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EARTHQUAKE METHODOLOGY 

(SIMILAR FOR OTHER EXTERNAL CAUSE) 

1, PLANT MODEL: {,P, S, £p} 

JE A B N 

2. SYSTEM MODELS: 

SYSTEM (OR IE) -- {c, SS}

ETC.

3, SEISMICITY:

, < PI 1I )I(A) >

Pickard, Lowe and Garrick, Inc.



EARTHQUAKE METHODOLOGY (CONTINUED) 

4. FRAGILITY:

(FOR COMPONENT C) <(Q iF5(A)>l

5. SYSTEM (OR IE) FRAGILITY:

{c F(A)} -- {S

SYSTEM 
DEPENDENCY 

RULES

Fs(A) >

FOR SYSTEM S

Pickard, Lowe and Garrick, Inc.



EARTHQUAKE METHODOLOGY (CONTINUED) 

6. PLANT FRAGILITY: 

FS() ...- -,p,#p .-->FP (A) F P 
i lj

A 
(FOR EACH p)

7. FREQUENCY OF RELEASE p

0Ij(P) E41(A) F(A 
A

<= p {<I QJj (p)>} 

P 

) Wp

Pickard, Lowe and Garrick, Inc.



HANDLING DATA

.DESIRE

\ m(a) FAILURE RATE FOR SPECIFIC MACHINE AT 
AGE a

INFORMATION:

(1) PAST HISTORY OF MACHINE m

(2) PAST HISTORY OF SIMILAR MACHINES

DATA TREATMENT

MODEL I: UNIFORM POPULATION/NO AGING

P 

MODEL I I: VARIABLE POPULATION/NO AGING

I IA: 0x 

lIB: x

BY WASH-1400 OR EQUIVALENT.  

BY EXPLICIT TREATMENT OF EVIDENCE (BAYES)

MODEL III: VARIABLE POPULATION WITH AGING

Pickard, Lowe and Garrick, Inc.

............... ..........  ......... .. ..........

6



STATE OF KNOWLEDGE CURVES FOR STANDBY PUMPS 
MOTOR DRIVEN, FAILS TO START

0 1. 2 3 4 5 6 7 8 9 10 11 

X, FAILURES PER DEMAND (X10-3

Pickard, Lowe and Garrick, Inc.

+
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(FREQUENCY OF TURBINE TRIPS 
1.4 

3 

1.2 

l '4 

1.0o POPULATION VARIABILITY CURVE FOR ALL PWRs (INCLUDES DATA 1OF ZION 1 AND 2, AND INDIAN POINT 2 AND 3), 
O QPOSTERIOR CURVE FOR ZION NO. 1 (7 TRIPS IN 6 YEARS) 

POSTERIOR CURVE FOR ZION NO. 2 (3 TRIPS IN 6 YEARS) 
Cll. 4POSTERIOR CURVE FOR INDIAN POINT NO. 3 (2 TRIPS IN 3 YEARS) >- 0.8 

POSTERIOR CURVE FOR INDIAN POINT NO. 2 (14 TRIPS IN 6 YEARS) 

(PLANT SPECIFIC DATA AS OF 6/1980) 
O (GENERIC DATA FROM EPRI NP-801, TABLE B-34) 
cc 

0.6 

z 
i 

t 0.4 
-j * 
0 
cc 

0.2 

0 6 8 10 12 14 16 

X (TRIPS/FLANT.YEAR) 

Pickard, Lowe and Garrick, Inc.



OBJECTIVES OF THE CONSEQUENCES

OBJECTIVES OF THE CONSEQUENCES 
MODELLING EFFORT 

* THE CRAC PROGRAM

* CRACIT - THE MODIFIED 
CALCULAT IONS

CRAC PROGRAM FOR SITE SPECIFIC

* SITE CHARACTERISTICS 
. .METEOROLOGY 
- POPULATION 
- EVACUATION ROUTES AND TIMES

* SPECIAL EFFECTS 
- TERRAIN INDUCED FLOW PATTERNS 
- LAKE EFFECTS 

* - APPLICATION TO EMERGENCY PLANNING 
- UNDERSTAND PLUME BEHAVIOR IN EMERGENCY 

PLANNING ZONES 
- POSSIBLE INCORPORATION OF MODEL RESULTS 

INTO EMERGENCY PLANS

~t. ( 
,-, 1*



* 0 

WEATHER 

DATA 

ATMOSPHERIC 
DISPERSION 

CLOUD DOIER 

DEPLETION DOSIER 

GROUND T7 
CONTAMINATION POPULATIONj 

UATION 

FIGURE 6-1. SCHEMATIC DIAGRAM OF 
CONSEQUENCE PROGRAM



DIFFERENCES BETWEEN CRAC AND CRACIT

* STRAIGHT-LINE VERSUS TRAJECTORY 

* EVACUATION MODEL - VARIABLE 

* MORE THAN ONE MET SITE 

* LID HEIGHT DETERMINATION USING UPPER AIR DATA EACH 
HOUR; NOT SEASONAL AVERAGE 

* UPPER'TOWER LEVEL MET DATA FOR RELEASE CATEGORY 1 

o POPULATION GRID IS CHANGED TO A FINER MESH 

* NUMBER OF METEOROLOGICAL SEQUEPNCES WAS INCREASED 

THERE IS NO WIND ROSE-AVERAGING IN CRACIT 

* SITE SPECIFIC POPULATION DISTRIBUTION, VARIES WITH SEASON 

* SITE SPECIFIC METEOROLOGY 

* DELETE CROPS OVER WATER 

* LATENT EFFECTS USING BEIR REPORT (LINEAR HYPOTHESIS) 
VERSUS CONCAVE CURVE OF NRC



0 
HR NO. 2

15 6
9 10

CASE B - CRACIT 
3TRAIGHT LINE 

HR HR NO.4 HRNO. 5 IHR

-" 23 24 

SPATIAL INTERVAL NUMBER

PLANT 

CNRNO. 1 

METEOROLOGICAL SEQUENC

HR U

1 
2 
3 
4
5

STABILITY 

6 
2 
2 
2 
4

CASE C - CRACIT 
TRAJECTORY

DIR

HR NO. 5

HR NO.

AREA OF OVERLAP

S. .10 MILES 

SCALE

FIGURE 6-6. EXAMPLE OF SPATIAL INTERVAL DISTANCES 
QR TYPICAL WEATHER SEQUENCE'

p.

CASE A - CRAC 
STRAIGHT LINE 

!HR NO. 31 HR NO. 4 HR NO. 5.



NFINE GRID ELEMENTS

EVACUATION 
PATH THROUGH 
POPULATION 
GRID 

*WEATHER SEQUENCE IS SAME AS RIGHT 
COLUMNS OF TABLE 6-4

SCALE 
[4-- --4-.1-1+ 

2.25MI

FIGURE 6-1I. ILLUSTRATION OF PLUME AND EVACUATION PATHS 
ON FINE GRID*.c 

(Dose Calculations Made in Shaded Fine Grid Areas)

PLANT
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SITE SPECIFIC ATMOSPHERIC TRANSPORT MODELS 

* GAUSSIAN PLUME MODEL 

- TERRAIN CORRECTION FOR ELEVATED RELEASES 

- LID PENETRATION AND TRAPPING 

- PLUME RISE 

- SPEED ADJUSTMENT WITH HEIGHT 

- DRY DEPOSITION 

- WET DEPOSITION (RAIN-RATE) 

o MODIFIED POTENTIAL FLOW-NUMERICAL MODEL 

-USED FOR TERRAIN SITUATIONS THAT SIGNIFICANTLY 
AFFECT PLUME TRAJECTORIES AND DISPERSION.  

* LAKE EFFECT MODELS 

- FUMIGATION CAUSED BY BOUNDARY LAYER (TIBL) 
PLUME INTERACTION 

* EXPERT JUDGEMENT - PLUME EDIT MODELS 

-. CHANGE PLUME TRAJECTORIES 

-CHANGE DISPERSION CHARACTERISTICS 

- CHANGE PLUME GEOMETRIES



I Lid height remainsI 
I the same

Li height goes up
oes down

H = BLAST 
Since If > L, the entire Plume 
is still above the lid 
stab - MAX (Stab, 5) 
calculate oa and az - Pasquill 
X/Q - STD. tiff Egn

Entire Plume Trapped 
Beneath Lid 

No H >2. Y s

H BLAST 
Calculate ay, a z - Pasquill 

no 

H< L .Yes 

no ' Yes 
STAB < 5 

H+a < L 

Yes Entire Plume 
eFumi ates to Ground 

Entire Plume Beneath 
Elevated Lid

Bottom of plume has not 
reached ground 
X/Q-ierly & Ilewson Egrn.

SX/Q-Std. Diff E n x/o (3a Lu)-I 
Treat plu.e as ground 

level release in next 
spatial interval

Plume well mixed 
in layer below lid 
X/Q = (3My LU)
treat plume as ground 
level release in next 
spatial interval

LOGIC FOR SUBSEQUENT SPATIAL INTERVAL (EXAMPLE GIVEN IS FOR CASE 1 

WHERE ENTIRE PLUME WAS ABOVE THE LID IN THE PREVIOUS SPATIAL INTERVAL)



00 

Entire plume Entire plume Entire plume 
trapped above lid beneath 

beneath id elevated lid 

0-H > 2. 15a z  Ye 

Plume well mixed in layer Bottom of plume Reset stab Max X/Q - Std. diff.  
below lid has not reached (Stab,5) Recalcul- eqn. H Hmax 
X/Q = (3o LU)-l ground X/Q - ate oy, o IPlume = 0 
Treat plune as ground Bierly + Ilewson Eqn. X/Q - Std. Diff. Eqn. H < H1max- IPlumeinl 
level release in next 
spatial interval 

LOGIC FOR FIRST SPATIAL INTERVAL 

4V

...........



0

Hypothetica.c trnajector-e3 of air 
prcels along ?westrn shore of Lake Michigat.  
See text for further details.
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-NO CHANGES

NO LONGER USED IN CRACIT.  
WEATHER DATA READ IN SPEDAT, 
POPULATION DATA READ IN PMATCH 

REPLACED BY SPEDAT IN CRACIT

SMALL CHANGES TO DISPERSION.

FEWCHANGES. -

ADD SUBROUTINE GRIDOS TO 
OVERLAY SPATIAL !NTERVALS ON 
FINE GRID 

REPLACED BY DAMG AND SUPPORTING 
SUBROUTINES. REVISED EXTENSIVELY 

'TO COMPUTE DOSES ON FINE GRID 
WHEN PEOPLE AND PLUME COINCIDE

FIGURE 6-5. FLOW OF THE MAIN ROUTINE IN THE 
CONSEQUENCE MODEL (CRACIT)



PRELIMINARY

I 

I (1 
7

A Comparison of April Through September 6-Hour 

Classifications with the Random Start Time Classifications

Classification

Onshore Flow with Precipitation 

Precipitation 

Offshore Flow - Land Breeze 

Onshore Flow - Lake Breeze 

Onshore Flow - Fumigation 

Onshore Flow - Plume Trapping 

Channel Flow 

Offshore Flow - synoptic, stable 
j 

No Lake Effect 

TOTAL

6-Hour 

Count % 

45 6.2 

78 10.6 

15 2.1 

75 10.3 

60 8.2 

27 3.7 

17 2.3 

214 29.2 

201 27.4 

732 100.0

Random 

Count % 

10 6.8 

13 8.8 

10 6.8 

18 12.2 

13 8.8 

11 7.4 

6 4.1 

34 23.0 

26 17.6 

148 100.0




