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Figore 12-10. Schematic of a 16-sector wind rose for distributing wind direction data
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Figure 12-2. Atmospheric dispersion of material released from a point source of height
H above the ground that produces Guassian-distributed concentration profiles both
horizontally and vertically. Reflection of the plume by the ground surface is accounied
for by a “virtual” source located at —H.

BIL7 = T30k » HAci T &

Pk AFHIT 0 Y ez E(y=0>2z=0)3

X(00,H)/__ 1 .1 H., _
/g—mydzuexp[ Tk Eq-2

F a2 R P w2 B5(y=0>2z=0> H=0)¥ & © X
X(X,O,O,OyQ _ 1 Eg-3

7o ,o,U

A FAETM RS S PR K p RRITAES S TN (4 516):

Class A: Extremely Unstable Conditions (bright sun, daytime)
Class B: Moderately Unstable Conditions (sunny, daytime)

Class C: Slightly Unstable Conditions (light cloudiness, daytime)
Class D: Neutral Conditions (overcast sky, brisk wind, day or night)

Class E: Slightly Stable Conditions (early evening, light winds, relatively clear
sky)
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Class F: Moderately Stable Conditions (late night, light wind, clear sky)

Class G: Very Stable (predawn, very light wind, clear sky)

25 4§ RS A

Tahle 12-1. Atmospheric Stability Class s a Function of Windspeed and Amount of
Soplar Insolation.
Wlndsp&ed Davtime Conditions Mighttime Conditions

(mfs i@ 10m) Strong Sun Moderate Sun - Cloudy > 4/8 Clouds  Clear Sky

< 2
-3
3-5
56
=0

A A-B B EorF For G
A-B B C E F

B BC c D E

c C-D D D D

C D D D D

% 6

"f‘?%iﬁé\éﬁ, ~® 3 )im_}i'%'t’i }»l)krfrl%@ LR z\

Table 12-2. Stability Class (or Pasquill Category)® vs Vertical Temperature
Profiles (AT/Az) and the Standard Deviation in the Horizontal Wind Direction, cg.

Stability Class AT/Az (°C/100 m) oo (degrees)®
A < -19°C > 22.5°

B ~19<-1.7 17.5 <22.5
C =1.7<-1.5 125<17.5
D -15<-05 7.5 <125
E ~0.5< 415 38<75
F +1.5 < +4.0 21<38
G > +4.0°C <2.1°

“From Regulatory Guide 1.23 US Nuclear Regulatory Commission, 1980,
PMeasured at windspeeds > 1.5m/s

3¢ W HRTE LT G PR R L E oy ¥ o, 5 E b RS H(B] 18 ~ 19) -

AV p R

= 1Lem/s> L E K

AUERE S F R A~ § %6 2o § 95 T8 i U

10mF (= k) 45 2LB #FA B A1 <205
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oy B > e AT eE(m) - 10m
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X(500,0,0,0) = = 4088.6 Bg/m -
( ) 7x10x6x4.7 m*/sec d EQ-5
WA H 62 pedr > 1% EQ-5 N E B %40 4o
PR 100 m 200 m 300 m 400 m 500 m
oy (M) 4 7 10 15 18
o, (M) 2.5 4 6 7 9
TiaE kR (Bg/m®) | 245316 | 8761.3 4088.6 2336.3 1514.3
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Figore 12-4. Values of the horizontal Guassian dispersion cocfficient, oy (m), vs distance
and atmospheric stability class (A-F).
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Figure 12-5. Values of the vertical Guassian dispersion coefficient, #; (m), vs distance
and atmospheric stability class (A-F).
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fESE > A2 2 MPARE o AP E Y KEd e (Inhalation) 2 4 2 R R B

Z & BARE T (Immersion)ic bt F 82 ¥ > 2 W BERE o
27 8ot LB EER

TABLE D-1

RECOMMENDED VALUES FOR THE TRANSPORT TIMES IN THE FOOD
DISTRIBUTION SYSTEM

FOOD MEDIUM DISTRIBUTION TRANSPORT TIME (in days)
Fruits, grains, and vegetables 14
Milk 4
Meat and poultry 20
Sport fish 7
Commercial fish 0

Drinking water 1

-
To be used in lieu of site-specific date on food distribution.

71 xR FF ¢ ORBEPEE G TG eHE
Q. APFITRRE(r O) i E RSP E T FEAY T AT
X, (r,60) =3.17x10*Q,[#/Q]° (r.6) Eq-6
BN
X (r0) @ BEAEPEIEET 2 i d O g o B PA IR G S F ¢ E TS
BiER > H =% pCim®
Q, DARB PSR L F A% Bk Cilyre

[AQI°(r0) : & T 5% § i 40 F] 5 & FEiwfh & s sl ko B = 5 sec/m®e
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i
X g
Dﬁ(r,e) q—ﬁuﬁé] aip A me,g J » FEAEREATEL T B £ 0% o Fletenid

2 & xR E o H =5 mremlyr e

R, CRAEB T E(REHED  H > i m3/yro
DFA, @ A% IHEY - 28k azx A EHEHTFF > Hixi
mrem/pCi o

x;(r0) 1 RBPEPED a( 0)& TE R KR > H =5 pCilm®
& % Regulatory Guide 1.109 Table E-5> > # 2 - &L A ed ez E 4pfp > 3¢
TERMA R T E S 12MP R R B AT A R Pk s LT
P ORFHOLITRE RSP ABLFER > FIF & AP ERERT R 25
DGR R E S 2 BERF R 3 min/=x x 500 = pEIE) > Hoimd e

Bt r 2 F-18 78 R B3 R AeT A

FEH 100 m 200 m 300 m 400 m 500 m
Tyais gk B (Bg/md) 24531.6 | 8761.3 4088.6 2336.3 1514.3
&) pEsor % F (mPlh) 1.2 1.2 1.2 1.2 1.2
A3 S e A T A (11)Y) 25 25 25 25 25
2or AR (Bly) 735948 | 262839 | 122658 70089 45429
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+ g - - v
H z\'t"‘]‘lgf'l7 ‘:/\)‘/’\:E'Ji:?’

%> k= kb 21.32 %=t 2 >

oAk 17.08 %64 2 > H

B 2 E B R B g

FRIR o R T 1T 0 2 E LR B )

2% AT R
b AR 5 20.46

21 = 4 N\ o e
CEE A AP O R =

310 e At RI2AR PAEF AT 2 RN T 5 L3 B el B AT N 2

F-18 /2 B 3t 8 B % 40T 4 ¢
FEHE 100 m 200 m 300 m 400 m 500 m
TioiE R kR (Bg/m®) 24531.6 8761.3 4088.6 2336.3 1514.3
H - = % E R (Baly) 735948 262839 122658 70089 45429
7 > (29.46%)= » & & (Baly) 216810.3 | 77432.4 | 36135.0 20648.2 13383.4
@ A2 (21.32%) = ~ & & (Baly) 156904.1 | 56037.3 26150.7 14943.0 9685.5
L a > (17.08%)= » & & (Baly) 125699.9 | 44892.9 20950.0 11971.2 7759.3
H s 2 x4 (<10%)= » 7% & (Baly)| 73594.8 26283.9 12265.8 7008.9 4542.9

ShfFrteh+ oL f AT 2 I FREHEES 2 FEE A2 T o

1M R wrid

2

s BEg 4 40 X

M g™ %) -

L H59 6]

2 RPN A E > 4 £ %~ (Inhalation) #7iE = 2. 8 T_F AR

ErLoss o it - ’}';]"q: L=z, BFI;V}LV]/{&:EE—JJ;

A2 - A ZBAG O EEH R B PEA 2 2 NG R E
h(g)(a /8 & > Sv - Bq?)
s g | e E#r <1k & 1-2 k& 2-7 g | T-12 g |12-17 g | >17 %
o 2| #ES R (g=1) | h(g) | fi(g>1) | h(9) h(g) h(g) h(g) h(g)
4 (Fluorine)
F-18 1.83 p¥ F 1.000 |2.6x10%°| 1.000 1.9x10%° | 9.1x10™ | 5.6x10 | 3.4x10 | 2.8x10
M 1.000 |4.1x10| 1.000 | 2.9x10%° | 1.5x10%° | 9.7x10™" | 6.9x10™ | 5.6x10"
S 1.000 |4.2x10°| 1.000 | 3.1x10M° | 1.5x10%° | 1.0x10° | 7.3x10* | 5.9x10

Pl f 326

BN - e A (517 &) -

FUEMYWMEL 1217 K) 2 2




A EZTLR2R)gd g ifd A AP REE TG 2THE G
3 () BA T12R) (5 psor 25 5% 42 065 1)
B3 100 m 200 m 300 m 400 m 500 m
a3 E L JF »2 3| £ (MSV) 1.37E-02 | 4.88E-03 | 2.28E-03 | 1.30E-03 | 8.44E-04
oAt E Y ?;’ﬁ | £ (MSv) 9.89E-03 | 3.53E-03 | 1.65E-03 | 9.42E-04 | 6.11E-04
L J'I';’ﬁ e ;&(mSv) 7.93E-03 | 2.83E-03 | 1.32E-03 | 7.55E-04 | 4.89E-04
H > & & 7 A E (mSv) | 4.64E-03 | 1.66E-03 | 7.73E-04 | 4.42E-04 | 2.86E-04
Fo0 (P 52 1217 )
FEAE 100 m 200 m 300m 400 m 500 m
o E K 3;}; >3 £ (MSV) 1.50E-02 | 5.34E-03 | 2.49E-03 | 1.42E-03 | 9.23E-04
o EY ”:;’ﬁ >3 & (MSV) 1.08E-02 | 3.87E-03 | 1.80E-03 | 1.03E-03 | 6.68E-04
e > E X Z_F > £ (MSv) 8.67E-03 | 3.10E-03 | 1.45E-03 | 8.26E-04 | 5.35E-04
Hi 34 F 5% 3;7% »2 A& (mSv) | 5.08E-03 | 1.81E-03 | 8.46E-04 | 4.84E-04 | 3.13E-04
— HL A A (317 &)
FEHE 100 m 200 m 300 m 400 m 500 m
o E Y 3;7% >3 £ (MSV) 1.21E-02 | 4.34E-03 | 2.02E-03 | 1.16E-03 | 7.49E-04
oMt EY “‘L’ﬁ >3 & (MSV) 8.79E-03 | 3.14E-03 | 1.46E-03 | 8.37E-04 | 5.42E-04
s> EX ff;ﬁ >3] £ (MSv) 7.04E-03 | 2.51E-03 | 1.17E-03 | 6.70E-04 | 4.35E-04
Hi 34 F % 3;7% »2# & (mSv) | 4.12E-03 | 1.47E-03 | 6.87E-04 | 3.92E-04 | 2.54E-04
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7'2%&%’;‘1*{&1—1\’}% BE B> % 2% ’]“]3@-&/‘]'@1%1[%41; &R
FRARA T RS M R R L L RS RBNE Y T N A

DoTo (r,0) = SFZXi (r,0)DFB; Eq-8

e

DFB; @ & s iifdl )= chX @ AR 2 {2 P2 HERFHF]F > o4 5
glem’ e s ¥ = eh g o H % mrem-m°/pCi-yr -

DI(r,0) : 5 FEHP (T 0) izl aIFT R Tird 2 ER >EOHE
¥ =% mremlyr;

X (n0) s PAEiA(r 0)E Lok LER KR > B = % pCilm®

s, DR R B i S ehFOR 5 9(0.7) ©

%+ Federal Guidance Report No. 12, page 58, Table I11.1 Dose
Coefficients for Air Submersion, F-18 =rEffective Dose Coefficient ht
(Sv/Bg.s.m™) % 4.90E-14> B] fe bt ¥ 3% — 45 A i d FORRRE T ST f R E R

_:}_-5/7 rgﬁ’]‘p@.ﬁ‘/j’lfjl%_&]ilﬁ&# ié‘]i'
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FEAE 100 m 200 m 300 m 400 m 500 m
TIERER (Bq/m3) 24531.6 8761.3 4088.6 2336.3 1514.3
Effective Dose Coefficient
3 490E-14 | 4.90E-14 | 4.90E-14 | 490E-14 | 4.90E-14
ht (Sv/Bg.s.m™)
& pFF(hr) 25 25 25 25 25
EAP R }%ri‘/}é\' % #c 0.7 0.7 0.7 0.7 0.7
g .’) 23 »cH £ (MSv) 6.20E-06 | 2.21E-06 | 1.03E-06 | 5.90E-07 | 3.83E-07
A E TG eH £ (mSv) 4 48E-06 | 1.60E-06 | 7.47E-07 | 4.27E-07 | 2.77E-07
s &9 R E(MmSv) 3.59E-06 | 1.28E-06 | 5.99E-07 | 3.42E-07 | 2.22E-07
Hws * &9 a7 2aHE
2.10E-06 | 7.51E-07 | 3.51E-07 | 2.00E-07 | 1.30E-07
(mSv)
7.3 = 73 oW £ Er
ZiEF R+ d R g 2 TsRIE s EE 2R A = ()
BN &*ﬁ PR EET G BT AR 72825 B 2% Ap4e > ¥ LR F]T 511‘?:,&’;3
e =
2RI EL TA2/) (5 prxor 2§ 54 42 065 1)
R4 100 m 200 m 300 m 400 m 500 m
g > & 23 k| E (mSv) 1.37E-02 | 4.88E-03 | 2.28E-03 | 1.30E-03 | 8.44E-04
7oA &G suE £ (mSv) 9.90E-03 | 3.53E-03 | 1.65E-03 | 9.43E-04 | 6.11E-04
s = E4E 3 »eH £ (mSv) 7.93E-03 | 2.83E-03 | 1.32E-03 | 7.55E-04 | 4.89E-04
His 2= d &G B E(MSY) | 4.64E-03 | 1.66E-03 | 7.74E-04 | 4.42E-04 | 2.87E-04
Fo0E (Y B2 1217 )
FE4E 100 m 200 m 300 m 400 m 500 m
g > & 23 ek E (mSv) 1.50E-02 | 5.35E-03 | 2.49E-03 | 1.43E-03 | 9.24E-04
B oAt E X s £ (mSv) 1.08E-02 | 3.87E-03 | 1.81E-03 | 1.03E-03 | 6.69E-04
a3 EX ffJﬁ > £ (mSv) 8.68E-03 | 3.10E-03 | 1.45E-03 | 8.26E-04 | 5.36E-04
His 3 =4 F X5 ,L"ﬁ > & (mSv) | 5.08E-03 | 1.81E-03 | 8.47E-04 | 4.84E-04 | 3.14E-04
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— LA A (217 &)
RS 100 m 200 m 300m 400 m 500 m
& &G %G soH E (mSv) 1.21E-02 | 4.34E-03 | 2.02E-03 | 1.16E-03 | 7.50E-04
oMt EY ”I;’ﬁ 2| £ (MSv) 8.79E-03 | 3.14E-03 | 1.47E-03 | 8.37E-04 | 5.43E-04
s> EL ?L’ﬁ 323 £ (MSV) 7.04E-03 | 2.52E-03 | 1.17E-03 | 6.71E-04 | 4.35E-04
Hip 34 F 5 ”f;ﬁ sz & (mSv) | 4.12E-03 | 1.47E-03 | 6.87E-04 | 3.93E-04 | 2.55E-04
d I %\»ﬁ{:}%\%ﬁ'fz‘r’ A T ABEREET o AY P F A AR TR TERE

Bid A TG RS- A BB A HE

¥ 15 L SVly) o ik AR k Bz

2 21

K FERPOTER &

RN E

- AT VR 2B (B B

3.26x10™ Bq (8.81Ci)

2N (F-18 — 45 A b f 08 41728 2.2E+3 Bg/m® *4.7 m®/sec *86400
f B

sec/day *365 day/y =3.26x10" Bqly) » 3% B4 - X BB A B4 £

L

TR ST IRHATR AT F s 2 B 2 Bk
Pz kst P g E Tk B A AR A

6_@A@ﬂﬁ§5

F£oimps Ty

A22HO - 1

%6 2

o

FHLE AR 2R R

™ Z_AE -

il

4 |

BEBRL Ak

22 RoEo P HE AL (TH M R

PR 2A2EO - O

Ea S - ERNG
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A 22 - AR AR PR R
¥ Ea S| Sef | $IF ENE
ek B (B /2 2 ) kT ki e
R B | wsips | weges T T kT ke
i ke (B slz> F)
% (Fluorine)
9 F-18 F 4.41x10° | 1.86x10" | 1.86x10°
M 2.20x10°
S 2.09x10°
T4 Bch kst A R S e B R B B

%5 &R A > BBt BoA TR Quax ¢ 3.26x10™ Bgly+500 =

/y+180s/=x =3.62 MBq/s (& 3 » 45 H =t £ 2" & 3.62 MBq/s*180sec=651.6MBq
2 17.6mCi)> B 30 % 3 ptagm k 16 2 ? JERNE S R

r2 Microshield 5.05 53+ 8 - 2 % fe 2K 152 5 % % - )48 3.62 MBq F-18 3

BB 2T FinEE 8 4TM 3§ 0 PI362MBqF-18 T304 F &

F U2 600m gt F R 0 B A £ R S 16.6m 0 e B:

3.62MBq F-18 @

16.6 m

W o0

%] Microshield & j# 3+ 5 A% A st iha avi| £ TEF)];L TR F R R P

SERA S 2 LA BRI AU A EH BAE RS L%
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FE I APt P F G EEHE F @ L 031404Svh 0 B 4 B 5
0.628 £ Sv/h > Flpt gk A HE F iR BHEF EEFHFER T 05
LSVIN(E % B &) & ET o
WS, MicroShield v Case Summary of Jk3¥cyclotron] BE
B Fie Preferences  Tools Window  Help EIES
2] (=0
MicroShield v5.05 (??7?7) ]
F WEERERER
Page 1 File Ref:
DOSFile  : Casel Diate:
FunDate - November 3, 2014 By
Run Time + E2F 10:26:32 Checked
Duration - 00:00:01

[ traphi

Preferences

Case Title: k% cyclotron
Description: Case 1

Geometry: 8 - Cylinder Volume - End Shields

Source Dimensions

Height 2800 cm 28f10.50n
Radius 300cm 11.8in)
Dose Points
Pl % [ Y [ z
#1 Ocm 831 cm Ocm
0.0in 28t 10.9in 0.0in|
Shields
ShieldName | Dimension | Maleial | Density
Source 2.492+06 cm At nomzz
f Air Gap Air 000122
Source Input
Grouping Method : Actual Photon Energies
[ Hucide | curies [ becauesls | iBidem I Balem ]
[F1e 4.8919: 005 1.81002+008 1.9661e- 005 7.2745e-001 |
Buildup
The material reference is : Source
Integration Parameters
Radial 20
Circurnterential 10
v Direction [axial) 10
Results
. Fluence Rate Fluence Rate Exposure Rate Exposure Rate
Eraay | Aoy | eiemzsec Ml /omsec ey ey
" No Buildup “ith Buildup No Buildup With Buildup
0.0005 3241e+02 1.331e 08 1.352e 08 7.770e08 789508

Tools Window Help

5K me
EC]

=[]

= EEHREA

Conversion of calculated exposure in air to dose

FILE: Casel
Case Title: k¥ cyclotron

This case was run on Monday. November 3, 2014 at £ 10:29:32

Dose Point# 1 - (0.881.0) cm
Resuls (Summed over energies) | Urits i | A
Phatan Fluence Rate [flus] Phaotons/em?sec  2.948e+001 2962001
Phaton Energy Fluence Rate Mev/om?sec 1.507e+001 1.513e+001
Exposure and Dose Rates:
Exposure Aate in Air mAshr 2.958e-002 297 e002
Absorbed Dose Aate in i mGwhr 2.582e-004 2.594e-004
" rtad/hr 2 B@2e-002 2534002
Deep Dose Equivalent Rate (ICRP &1 -1387)
o Parallel Geometry mSwshr 31262004 I 31402004
o Opposed " 24202004 2431004
o Ratational 2.420e-004 2.431e-004
o lsotropic 2.138e-004 2148004
Shallow Dose Equivalent Rate (ICRP &1 -1387)
o Parallel Geometry mSwthr 32922004 3307e-004
o Opposed " 2109004 31232004
o Ratational 37092004 3123004
o lsotropic 2.279e-004 2.290e-004
Effective Dose Equivalent Rate (ICRP &1 -1987)
o Anteriorn/Posterior Geomety mSwthr 2. 750e-004 2762e004
o Posterion/Anterior " 2385004 2396004
o Lateral " 17162004 17242004
o Ratational 21262004 21362004
o lsotropic 1.780e-004 1.788e-004
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Fd A7 7 d B  T A Rk F REERL Y &
BAY SHBBHEPRFA IR B FE 2 T3 55 leps A4 ERER &
62.7Bg/x = = = o Bt E A fidapt o R LR 3.62MBQ 11 ) B f

A 4Tm g F

o

AP EAE R ER LR L 3.62MBg/4.7 m*=0.77 MBg/ m®

#7102k % 8 % 0.77 MBg/ m¥/62.7Bg/ m*=12280.7 cps
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oo

‘3\\—
T\
y

a. AEENTERESERERE S ZHE F 054Sv/h T4 Alarm

Threshold & » 454k c @@ F > W% P Ed

0.5uSv/h -

FOWELE EAR AR PRE A f 2 TETR > Bk E i BB R F
WRR ISP > WARRLIT R

W B E T 0 AP w2 AR T BT 5 R (3.62M
Ba/s)» ¥ &« §F WHicFEL > @

TR B - AR B AR
M TR R R 2R RS AR LR R Ko
C. kAP w2t Hp &+

QPEEFERUE S

2.2x10°Bg/m>x4.7m*/sx86400s/d =1.863x10°Bq » & & 27E B # A2

1.863x10° Bqx365d/y=3.26x10" Bq > ¥ # &

FHLR SR 2R S

SR AR AR 2 R (FREHPEL 2R LA e 2 — 38

B & 3.26x10" Bq (8.81Ci) (F-18 — & 4 b4 fE a4 LR

2.2E+3 Bg/m®*4.7 m*/sec *86400 sec/day *365 day/y =3.26x10" Bqly)
d. A ¢ i Sgdeid B PP F T s f RS TSR

BRofpba il BERCEHEAS S L GMAE T AR
BIRMPET 2R | 2 & £

eEP (54 AN 4~ 4 A

£ ARG IR R
HE -

f. HEPA 2 & fHat ik & 4137 R £ % fa & SOP (¢

ZRARME R S BRA DK
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B3 ¥ FUBH S E R ) WA RRIR L L R o

g #FRER Ui FERAX LE 5 12280.7 cps -

©
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1. U.S. Nuclear Regulatory Commission Regulatory Guide 1.109  Calculation
of Annual Doses to Man from Routine Releases of Reactor Effluents for the
Purpose of Evaluating Compliance with 10 CFR PART 50, APPENDIX I”.
Oct. 1977

2. U.S. Nuclear Regulatory Commission Regulatory Guide 1.111. "Methods for
estimating atmospheric transport and dispersion of gaseous effluents in

routine releases from Light-Water-Cooled Reactor.” July, 1977

3. U.S. Environmental Protection Agency, Federal Guidance Report No. 12.

“ External Exposure to Radionuclides in Air » Water and Soil. ”, September,

1993.

4. James E. Martin, “Principles of Radiological Health and Safety”, John Wiley
Sons, Inc., New Jersey. 2003.

5. Herman Cember, “Introduction to Health Physics”, 3™, McGraw-Hill. 1996.
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