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FOREWCRD

The U.S. Nuclear Regulatory Ccmmission has undertaken s project
<C azalyze the effects of natursl phencmena upon existing plutonium
fabrication facilities. The work is being accomplished by a task
{ experts whe are contriduting <o the various phases of the

e e - - - veal

Jeet, This repert is one of 2 series of reperss, <o be produced
Tech University, which examines the respcnse cf siructures
ané the damage consequences ¢ a specifi:s existing plutonium fabri-
cation facility caused by severe wind., The Exxon Nuclear Company

!Sxed Oxide Fuel Fabrication Plant (MOFP) located at Rienlund,
Washingtion {s the subject of .ais report. Velume I of this repors
presents the methodclogy, the basic daza, the resulis and the con-

Tiad o Tal T 3 1 s Y Ayt
clusicns of the study. Volume II containes she struictural caloula-

tions on which the results are based.

The project tasks are performed by Texas Tech University under
subeontract [rom Argonne National lLaboratory (Contract Number 31-
109-38-3712). Mr. James E. Carson, Division of Envircnmental Impact
tudles, Argconne Naticral Laboratery, is the project mensger. Dr.
ames R. McDonald and Dr. Kisher C. Mehta of Texas Tech Universis

<y 0

P

re the principal investigateors for the oroject. Mr. Douglas A.
Smi<h of Texas Tech University (now of Southweszerm Public Service
Company) served as research associate. The preject is coordinated
through the Depariment of Civil Engineering and the Instituze for
Disaster Research, Texas Tech University.
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Trls report is pars of a1 study sponscred by the U. 3. Nuclear
Regulatory Commission to assess the potential radislsgicel cnseguenczes
of natural phencmena (flood, earthquakes, and severe winds) on existing
plutenium fabricaticn facilities. The study invclves determination of
hazard risk, structural respense, source terz, dispersion, demograzhic

tterns and dose levels. The paper by J. A. Aver and W. Burkhards,
"Analyses cf Zffect of Abncrmal Natural Phencmena on Existing Plutenium
Fabrication Planis" [1]*, provides background on <he overall hazards

evaluation. The respcase of structural systems ané components ¢ wind

‘ry

uel Fabrication Plant

hazard at the Exxon Nuclear Company Mixed Oxide
(MOFP) located at Richlend, Washington is <@ subject this report.

The windstorz risk assessment was zade by Fulita [2] based on
tornado and other severe wind reccris frizm the gZecgraphical region
surrcunding the plant site. The winds<orm nazaré a3 the site 2cnsiss
of straight line winds or tormadces and is expressed in terms of ax-
pected value of windspeed for =2 given probabilisy of occurrence.
Associated with tornadic windspeeds are implicazions of =tmospheric
pressure change and windborme debris.

Struetursl response of the duilding and the .otential of wiadborme
debris are expressed in terms of threshcld values of windspeed o
produce postulated damage to the building enclosure. The damage Dos=-
tulation is based on nine years of windstorm damage inves:ige:ion
experiences invelving more than forty windsterm incidemts by <h
serior authors. The structural response and missile impacts are sub-
sequenily translated intc ccnsequences of damage +c glove toxes and
filters. These consequences then provide informetion to the scurce
term evaluators, who, in turn, determine the amount and form ot pluto=-
nium that would be available f-r dispersion intc the atmosphere.

The type of structural systems and comsiruction maserial properies
at the Exxon Nuclear MCFP facility are discussed in Seesicn II of 2hd

» N - poe—— 2 2 \iad
*Numbers in bracikets pertain tc References, Seczion VI



report. The structural systems and the material properties are docu-
zented {rom the plant drawings and specificaticns, the EDAC Task I
report (3] and a zite visit. A general discussion of structural re-
spense to the windstorm hazard, including the effects of wind, atmo-
spheric pressure change and windbornme debris, is contained in Section
II. The consequences cf damage %c glove boxes and filters alsc are
defined in Section III. Section IV contains postulated failure modes,
caleculated threshcld windspeed values, and a summary of postulated
damage for the Zxxon facility. Aczual calsulations of zhe values ore-
sented In Section IV are contained in Volume II of this repor: [4].
Scenarios of expected structural damage and the consequences of damage
to plutonium containments for selected windspeeds are presented in
Section V.



II. STRUCTURAL SYSTEMS AND MATERIAL PROPERTIES

-

In this secticn <he structural systems employed in <the EZxxon MOFP
facility are described and the material properties which are sommon %o
“hem are defined. 1y those features of the structure that are crit-

lcal %o wind hazard sssessment are presented herein

A. General Layout of the MOFP Facilis

The Exxon MOF? facility is located in Richland, Washi: “gton. 4
floor plan of the facility is shown in Figure 1. Areas of concern as
defined by Mishima [5] are indicated by crosshatching. The areas of
concern are the Mixed Oxide Preparation Area, the Cold lLab Ares, the
Mass Spec Ares, the Poison Rod Fab Ares, and the Vauls, as indica<ed

i T4 ‘- 3
— - - — -

B. Structural Systems

This bullding is of one story comstruciicon. A mezzanine at the
nortih end of the building containsoffices and a cafeteria. A plan
view of the building with desiznated areas of ccncern is shown in
Figure 1. The building is appro Imately 100 ft. x 114 £+. in plan.

The wall height is typically 29 f£+.

For discussion purpcses, the building can be divided into a lad
ares and an office area. The two areas are separazed by a hallway.
“he north end of the lab area has a 10-in. cast-in-place reinforced
conerete wall, (Ref. Figure 1). All the areas of concern, except the
Vault, are located in the lab ares. Therefore, discussion of <he
structural systems of the dullding is 1limited to the lab area.

The roof over the lab area comsists of a built-up rocof on a metal
deck. The metal deck is supported by long-span sieel joists. The
framing plan for the laberatory ares is shewn in Figure 2. At the
scuth wall the steel joisis frame into a collector beam, which is an-
chored to stub beams framed in<o each columm. At the 10-in. cast-in-
Place concrete wall the joists bear on the wall. A: the 10-in. wall
& positive comnection provides uplift resistance, however the Joists
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are {ree %0 slip in plane. Details =f these two ccnnections are shown

»
b

”' -
in Figure 3.

The exterior walls are precast ccnerete panels. Typical panelsare
28 £+. high, 9 ft. wide and 6 in. thick, as shown in Figure 4. A
tvpical wall panel is reinforced with #3 bars at in. centers in the
vertical directicn and #4 bars a: 12 in. centers in the horizontel
directicn. The reinforcing steel extends into the cast-in-place
columns and parapet beams to provide continucus supper: for the wall
panel. The wall panel ‘s zot anchored 20 the fooiing. Instead,
{ric=ion between the panel and grout layer is relied upen t¢ suppert
whe bottiom edge of the well. The detalls of the conmnections between
the precast wall panels and the columms, the parapet beams and the
footings are shown in Figures 4 and 5.

The columns and the parspet beams are consiructed of cast-in-place
relnforced concrete. The column dimensions are typically 13 in. by 14
in. and are reinforced with L-#2 bars. The columr- are anchorsd o

thelr footings by 2 single #8 bar and by a sheer key as shown in Figure
5. At the top, the c-lumm reinforcing extends into the parapet beam

%“C provide positive anchorage.

The parapet beam iz 12 in. x 14 in, and is con*inucus along the

W& orcement used in the parapet beam is typically
4-#4 bars as shown in Figure 4. The in-plane truss syster, which is
provided for seismic resistance, bears on tcp of the parapet. It is
held in place by means of anchors whish sre bolted to the column.
Because of the support provided by the in-plane truss, the parspet beam
resists lateral wind lcads as 2 continuous beam.

The inplane truss system is comstructed of rolled steel wide flange
sections, round bars, and turnbuckles as shown in Figure 6. I4 is an-
chored securely to the parapet beam.

terior walls in the lab ares are constructed of gypsum board
and metal studs cr unreinforced concrete mascnry blouk. These walls
dc net significantly affect the response of the structure tc wind loads.
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The vault is a massive cast-in-place concrete structure. Its ex-
weraor walls are 12 In, thick and its intericr walls are 24 in. thici
sg shown in Figuwe 7, The vault roof is an & in. reinforced concrete
siab with additiozal supper: provided by wide-flange steel beams. The

teel beams are atta.hed to the roof slab by bolis through the slab.

-

b} F
o« Materisl Projvertles

Froperties of the bdullding materials that are significant o wind
damage assesszent are listel in Table I. The table lists median velues
of material properties, and s range of low and high vaiues. The vari-
aticn of material proverty values is assumed tO be log-no:':a.'.; the mag-
nitude cf the ranges of sirengih are based on judgment. The primary
source of material propercy values is EIDAC Task I report [3]. In cases
where material rroperties are not avallatle in documents, judgment
based on standard professiznal practice are aade. In addition, 12

terial properties for dbuilding cooponents at the Exxon MOF? facilisy
are 2ot provided in reporis suck as Reference 3, the material property
values are taken from the previous EDAC reporis [6,7] to insure cone
sistency among the different studies.

For steel and weld metals, the ultimate shee- =trengih is taken
as 1/ /7 times tne tensile strengsh of the mate. This relationship
is based on the meximum distorziicn energy theory f{or ductile materiel [3].
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FABLE

< 1" ¢, AST™ A325

3/4"$ Stud Anchor
"Hedhead"

at 28 days

Pullout strength
shear strength

Structural Concrete J(tnmpre:;slve strength

10,1 kips
14.4 klps

4.0 ksl

FATERIAL PRO' TS
Modian I
Material Property o

Vi lue !
Weld Metal shear strenplh 47 ksl 40 ksi
A3 Structural Steel Jtensile strength 68 ksl 64, ksl
Steel Roof Deck tensile strength 60 ksi 5.5 ksi
(AST™ A570 Gr.C) shear strength ¥,.6 ksl 32.6 ksl
Relnforeing steel tensile strength 102 ksl 97 kol
(ASTM 615 Gr.60) yield strength 06 ksi 62 ksi
Structural Bolts tenslle strength 130 ksi 125 ksl

8.5 kipe
12.0 kips

3.4 ksi

—— ——

! ip’h

56 k{:‘
3 ksl
‘u’. kf:‘
37 ksl
109 ksl
70.5 ksi
136 ksl
12.2 kips
17.0 kips

4.7 ksi

E70

FDA(

rDAC

.
.‘\x Mt

electrodes
' 131
(3]

EDAC [3)

EDA(

P 13)

EDAC [3])

FDAC [3)

EDAC

(3]
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he effect of wind lcads 2z a Huild and I8 components is Te-
-~ 4 " a - -
ferred IC herein as stiructurel response. This secticn presents a

generic discussicn of structural response and damage consequences. In
order 0 predict damage %0 glove bdoxes contalning plutoniux as well as
e filters, the siruciurel response of the dullding and its components
due =0 three effects cof windsiorms, namely, wind, atmospheric pressure
change (only in case of sornadoes;, and windborme debris must be eval-
sated., The wind and atmospheric pressure change effects may be combined
under specific circumstances. The general analy.ical approach Tor
deterzining s threshold value of windspeed that will produce significant
damage 0 & Dullilng or its 2cmponents is presented in this section.
in addizion discussions concerning damage from windborme debris is alsc
presentec. The siryctural damage %o the building and i{ts components
i3 then trans.iated inic subseguent damage +0 glove toxes and filters.
Secause tne consequential damage tc glove boxes ané filters is randem,
ticnal judgments regarding glove box ané filter damage are made.

Tire, as a consequence of windetorm damage, does not arpear %o

be & pertinent hazard., In more than L0 maler windstorm events Investi.
gated by <he euthors, no% a single one produced s fire es & conzequence
of windstorm damage.

A. Threshold Windspeeds tc Produce Damage

Threshcld values of windspeed %o produce damage tc s building and
+8 componentis are cbtained by applying basic techniques of structural
analysis. These technigques are utilized by the authors to determine
windspeeds in tcrmadoes [9]. Damage, as used here, implies the removal
of a component due to outward acting forces or the total collapse cf a
member due tc cutward or inward acting forces.

Wind interscts with a flat-roofed building and produces inward
acting external pressures on the windward wall andé outwerd acting ex-
ternal pressures on the sidewalls, the leewari wall, and the roof (Ref.
Figure 2). In additicn, relatively high sutwaré acting external pres-

sures are produced on localized aress at wall ccrners. roof corners

14
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and eaves (Ref, Figure 2). In cases where there are openings in the
walls or the roof of a bullding, internal pressures are alsc produced.
These intermal pressures may combine wi:h extermal pressures tc produce
3 more severe loading condition on a dullding cemponent. Since wind
can come {rom any direction, the failure mode of a duilding compcnent
should be eveluated for the inwarc acting pressures as well as the
osutward acting pressures,

-

Knowing the sirengihs of the materials and the type of structural
system, principles of mechaniss are applied o determine structural
response and the wind pressure %o produce a postulated failure. The

tructural response of a building ccmponent is made up of a static and
a dynamic pert. For low-rise buildings and relatively stiff ccmpcnents

ot
i+ 3

e coentridution of the dynamic part of the response can de neglected.
e fundzmental freguencies of low-rise duildings or their components

.
:

such as masconry walls or metal rocf decks have fundamental frequencies
greater than 3 Hz, while most of “he free field wind gust specirum
energy is in the frequency range that s less <han 0.5 Hz[10,11]. The
disparity tetween fundamental {requencies cf building components and
gust frequencies of the wind sugges:s that the dynamic part of the re-
ponse is negligible for ordinary structures.

Once the wind pressure regquired to produce the postulaied fallure
mode ls cbiained, the correspending windspeed V is calculated using
appropriate equa:ians that relate windspeed %o serodynamic pressure.

The general form of the equation is

S

[

? = 0.00256V°C (
whare

P is the wind pressure in psf

V is the windspeed in mph

C is a shape factor or pressure ccefficient
Equation (1) is the stagnaticn pressure multiplied by an appropriate
pressure coefficient, Pressure zcefficients are cbtained primarily
foom wind tunnel tests of model structures. Coefficients from the

16



American Naticnal Standards Institut: Standard A58.1-1972 [12] are
used in this study.
The ANSI A52,1 Standard [12) defines three types of DPressure
coefficients:
(1) External pressure coeffiszient, C
(2) Internal pressure coefficient, C_,
(3) Net pressure coefficient, C,

Zxternal pressure coefficients are applicable for extermal wind
pressures acting on enclcsed buildings. The equation for externmally
acting wind pressure is:

p = 0.302567° (cy) (2)

I %he building has windows, doors or other openings tha: allow
the wind <o get inside the building, internal pressures ac: on the
walls and roof in additicn %o the externmal pressures. The equation
for combined external and intermal wind pressure ecting on a building
component is:

" (3)

The sign of the internal pressure coefficient c::__’i is a function of

» = 0.00256V° (c, - ¢

wind direction and opening locations in a given building.
Net pressure coefficients are used for structures such as chim-
neys or towers. The wind pressure i{s the net acrizontal pressure and is

cbtained from the egquatien:
2 ;
p = 0.00256V° (C,) (4)

With knowledge of <ne wind pressure p zalculated from structural
mechanics procedures, and with appropriate pressure coefficients de-
termined from the literature, the threshold windspeed V can be calcu-
lated utiliz the above egquations.

The threshold windspeeds what produce damage as determined using
the above equaticns include wind gusts. The calculated windspeeds are
equivalent %o "gust speed" given in Columm B, Table 14 or "tormads

-
~4
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windspeed" given in Cclumn D, Table 14 of Reflarence 2. Whether the
threshold windspeeds are strsighi-line winds or tcrmadlc winds depend

on the probability of cccurrence of that intensizy” wund.

8. Atmospheric Pressure Change (APC)

If a tornado is the winds<crm hazard, then the effect of atme-
spheric change (APC) mey alzc 2cnmiribute 3o the damage. A vegion ¢f
reduced pressure sxists near e sore of & icrmade. Az the sorMmade
passes over a bullding the pressure inside & bullding Deccmes greater
<har that on the outside, thus producing a iifferentzial pressure across
the wells and the »ocf of the building. Taple II gives the APC values
associated with tormadic windspeeds for different probabilities of
cecurrense &t the Ixxor Nucleer MOFP fasility. The probablilitiles of
cecw. ince of tormadic windspeeds at the Zxxon MOFP facility are cb-
sained from Reference 2. The APC values are calculated using the cy-
clostrophic equation [12].

If a building is sealed, it will experience the effect of APC es
the tornadoc passes over i, However, most industrial bulldings are
not totally sealed (air %ight). If there are encugh cpenings in the
walls or the rocf to allow air ide the building toc escape, the
differential pressure will be equalized. The veniing arsas per cublc
£+. of building are given in Tacle II for different values of APC.

18
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TABLE T1

Tornadic Windspeeds, Atmospherie Pressure Change and Venting Requlrements

Probabilities of Straight Line® Tnl'nadlcb ‘
Oceurrence per year Windspeeds, mph Windspeed, mph
10 A -

107! 65 -

107 88 -

10! 109 "

1074 128 .

107? 143 -

10‘6 155 -
w077 Z 167

*Includes gusts; Column B of Table 14 from Reference [2]
PColumn D of Table 14 and Figure 6 from Reference [2]
“petermined using eyclostrophic equation Reference [13, 2)

dEacaping air 1s limited to 25 mph

Atmospheric Pressure’ Venting l\l'etfj
change, psf ag.ﬁ./cu.ﬂ
v ‘3

91 0.17 x 10
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C. Combination of Wind and Atmospheric Pressure Change

For bulldings which are sealed, the combined effects of wind and
atmostheric pressure change may produce the most criticel loading
conéizion on the building compcnents. The highest load could be due
t0 outward acting pressure caused by the maximum windspeed in a tormado
and the associated atmospheric pressure change at the locatiocn of the
maximum windspeed. It is possible %to express the value of the atmo-
stheric pressure change in terms of maximum windspeed if certain assump-
tions are permitted. This information is given below,

The maximm windspeed, V, in a tornado is a combinatiocn of the

tangentiel, V, and translatiocnal, V__ windspeeds:
v

e

VeV +7V

tr
Fujita [2] assumes that translational windspeed is 20% of the maximum

windspeed, hence

= 0.8V

-

The cyclostrophic equation suggests that atmospheric pressure change at
the peint of maximum windspeed In a tornado is:

APC.O-jav'

-
-

Where ¢ is mass density of air. The total outward acting pressure due
tc combined effect of wind and APC on a bduilding compcnent would be

y

= 0.00256V C_ + 0.
P e

n

<]

t

Substituting the value for o and utilizing V, = 0.8V, the totel outward

acting pressure will be
(-.,c‘sécp + 0.00164)

The value of Cp would depend on the type of component such as side wall,
rocf, roof corner, etc. For exampie, the pressure coefticient for <k

roof is C_ - 0.7, hence the uplift pressure would de

-
>

o
(3]
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¢ windspeed can be determin
fell a dullding component. Twe requirements are essential %c consider
combined effects of wind and APC; they are (1) <he dullding is seeled,

and (2) the threshcold windspeed is in tormadic windspeed range as spec-
3
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2. Windborne Debris

e TS cama *m wmd a1 . Y R v S g are s - ~d T A
Windstorms tend tc pick up and transport various types of loose

decris. The kinds of debris range in size from roof gravel to suto-
actiles. Most of the debris consists of objects such as sheet mezal,
tizber {rom damaged houses or other light weigh: objects. In a very
intense tcrmade (windspeeds greater than 200 mph) debris can be prec-
tc high velocities to become damaging missiles. Velocities

-

attained by typical pieces of debris which can cause damage are shown
in Teble III. Missiles wnich impact exterior walls may not pose danger
tc glove box integrity or to HEPA filters if much of the missile energy
is absorbed by the wall., The wallc of the Exxon MOFP are reinforced

Precast concrete panels and colummns. Hence, windborne debris damage is

e

ot likely to be critical at this facilisy.

Z. Dlamage Ccnseguences

The dullding damage and damage consequences discussion presented
here are generic in nature. Structural response, zcmponent damage and
missile impact translate into damage <o glove boxes, filters, or other
containments of plutenium. The consequences of building damage cr
missile impact to glove boxes and other containments can be cazasirophic
or can be negligidble depending on the potential ¢ release plutonium.
The damage to glove boxes and the subsequent plutonium release potenmtial
are defined as follows:

Crusgégg of Glove Scx: If a heavy cbject falls on
the gilove dox, siructural members of the box may

collapse resuliing in the glove bcx being crushed.
This event could ccour if a lcad-bearing wall ¢
bullding {rame should ccllapse ihus allowing <he
roof structure to fall downward, In <his case the
integrity of the glove dox would de viciated. The
material inside the glove dox would de expesed o
the atmosphere.

-~
L4



TARTE -
———

Windstorm Cenerated Missile Velocities [13]

Impact Missile Velocitles, moh
Weight Area Windspeed, arh
2

Missile (1b) (£+%) li00 150 200

.

(
50 230C

Timber Plani 28 0,04 * 70 98 124 160
e in. x4 in % 15 &%

o
O
bt
(o
3

’

)
N

s il 0.29 *

Standard Steel Pirpe 7% 0.067 * * 65 8 310
3 in, dia x 15 £

Utility Pole 1490 C.9¢ * * * 80 100
13.5 in. dla x 32 %

Automocbile 4000 20 * * * 25 45

Note 1. Interpclaticn of windspeed is reasonzble and ccmsistent with
the current state-of-the-knowledge on missile generation.
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Perforation of <he Glove Box: Pleces of timber,
concrete DLOCLS, .OoCse pieces o pipe or eguirment
could strike a glove dox causing an cpening in the
glove dox window., Plutconium sicred in canisters
is not likely to be released in <his case, but lsocse
terial in powder form could pessibly escape *h
confines of the glove box. Failure of an exzerior
wall could allow the wind %o circulste throughsus

-

the bullding, causing loose ocbjec:

%2 be thrown
against th~ glove boxes. Windborme derris 20uld
cause missile impact on the glove bex and =may cause
perforetion of the glsv- bex.

<

-

Tear Glove: The gloves are sh

w.in respect to the glove hox integrizy. Flying or

moving debris could strike and tear a glove. Scxme

£ the material in powder form could be pulled =r

blown from the glove box should the ventilaziszn

system be aliered by the effests of <he winid. Zzan-

tainerized material or material i pelles farm is

act llkely to escave.

These three definiticns of glcve box damazs ars 2:rrelstes with
extent of damage 0 the building and i%s 22mpcrmencc. ini 2re znewn
Table IV. Damage scenarios in Zecticn T present zocual damage cune

sequences,

ire Tne weskest 2lsment:

-
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IV. THRESHCLD WINDSPEEDS AND FAILURE MODES

The threshcld values of windspeed that cause failure of bullding
components have been calculated. Detailed calculations are ccntained
in Volume II of this report [4]. Each postulated failure mode has
potential for damage to glove boxe. and HEPA filters. The falilure
mode that occurs at the lowest windspeed is the critical failure
acde for a given building component. Critical failure modes of com-
ponents and their associated windspeeds are summarized in <hls sectica.

These data are then used to formulate damage scenarios in Section V for
selected windspeeds and asscciated probabilities of occurrence

Calculated threshold windspeeds are considered gust speeds or
tornadic windspeeds which include gusts. In addition, the threshocld
windspeeds %o produce damage are alsc considered t¢ be nominal wind-
speeds since they are based on median strengtihs cf materials. Wind-
speed ranges are provided for each calculated threshold windspeed to
reflect variation in material properties. In cases where the material
properties are not the governing failure criteria, windspeed ranges are
based on subjective engineering judgments. All windspeed ranges are
essumed to have a log-normal distributiocn.

Critical failure modes, threshclé windspeed values for wind dam-
age, atmospheric pressure change effects, and missile impact damage are
described below.

A. Wind Damage at MOFF Facility

The framing and construction details of the Exxon Nuclear MOFP
facility are discussed in Section II. A 10 in. reinforced concrete wall
(Ref. Fig. 1) separates the bullding into an office area and a laboratory
area (high bay area). All the areas of concern except the vault are in
+»3 laborstory.area. Calculated threshold windspeeds to fall roof ccmpo-
nents, wall components, and the structural frame are shown in Table 7V

and discussed below.

The door in the east wall at the southeast cormer of the bullding

25



TABLE V

Threshold Fallure Windspeeds For Fxxon MOFP

Nominal Threshold Windspeed Range mph
Bullding Component Windapeed wph ~——1:;;-—-~ﬁiéﬁ--~ KRemarks
Doors:
Southeast Corner 88 83 92 Collapses outward
Other Exterlor Doors 140 131 147 Collapses Inward; alleviates
effects of APC.
Roof:
West Eave Area 167 154 182 Fatlure of bearing connectlion
2 of joist due to uplifr; 10
ft wide section collapses
downward.
East Fave Area 189 174 206 7 ft wide section collapses
downward
Other Areas 231 213 252 Several joists could fali.
Walls:
Corners (except vault) 184 170 199 Faillure of column and parapet
beams; outward collapse of
20 ft wide sectlon.
Other Areas 204 188 221 Inward collapse of walls
Latural Collapse >300 - - Fallure not feasible.
Vault > 300 - - Structure 1is able to reslst

the loads
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cusdé fall at 22 mph. Other doors located in the exterior walls cf

8 - s 2= -~ - - - & v = 2

the lab ares could fall at 140 aph. TFailure of the exterior door in
3 P %9 114 23t & -9 3 N 3

The sculll wa.. could resuls In the colilapse of the interior unreine

& . o P = Sy ”
{orced conerete dlock walls located in the vicinity of the door.

The roof jolst located clcse %o thewest wall could be uplifted
due %0 a fallure of the weld between the joist beering plate and the
SUpport bear at windspeed of 167 mph. A 10 ft. wide section of the
rocl In that area would tend to uplift, but would be prevented by the
presence of the inplane roof truss. The roof seciion would likely

cc..apse ic the {lcor efter reduction of the uplift forces. The roof

O
'
W
ot
[
O
«Q

ated close tc the east wall could fail at windspeed of 129 mph.
The fallure is due to failure of weld between the jcist bearing plate

0

and the support team. A 7 4. wide section of the roof next tc the

- -

east wall could ccllapse downward. Critical failure windspeed for the

w

dand F 4 2 < - s o b 0 1 .
rexaining roof Joists is 231 =ph.

A 20 £, wide secticn of the wall cormers (exceprt at the vault)
sould eollspse outward due o failure of the firs:t cclumn from the cor-
ner and the parapet beam at windspeed of 134 mph. This opening ia the
wall would permit develcpment of internal pressure inside the building
wnizh will contridute to subsequent additional failures in the roof.
Zxzerior walls subject to windward (inward) pressures coulé ccllapse

at 204 mph. Failure of the south wall, which indirectly supports the
rool jolsts, results in collapse of the roof alsso.

lateral collapse of the building could occur at windspeeds greater
than 250 mph. This is not a feasible failure mode, because the individ-
ual components (wall cornmers, roof areas and wells) fail at windspeeds

considerably less than 250 mph.
Calculations show that no damage tc the vault cccurs at windspeeds
of 300 mph. The rest of the building could be lying in rubble, but

the vault will remain intact.
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5. Atmesrheric Pressure Change (APC) E=ffects

Tornadic winds would be the contrclling windspeeds rather than
straight-line gust winds for windspeeds higher than 155 mph

1]

(Ref. Table II), For tcrmadic loading, atmospheric pressure chanz
effects should be considered, if sufficient venting area as shown
in Table II is not available. In the lab area, *he doors %o the exe
terior are expected to fall at windspeed of 140 mph. These cprenings
through the doors provide opening areas sufficient for adeguste venti-
lation to take place. Thus, APC pressure is not likely to conszibus

o

%o damage in the lab area. The vault is 2apable of withstaniing <he
oaximum APC effects postulated for the site.

C. Damage {romx Windborme Debris

Extreme winds tend %o pick up and transport various types of
debris that range in size from roof gravel to automobiles. Windborme
debris is of secondary concern for the MOFP facility. The energy which
a missile may possess as it approaches this building will be dissipated
upon impact with the exterior precast ccncrete walls. When the exte-
rior walls fail, the equipment is likely to be crushed undermes:h
the walls. Therefore, missiles entering the MOTP facility subseguent

¢ the wall collapse cause little additional damage. The massive walls
and roof of the vault are able to resist any missile impact possiulated
in this study.

D. Summary of Failure Mddes

Calculations of threshcld values of windspeed that cause damage
suggest the following sequence of failure modes:
8¢ mph The extericr door at the socutheast cormer of the
building could fail.

140 moh Other exterior dcors cculd collapse inward, resulting
in scme wind circulaticon through the building. The
west interior wall of the Pocison Rod Fab Area cculd
ccllapse.

8
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A Joist anchorage failure ocours along the wes: eave
of the lab area. A 10 ft. wide strip of roof aleng
the west wall will tend to uplift, dut will de res-
trained by the inplane roof truss. The joists and
rocf decking will subsequently collapse downward to
the floor.

A twenty £4. wide section of the extericr wall could
collapse at the wall cormers (except at the vaul:)
due ¢ failure of the first column from the cormer or
due o the formation of a mechanism in the parapet
beam. If this failure occurs in the south wall at
the southeast ccrner, the joists bearing on this wall
(thrcugh the brackets attached to the solumn) and the
C £1. wide seciion of roof will collapse downward.

Zxterior walls ccllapse inward due *c windward pres-
sures. I this occurs in the south wall, Joists
tearing on the wall will collapse downward. Al <he
wells are not likely <o collapse but rather porticns
£ the walls would de affected.

Additional joist anchorsge failure could occur
resulting in portions of roof ccllapsing to the floor.
At these windspeeds, the integrity of %he laberatory

bullding is expected tc be lost. Most of the walls
will collapse along with the inplane roof truss. The

vault is not likely to sustain damage at this windspeed.

29



V. DAMAGE SCENARIOS

Damage scenarics for selected probabilities of occurrence of
windspeed are formulated from the calculated threshold windspeeds
presented in Section IV. The damage scenarios are used for sub-
sequent identification of source terms.

Four damage scenarios for selected windspeed values are presented
to formulate a trend of increasing damage with reduced orobability
of occurrence. Fujita [2] developed the relationship between wind-
speed values and their probability of occurrence at the Exxon MOFP
facility. The values used here and presented in Table II are taken
from curves B and D of Figure 6 in Reference 2. The windspeed values
are gust speeds in the case of straight line winds and maximum tornadic
windspeeds in the case of tornadoes. Damage causing threshold wind-
speeds are either gust speeds or maximum tornadic windspeeds. Since
damage is based on median material strengths, the threshold wind-
speeds are termed nominal windspeed. Variation in material properties,
or subjective engineering judgement, based on the type of damage,
establishes the windspeed range for each damage scenario. These wind-
speed ranges may be used to provide error bands on potential damage
to the facility.

A. Damage Scenario for Nominal Windspeed of 95 mph
Provability of Occurrence: 6 x 1072

Windspeed Rance: 83 mph to 109 mph, based on failure of door.

Mixed Oxide Preparation Area: The small door at the southeast
corner of the ouilding could fail ocutward. Wind circulation in
the vicinity of the failed door could damage the exterior filters
on glove box 4a. The other glove boxes or filters in the Mixed
Oxide Preparation Area are not likely to sustain damage. No sig-
nificant missile induced damage is expected at this windsueed,

Cold Lab Area: No damage of consequence.

Mass Scec Area: No damage of consequence.
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Poison Rod “ab Area: MNo damage of conseguence.

Vault: No damage of consequence.

Damage Scenaric for Nominal Yindsoeed of 130 mph
Probability of Occurrence: 3 x 10'6

33 mph to 183 mon, based on failure of doors.

x84 Cxi.e Preparation Area: ailur

of the small door in the

wouid permit some wind circulation

sgutheast corner of the buildin

w)

in the area. Since the openinc is small, only the glove box
closest to the door is likely to be affected. The filter outside
the glove box is likely to be damage ' and the giove box could

be perforated by a small wooden plank.

Cold Lab Area: No damage of conseguence.

Mass Snec Area: No damage of consequence.

Poison Rod Fab Area: Outside door in south wall could fail allowing
wind to circulate in that area of the building. The intericr wall
could collapse in the poison rod fab area, causing damage to equip-
ment located within 15 ft. of the wall. Best estimate o the number

of pieces of equipment crushed is one-third as median value with upper

and lower bound values being one-half and one-fifth, respectively.
Vault: No damage of conseruence.

Damage Scenario for Nominal Windspeed of 180 moh

Probability of Occurrence. 6 x 10'8

Windspeed Range: 170 moh to 212 mph, based on failure of walls.

Mixed Oxige Preparation Area: A 20 #t. section of ¢ uth wall at
the southeast corner can fail. This failure will cause 20 ft. sec-
tion of the roof to collapse downward. Roof joists and metal deck
are likely to remain together and the north end of the roof may

not slip from its support. The best estimate is that three-fourths
of the glove boxes in this 20 ft. wide section close to east wrll
will be crushed; upper and lower bound values of the alove boxes

[N
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crushed are all and one-half, respectively, In the remaining
area, one-half of the glove boxes may be perforated by debris;
uoper and lower bound values for the giove boxes affected are
three-fourths and one-third, respectively.

Cold Lab Area: No damage of consequence since it is at a fair
distance away from the wall opening.

Mass Spec Area: No damage of conseauence since it is at a fair
distance away from the wall openinag.

Poiscn Rod Fab Area: Portions of west and east interior walls are
Tikely to collapse and could cause damage to equipment located
within 15 ft. of the walls. Best estimate of the number of
pieces of equipment crushed is one-half as median value with upper
and Tower bound values being three-fourths and one-third, respec-

tively.

Vault: No damage of consequence.

Damage Scenario for Nominal Windspeed of 250 mph

Probability of Occurrence: 3 x 10'9

Windspeed Range: 200 moh to 312 mph, based on collapse of walls.

Mixed Oxide Preparation Area: Portions of the outside walls col-
lapse. The interior wall between Poison Rod Fab Area and MOP
collapses allowing wind to circulate through the building. The
roof collapses downward along with the inplane truss. All glov
boxes and filters are likely to be crushed. The roof deck and
the inplane truss cover the glove boxes and prevent some material
from being blown from the building.

Cold Lab Area: Interior walls collapse. The roof and the

inplane roof truss collapse downward, The 10 in, concrete

wall is likely to remain standing. A'1 glove boxes and filters
will be crushed. The roof deck is likely to cover the crushed
boxes and prevent some material frombeing blown from the buildina,

Mass Spec Area: Damage similar to Cuid Lab Area,
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