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SEISMIC RISK FOR RUSh ! \~~LLIiY , UTAh
1\Nl)

AN EART1IQUA}di DESIGN ANALYSIS OF A~\NUNITI ON STORAGE FACILITIES
IOR

TI Iii SOUFI I ARL\ OF TOOELE AflMY DEPOT

Prepared by:

JOSEPh R. KOL~II~R , CPT

1. Introduction.

a. The science of eart i~quak e ana lys is  is not ebsoulte. That is
to say , the pr ediction of what earth quake event idi 1 occur in a gi~ en
area , in a g iven ti me , is not possible. There are te chniqu es ava i l ab le ,
however , by whic h the r is k associated with ea r th quake ha :ards ca n he
assessed. By using these methods , the average rc ’eccurr c:icc in~ c’rval fo r
various intensity earth qua kes can be e :;timated . These c’st i ;;~it c ’ s  arc
an indicat ion of earthquake r isk.  Just as the risk involved u i t h  t I i c
reoccurc ’ncc of a one in ten veer ii orxl i s hi or th an t ~~ r k i avel ~‘cd
with the reoccurrence of a one in one htu idrcd year h eed , the r isk
involved wi th  the reoccu rr ence of one in one iuu dred veer earthquake
is hi ghe r than the risk involved with the reoccurrence of t h e  one in
one thousand year earthquake . It is important tha t  th i s  r i sk  he assessed
and the evere~:e reoccurrence interva l be eve ] ueted in conj un ct len wi i h the
max iim~n i n tensity desi gnation for that in te rva l .  Thr su~ Ii t h i s  type of
analysis ti-ic risks can be evaluated and a determination can ho ma de as
to the acceptabi l i ty  of tha t  r isk .

b. In a risk analysis of th i s  type it is best i f  the stud y CCfl he
approached as conservatively as possible. There fore , t h is anal ysis
will consider the “worst case” or max iimun credible earth quake event that
could occur in Rush Valley. The characteristics of the anununition storage
structures as well as the muni t io n s  of concern , ti-ic ~\eteye ltumh , wi l l  be
evaluated against these worse case conditions. It is considered that  if
these st ructiires and m a t e r i a l s  can wi t i’tstand the max iim~n credible earthquake
event , no matter how infrequenty it might occur , the structures and munitions
can withstand lesser events.

c. The fo llowin g ana lys i s  will  cover the methods used to es t imate  the
average reoccurrence intervals for se i smic  events , the  analysis of an~nunit ion
stor;1~te s t ruc tures  in the Toocl e Army Depot South Area , and the tes t ing don e
on these stora ;e s truc tures  as we~ 1 as the 1~’etcye ~‘ombs t h lemsL ’ IVCS.  This



discuss ion wi l l  show that:

(1) The reoccurrence interval for large seismic events in Rush
Valley is very low.

(2) Based on analysis and t e s t i n g  of ,uam u I i t  ion storat~e stru ctures
the failure of these structures due to ground mot ion  caused by ear th-
quakes is not considered a credible possibilit ;~’ .

(3) If a faultl inc should extend throun,h a stora ~ e s t ructure  due
to a large seismic event the s t ructure  ma be d:mm eLI but the hand i ing
and drop test for ti-ic Weteye bombs show tha t  the y  can wi ths t and  cvcn
these severe stress conditions .

2. Discussion and Analysis of Earthquake Ri sk.

a. For a risk analvsi s of ear thuuake ha :a r Js there are t o  prime
sources of info rmation . These suurc ss are : (1) the se i sm ic  h i r t e r y  of
the area of concern and , (2) the geolot ~ic h i s t sr v  and conditions in the
a rea of concern . In the fo i l  owin~ discuss ion hot I: of thes e  sources ~ci 11
he add ressed and ut i  li:ed to make an assessment of ear th quake r i sk  for
the Rush Valley area .

(1) The geological  information sources include Dr. Robert Ituckn:1 ::1 ’ S
open f i l e  repor t  I (~ 7- -D) silo:- . i1s~ a:s~rec t cd 1,r i t sc:~ i~~S 011 the i ced e

map sheet (Fii ~ure I) . D i .  i t ueh l n ra ’ 5 map shows that there arc f i v e
systems of suspected faul t  scarp s il-i the Rush V a l l e y  ai’ca . h~o of th ese
systems are on the sout h side of the va 11ev , wel l removed from the d pot
area. The three suspected systems in the no r th  pai t  of the va l ley  arc
closer to the depot area . One system trends along t h e  base of t I l d  (k ~e i r r I ’ t
Mounta ins on the east side of the viii Icy , the second sysi en is along the
base of ti le Onaqti i Mountains  Ofl the west side of t he  val 1ev , and the t h i r d
system , the sys t em o f p r imary  concern , occurs just  n o r t h  of t 1w’ depot ar ea
and trends toward the depot area . Tii is sy stem is of pr i r e  rv concern
because i t is ass~uned t hat if f a u l t i n g  should re occur due to ear th quake
ac t iv i ty  it will  reoccur al ~n~g ex i s t i n g  faul t  1 inc ’s.  A fau l t  I inc m i g ht
ex t end i t:s ( ’I f i ron t h i s  sys t em through the depot and throug h a storage
area w i t h i n  the depot.

(2) A general poo i og i c revi ew of f au l t  scarps shows tha t  tie averap e
o f fse t s  01-i l au l t s  due to a 7 .5  R~ch t c r m agrt i t  mdc se i s m i c  event can be up
to five me ters . 2 ‘3  Data also ilk! icat  c’s tha t  an cartht .it iake w i t h  ma cni  1 tldC
7. S is considered to l)C t h e  FCaSonahl C max i lml :n  c redible  earthquake t h a t
mi ght occur in t he s ta te  of U t a h .  The I engtb of a scarp pr oduced by such
a seismic event is postualted to he approximately lC() k i l o m e t e r s .  
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Sus pected Fault Ar e ’ ia  in Rush Valley, r t i l i  — Reproduced from
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~ -- .-~ -~ -- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

b. From the seismic h is tory  the largest recorded earthquake in
Rush Valley was 1.3 Richter magnitude in 1958. ~ Rush Valley , however ,
is too small an area and t h e  seismic history is too short to consider
an analvs is based on t h e  val 1ev i tsel f .  The l ength of ti -ic avail  ai)le
ea rthquake record cairnot be changed , but the area of consideration can
be enlarged for the pun~oses of analys is .  Therefore , a lam e: area
encompass up the earth qua ke data alonc~ the b a satch  f ront  in Utah was
considered. Rush Valley is on the fr inge but still within the overall
area of the IVasatch front earthquake a c t i v i t y .  T u e  t o t a l  area of
cons idera t ion  for this  f i r s t  s tat i s t  lcd analysis is sho~n at Fi gure 2.
The earthquake record for t his  t o t al area was studied and the ni unber of
ear t hqu ake -s  of  each intens i ty  for ten veer periods was recorded . The
lis t ing of how many sci sinic events ncr ten year period occurred w i t h in
this area is sho~-.n at Table 1. The l i s t i n g  at Table 1 was revi ewed and
the coi-~p l ci. c’ness of the ear thquake record was es t imated . The dashed
l ine shown in t h i s  table defines the period for which the record is
jud ged to he comal ete .  Based on th is  est i : :mtc of record compl et eness ,
the r ates  of reoccurrence for  earthquakes for each maxi mum i n t ens i t y
V through V I I I  was determined. These rates arc I i  steci i l - i  decima l form
at the bottom of ti-ic table.

c. ~ gr ap h cal i~rc~~ it o  L i  011 of the Table I el a t e  is  shreci at Figure
In ui -Jon to  make t h is graph mo re easil y readab le , t u e  nec i pr lcal of

th e  r a t e  i s  de - t cni i i ie - d  and i~rap i~ed a~ta inS t  each : o xir u o  i n t e n s i t y . This
mc ’-: f. repl i i s  ~h ’ : n  in the ieee r p a r t  ~oo of I i urv- - I .  P n s in g  t l i i ~— g~ ep h
the av era c reoccurrence m t  erva I for each m a x i m u m  i n  en s  t v ca l - I  ~epla1 ~e
in t h e ’  t ot  a I , 000 square m i l e  area ot cons i - i c ra t  i on can he Jet 0112

For ex ;io a I e , t he :iv cr : lgc l’c ’C) ccl i l rC’l lce in terval  f o r  car t  he L : l : lke  having
max in: : :n: if ltefls  i tv  \ is  ap p r o x i m a t e l y  every t no  c a r s .  I lie r eoccurrence
of s e i s m i c  events in the i90 sq:nu-e m i l e  area oh  hush V a l l e  can he
scaled I C : ; ! t lIe I a rge r area by us i n i~ an area i’a t io. The resul t en t  grap h
obtained by ap p l y i n g  t h i s  r at i o  is shown in th e  t op port  ion of ligu r e  -

~

The cons- - rv ; i  t 1 vi ne- os of th i s app roac h - i  shoul ci be app are n t here . ihe same
11( 111 e nes ’ of I a t i  i t i  n:~ and car t h ekes that occur along the  i~as~it ch - t front
have been scaled into Rush Va 11ev . I f the s e i s m i c  record is reviewed u - i
cicta ii i t  can 1)e seen tha t  s e i s m i c  ac t iv i ty  alo l l I ~ the ~Vasatch i ront is
h i s t o r i c a l l y  much greater than w i t h i n  the Rush V a l l e y  area , and rev i ew of
geolog ic infon ’iat i on  ~ i1 1 sh ow that  ti - ic f a u l t i n g  along the t\a satch I ront
is fllOfC :~( -Y C re th an the foul  t s describ ed w i t h i n  the Rush \T ul  1ev area .
Al so , the recorded seismic h is tory  of flush V a l l e  shows no large  seismic
events. l i i i  s m et  hod of ann I ys i s w i l l  cons icier t i- i c  possible occurrence
of la r ge ’ e - Cc i I t s  for the val ley  

i ts el f .4
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d. As a check on t h i s  method of a n a ly s i s  , and in  order to insure
coup l e t  e era ! uat  ion of a l l  avail  :tb l e d a t a , a second se i smic  icc : ci 5
COVCI i 115 t h e  i lort li  OCli t 1111 P O r t  eu of t i -ic (Vasatch f ront  -in Utah was
c-cnsu l t e d  and the  Same’ t vu:e of analyses  \-u S ~ Ci formed Ofl these d a t I l
The r e su l t  a of t h i s  s~- ce; tJ  ana l vs is n i e  presented in F igur e - s 5 : d r i i
and 1111) 1 C’ d . l ’hie COu l :11i  501) 01 the I ~A) analyse: ; rc-veal S ‘cod cue rd i t  I en
of resu l t s .  For oxa: :t:l e , the avc-r: i ’e r eoccurrence  interva l for i i i t c n s  ~ y
V e : ir t l e l l :  Pc by the  f i r s t  st aic  iS once’ ill C \ C I V  $5 \ Y:!1  5 , i i  I 1k - S C C C N I J

o tudv  once in  every SO years .  lPised on these t - a  : ina I vscs i t Cdfl l i e
seen t l ad  t i - c  avera ge  reoccurrence nt  c ry - i l  for t he’ :;e~ i:u mi cred i l - I c
event in Uhih i , an i Iii. en s 1 y \ en Ft !1C~l I n k e , is once in ev ery  12 , i~~ : t  C)
30 , 000 years .

e. As another  check on 1 h:- s~’ I n i a  lv ses the Jet  a p i e a c - : : t  ci l i v
Ai gernuissen and Perk i i:s , US ( e 3  l ug  i cal Sum ~ he j - e  it  , ~1 t 1 6 , for
s c i l - i l i c  IO~!irce d l e l I S  33 aIIeI o4 k~iS e \ : i i u O i u S .  I t I e ’  gra Phs  C e ! S 1  i I l J e-d
from those d a t a  y L u  dci r e su l ts  ce: is I s t -c t  it W i t  1! t u e  eF ita p re seF t  C-i hcrc

f .  As a point of h i s )  ‘r ical  cc- :m-i  i i  son , I iie an c i -a g e - r cocci mie ’nc~ -
r a t e  for i n t e n s i t y  V CV n t s  in d i s h  Va 11ev s est i: ;-.at ~ - -i e be once’ in
80 to SS veers .  In OflC i uumla re d  IU 1LI \ - ca t  — i i v ~’ ~-~‘nr s  of recor ded seismIc
h i s t o r y , of wh ich  5C\ ~~~:t V n o u i a  hill s Ik on i n) -~ - he c o n 5 I C - t e , one
flI t CI!S i t ’ - e t e i u  I 1) 115 been F L C O I iC~I in  Ri nchi Va 11ev . ~ ihus , there  is a
good cu ;:; :l r i son  P-ctl- : eoti  t ile ac t  ee l  h i s t o r i c a l  d i t a  and t h e  s t a t i s t i c a l
CVII I l In t 1011 p r e s ei t t e c i  I!l 0’~e’

3. A n u l y s  is of Si erage St r u c t u i e s  : ; ui i et e 1 c It onub Char ac t  c u i  St I C S .

a. bit L i e  the  i’i :-k of dfl l i l t  ens i t  v X c i i ’ )  1u ~~u u a L e  is ver y s::ial I , an
an a ly s : s  0 1 i I ;  I.~ t~ ’.~e- 1- 1 2111 c h i : i r i c t o i  i s t i c s  as wel l  as t h e  s t o r a g e
S t I ! I C 1 I I F C ’5 in t l w h i c h  the se  i \ct eyc  P011115 are to be p l a c e d  i s  in o rder .
This anal  vs is ‘xi 11 he focused on Jet c i i : !  in  I uig  idmi t m i ~ ~t b a r r e n  if an
car t  f l a i L  eveilt 01 1 1::- l O l I X i F I l O l  c redible m a gu i tude  sh ou l d  occur .  In
ti llS ann I a; i s ‘xc n i l l  look h-a t 11 lIt  t h e  e f f ec t s due to gr oi nel n e t  iOfl aS
well  as t I l e  C- i I c -ct ::  on th e  bomb Il i ld t ile St File ’ t u re  due’ to s i l l  :1CC t a u l  t i h g .
Before an n i lv : ; in . t  each  of these stress ~o nch j t  0115 i n  d e l  : u i t  , l i e - ev er , 11
rev ie w of t o t  eve boml char ac t e r i  SI ics  w i l l  lie cons icicree l . Tb i s  con sid—
e - i a t  l e O  i - i  I I be’ present ed f i r s t  because it is ap p l i c a b l e  both 10 the
gro[u ’xl not )fl as well as the Surface  foul  t ing anal  ys is.

b . Tile u - ~e it  8 on i est i n g of t h e  Ve1  eec liomb s ta tes  t h a t  t h e  bomb
has been drop 1 ( ‘St ca l in i t s  sli i pp i og and storage conta i i- ic-i’ from a he - i I i
of -51 ) f t  . Roth s ide  impact as ico l 1 as end impact drop t e a t  S were ci ‘nd IL  I ad
The bomb i~ oel 1~ ou t s ide  of i t  s shipp ing and storage cont .u  1 101 ‘~3S S111U e’ct ci
to a 10 f t .  i l i u p  t n - s t .  ‘ i b i s  d rop ~ ; - t  was coi-iluc t c i  for side imp act  only .
The rcsu It  of t hu -; e t e ’ I ~ She2’xe (l sonic d l i I : l au t e l  to ti -ic boj uib and to the humP
con) a i  u n - r  I ’ l l  I! there was no I C:IkmZc :15 d r e s u i l t  oh these t e s t s .  Ti-ic
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st i e ss  ~one1it 11 11: 1 caused I1V these drop I est s arc more severe than
int e n s i ty  X ear l  IrpiaL- cOn(l i t  10115. I l i  i s  conclusion i s  based upon
~ II : i i i : i I  Vs 1 5 of acce 1 er at  ion c f L c t  enco~ u t t e r e d  in t lie drop tests.
liv h l l a k i l l J  I l l - c  e l f  b a s i c  t Ole 1111 1 i:tO t 101 1 ~ l i v s i c s  e l i I a t  ~~) i15 1111 O l I t i l i l t o
of : i c e c - I e i : i t  ion e f l c c t s  c i c ; e - l i i j x  J u l h l I l i -  e l i O j )  t e st s  con he e l e t cnu ine d .
The li e - l i t _ i l  c : i l c I l l l I t  on of I l l e i C  , l C C c ’ i e ! a t  ic - us i s  51101-11 at Inclo sure  1
I c :  I 1 1 1 5  r ep o r t .  As c :ilt be seut I lie c o p u c t  c-i l ic ce le r a t 10115 arc in t 1~e
m u - c  of - i0O: ’ . h l i e i t  COllipl I red tel t i l e ’ ea\p e ct c i  l i - u S I A  I : o t i o f l  of 0. 7g

m e t e d for t ile’ ~%L\ 11:111:1 C r O C I  i l ’ h - c  e l e n t  C : i r t l : - 1 l 1 L c , it  can l i e - ::u d n
that  no c r e d i b l e  e l:Lonige c u :i  he eons  i - f e r e d .

C.  A~i ansi lv s  is  of the  st o l : : - g e St r i~ct i ur e s  :it Toocle \ l l v I k u o t  South
f i nai \S i :~ conduc t ed l v  I ) r .  I I i ) . I .  r of the Corps of i l l i g i l l c ’crS. Dr.  at  i cr ’ s
CV~I I U I t ! O I 1  i s  : l t t O i i t o t h i S  i~~~ - 1 O f l ’ as In c l osu r e  . i t a s i c u l l y ,  1)i’ .
B u t l e r ’ s i c - po r t  a t :i t e : :  t i : t  these I p e  :;t i a - . c  ig loos  I n c  w i t h s t o o d
C - f o r c e s  ol m u t t  ado 19 and li - n - l i t e r . \s p1eV i O l i S l V  ::t i t c J , for th e
p :a~ i~~a a , i  C r e d I l ) l e  Cl1 r t i l ~ t l l i k C  i i i  U t ah , i t  is  est  l l l i t n ’c] t h a t  t h e  ac c e l e rat i o n
~, i 1ue - :- w i l l  be in  t b - a r a : e of 0. f g .  Fur ther , i t  i s  e st in : t e -d that  the

a e c e - I e r a 1 ion l c v e h i - p e d  I v  , u t - c - n i t  i~ 1lahe ~-. c r i l d  not umcee-d 2 t O  3g.
Th eu - c fore , i t  can he rc: :d l i v  CoOn: I i l d c-J t 11111 d - ige  I o these  storage
S t f l h i ’ j l i i e C CI I I :  t o  t r omiwl 2: 1 1 1 1 1  c::~ I a L d  1 I I I  c :u’tP 1 he is oct  a credible
j t o : a i b j l  i t

d . When e e t i i : -  i d e r i u i t i I a ) i l l  I i i  Ite were 1 0 i ‘it  ersect Ii s torage i :-‘J 0~
11 - ! 1 0 j u l15  :.~ I i t o  d V , l I i l i L ~~l.  F i r st , iii:it  is t : :c -  l i k e l i h o o d  of o c cu r r e n c e
of such an ccc  i t  , m i i i  s ec on d , w I t  a t - c t h e  s t r : l c t I l n m l  c ’n s i d c i a t  ions io i
such an e c e n t  . ~. t I l t  respect to  the ’ f j i~~t i c hI t  , the  I ik e )  i t s - i  of ecc iar r ence
of a f a u l t  in  t i i : i i  V a i l  e’V ca i t  i c  e S t  1 112 1 1  ~J by coil :: l i e -i i i t t t h e  average
re - i cc e r i e -nec i n t e r v a l  for  l a r g e  e l i n t l j i l :1 l ~cs l~ l i i i  i c .  5: 1 t o  t it e l ie-itt i ~ieci
f a u l t  5e- : lFjN ;  in  ( n o  val  1ev . The re are- f i v e  s~i c t ’x -c t  ed t : : i 1  1 sc :irs ’S in Rush
\ a l l e -v and tb :  l ive r l l lo 1~ lO cFiI’1’encC m l  c ’ iV i 1 01 tb -c ] 2 i X i l l l l i l I  c i e L h l h ’ l ( ’  earth-
quake (and ;t ssoc m t  ee l i 1111 1 t 1111 1 )  1: ; OflO i ll  OVe ’VV 12 , 000 to -~~~~ , ( l 0 ( (  c’a rs.  By
d iVid i  ui ~ thU F laX i mc u : i C I’ed i )  Ic eel i t  lej~ia he eVolI t  s b et i-ceo t h i ~ : -e ’ f i v e  suspec t c-i
scan t s v st  Ou tS , the i l cOI l  F re - m ice  of f a u l t  i ng on t I c  i:- - - - C t  C L I  se l lr l )  syst  010 nor th
of th e- i con - 1 e .\nny 1k -pot Se -u t  1) -\r e:i ( 1  he - Svst e l I  o f  ~~~ .111 1 0 concern ) can be
COflSi d o  m ’eel to b~ 0110 111 60 , 0( 1)) ( 1 )  1 5 (1 , ( 1 9 ) 1  V Olt 1 5 .  i i i  i S  represen t S the est i m a t  ci
occurrence of  f au l t  inn , o:i t h i s  - : I it i e l i 1  ar sc :irp s \ - t  C:: fort II of t Pc ’ south depot
area. Tile p o s s i b i l i t y  o f 111 1 111 11. 1  0 0 ( 1 1 : 1 1  lv  & ‘X I L~1 m J 1 I t 1 I i u i i e w i i  a s t o r : i le
s t i m m c t t i u ’ e  is even less t h i n  ( Pc- i i ~ t - i  a : ?  of 511:  - - e T c - i  1:11111 l i i ~~. ; \ i i c s t  i i l l o t c
of the 1iossib i l i t )’  O f  t i i  is o c c ) i m m e l l c e - escapes (‘X i St  i Il l ’. 1 l e t  I l — is .  Thus , it
can be SCCD th a t  the pI’Obal ) i l i t  i~ ’S 0)  a I l I l i l t  1111 0 a c t u a l l y  c a i r r y u l ) ) ’. t l I l O I i : n , l
a stora ge st r iuc t u ire’ a re~ ext r - n c l v  son 11 . These cond i t  i OIl S , however , were
also ana l yzed in Pr. Bu t l er ’ s evIl )  11:11 ion ( Inc  I c a i r o  2) . Dr. l’ l I t  I em u ri s
si a ted that  there  I I I C  many fo rces I ft  ( ‘r oe I I I  1 1 SLICIl  Sin (‘Veilt should occur
and Wi t i i ou t  ~ X t i - i i 5  i ye I n S t  I l i l t ,  th e  pn ’dict ed r esponse of th e  st  O r O t l e  St r u c t i i r c
C m u h I i Ot l)e dc ’teui: i  j i tc . i  . Dr.  i - i  i t  h - i ’ 5 C\ :1 i t : i t  i on  does po l i t  i i  , however , tha t
these st ructiires could i s i  i i  m un C h e r  si in -b C \ t  rome’ - 1 1 - - - - e Ol1J i t  i OilS .  ID t i e ’
event of a Isi i I l i re t h e  cone r e t  c 0 i c h i  ,a~iI d c rat-k and sonie hi  ocks 01 COlI C i c ’ I c
along w i t h  a port Ion o 1 t h e  en rt P co’.- t -r , mi gu t  c o i l  :ip  -e i t  a’ - - l~~unhs sI ored
Wi th i th  the structure .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
-~~~~~~~~
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e . Dr. ::ikei’ , li e- n i  i t  lent 01 Pc feiise ’ Lxpi  us i ca -s Sn let)’ Boai’cl , lm: i m ~pci ’ ho i -meeh an zin ii lys is - U I  j l1ob ~lhl e damage t o  t I ic P ~m mih _-~ if t lie :: t o rego
s t ruc ture  shou le t frill . I his su lal ys is 51101.0- t h at  some ex t e i n s i )  ei l 1ii C tO
th e’ shi i PP 1 flf siiw l stOI’;1:tc contni  1)01 m l  g u t  occur , but the St re - sm-e s i I l \ O 1  u ’Cci
sire notably less than t he st ross c o n d i t i o n s  deve l open1 dun in  t Ile :  drop
tes t  ing of the ho-: I i . Dr. :iSheI’ ’ S evaluat ion ~hoas I at  the  : a \ i : a m c i
height I ron i-inch tile concrete rubble would f I l l  1 ‘xotu lc l be ii f~-~ t ( t h e’
max imum he i gl :t of the croi-.ii of the ig loo  arch) . The drop t e st  on the
hel ; :Os were Co n d u c t e d  from a height  of -10 f t .  ‘I he s tress conelit  lOnS of
t ile drop t e s t  are not i tb i  v in excess of t ile stress conclit 1005 r e s u l t i ng

m cmi th e  i : i  i i  ing COOC l e t  C hi ecks and esi i ’theii O O t a 1 - 1 I l l  , lifle l I IL’ iS  ore  , i t
i-::is concluded that  rupture of the ket c c  bombs clue to s t ruc tu ra l coi l  :ips -c
is not a credible poss diii it)’ .

f. Dr.  :ake ’r a l S O  cli sciassc- nl t h e  a b f e c t  s of ground inot ion on t l u e  stacks
of stored I o t ~ ve bombs w i t h i n  t h e  st r c ic t c i rc  . Dr. :i iL- cr conci ~eied t h i t  the
worse poss i h i l  e con lit  1 :-m i i \ou ld be for tile 1)0 1 11)5 sit tile top of the ’ s t a ck
to be I 1110-lan o f f  10551 1 1 111:1 in  :pact 00 t ile I l c o m  of the st r u c t u r e ’. The
ilIlL\ iFIlm i dilO fl Iie i gil t of  S l I C h i  i ii n \ c I i t  icould he ;ipl I iOXl i m ote l  v -IS indIe s
Aga in , t h e  st l U S Se ’ll i m p o s e d  l iv t h i s  cc-ni i t  ion sire less  than t h e  s tresses
limIpo sed clin ’i I1’~ t i l e’ el Ic i t )  t e st  . l i i e  i - c- l o r e , it ‘ x I S  ;iga i l l  concluded th at  t i e
l c a l : g o  of  hot  ~ Yc’ lIolIfi ’S ebmi: to  t h o se St F C S S  C O l l e i  i t  ions is not a cre d ible
fl0:, 5 L I I I  i~~v .

4. Con ’l mso 10:15.

AlL ’  com i c?  h O  i O l h S  t it  Cl i i i  he :i r i _ i vn~i sit • Pl iS cel ti~)Ofl both 1 lie sci smi c
n i l l t  :1:111 1 ~5 i s  115 ‘x c i i  II s t h e  :~t i : i c t c i r r i l an a lv s  i S Oilcl t h e  Chiai ~ 1ct c m i  St~ cs
of the t e l  e v e  h om ah i s , 1110 It S follows :

a. ‘DIe reoCCurrence i l i t  er -m i I for I sii’gc sei smic events  in  Rush \‘al i cy
is very I o’x, e VC1I t h o - I  i gh  t h e  i n s  accurr eulce liii erc-’al 5 i-.cle OSt i l l i l i t edi  by
colisercat i c e  techn I

1) . Base d Ofl sin an a lvs i  s and I e~ ; I 1 1 1 . 1  of l i l i m l I m a it i o n  S ter I l te s t r u c t u r e’s
the fr i  i l i i i.e of t hc~~ St ruc t i t le ’S chic to g i o un i  imot j OD caused by cart hetuakc s
is not cc’ns idercd a creel i Pie p o s s i b i l i t y .

c. I f  a fault  line Shoul d ext ond th ro i i ’,th a stroage st ructure due to
a 1 sing e se- i SI:iic c-vent , the st u t i m t  m m i i . in siv he i:~ m t Ied , bit t the’ h aul d i in:  suid
drop tes t  I; for t he 1~eteye bombs 3110w th at  ti le) ’ c n n  ‘xi th st ancl these St 1C55
cond it i o n s .
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1. The t i:::o of the - 10 f t .  free fa l l  is:

D = 1
2 a

whl n’re ,

D = Dis tance of fa l l

a = Acceleration of Cr;iv i t  V

t = Tume of fsil l

t = (21)/ a)~

t = 1.5 8 sec

2. T h e  ;ivcr~mgc v e l o c i t y  (V) of the l o m b  dur ing the free f a l l  is:

V t

= 2 5 .32  f t/ sec .

3. Cons ider ing  a one inch def lec t ion  (9 .083 f t  ) ;is a resul t  of Impact ,
the t i me of cocci  emat ion (or dccelernt  ion) i s :

D
t V

I = 3.2 8 x i0~~ sec

m c i  i

‘i 

- - - _- -  -~~~~~~ _ -  ‘-_ -- -~~~~~~
---- -- -4
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1 .  1 110 I i C cOl  011 1) 100 (or d ece ler su t ion)  develope d by the impact is:

I) = ~ a
- 

- I)
5’ =

- a 15 , 1- 1 8 f t / sec 2

or

48 3g

2

_ _ _ _ _ _ _ _ _ _ _  -
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