC, times deposition velocity,

equals crosswind integrated deposition, Dep.

cm s

N

From Sutton's equation for a acurce Q(curies):

CIC = ¢

: — 2=
' Parsmeter yrr % 'Z"X Strong Inversion Strong Lapse

| _ R _ -
E U{Wind speed) 2 m sec 2m sec™™
E C, {vertical diffusion coefficient) 0.06 0.30
E : n{stability perameier) 0.50 0.20
Relative Concentration {CIC/Q)
A3
stabilit
: case N
Inversion Lapse Daily Mean
distance -
6 mi{9.65 x 10°m’ 9.8 % 1073 L.7 % 107 7.1 x 1073
5, -2 5 . - 3
12 mi{1.93 x 10'm) 2,9 x 20 ° 2.7 x 10 4.3 x 10

=3

K *¥Weigh+=d for 17 hours oI

Jan. & - Deposzition at & mi (fig. §) = .37 % 10 counteg-m/gm/mi

e Ly
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Jen. 5 - Deposition at 12 mi (fig. 10) = 2.8k x 109 counts-m/gm/min

= (2.84 x 106 counts-m/gm/min) (1.4 x 10-61/c/counts/migl(50 gm/mg)
(2 x 1073 m/sec)(k.3 x 1073)

- 2.32 x 107/4/c - 23.2 curies
These values are rounded off +to 10 curiss and 30 curies, which will
compensate for radiocactive decay.
A-IT. Release estimates from air concentration data
Wind and field radiation measurements indicate that the effluent can
be assumed to be evenly spread through a day over 6Oo for the first few

miles downwind. Therefore, the average relative concentration out to

Atomic City is gJ_ven as

Oo%= 22 5. (mu% ey es:

where

Y/6 = 2‘ Ca X -~ EXP- [ ;_m]

is the relatlve concem, tion express:. on agssumed valid at Aberdeen. The

following table shows a sample calculation.

Aiv Concentration Calculations

Jan. 1a-16, 1961

Sampler downwind ()(/Q) a C{/Q) ( :Z/Q\"" JL 3, Q
Location distance Laps=3 I me“”' gn Daily (cirie/m>)  (curie/day)
(meters (sec/m™) (sec/m (sec/m3 '
- . =6 -5 -5 -10
Highway 20 1100 1.2 x 10 3.9 x 1077 2.8x 10~ 5.7x 10 1.8
_a ¢ i} -
Atomic City 8500 2.5 x 1070 2.2 %1070 8.5x 1077 3.5x 10 1L 3.5
- -5 =7 -
Aberdeen 67,500 2.9x 1077 1.0x1w0° 7.3x10 0 :1x10 12 0.5

*Weighted for 17T hours of Iaver zicn and 7 hours of lapse.
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Lapse parameters: n =z 0.2, Cy = 0.3, Cz = 0.3, U=5m sec™1

Inversion parameters: n = 0.5, Cy = 0.3, Cy = 0.06, U=2mn sec T

The sbove calculations show that approximately two curies of iodine 131

per day were released for the period Jan. 14-16. Calculations for the

following days were made in a similaxr manner.
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Appendix B

B-I. Deposition velocity calculations

The differential egquation for activity, N(/u c/gm), on the vegetation
with a constant deposition rate, D(/uc/gm/day), for an isotope of decay

constant, A , can be written as

AN - AN+D .« AT 2693
d J 7

For the boundary condition that N = N o’ wh r’ft = 0, the solution is

AT -
N=No e +D(/ e ’\t)
For equilibrium: A N =
)\ (for iodine 131) = .085 day -t
D - (.085 day 1)(3 x lO_%/L/c/gm) - 2.6 x lO—El/c/gm/day

= (2 6 x lO uc/gm/day 50 gm/mg = 0.25 cm sec”1
x 1071 gge/ce) (106 cc/m3)(8.65 x 10" sec/day)

Deposition welocity over soil

2
Soil analysis near SL-1 on Jan. 25 showed a deposrblon of about O. 3juc/ft
or sbout &O/(Jc/m . A mean air concentration on the order of 5 x 10 -9

/L/c/cc for Jan. 3-25 was computed by back extrapolation from measurements

at more distant stations.

0.0T7 cm sec

= (0, 3,u~/m Jaay) (20”° m3/ce)
(5 x 10~ J/c/cc)(S .65 x lOll' sec/day)

it

The daily deposition rate used above, Odﬁc/mz/day, was computed from

the decay equation with NO = 0 and t - 22 days.




