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Nene on the subject study to date. Thoge puvlications waleh nave a

bearing on the study are included below,

SCOPE

The purpose of the study is to obtain experimental data necessary to
irprove mathematical models presently being used {o calculate radiaticn
doses at ground level from airborne radicactivity released fron reactor

o

stacks, centainment vessels, etc, The models currently being used are
Porlicus of w!’uc&\ Wavs i

based on theory wades—impent—et—tesst—hac not been verified experimentally,

The recent survey carried eut by Gammill and Van der Hoven of DRDT

("Survey of Radiological Safety Analysis Computer Programs') pointed

out discrepencies as large as 1000 among the models currently DPeing used.

The proposed study is divided into four parts. These are

(a) & parametric study using RSAC (Rediological Safety Analysis Code%
(1,2)

TET==» a computer code developed by FPCo. In any theoretical
calculation to determine downwind gamma exposures from a cloud of radio=-
active debris the total exposure is dependent upon such parameters as
gamme ray energy, wind speed, horlizontal and vertical cloud dimensions
and release height. The computer uses these parameters in a complex
integration ‘over time and spéce to calculate an exposure at any given

A, exsossae CalcolaTion (5T VARATRY
downwind position, It is not certain how sensitiveﬂgach of these para-

meters, =2 S ez rigimesare, The purpose of the para=-

: o
[ . "t I > . S . > - >
metric study with t=a RSAC is to determine hew=ssacik variation in dose &=

caused by variations in these paramecters. ‘The study will be accomplisned
by programming the RSAC code witia several compinations of gamma energies,

heights of release and hypothetical weather variables and ouserve tue
' "RSAL--A
1., R. L. Coates and H. R. Horton, "Radliolcgical Safety Analysis Computer
Progranm,"ID0={7iS}, May 19G5. A
2. L. C. Richardson "User5 Manual for the Fortran Versonian of RSAC,
ID0-17261, June 1968,
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5 study to measure dose wwi=<iws factors in air., All calculations of dose

rates from 2 paoton source in air ab different distances are normally

rmade using a simple exponential attenuation witn a linear avsorption

(9]

oefTicient, The calculated dose rates, however, are less tanan the

s

actual dose rates., he reason for the difference is tuat the calculation

thie beam walle

[ 5
t
k.J
O
[ 5]
ot
=,
L¢3
O
3

[

g3suaes that when a photon 1s scattered, 1T
in reality it can later be scattered back into the beam., Tae technique

-~ S R S O O S vy s T
G COFTGEOT YO IRG @Yo L roauaeyres L8 0 UALTLTLYT Uhs el nn oo

deatiage el

corraction Tachor Xncwn as a svdmswes factor, Lag accuracy of Sae resulsant
calculations is obviously dependent upon the accuracy of tae puild-up factor

used.

The original source of build~up factors for air was from a calculation

(3)

of build-up factors for water made by Goldstein and Wilkins using the
method of moments. Since the mass add energy absorption coefficients

for air and water are approximately the same, it was assumed that tne
build-up factors for air and water would be tie same when the distance

from the source is expresséd in terms of mean free patns, The study oy
Goldsﬁein end Wilkins did not go below a source energy of 255 KeV, However,
equations fitted to the data (4,5,6) were commonly used to calcula@e build-
up factors for thoton sources in the kxilovolt range. In scme cases the re-

sults from the various equations differed by more than five orders of

mognitudea,

3, H. Goldstein and J, E, Wilkins, Jr., "Calculations of tne Penectration
of Gamma Rays" NY0-3075, Nuclear Development Associates, Inc. (1954)

L, "Meteorology and Atomic Energy", AECU-3066, p. 101 (1955)

5, David H. Slade, Editor, "Meteorology and Atcmic Energy”, p. 380 (1963)

6. D. K. Turley, "A Survey of Emperical Functions Used to Fit Garma-Fay
Buildup Factors", ORNI-RSIC-10, (1y66)
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for norizontal diffusion, evidence indicsztes that the distridution in

the vertical may not be $aussion. The vest way to determine the_

vertical distrivution and its affect on dose is to measure the distribution
and dose in the field. This is one purposze for the field tests. -
Incidently, the measurements of vertical distrioutions »er se will be an

important oy product of the study, because they will contribute to a

vetter understanding of the vertical diffusion process itself,

The other reason for field testing is to verify the mathematical model

derived to predict ground doses.

aenedy
One hundred field releases are plazned over a two year period, Monocenergetic

gamma emitting radionuclides will be released into atmospheres of different
st
stabilities from varying heights. Ground doses will be measured primerily

with recording ionization chamber dose rate meters,

Construction of a Mathematical Model. The end product of the study is a

PN WHICH CHn beusEnTo
nathe matical model, based on experimental data, predict ground, doses
v A Luvel

from clouds of gemma emitting radionuclides, Model building will be

a continuing effort by all those involved in tae study.

186500




-
r—y

Build-up factors for air nave also veen caiculaled using Monve Carlo type

(1)

computer codes. Calculations by VWells were not in ccmplete agreement

with the momentfmethod data obtained vy Goldstein and Wilkins, Later

8)

calculations by Marshall and Wells , however, were in gocd agreement

with the momentfmethod data., The discrepancy was apparently caused by tre

cutoff energy used in Wells' earlier Monte Carlo calculations,

Several ouild-up factor calculations have been made for monenergetic point

(9)

sources in the kilovolt energy range. Calculations nhave veen made Dy Renken
using the polynomial method for a 20-3eV pnoton source in sea level air,
Also calculations have been carried out to 10 mean free patas for source

energies ranging from 12 to 100 keV at an altitude of 75,000 feet by

(10)

Krumbein, Cohen and Ross using a Monte Carlo code, This calculation

is within 5% agreement of that made by Renken for a 20-keV photon source.
Wnile the calculations agree with each other, their accuracy for
expressing true build-up factors in air is not known. They are however

the best calculations available for the kilovolt ener range.
g

-

‘e

'l .
T. M. B. Wells, "4 Monte Carlo Calculation of Gamma Ray and Fast Neutron
Scattering", Reviews and Lectures No. 110 (Proc. NRDL-OCH Shielding
Symposium), Naval Radiological Defense Laboratory (1960

-8, J. D. Marshall and M. B. Wells, "The Effect of Cutoff Energy on Monte
Carlo Calculated Gamma-Ray Dose Rates in Air", Trensactions of
ANS 1966 Winter Meeting, Volume Y. do. 2, pp. 343

Y. Jumes Il. Renken, "lronsmisoion ol X=Knys Through Alr", UC-RR-GY-1H1,
(1965)
10. A. D. Krumbein, M. O, Cahen, and R. Ross, "Buildup Factors for Point

Monoenergetic Low-Energy Photon Sources in Alr, "Transacticns of ANS
1966 Winter Meeting, Volume 9 No.2, pg. 342.
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. o (11) . s
A report by Bernstein and Weiss states that an initial rousgn measure-
€0
ment was made of the gquality of the gamma radiation from a  Co scurce

in 1953, They stated that the results suggested agreement with the

\ X - (12) . : -
theoretical calculaticns of Spencer and Famo , aovever, they did note some

indication of the effect of the ground. Driceizaf

Il oot et red . Due to sdverse winter
weather, Bernstein and Weiss discontinued their studies in air and they
made studies in a water medium. Since they cotained excellent agreement
between theory and experiment for water, they concluded tnat the data of
Goldstein and Wilkins was reliable for almost any energy and medium.
Realizing that the problems involved in making air measurements analogous

to the water measurements were rather severe, they decided not to repeat the
experiment in alr, They did staﬁe that they planned to make several
specific studies pertaining to the propagation of x-rays in alr. Wietner

they actually made further studies or not has not yet been established.

bord-vp
The disturbing fact is that all of the buildup factors for air have been

established by theoretical calculations. They have not teen experimentally

measured. The accuracy of the calculated build-up factors for air is not
. ; )

known, Therefore, the purpose of the study is to measure build-up factors

7o

in alr and to develop an emperical equation, descrlbe the build-up factors.
fis a fomction of gRvamA TAY encﬂn and }M P Py

C. Field Measurements of Gamma Exposures, Most of the currently used dose

Assvme coniTacaiaant ,
models azeiae taat the distribution of the containment Wluﬂln the plume
&
is gaussian. Although there is ample evidence to support tnis assumption

1l. W. Bernstein and M, M. Weiss, "The Propagation of Gamma-Rays in Air;
Progress Report for Jeauary 1 - Jurne 30, 1953", BNL-15k0.

12, L. R. Spencer and U, Fano, J. Res, N3S L&, Lk6 (June 1951)
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Participation in tne study will be roughly as follows:

Study : Porticipant
et
Parametric Study PPCo*
Dose Builé-up study PpPCo¥, IKCH®
P’
Field Testing HSL, IHC##, Zughsl, LESSAw##
Model Building ESL, IHC®%, PPCo%, ESSAR##

¥ Health and Safety Branch under the supcrvision of Ormend L, Cordes

. o

¥%  Nuclear Technology Branch, Physics Section under the supervision of

Russell L, Heath

#%%  Air Resources Laboratory Field Research Office under tae supervision

of C. R. Dickson

The contribution of the Health Services Laboratory will be mainly that of
v

the Environmental Branch under Charles A, pelletier, IHowever, the

Dosimetry Branch under Foster Cipperley, the Instrumentation Branch,

under Mack Wilhelmsen and the Analytical Chemistry Branch under

Claude W, 811l will also contribute to the study.

The divisicn of lavor shown above is Dy no means clear cut., For example,

ZSSA and HSL will contribute to all parts of the study, asd-ERScemar=t==e
e L | . e ... ers . .
23 Sl addotoaey .  However, main contrivutisss to each section

will be ascshown,

We also expect to have the support of the Operational Safety and Technical

Support Divizion of ID because of their direct invelvement in safety analysis

reviews at the NRIS,

1186503
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RELATIONSHIP TO OTHER PROJECTS
The ZXCES program is directly related to the Reactor Safety Progranm.

AT

AEC personnel, AEC Contractors and AZC
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Licensees %o pradict tiae conseguences of Almospheri
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iy
(8]
(41}
o
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]
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(8]
H

nuclear facilities. Having a matnematical model based on measurement
will give us more confidence in its predictions, theredy allowing us to

evaluate hazards more realistically than before.,

The meteorological information acquired from the study will contribute
to the field of micrometeorology, a field on waich the AZC relies for

many reasons other than reactor safely analysis.

Many of the technigues employed by INC to measure incident energy flux

have been developed as a result of their support of tne LOFT Safety

Program,

TECHNICAL ACCOMPLISHMENTS THROUGH FY 1969

A field test was carried out on May 3, 1968 in whiea 31.6 puries of 1334
were released at a height of two meters into a very stable atmosphere,

Weyw
The stability during the release was categorized as class G. The wincd

A
speed transp&%ting the 133

Xe was measured to be 3.8 m/sec., Tae vertical
and horizontal dimensions of the plume xuers were estimated oy photo-

grapnic methods.

1186504
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Assunming & gaussian distridbutiocn in the plume, =SCA perconnel ectimated tnat
tne dimensions of the plume were as follows,

Downwind Distance Dimensd

Y ! .
(meters) {me

100 8.0 4.5
200 11.3 5.8

) L00 | 17.8 T.5
800 2T« T 9.7

Dose measurements were made using thirty O to 1 mR ionization chembers, A
background exposure rate of 57.2 uR/hr was measured at Test Grid 3 where the

test was held,

The doses measured at the 200 and 400 meter arcs were roughly twice background.
With background subiracted tae error on each measurement is estimated to be
+ 27 uR. The doses measured on the 800 meter arc were mostly less tnan backe-

ground,

The centerline doses at the 200 and 400 meter arcs were measured to be 31 uR

and 22 uR respectively. The centerline doses predicted by arc using the above
/ n _ L

values of G‘y‘ and (r; were 66 uR and 63 uR at the 200 and 400 meter arcs

respectivel%f The RSAC value for the centerline on the 800 meter arc is 56 uR.

The doses measured off the center line of the 200 and 400 meter arcs indicate
that the crosswind distribution of the conteminant in the plume was more nearh1
uniform than guussian, The off=-center-line doses predicted by RSAC for all

three arcs contained at least one dose that was higher than the centerline

dose. This apparent anoma%&y has not been resolved,

Because of tne low signal-to-noiseliratio, the provable non-gaussian distridu-
tion in the plume and the anomalous bdehavior of RSAC no conclusions can be

drawn from the test. Its main value was that it purned up problems which
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wien solved will zllow us to perform better field tests in the future,

b) Twelve recording ionization chamber rate meters naove been purcnased and will
be calibrated and placed in the field for relisbility testing and background
neasurenents.,

¢} It nes oeen decided to produce radiocactive for the study sources in the MIR,
Purchasing sources of noble gases in the quantities nceded is pronibitively
expensive., A source release mechanism is being constructed in the Laboratory.
The mechanism is based on a design by BHWL. The source for high gamma ray
energy neasurerents will be 2)'LNaL, for medium gamma ray energies 61LCu and for
low encrgéfs ISQQB.

d) A proposal for the erection of U-500 foot towers at Test Grid 3 was prepared
end submitted to the GPP board of ID, The proposal was not approved for FY 1963,
tut if the study is funded by DRDT there is an excellent.chance that the

towers will be erected early in FY'70,

e) Tae parametric study should de completed oy April or May -1969.
f) Several dry runs of source irradiation, preparation and actual release will bve
carried out in April, May and June 1969,

sXPEZCTED RESULTS IN FY 1970

[ .
a) Equipment and techniques of data analysis should be developed for the measurement

of gamma energy flux oy July or August 1969,
b} The dose build-up study should be complete by December 1969.°
¢) The additional towers and associated electrical work for Test Grid 3 may be
,ﬂh?lw
comploled by November 1Y0Y, by bhe wogee anbe LU 1o boped Lo have UL‘.:«I'JL({Lll.tj.().’l
detecticn system operational. Both of these estimetes ere based on the tin
that GPP funds and instrument funds are made available to ID. It is reasonable

o wtdls o

to expect that the field <esting program will be well underway ©F 5i?ﬁ~v 1970,

1186500
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22, Descristion and Justificaticn of ¥ajor iaterials, Suvcontract Items and

Otaer Unusuel Significant Cost Items.

Support Services
Tae cost of $10,500 includes funés for the services of INC personnel
for their work on the development of techniques for gamma energy flux
measurements and some source preparation and for PPCo's parametric
study and the dose build-up fzctor study.

FY 1970

Support Services
The cost of $28,000 includes funds for the services of INC personnel
for their participatioa in tine dose build-up factor study, the field
experiments and for source preparation and for PPCo's participation in
tne dose build-up factor study and field experiments.,

Eguipment Obligations
Tne funds for equipment and justifications are itemized below. Because

of known fiscal restraints no equipment funds sre requested in FY 1969,

However, if funds can be made available in FY 1969 it would be wise to

14 .
begin the egquipment procurement as soon as possible,

(a) Ionization Chamber rate meters 24 @ $600 $14,400
These ion chambers will be the primery dose measurw
ing devices for the study. We already nave 12 of these
chanmbers which we plan %o test soon, We believe that
recording the output of these devices every few seconds
and integrating the dose rates mathematicalky is the
most sensitive metacd of meesuring the net radistioan:

exposure.
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(b)

(c)

(a)

(e)

FY 1971

Focothae dob

‘B Qable for the above chambers
Digital System for automatically interrogating
and recording tae output of the 36 rate meters,
By automatically interrogating and recording the
outputs of the ratemeters for subseguent computer

cq%
processingj > save considerably over the cost of
hand collecting and processing. Strip chart recqrders
alone would cost about $25,000.
Three g 300-=ft towers andhassociated wiring,
The need to measure the vertical distribution
of the plume has been discussed above, In addition
to these towers which will be placed at the 200-meter
arc of Test Grid 3 we plan to have four o 500=ft
towers erected at 600 meters. The cost of these
towers and the necessary wifingvis estimated to bve
$129,000 waich we hope to fund as a GPP project.
Hi-volume air samplers 140 & $50
These samplers will be supported by the towers and will
serve té measure the vertical distribution of the plume,
We plan to have special filter holders constructed to
place.directly onte the sampler motor thus . saving about
$80 per sampler over the cost of the on-the-shelf

samplers available,

Support Services

&,000

25,000

Tae cost of $27,000 includes funds for the services of INC personnel for

their participation in the field experiments, source preparation and

model building and for the ZServices of PPCo personnel for participation in

the field experiments and model duilding.
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