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The Cost of Nuclear Accidents

POLITECNICA

" The “cost” of an accident would normally represent a
benefit foregone, including direct monetary impact
but also other indirect and subjective aspects:

= Pain and anxiety,

= Degradation of the quality of life and welfare
= Spatial and temporal limitations:

= Big areas, different regions or countries

= Long-term effects: discounting?
" Unqguantifiable effects:

= |oss-of-image

= Environmental, recreational losses...



Countermeasures

= Access Control
= Sheltering
= Short-term Evacuation (*)
= |odine Profilaxis
= Personal protective measures:
= Shielding, Clothing, Air Filtering
= Medical Care
= Decontamination of persons
= Food and Water Control: (*)
= Livestock Indoors, Agro-technical Measures
= Decontamination of areas (*)
= Relocation of the population (*)
= |nterdiction of Areas (*)
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Characteristics of the main models for calculation of
economic consequences in PCA codes.

Tvoe of Economic
yp Impacts / COSYMA MECA MACCS
effects
Items
. Unitary cost per person and day (Reduced for .
Management | Not Considered relocation) Not considered
Transport Unitary cost; per person Unitary cost for private and public transport (per Not considered
(private/public) person-km)
Lodging & | Unit cost of accommodation lost Unit costs (lodging and food, in private / public) (per
Food (during recovery period) , _ person-day).
Reduced for relocation. Only during transitory period.
GVA (Gross Value Added) by economic sectors | Single Unit Cost
] except agriculture. | (per person-day)
Loss-of- fDP (per person year)._ Distributed in the grid (up to 50 regions). Sector
Income 5 regional values maximum specific recovery time.
Up to a mean recovery time Optional I-O model: In and out the relocation area
Population (+ & - effects).
movements 5 categories Urban Areas: Non.f
4 categories: 1) Non-residential; | Dwellings, Public buildings, Public open areas r()on-ea:[m (value
2) Housing and buildings; (Per person in up to 50 regions) perpers)gn)
3) Consumer durables; Industrial installations, Commercial & other buildings pF P ty-
4) Land. (Per employee in industry and services, up to 50 ar(TaﬁJr:pg: y:
(per person, up to 15 regional regions) hect P
Lost Capital values) Rural Areas: Land (value per hectare) (up to 15 Up t gg ?re)_. N
Services categories, 50 regions) pto €gions.

1) & 2) Depreciation from
recovery time on.
3) & 4) Depreciation all the time.

Urban: Normal + accelerated depreciation due to
lack of use and maintenance
(different rates for each category, before and after
recovery times)
Loss-of-capital only
if relocation.

Rural: No depreciation for land.

Depreciation of
improvements
(not land) during
loss of usage




Characteristics of the main models for calculation of
economic consequences in PCA codes (2).

Type of effects

Economic
Impacts / ltems

COSYMA

MECA

MACCS

Decontamination

Direct cost of
decontamination

One decontamination level for each
relocation period:
Unit cost per person (Urban)
Unit cost per hectare (Rural)

Up to 6 decontamination levels and 6
types of urban and rural surfaces:
Rural zones: Up to 15 types of land
uses (Unit cost of decont. per ha.).
Urban zones: Areas of each
decontamination category per person.

Up to 3 levels:
Cost

per person (Urban)
per hectare(Rural)

Food Control &
Bans

Cost of lost food + food disposal

Lost food at the price perceived by

Milk & Non-milk

Consumption Lost Aaricultural Caital (with farmers crops: Annual
restrictions (1st |-0St Agriculturalt.apita (wi (up to 50 categories, 40 crops and 10 ps: £
depreciation): . production per
year) Non residential, Buildings and Land livestock products) hectare
’ 9 Productions distributed in the grid.
I , GVA (Gross Value Added, per
Production GDP contribution by products (during person-day) for agriculture during

restrictions

recovery period) + Lost Agricultural
Capital

recovery time.
50 regions.

Distributed in up to

Only capital losses




Model Comparisons
I

Probabilistic Accident Consequence Assessment Codes. Second International
Comparison. Nuclear Energy Agency, OECD & European Commission (1994).

CONCLUSIONS:

= In general, food ban costs dominating, followed by cost of population
movement

= Differences in total mean cost spread a factor 2 or 3 between codes.
They arise mainly from differences in earlier parts of the codes
(countermeasures modules).

= User's assumptions may have a significant influence on some results.

= [mportance of a good representation of regional agricultural and socio-
economic differences.

= Contribution from modeling differences lower than expected.

= Need for further investigations in this area, mainly on secondary or
indirect economic impact.



Model Comparisons (2)

POLICA e
COSYMA vs. MECA:

MECA predicts higher relocation costs, due to higher
Interdiction costs (modeling differ.)

Decontamination cost lower in MECA

Food ban costs smaller or bigger depending on the
scenario (site dependency)

Need of models for alternative food
countermeasures, other than complete food ban



Vandelloés Il. PWR

José Cabrera
(Zorita). PWR 160
Mw,




| Scenario A: Zorita site (Guadalajara).

N.P.P. Westinghouse PWR - 1 Loop . 510 Mw,, . 160 M, .

[ | Scenarios B & C: Vandell6s site (Tarragona).
N.P.P. Westinghouse PWR - 3 Loop. 2775 Mw,. 992 Mw .
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. End of equilibrium cycle inventories for 60 radionuclides.

Scenarios for -
model
comparison

Source terms representative of LOCA with core fusion and late overpressure
containment failure (A & B) or explosive early containment failure (C) .

SOURCE TERM CHARACTERISTICS

A) CLUSTER 27 Zion (NUREG- 1150)
B) RZ2 Zion (NUREG/CR-6094) A B C
‘C) CLUSTER 11 Zion (NUREG- 1150)

Start of release (from reactor scram) 790 h 12h 24 h
Release duration 1.82 h 3h 5h
Warning time (from reactor scram) 575h 5h 04 h
Thermal power in the release 25E+5w - SO0E+6w

Height of the release 10m 10m 10m

TOTAL RELEASE FRACTIONS BY RADIONUCLIDE GROUPS

Kr I Cs Te Sr Ru La

Xe Rb Ba Ce
A 9.3E-1 | 8.0E-2 |9.7E-3 | 5.3E-3 | 59E-4 |3.4E-6 | 7.0E-5
B 1.0 3.0E-2 | 6.0E-6 | 7.0E-6 | 1.0E-6 |2.0E-8 | 1.0E-7
C 9.2E-1 | 1.8E-1 | 7.0E-2 | 34E-1 | 1.2E-1 | 4.0BE-2 | 5.0E-2




4 ) Model comparison.
Low Impact Scenarios

POLITECNICA e

Zorita scenario A

ECONOMIC COST (MPTA) H COSYMA 93/1 MECA2
Relocation of population 5.01 10° 3.2% 7.66 10° 9.8%
Decontamination 8.40 10° 0% 5.45 10° 0.1%
Food Bans 1.14 10° 72.2% 3.7410° | 48.1%
Total Costs 1.58 10" 100% 7.78 10° 100%

Vandelldés scenario B

ECONOMIC COST (MPTA) COSYMA 93/1 MECAZ2
Relocation of population 1.38 10° 10.1% 2.02 10° 3.8%
Decontamination 0.0 0% 0.0 0%
Food Bans 6.94 10° 51% 472 10° | 89.5%
Total Costs 1.36 10° 100% 5.27 10° 100%
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Vandellos. Low impact. Scenario B
I
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Model comparison.
High Impact Scenarios

Vandellés scenario C

ECONOMIC COST (MPTA) COSYMA 93/1 MECA2
Relocation of population 6.80 10" 33.8% 1.00 10° 43.2%
Decontamination 6.4210° | 3.2% | 1.0510° 0.5%
Food Bans 7.0510° | 35.1% | 9.5010* | 41.1%
Total Costs 2.0110° | 100% | 2.3110° | 100%
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Differences between models
I
" The most significant differences mainly come from:

— The cost of interdicting and abandoning areas in case
of a relocation of the population, with different
categories of property and depreciation rates
considered;

 different valuing approaches and different level of detail in
the data used.

— The cost of food bans, based on the amounts of
different products lost in the first year, and in the
contribution to GDP for the subsequent years, plus the
capital losses;

» different categories and detail in the data base.



THE INPUT-OUTPUT METHODOLOGY
N

THE INPUT-OUTPUT TABLE
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THE INPUT-OUTPUT TABLE
I

S, | S, S, FD, | O, S, - E.conomlc Sectors. .

; FD, - Final demand of each sector: private

S1 Xi1 | Xpo Xin ' FD, 01 and public consumption, investment,
: tock variations and exports.

S, | X500 [ X5 | .. | X5, (FD,| O y

2 21 22 2n ; 2 2 F; - Payments to the productive factors of

Xij each sector: GVA at factors cost,

indirect taxes, subsides to companies
S“ __)_(D_l____)_(_“_z _____ __)&‘D_ . FDy | Oy and imports.
Fj F1 Fn Fn O, - Output or total allocations of each
sector.
IJ' I I I l; - Input of each sector.

X;- The production sold by sector i to |
(Intermediate Consumption).

The technical coefficients are defined as:
a; = X/},




THE INPUT-OUTPUT TABLE
e

 The main equation in the I-O Table is the equilibrium between Input
(Resources) and Output (Employments) for each branch i:

Production; + VAT; + Commercial margins; + Imports;

Total Intermediate Consumption, + Final Consumption; + Gross
Formation of Fix Capital, + Stock Variations; + Exports;

*  Production here is total production: GVA (Gross Value Added) at factors cost plus the
intermediate consumption of the corresponding branch.

* Resources are normally considered as Production + Imports - Exports.
* Income and taxes (VAT) are directly related with GVA.

* Final Demand can be seen as the sum of Final Consumption, Gross Formation of Fix Capital
(investments), Stock Variations and Exports.

* Insummary, it is a good representation of the structure of an
economic system.



THE INPUT-OUTPUT METHODOLOGY
I

" The Input-Output economic analysis is based on the
transactions existing between all the economic sectors.

= |tis very useful for the assessment of the impact of
changes in final demand or restrictions in primary inputs
(Gross Value Added, Imports) on the production of the
economic system (Input), on the level of employment or on
the capital income of a given region.

" The existing models are "demand models" (demand
driven), which consider that variations in demand will
influence the output level and the amount of productive
factors employed.



ez THEIMPACT OF COUNTERMEASURES

* Countermeasures implemented in a given area will affect directly the
demand of that area, but also that of the surrounding regions:

* A Countermeasure like evacuation or relocation, meaning a stop in the
economic activity will imply a loss of the final demand of the affected
areas.

* For the surrounding regions, a loss will come from the loss-of-demand
normally going to the relocated area (no exports can be made during the
relocation period to the affected area).

* But also positive effects can be estimated since private consumption of the
relocated population is transferred to the non-relocated areas, thus
originating an increase in their final demand, and an input increase at the
end.

e Other countermeasures, like crop bans will only affect the agricultural
branch, and all the economic branches using agricultural products as raw
material.



= DIFFICULTIES FOR A MODEL OF THE

IMPACT OF COUNTERMEASURES

DIFFICULTIES

ASSUMPTIONS NEEDED

There are no I-O Tables at
regional or local level.

- Scaling of Final Demand and Input according to
ratio of regional/local GVA to national GVA

- Technical Coefficients constant (same
technology all across the country)

There are no I-O Tables for the
areas affected and non-affected
by the countermeasures.

- Scaling of Final Demand and Input according to
ratio of area GVA / region GVA

The duration of
countermeasures is different in
different areas.

- Construction of as many I-O Tables as time
periods for the affected areas in each.

- The structure of the economy is unaltered after
implementation of countermeasures.

- Economic impacts must be discounted in each
time period.




CASE STUDIES

POLTECNICA I e

Assouline (IPSN, 1984):
* Scenario North France / Pas de Calais (Gravelines), 1980.
 One month evacuation.
 Onlythe affected area (losses) are considered.
e |[nitial and induced loss-of-Value Added:
Initial: 1829 MFF
Induced: 500 MFF (27%)

Cour (CEPN, 1994):
* Scenario Champagne / Ardenne (Nogent-sur-Seine), 1989.

 Countermeasures analysed with COSYMA ("realistic"). Some areas
relocated up to 1 year (66000 persons)and 10 years (1091 persons).

 Only the affected area (losses) are considered.

e I|nitial and induced loss-of-Value Added (first year):
Initial: 7424 MFF
Induced:4900 MFF (66%)



CASE STUDIES

POLITECNIC A =
Hidalgo et al. (UPM, 1995)

 Deterministic studies with COSYMA based on scenarios for two sites:
- Zorita (scenario A)

- Vandellos (scenario B)
e Basis of MECA I-O model.

* Only losses considered in both the affected and non-affected areas:

Zorita Scenario A Losses in Million Pesetas (1988)

Total production (Input) Agriculture: 11,084
Affected Area:

losses: 24,358 |Industry: 5,213

Total production (Input) Agriculture: 5,558
Non-Affected Area:

losses: 6,818 |Industry: 1,036
Vandellos Scen. B Losses in Million Pesetas (1987)

Total production (Input) Agriculture: 2,995
Affected Area:

losses: 16,740 |[Industry: 7,522

Total production (Input) Agriculture: 1,754

Non-Affected Area:

losses: 6,404 |(Industry: 3,783




CASE STUDIES

POLITECNICA

Gallego, (UPM, 1995)

* Full probabilistic cases (COSYMA - MECA runs) based on scenarios A (Zorita) B and
C (Vandellds).

* For the Vandellds scenarios, Spain and Catalonia I-O tables available. No significant
effects observed.

— non-availability of specific I-O tables is not a serious limitation for the kind of exercise tha
PCA represents.

* Positive effects in the non-affected areas can largely overcome the negative
effects in the same regions.

e But, for peculiar sites, like the Vandellds is, with a large tourism sector, if that
sector would be paralyzed it could represent as much as 4.16 10> MPTA, even for
relatively small releases.

* Psycho-sociological effects (adverse market reactions) are not amenable to be
included in a PCA model...
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POLITECNICA

Zorita scenario A

Vandellos
scenario B

\:] Mean economic impact in the areas
'M affected and non-affected by the
countermeasures (Low Impact scenarios)

Economic Impact (MPTA, 1989) Total

Areas directly affected 8.30 10°

Areas non-affected, Loss of Input 1.48 107

Areas non-affected, Increase of Input 4.78 107
Economic Impact (MPTA, 1989) Tf_’g“'_r(:;’lz;" (c;:zlnia

I-O Table)

Areas directly affected 244 10° 2.91 107
Areas non-affected, Loss of Input 6.66 10’ 7.15 10"
Areas non-affected, Increase of Input 1.14 10? 1.27 10°




Mean economic impact in the areas
affected and non-affected by the
countermeasures (High Impact scenarios)

POLITECNICA

Vandellos scenario C

Total (Spain | | Ot
Economic Impact (MPTA, 1989) 1.0 Tabple) (Catalonia
) -0 Table)
Areas directly affected 9.81 10° 1.19 10°
Areas non-affected, Loss of Input 8.86 10° 9.02 10°
Areas non-affected, Increase of Input 5.15 10° 5.73 10"




CONCLUSIONS (1)

POLITECNICA e

* The availability of different economic models in the PCA
context allows to investigate more deeply in the uncertainties
due to modeling that these calculations may present.

* Food bans costs are strongly conditioned by the kind of
countermeasures assumed, and they normally have a high
importance on the total cost of an accident

=>» Therefore, the modeling of alternative countermeasures for food

should be a priority before trying to improve cost assessment for
food countermeasures in codes.

* Input-Output Modeling is only useful for countermeasures
directly affecting the economic system: Population
Movements and/or Agricultural countermeasures.



CONCLUSIONS (2)
N

=  Some difficulties are found to make a rigorous application of I-O models to
accident scenarios:
- No Regional or local I-O Tables.
- Time effects.
- Variations in economic structure caused by the accident
= However, reasonable estimates of the economic impact can be obtained
using the existing models (probably in the same range of uncertainty than
for other steps of Consequence Assessment).
" |ndirect impacts can be seen in a double way:
- Induced losses subsequent to the initial loss of input.
- Impacts in the areas non-directly affected by countermeasures.
= One model (MECA3) was linked to a probabilistic consequence assessment

code (COSYMA), and thus offers the possibility of including this kind of
estimates in all the applications of PSA level 3 codes.



