
I]LLL,,4s
_ i,_'i_'_o 111112_o





CERTAINDATA
CONTAINEDINTHIS
DOCUMENTMAYBE
DIFFICULTTOREAD

IN MICROFICHE
PRODUCTS.



WSRC-MS-93-193

SITE-WIDE SEISMIC RISK MODEL (U)

by

W. S. Durant

Westinghouse Savannah River Company
Savannah River Site

Aiken, South Carolina 29808

A document prepared for:

presentation and publication at the PSAM

at San Diego, CA
from 03/20/93 thru 03/24/93

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of thc United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-

bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or i'_ E _ _V E D
process disclosed, or represents that its use would not infringe privately owned rights. Refer-

ence herein to any specific commercial product, process, or service by trade name, trademark, SEP. ,manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the '_U .,__ wT |
United States Government or any agency thereof. |

DOE Contract No. DE-AC09-89SR18035

This paper was prepared in connection with work done under the above contract number with the U. S.

Department of Energy. By acceptance o{ this paper, the publisher and/or recipient acknowledges the U. S.
Government's right to retain a nonexclusive, royalty-free license in and to any copyright covering this paper,
along with the right to reproduce and to authorize others to reproduce ali or part of the copyrighted paper.

MASTER
[}ISTRtBUTION OF THIS I_OCtIMFNT IS UNLIMIIE'_



q

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any

agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.

This report has been reproduced directly from the best available copy.

Available to DOE and DOE contractors from the Office of Scientific and
Technical Information, P. O. Box 62, Oak Ridge, TN 37831; prices available from
(615) 576-8401.

Available to the public from the National Technical Information Service, U. S.
Department of Commerce, 5285 Port Royal Rd., Springfield, VA 22161



tJ ,

A I I G 1 1 ".E. T LI E "-' 1 - 2 _-ZI p El $

i

5

SITE-WIDE SEISMIC RISK MODEL

FOR SAVANNAI-I RIVER SITE NUCLEAR FACILITIES

S, A. Etde and R. S. Shay W. $. Duraat
Los Alamos Technical Associates, Ind, Westinghouse Savann_ River Company
P. O. Box $1688 1991S, Centennial Ave.

Idaho Falls, Ib 83405-1688 Building 1
(208) 529-5289 Aiken, SC 29803
(208)529-5282(fax) (803) 644-5410

(803) 644-5050(fax)

The 200,000 acre Savanmth River Site (SRS) has nearly 30 nuclear facilities spread throughout the site.
"['h__af_ty of each facility has been established in facility-specific safety _alysis reports (SARa). Ea,:h
SAR coniains an analysis of risk from seismic events to both on-alto workers and the off-site population. Both
radiological and chemical releases are considered, and airLhd water pathways are modeled, Risks to the
gcneruJ public are generally characterized by evaluating _xposure to the rm'tximallyexposed it_dlviduallocated at
th_ SRS boundary and to the off-slte population locat_d within 50 miles.

Although the SARa are appropriate methods for studying individual facility risks, there is a ¢]as.,;of
ac.chlalt initiators that can simultaneously affect several or ali of the facilities. Examples include seismic

" events, strong winds or tornadoes, floods, and loss of off-site electrical power. Overall risk to the ofgsite
population from such initiators is not covered by th_ individual SARa. In such cases multiple facility

- radionuclide or chemical t_leases could occur, and off-site exposure would b# greater themthat in,:lic_tediri a
_ sh_Ir,!efacility SAR,

As a step towards au overall site-wide risk model that adequately addresses multiple facility roleazcs, a
site-wide se:,smicmodel for determining off-site risk has been developed for nuclear facilities at the SRS, _.';k
from seismb events up to the design basis earthquake (DBE) of 0.2 g (frequency of 2.0E-4/yr) is covered by
the model, Present plans include expanding the scope of the model to i_dude other types of initiators that can
._imult_meouslyaffect multiple facilities.

Me,thodel_,ev

Development of the SRS seismic risk model involved four steps:

I. Identification of ali nuclear facilities at the SR$

2. Review of seismic aceidertt analyses (rttdionuelide and chm'dcal releases and air and water pathways) irl
facility SARa

I 3. Updating of air dispersion and dose e_tlculationsfor seismle accidents to obtain up-to-date _d
consistent results (1992 off-site population and ICRP-30 dose model)

4, I_tegration of individual fitoility results to obt.':!na site-wld¢ risk model.
_

_ Nuclear facilities at the SRS wets id_tltified b), a review of existing SARa and a review by cognizant
,.;afetypersonnel. The SRS has 29 different facilities historically classified _ nuclear, This list does not include
storage and waste facilities with very sm:til amounts of radionuclides m_dwhose classification is pre.qently
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undecidt::d. Such facilities would not aignificuntly contribute to the off-site risk.

Once the nuclear facilities and SARs were identified, the seismic _tccid,mtanalyses were reviuwed.
S_:'v_ra]case_ were encountered in the SARs:

• Single seismic accident analysi._ for the DBE (for facilitics that do not r,:lease slgnifie;mt quantities ¢_f
radlonuelides or ¢hemlcals for earthquakes weaker than the DBE)

• lvfi_ltipleseismic accid_t analyses for the DBt_ to cover different sources of radioxmotidesor cht_m,i¢_d._
or different accident phenomena

4, Multiple s.eismJeaccident analyse_ eovexing a spectrum of eartlacluakesup to the DBE (for facilities tlu_t
carl release significant quantitie._of radionuclides or chemicals for earthquakes weaker' than the DBE)

_. _' Multiple seismic accident analyses covering a spectrum of earthquakes up to and b_yozd the DBI_ (for
some of the newer SARs),

Of the 29 nuclear facilities, 12 were chosen for inclusion in the seismic risk model ba._edon their se_.smdc-
itait[atedoff-site risk (as indicated in tlleir SARs), These 12 facilities coratribute over 99% of _e site-wide
stdsmic risk to the off-site population, Ali seismic sceidents (up to the DPE) for these facilities were. then
inch_ded i._ the model. The I2 fitcilities contributed a total of 15 seismic accidents to the model.

Because rh, atmospheric dispersion calculations for the 12 facilities had been performed, over a period
of I0 ycar:_(1983 to 1993), ineonsistcncbs existed with regard to the off-site populatio_ assumed and to the
dose model used. Atl of these dispersion calculations were rerun using the most up-to-date SRS atmospheri_
di'.;persios code, AXAIR89Q, _ Therefore, all mrd_,scs were st_mdardized u,_ingthe 1992 off-site popuht6on, the
'ICRP-30 dose model, and SRS meteorological cendltions based on the period1982 through 1986,

The final step in developing a site-wide seisn_ic rbk model involved integrating the individual fi_cjlity
s.::i_a"7crisks, The two main measures of off-site population radiological risk used at the SR$ are the followi.ng:

* Risk to the maximally _xposed individual located at the SR$ boundary (dose in rem, multiplied by tl_e
accident frequency)

" Ri_'kto the off-site population located within 50 miles of the site (dc,so in person-.rem, laaultlplied'by th_,
accident frequelacy).

The location of the maximally exposed individual at the site boundary ,,,aries with facility location withha the
SR.S,as shown iz Figure 1. Becau._eof this and because a single site boundary location is needed for the sJt,e.
wide model, the individual fitcility dose.s and risks to the site boundary itadividu;dare not additive. At a given
i_3sl:mcein time, the wind direction across tt}, site is relatively uniform. This implies that release plumes ftore
ce._'tah_facilities may not overlap at the site boundary. Therefore, the location of the maximally expos_
individual at the site boundary for the dominant risk fitcility was clm,;,ena_ the location for the site-wide model,
Then reletu'.cso/fly from facilities whose release plume._overlap this location were included for the sRe..wide
calculation of risk to the individual located at the site boundary,

=

In contrast, all facility results c'm be added to determine the site-wide ri_k to the off-site population
loc.',tL.dwithin 50 miles,

Also d,_siredwere the exposures for the.maximally exposed irtdividuai at the SRS boundao' and the off-
site t'_opulation, To obtain these doses, only the DBE accidents ft'ore each facility were used. (To include oth_._r
seismic accidcnt_ for less than the DBI_ would result in overestimation of the integrated dos_, This problem of
ovea:.stlmation does not occur when risk measures are calculated, because the frequencies of the accidents are
flt('tort:dimo the calculidion.) Otherwise, the do_e results were combined in a mim.netsln'tilar to what was d(_ae
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for I]',_ ri::k rcsults.

The re,:ulting seJsmlc risk model for the SRS approprhtely hategrates individual facility radiological
ri:_k,_to o'tmtia the site-wide risk to the maxim,ally exposed Lrtdividual at the site boundary azd to the off-site
t';upul_ttion, Also, the doses for rh, maximally exposed individual and the off-site population are apporpriately
ir, tcgr'_ted, Both radiological a_d chemical reIease._ and air and water pathways were initially considered il_ the
d_','elol_ment of the model. I--t'owevor, only air dispersion of radionuclides turned out to be signifiean_ with
_'.:_pcct to risk to the off-site population.

Fkual site-wide risk and dose results were approximately twice the results from th_ most dominant S RS
facility, However, the site-wide results could have been mue,h hi:_her if f_¢ilit_, locations at the SR$ had bccta
dif/'er_:nt or if none of the facilitieshad bean dominant with respect to rlsk,

l. .T.C, Huang and C. IL. Lux, ,AXAIR-89: An Inked Ver_inn 9.[ the AXATRC. _d_._ge,Westinghouse
Savannah River Company, WSRC-ILP-89-1197, 19S9.
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FigUre 1, gavannah River Site boundary.
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