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Accidents happen:
Fukushima - 2011
Chernobyl — 1986
How are the isotopes spread?

What is the impact on the region?

How long are the effects noticeable?

Introduction




Problem Statement

Provide a program that will model atmospheric dispersion of radioactive
particles from an event and provide ground level concentrations as well as
estimated increase in radiation levels from calculated concentrations

Base line

— Fire in RAM of one isotope, immediate dispersion and dose

Expansion

— Time factor, account for decay to estimate concentrations and exposure-15y, 60y, 150y,
300y.

— More violent source, i.e. — explosion vs. fire



Dispersion
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C = concentration at point (x,y) (kg/m3) or
(Ci/m3)

Q = mass flow of contaminates from source
(kg/s) or (Ci/s)

H = effective height of emissions (m)

u = wind speed (m/s)
g, 0, = standard deviation of plume
concentration iny or z plane (m)

http://www.faa.gov/regulations_policies/policy_guidance/envir_po
licy/airquality_handbook/media/App_|.PDF



Atmospheric Considerations
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* AT is change in (emperature with height, such as 2-10 m AGL. Negative AT indicates cooling with height; positive AT indicates
warming with height.

Bowen, Brent Evaluation and Comparison of Several Methods to Determine Dispersion Coefficients, 1994



Atmospheric Considerations

TabLE 2. Formulas recommended by Briges (1973) for sigma p
and sipma z. Equations are valid for downwind distances (v} from

100 m to 10 km.
PG category . (m) o, {m)
Open-country
conditions
A 02201 + 000011 0.20x
B O.16x(1 + 0.0001x)°"2 0.12x
- Ol + 0.0001x)" " 0.08x(1 + 0.0002x) "
D 00801 =+ 0.0001x) " 00621 + 0.00015x) "
E 00601 + 0.0000x) " 0.03x(] + 0.0003x)"!
F 0.04x(1 + 0.0001x)"" 0016x(1 + 0.0003x)"
Lirban
conditions
A-B 0.32x(1 + 000042y " 0.24x(1 + 0.001x)"
C 0.22x(1 + 0.0004x) 7 0.20x
8] 0161+ 00004 O 4] + 0.0003) 12
E-F 0.1 1x(1 + 000042y Q08x(f + 0.00015x)"*

Bowen, Brent Evaluation and Comparison of Several Methods to Determine Dispersion Coefficients, 1994



Source
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AT, = centerline mean temperature difference (K)

T, = ambient temperature (K)

g = acceleration of gravity (m/s?)

C,, =specific heat of air at constant pressure [(kl/kg)/K]
Po =ambient air density (kg/m3)

QC = convective heat release rate (klJ/s) or (kW)
z = elevation above fuel source (m)
Zy = elevation of fuel source (m)

U.= centerline mean velocity (m/s)
Budnik, Edward Simplified Fire Growth Calculations, 1997



Plume Rise Height

switch i(stca) {

case 1z

casse 2

case 5z

case 3:

case Sz
dAs=0 .02 5
braeak s

Ccase &:

A==0.0357
break s
defanlt:
A==0 .0 -

domble == gJ/Ta=* (ds) 2
donble F— g*U*pow (D, Z2) /4% (1L—Ta/s/T) :
switch (=ca) 1

case 1z

Ccase 2=

casse 3

Ccase 9z

if (F>=55) {
dt=0 . 00STS* T *"pow (U, 2 .03 .0} / Dow (D, 1.0/, 3.0) =
iE((T—Ta)<—dt) {Dh=3~D*0T, w:s
=lsae |
ErT=3Z34*"pow (F, 2 _ 0,5 _0O) 5
mEF=Z .5 =®m=t s

iFf(Hm>==xF) {Dh=1 . 6§*pow (F,1.0/3.0) *pDow(xst,2 0/ 3.0)  u; break:}
elsce{Dh=1.6*pow (F, 1.0/3 . 0) *pow(=x, 2.0/ 3.0  a;}
else 4
Art=0 . 0Z97*T"pow (0, 1.0,/ 3. 0) / pow(D, = .0, 3 .0% =
Aif ((T—Ta)<—dt) {Dh=3*D=0T. w: ¥
el=se {
omrc=la*pow (F, S .0/, 2 _.0) 5
mEF=3 .5 "=m=stT s
if(m>=xfT) {Dh=1 . *pow (F,1.0/3_.0) *pDow (xst, 2 _0/3_.0) v break:}
else{Dh=1.6"pow (F, 1. 0/3.0)y*pow(=x,2.0/3.0)  az ¥

¥ bBreak:s
case 5

case &
doc=0 .0l9o9sg*Ta*Upow(s,0.5) 5
iFf((T—Ta)<=dt) {Dh=1 . S*pow (pow (0, 2} *pow (D, 2) *Ta, (4*T=u) ,1 .0/ 3 .0) *pow (=, —1 .0, & .0 z ¥
elsae i
mF=2Z OT7T* S poowil=, 0.5} 5
if(mr—==Ff) {Dh=—2.6"pow (F/ N {(u* =) , 1.0/ F3.0) ;s break:}
else{Dh=—2 . 6*pow (F/ (=) 1.0/ 3.0y =2 F

¥ break:;

retomrmn Dihs

Bowen, Brent Evaluation and Comparison of Several Methods to Determine Dispersion Coefficients, 1994



Exposure

AYE (Uen/p)
TZ

X =5.263x107°

X = exposure (mR/h)

A = activity (Bq)

y = humber of photons emitted

E= energy of photons (MeV)

Ueor, /P = mass energy absorption coefficient (m?/kg)
r = distance from point (m)

Chabot, George Relationship Between Radionuclide Gamma Emission and Exposure Rate,
http://hps.org/publicinformation/ate/faqs/gammaandexposure.html, Aug 27,2011
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Waste basket fire, 1 Ci lost, Tm elevation, 5.6 m/s windspeed
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Results

Waste basket fire, 1 Ci lost, Tm elevation, 5.6 m/s windspeed, 300 years later
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Results

Waste basket fire, 1 Ci lost, Tm elevation, 5.6 m/s windspeed, Radiation Exposure
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Results

te basket fire, 1 Ci lost, 1m elevation, 5.8 m/s windspeed, Radiation Exposure, 300 years |

m)

cross wind distance (

4000

[0
=
2
=

-2000

-4000

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
distance down wind (m)

1

01

0.01

0.001

0.0001

1e-005

1e-006

Scale is in
mR/hr



cross wind distance (m)
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Results

Fukushima, 1 MCi, 40m elevation, 4.2 windspeed
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Results

Fukushima, 1 MCi, 40m elevation, 4.2 windspeed, 300 years later

4000

[0
=
2
=

-2000

-4000

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

distance down wind (m)

10000
100
1

0.01
0.0001

1e-006
1e-008
1e-010

1e-012

Scaleisin
Ci/100 cm”2

15



cross wind distance (m)

Results

Fukushima, 1 MCi, 40m elevation, 4.2 windspeed, Radiation Exposure
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Results

Fukushima, 1 MCi, 40m elevation, 4.2 windspeed, Radiation Exposure, 300 years later
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Actual Fukushima Distribution

Aerial Measuring Results
Joint US / Japan Survey Data Aerial Measuring Results
haccts IS e v Joint US / Japan Survey Data
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