
726942 

I i13. Y !  ' I  I 
1 j  

Years: Scie3tiri.c 
OYnsr Direct 

Tot2 1 t 
j- : i  

i l.4. Costs ( I n  Tliousards) 
(a) Direct %dariss 

(1) Eurdcn 
{s) Xatsrials & Supplies 

: ,  t . (c )  support Services 

1 .  t 
' J  

(d) Fuel Fabtication .2 

( e )  Reactor Fabrication .b 

( f )  I r rad ia t ions  .6 
(g) Test Reactors - dther 

.7 ( h )  ?AD Subconiract s 
(i) Lqerxiable Equipment 

( J )  Conputer Serviczs 

< :  \ 
* *  :.: 1 
: j  .. 

i i  i 
1 

ii i 
:i 1 

. I  i 

.. i 1- 
.: 1 

! 

Total Direct Costs l- 
I (I<) A+r.istrative Ecxpease 

(1) NXTS Fxpnss I 

. .  
' !  

. .  
I- 

. ,  i 
1 . .  

TCTAL COSTS 

(n) UnliquiCated Obiiga. I 1 (n)  !Zqui.l=;ent Obligations I 

1.9 
~~ 

13 

2 

10.5 

.s 

5 

28 

I I 

25 

0 

20 

1 

13 

2G 

6 

27 

1 

10 

13 

5 

I 12 

5 



- 
i 1973 

- 
i 1972 

~ 

Y 1971 I 
FY 1969 Y 1970 i 1968 

rig. 
&&& 

2.5 
.5 

i.i) 

e 5  

2.5 
* 5  113. ~ k n  Years: S c i e n t i f i c  

Other Direct 

j )  Total 

. u+. costs ( In  Thousands) 
1 .  

(a)  Direct Sa lar ies  
(I) Burden 

. '  (b) Nater ia l s  & Sup~lies 

, i . ( c >  support Services 

j :  3 
.: i 

(d) Fuel Fabkication .2 

( e )  Reactor Fabrication .4 
( f )  Irradiations .6 
(g) Test Reactors - dther  

.7 (ti) PtiI Subcontracts 

(i) &perxiable Equipment 

4 
: '  1 

). 
a .  

* I  
: i .. 

1 .  

1 .  ( j )  Computer Services ; .  
I .  

~~ 

i . u  1.5 3.d 3.0 

10 

5 

15; 

5 

213 

6 

20 

1 

10 

2c; 

6 

27 

i 

10 
.. .. 
. .  

(k) Administrative b p e n s e  
. :  I 
:'I (1) NRTS ?kpense 

TOTAL COSTS 

(m) Unliquidated Obiiga. 
(n> Equipent  Obligations 

65 04 35 28 Total Direct Costs 

! i 
i 

- 
2 
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Tne -,uroose of the  str;dy i s  t o  obtain e x p r i m e n t a l  cktc necessary t o  

i q r o v e  mat>cmaticel aodels present ly  being used t o  calculate  ra.diati.cn 

doses e,% ground i eve l  f ron  air-borne rad ioac t iv i ty  re lease6 fron reactor  

s tacks,  cc?;%aiLrrxecCY vessels, e t  c * D e  clodels curreccly b e h g  used are 

Tfle recent survey czr r ied  out by G a r n i l 1  and V a n  der Eioven of 28DT 

("Survey of Radiological Safety Analysis C o q u t e r  ProGraras'' 2oirIted 

out discregencies as large as 1000 among the  models current ly  being used. 

The proposed study i s  divided i n t o  four p a r t s ,  These a r e  

( a>  a parsmetric s t u w  usicg 3SAC (Radiological Safety Analjsis Code)> 

~. ---A- a cornsuter code developed by PFCo. (lS2) I n  any t h e o r e t i c a i  

calculat ion t o  deternine doynwind gamma exposures from a cloud of radio- 

ac t ive  debris  the t o t a l  e q o s u r e  i s  dependent upon such 2arameters as 

gama ray e n e r a ,  vind speed, horizontal  and v e r t i c a l  cloud dixensions 

ana relezse neight.  The conp.ater uses t'nese para ie te rs  i n  a complex 

integrat ionjover  t i n e  and space t o  ca lcu la te  an eqosure at  aiyr given 

downwind posit ion.  
& ra.p",uae C.cS~CobT13rJ is% v . . -  

It is not c e r t a i n  how sensit ive,qach of these para- 

metersa& f n  - -- . .A : '  , * ?  - - .. e. The puqose of the  para- 
. 

metric study with *a RSAC is  t o  determine kw-sw& var ia t ion  i n  dose 

by progrvarcing t h e  RSAC code wi th  severa l  conkinations of prmn energies, 

http://ra.diati.cn


A 

i 

- 
i 

i n  r e a l i t y  it c2n l a t e r  be sca t t e red  back i n t o  the  b e m .  The technique 

ca lcu la t ions  i s  obviously dqecdent  upoc t h e  accuracy of  he build-u.r, f ec to r  

used. 

Tne o r i g i n z l  source of build-up f ac to r s  f o r  a i r  was from a calcc,lation 

of buil&u; f ac to r s  for water made by Goldstein and Wi lk i i~s(~)  using the 

method of moments. Since the  mass a9d energy absorption coef f ic ien ts  

f o r  a i r  and water a r e  aparoximately t h e  sme, it vas zssurced t h a t  t ne  

build-up f ac to r s  f o r  a i r  and water would be t n e  sane TiLen t i l e  a i s t m c e  

from the source i s  expressed i n  terms of mean f r e e  aaths. 

Goldstein and Wilkins d id  not go Selow a source energy of 255 KeV. 

equations f i t t e d  t o  t h e  data (495'0) were comonly used t o  ca lcu la te  build- 

up f ac to r s  f o r  ;Loton sources i o  t h e  k i lovo l t  range. I n  some cases the  re- 

sults fron tne  various equations d i f fe red  by more than  f i v e  orders  of 

The study by 

Hovever, 

ujitgrt i Lur i r : .  

3. Ei. Goldstein and 5.  2 .  biilhins, Jr., Calculations of the  Penet ra t ion  

4, 
5. 
6. 

I f  

of Gamma Rays" GYO-3'375, Nuclear Develo2mcnt Associates, Inc . (195h) 
"Xeteorology and A-tonic Energy", AZCU-NG~,  9. 1 0 1  (1955) 
Davii! 3. Sladc, Editor, "Keteorology znd Atomic Ecergy", ;. 360 (1963) 
D. K. Turley, 
Buildup Factors", ORdL-RSIC-IO , (1266) 

I I  A Survey of &fi?erical Functions Used t o  F i t  Gzna-Flay 



t" ,- 

f o r  kborizont;L1 dj.fpJsion, evidence 5ndic.Zzcs t h a t  t h e  d i s t r ibu t ion  i n  

the v e r t i c a l  nay c o t  be p u s s l o n .  

v e r t i c a l  d i s t r i b u t i c n  

and dose i n  The f i e l d .  

Inc ident ly ,  the  raeasweclenTs of v e r t i c z l  d i s t r ibu t ions  D e r  se w i l l  be an 

i E 2 o r z a t  by product of t h e  s t u d j ,  bemuse they w i l l  contr ibute  t o  a 

better ur,derstandinz of the  v e r t i c a l  d i f fus ion  grocesa i t s e l f .  

6 
Tne beat  way t o  ae-cern1ir.e the  

cad i t s  afzect  on dose i s  t o  rieasulne the  d i s t r ibu t ion  

- This I s  m e  p u p s ?  f o r  t a e  f i e l d  t e a t s .  

The other reason fo? f i e l d  t e s t i n g  i s  t o  ve r i fy  the matnenatical  model 

derived t o  pred ic t  ground doses . 
One hundred f i e l d  re leases  a re  plarined over a two year period. 

k>iacd 
ihonoenergetic 

gamma emit t ing radionuclides w i l l  be re leased i n t o  atnospheres of d i f f e ren t  

s t a b i l i t i e s  Prom varJing heights.  
,e.+ 

Grour,d doses w i l l  be naasurcd primarilg 

with recording ionhzztion chamber dose r z t e  ne t e r s .  

( a )  Construction of  a Nathenatical  Model. Tine end p o d u c t  of t he  study is  a 
A I r ) ~ l c ~  ct4d b@ UbbDr* 

u matie mst ica l  nodel, based on experimental da ta ,  p red ic t  g rowd doses 
LcwtiL 4 

from clouds of gamma e a i t t i n g  radionuclides,  Model bui lding t r i l l  be 

a continuing e f f o r t  by all tnose involved i n  t h e  study. 



w i t h  t h e  monsnt mct'riod data o 5 t a i x d  by Goldstein and Vii ' i ins,  

ca lcu la t i sns  by :i",arshall and Vells 

Later 

- 
(8)  

f 
, !io7:rever, were i n  good agreesent 

w i t h  the  momentfnethod data. 

cutoff energy used i n  Wells' e a r l i e r  14oate Carlo calculat ions.  

Tie discrepancy was a,p?arently c a s e d  by t c e  

Several bu i16-u~  f sc tor  calculat ions have been made f o r  nonenergetic ps in t  

sources i n  t h e  k i lovol t  energy range. 

using t h e  polynonicd method f o r  a 20-%eV photon source i n  sea l e v e l  air .  

Also calculat ions have been car r ied  out t o  10 Sean f r e e  patas f o r  source 

energies ranging from'12 t o  100 keV at an a l t i t u d e  of 75,200 f e e t  jY 

Kriunbein, Cohen and Ross (lo) using a 14onte Carlo code, 

is within 5% zgreenient of t h a t  made by Renken f o r  a 20-keV photon source. 

( 9 )  Czlculztions 3ave been made by 3enker, 
6 

This calculat ion 

Wnile the calculat ions agree w i t h  each other ,  t n e i r  accuracy for  

expressing t r u e  build-up fac tors  i n  air is not ho-m.  They are  ho7Jever 

the  best  calculat ions avai lable  f o r  t h e  k i lovol t  energy range. 

7. 

a. 

9, 

10. 

J 

M. B. W d l s .  "A Monte Carlo Calculation of Gama Rkv and Fast Seutron 
Scattering"; Zeviews and Lectures No. 110 (Proc. ERUL-OCX Shielding 
s;rrm?losium), Xaval Radiological Defense Lajoratory (19bC) 

J. D, Karshall  and X.  B. Wells, "The Effect of Cutoff Energy on Xonte 
Carlo Calculated Gamm-Say Dose Rates i n  A i r " .  
M S  1966 Winter ~t.etin/l, ,  Volume 4, do, 2, pp. 31rS 

Transaccions or" 

Monoenergetic Low-Energy Photon Sources i a  A i r ,  "Transactions of %'IS 
1966 Winter XeetinrJ, Volune 9 80.2 ,  ?g. 342. 
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i n  1953, 

t h e o r e t i c a l  calcuis;ions of Spescer aad h n o  (i2), iiovevcr, they d i d  co te  some 

?key s t a t e d  tnat tile r e s u l t s  suggested agreement v i t n  t h e  

. Dile t o  sdverse winter 

veatner ,  Bernstein and Weiss discontinued t h e i r  s tud ies  i C  a i r  acd they 

made s tud ie s  i n  a water medium. Since they obtained exce l len t  agreement 

betveen theory and eqe r imen t  fo r  water, they concluded t h a t  t h e  data of 

Goldstefc and WiLcins w a s  r e l i a 3 l e  f o r  a h o s t  z*ny e n e r g  and medium. 

Eieali zing t h a t  t h e  Frobler i  involved i n  nakir.3 a i r  measurements analogous 

t o  tile water aeasurements were rather severe,  they decided not t o  repeat  t he  

expr iment  i n  air. They did state that t'ney planned t o  make several  

s p e c i f i c  s tud ies  ger ta in ing  t o  t h e  propagation of :+rap i n  a i r ,  Wcether 

they ac tua l ly  made f u r t n e r  s tud ies  o r  no t  has not ye t  been establ ished.  

The d is turb ing  f a c t  i s  t'nat a l l  of the b u i l d q  f ac to r s  f o r  a i r  have been 
b e l l 4 - V  

es tab l i shed  by t h e o r e t i c a l  ca lcu la t ions ,  Tney have not been eqer i rnenta l ly  

neasured, 

known. Therefore, the puqose of t h e  study is t o  ineasure build-up fac tors  

i n  air and t o  develop an enperical  equation4describe the build-up f ac to r s ,  
0s A tor*cit'o*t r OCqft*aruA rsy cI(cq9 m8 -0- - 
Fie ld  Xeasurements of G a m a  E ~ o s u e s .  Nost of the currerztly used dose 

t h a t  t h e  d i s t r i b u t i o n  of the  conta iment  within t h e  s l u e  models - 
is  qaussizn. Although there  i s  m 2 l e  evidence t o  supgort t h i s  assmgt ion  

The accuracy of t h e  calculated build-u3 f ac to r s  f o r  a i r  i s  not 
4 

7% 

C. 
CtSjJ-e CJUTALPAIP( 3aT 

2 -. 
G 

11. 

12. 

11. Eernstein arid 14, 1:. Welss, "The Irogegation 
Progress Re2orT; f o r  J a u a q -  1 - Juce 30, i9j3", 2HL-1543, 
L, 2 .  S2encer and U. P a o ,  Z. Zea, 33s - h6,  446 (Juce 1951) 

of Gzxna-Rzjs i a  A i r ;  
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Dose Build-u? stuw 

Fie ld  Test icg 

n , r t  i. c i.3 2%: 

PPCO't 

c- 

The contr ibut ion of t k e  Health Services LaSorztory w i l l  be mainl.J t n a t  of 

t he  Environiientd Brznch under Charles A .  b e l l e t i e r ,  
'3 

iiowever , the  

Dosimetry Brancn under Foster  Cipperley, t he  Instrunentat ion Branch, 

under black bXlhel?nsen and t h e  Aaaly t ica l  Cneinistrj Brznc'n under 

Claude W. S i l l  w i l l  also contr ibute  t o  t n e  study. 

The d iv is ion  of boor shown above i s  by no meals clear cut .  Tor exatqle,  
ESSA and HSL w i l l  contr ibute  t o  a l l  p r t s  of t he  s t u d ; . , & i W L  A+& 

*fie O f S  . Bovever, main contribut- t o  each sec t ion  

w i l l  be asrshotrnb 

We a l s o  expect t o  have t k e  support of t h e  Operationd. Safety and Technical 

%?port Division of I D  because of t h e i r  d i r e c t  involvenent i n  safety annfys is  

i 

i 



blany of the techniques empluyed b . ~  I N C  t o  measure Incident energy f l u x  

have been develo2ed as a r e s u l t  of t h e i r  supsort  of t i s  LOFT SafeW 

Program. 

were re leased  at a Seight  of tvo  xzeters i n t o  a very stdole ztroos-shere. 

"he s t a b i l i t y  during t h e  re lease  T-fzs categorized as c i a s s  o b  'iie4W(wlnC 

soeed t ranspor t ing  the  133Xe was mezsured t o  be 3.8 m/sec. The v e r t i c a l  

and hor izonta l  dimensions or" the p l u e  - ~ ~ Z Z E  were estimated by Fhoto- 

@ , e M  

4 

gra3ni.c methods. 



the dimensions of t n e  plaice 

100 

2a0 

400 

800 

Dose measureaents were nade 

background exposure rate of 

11.3 5 .6 

17.6 7.5 

27 7 9.7 

using t h i r t y  0 t o  112, ion ize t ion  c h m h r s .  k 

57.2 ui?./nr was measured a t  Test Grid 3 tfnere the  

t e s t  w a s  held. 

The doses measured a t  t h e  200 a-qd 400 n e t e r  a rcs  vere  roughly twice bzckground, 

\? i t 'n  bzckground subtracted t h e  error or? each rr;ezsurexent i s  e s t i m t e d  t o  be 

- + 27 UP,. Tine doses measured on t h e  800 meter erc  were E0stl-J l e s s  than brck- 

ground . 
Tine center l ine  doses at t he  230 and 400 ne te r  arcs were measu?=ed t o  be 31 uR 

and 22 

values of 

resgec t ive ld  

Tine doses neasured off the  center  l i n e  o r  tile 2C3 and kO0 meter arcs ind ica te  

t h a t  t n c  crssswind d i s t r ibu t ion  of t h e  contaninant i n  the 2luxc vas more nearly 

uni ComL tiirirr g,iLur,z.iiln. 

three arcs contained at l e a s t  one dose t h z t  was hiGhcr than the  center l ine  

respect ively,  The center l ine  doses predicted by a rc  using t h e  above 
I 

znd c1, were 86 u3 and 6 3  uR 2=c t h e  20G and 400 ne te r  arcs 

Tne RSAC value f o r  t he  center l ine  on zne 800 neter a rc  is 56 UR, 
d 

6 
!L'!ic o t'C-ccrlLr: r-iinc ciosu.; j y c . d i c t ; ~ l  Dy I G h C  f o r  id.1 

dose. This apparent anomaigy has co t  been resolved. 

3ecause of the l o v  sigzzl-to-noise;ratio, t he  srokzbl.e non-gaussian ciistrCsu- 

t i o n  i n  t n e  

drawn from the  t e s t .  

piume and t h e  anomalous Seilavior of RSAC no conclusions can be 

Its main value was that it Curneci ur, ;problems :rkich 
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c )  It hzs been decided t o  p r o L ~ c e  radioact ive f c r  the  s t u & j  sources ir, tile Nl3* 

?urci?.asinS sources or' coble gases in t h e  cpsn t i t i e s  necded i s  prohib i t ive ly  

expensive, A source re lease  mechmism i s  being constructed i n  t he  La3oratory. 

The nxchmism i s  based on a design by Bi\iFn. 

energy measurelzents w i l l  be 24iVa, f o r  medim gmia rqr energies 

Tze source f o r  h i @  puma rzy 
64 Cu and fo r  

d)  A proposal f o r  t he  e rec t ion  of 4-50Cl foot  towers a t  Test G r i d  3 was prepared 

and suoni t ted t o  t h e  GPP boar& of  I D ,  

but if t he  stuQ- is fundec? bjj ERGT there  i s  8n excel lent  chance t h a t  t h e  

towers w i l l  be erected ear ly  i n  FY'70. 

Tne paraiet l - ic  study should be completed by Apr i l  o r  Ka;? -1369. 

The groposal wcs not ap2roved f o r  FY 1563, 

e )  

f )  Several  dry runs of soilrce i r r a d i a t i o n ,  preparation cad ac tua l  re lease  w i l l  be 

ca r r i ed  out i n  A p i l ,  Mq and June 1964. 

19. ZXFECTED 32SdLTS 111 FY 1373 
/ 

a )  Equ ipen t  aid t echniqws of data analysis  skould Se developed f o r  t he  measureaent 

of g m a  e n e r a  f l u x  by Ju ly  o r  August 1369. 

b) The dose build-cp study should be c o q l e t e  by Decenber 1969.' 

t h a t  GPP funds and i n s t r m e n t  funds Ere m d e  s v a i l i a l e  t o  ID, It i s  r e e s o x b l o  

t o  expect t h a t  t h e  f i e l d  6es t ing  p rogrm w i l l  be wel l  u?dema;r by ~5 P'L 1970. 
&$ m&kiidJiS 

A 1 
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Supporx Services 

T.ie cos t  of $10,530 includes funcs fo r  t he  services  of IEfC personnel 

f o r  t h e i r  work on t h e  developnezt of techniques f o r  g&ma er,erqJ f l u x  

aeasurements and sone source preparat ion uld f o r  PPCo's p a r m e t r i c  

stu6;r and t h e  dose build-uj? f a c t o r  stu6jj. 

FY 1970 

Su;sport Services 

The cos t  of $28,000 includes fund3 f o r  t h e  services of I N C  per m n e l  

f o r  t h e i r  par t ic+pat ion  i n  t h e  do* build-up f ac to r  study, t h e  f i e l d  

e-erinents and f o r  source preparation and f p r  PPCo's par t i c ipa t ion  i n  

t h e  dose build-ux, f a c t o r  study and f i e l d  experiments. 

Equipment Ob  li gat  i ons 

!he funds fo r  equipment and j u s t i f i c a t i o n s  a re  itelllized below, aec8use 

of known f i s c a l  r e s t r a i n t s  no e q a i p e n t  f u d s  m e  requested i n  FY 1369. 

However, if funds can be made availzble i n  FY 1963 it would be wise t o  

begin the equipnent procurement as soon as possible, 

(a )  Ioniza t ion  Chanber r a t e  meters 24 8 $600 $14,400 

/ 

These ion chambers w i l l  

i ng  devices f o r  t h e  study. 

chambers iinich we p lan  t o  test soon, 

be t h e  p r i s r y  dose measur- 

We already have 12 of these  

We bel ieve t h a t  

recording t h e  output of these de-iiccs everJ few seconds 

and in t eg ra t inz  the  dose r s t e s  xz thezz t icz l ly  i s  tx  

ruosi s ens i t i ve  nethcd of neesurizig the ne t  rzd iz t ion '  
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( b )  'i-? G2.dLe fa? CLbGVC C22i?:uerS 

( c )  Dis i ta l  system f o r  a-AtocacicaUy intzrrogct ing 

and recordin; u e  o u t p i ;  of t h e  36 r a t e  meters. 

3y auconzt icz lQ interrosacing Lid recording t a e  

out2uts oi" the  r a t m e t e r s  f o r  su3seGxent coqmter  

processingg 

hand co l lec t ing  and processing. 

alone would cost  a-sout $25,000. 

t:: LI. 
L~ save considerably over t n e  cost  of * ,-9 

S t r i p  char t  recorders 

25 GOO 

t n c  f i e l d  eqeriinenzs .and ao<el building. 

32,500 

(d) Three 0 300-ft towers and associated wiricg. 

Tne need t o  Peasure t h e  v e r t i c a l  d i s t r i b u t i o n  

of t h e  g l m e  hzs been discussed above. 

t o  these  towers which w i l l  be ?laced a t  t h e  2dO-meter 

z rc  of Test Grid 3 we p l a  t o  have 

towers erected a t  600 meters, 

towers and the  necessarj. wiring i s  estimated t o  be . 

$129,000 vnich we hope t o  fund as a GPP nrojcct .  

I n  addi t ion 

four o 500-ft 

Tne cost  of these 

( e )  Hi-volurre a i r  s a p l e r s  140 S $50 $ 7,000 

Tnese saqlers  w i l l  be s q g o r t e d  by the towers and vi11 

serve t 6  measure the v e r t i c a l  d i s t r i b u t i o n  of t h e  plu-Pe. 

We plan t o  nave s c e c i a l  f i l t e r  holders constructed t o  

F l a c e . d i r e c t l y  onto t h e  sanTler motor tnus 

$80 per  samgler over t h e  cost  of t h e  on-the-shelf 

samplers avai lable  . 

saving a3out 

FY 1971 

Sucport Services 

Tne cos t  of $27,000 includes furids f o r  t h e  services  of I3C personnei for  

t h e i r  p z r t i c i g a t i o n  i n  the f i e l d  e q e r i n e a t s ,  source p r q e r a t i o n  esd 

model bui lding and l o r  t h e  3ervices.of ??Co persoanel f o r  p r t i c i p a t i o n  i n  
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