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The possibility of a n~~sslve , all—out invasion of Western
Europe by Warsaw—Pac t forces has made it necessary for the NATO
Alliance to prepare for such an eventuality and to develop innovative
and effective countermeasures . The initial effort of the NATO forces
would be aimed at slowing the enemy ’s rate of advance , thus buyingj valuable time in which the NATO forces could mobilize and launch a
telling and successful counteroffensive .

One very practical way to slow the enemy ’s rate of advance
would be to deny him the mobility and maneuver options he needs for
his armor and mechanized units, particularly along likely invasion
corridors. To effect such a denial , the so—called “barrier to>— mobility” (BATM) concept was introduced late in the decade of the
sixties. The concept involves the use of conventional or nuclear
underground explosions to produce craters of sufficient size to form
a viable obstacle or BATM . The low—yield atomic demolition munition

~~j 
(ADM) was envisioned as the nuclear enetgy source for producing such

• .......J craters, while large quantities of conventional explosives could pro-

~~~ vide a viable alternative as to the explosive type.
In about 1973, a requirement to study the effect of low--

c~ 
yield nuclear explosions on various tactical—type targets was intro—

____ duced . It was envisioned that such targets , at ranges up to a few

~~~ 
hundred kilometers beyond the forward edge of the batt:].e area ( F E B A ) ,
could be attacked by an aerial— or missile—delivered warhead, i.e.~ a
tactical earth—penetrating warhead (TEPW). It was envisioned that
such a warhead would penetrate to depths below the ground surface
sufficient to optimize those weapons effects needed to damage or

destroy a given target or target complex.
The specific purpose of the ESSEX (Effects of Subsurface
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~~ plosions) Program was to s tudy  the  e f f e c ts  of low—yield  nuclear
weapons , the kind envisioned for  use in both the BATM and TEPW app li-
cations . In essence , the research was aimed at ref ining the employ-
ment doctrine for the ADM and at developing a sufficient data base
from which employment doctrines for the TEPW could be formulated .

PROGRAM OBJECTIVES

~ -1 Major objectives of the ESSEX Program were as follows : (a)
develop a means of simulating , wi th hi gh exp losives, the mechanical
effects of l ow-yield nuclear explosions that occur at various depths
of burs t (nOB), for various stemming cotLd1t~ ous , and for various t’.°°l-
ogles ; (h )  dev e lop  a means of simulating radioac t ive fallout and of
pred ic t ing  such f a l lo u t  using a n o n r a d Lo ac t i v e  source; (c) assess the
bar r i e r  e f te c t i v er t e s s  of c r a t e r s  formed by l o w - - y i e l d  nuclear weapons ;
(d) i den t i f y those test geometries t ha t  min imize  co l latera l damage
without degrading to an objectionable degree the primary effects; and
(e) determine the vulnerability of generic classes of targets to the
free—field exp losion effects (primarily cratering , ground shock/motion ,
and debris impact). The calcutational and experimental programs have
provided a data/knowledge base sufficicut to develop quantitative con--
cluslons relat ive to some of the objectives , and definable trends
relative to the others.

APPROACH
Simulation of Mechanical Effects. Tu the ESSEX Program ,

high exp losives (HE) were used to siinu Late nuclear explosives (NE).
In the s imula t ion , two c ra te r ing , g round—mot ion  type calculations wer~
conducted , one fo r  NE and one fo r  HE. The NI : calculation considered
the expansion of the nuclear source thr ough  an appropr ia te  equation of
state (EOS); this calculation served as input  to a medium response
calculation which used a field—developed EOS for the host material .
The output of the two—phased calculation was a predicted crater
profile , pred icted stress levels , predicted particle velocities , and
predic ted kine tic energy f ield .

A similar calculat ion was made for  ~Ite lIE case excep t that
an HE source EOS was used. The NE and HE c al cu l at i on ~: were then corn--
pared , and adj us tments  were made In the HE y~~e1d un t i l  the crater ing
and kinet ic  energy f ie lds  at a given range were i n  agreement . Thus ,
proper simulation was tagged to a duplication of crater geometry and a
dup lication in the ground shock and kinetic energy fields .

Rad ioac tive Fallout Simulation. lIu~ fallout of radioactive

debris ( res idual  f al l o u t )  was simulated by inte rna l  seeding of an liE
charg e using i r id ium—coated  sand pa r t i cle s  having a densi ty  of about
2.6 gm/cm 3 and diameters  smaller than 175 microns , the l a t t er  being

an appropriate size representation of actual nuclear fallout
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The IlK explosive used in the K~iSE.\ Program was n itr o ine t .tuuie ,
a 1 Iquid exp l os i ve  having  p roper t i es  ver  a hu ll or to TN T .  The
i r i d i u m — c o at ed  q u a r t z  p a r t i c le s  (10 p e r c e nt  of t h e  t ot a l  charge
w e i g h t )  wet - c added to the nitromethane (~~/ perct.n1 of the total charge
w e i g h t ) .  The m i x t u r e  was then  s t i r r e d  w h i le  add ing  a g c i l i n~. agent
(3 p er c en t  of the t o t a l  charge  w e i g h t )  . S t i r r in g  was con t i nued  u n t il
the m i x t u r e  was s u f f i c i e n t l y  s t i f f  to h o L d  the q u a r t z  p a r t ic l es  in
suspens ion. Upon detonation, the p a r t  I ~

- Les we~ e lotte d by the venting
phenomena , we r e ca Fri e d by t lie wInds , and e v e n t ua l ly f~’ I I lute an area
wher e nunicrous samp L i  ug t rays caught the a I l o i t i .  App iup r 1 a t t ~ sub-
samples f rem each tray were I lien n c u tr o u  In  .id l i t  d • and t l i i - r a d i o
act  i v i  t v o I each subs amp l~ was de t e rrni tied by goninta ray up cc i  uoin ’ t E y -
Th&~ ac tu a l ir  r i d  tu rn con t ~ ut  was dci  erm I it ’d by I t  e t i ar oct  cci. t I c
0. .1 16—t ’lev gamma ray . h a  ing this met hod , i t  was posu Lb c to ~oit our
the depos i t  ion p a t t e r n  and through .tppropr Liii ’ f a c t  er a  Lu re L a t ~ - the
i r i d i u m  t o l iout  to the  dose r at e s  expe I ii I or a nuc I~~.i i i v t n t  i t

roughly equivalen t y ield .

TEST PROG RAM

The ex p e r i m en t a l  pro gram o I ES~ KX corn; is led of nine de t una--
t ious , ea ch w i t h  a nom ina l  y i e l d  ot ii) to i ls  TN t’ eq u i va l e nt  - A co in—
p l t’ie l i s t i n g  of the shots Is show n in Tab Ic I t h e  var tow. e x p er i
menta l  programs , conduc Led on cacti e I the shot s  , are lt~ ted in l a h i  t
2. All shots  were f i re d  E n the Peason Ridge’ A t t ’~ of I lie Fo r t  l’o l k
M i l i t a r y  Reac t -var  ion n ear Leesvl 1 Ic , I tntlsleuia . The n e a r — a  or I
geology was typ I cal lv sandy— -c lava and ci av .‘ - -sa . uds ; at one s t e
(I2MU ) , a f a i r l y coinpe Lent  rock l~~ve (about t w i  rca t l i i  t k ~ ~~~ pi t s  —

ent a t  a d ep t  Li of abou t  ~ me tres - A isa] ut L a r g e t — r e a p o i w e  pi  ogi  am was
conduc ted in con] unc t i o n  with the 6t’WS l v , ’ti t

RESULTS OF THE P1LENO~IENOI,OGICAL E~~’ERi t’LEN US

C r at t ’r ln&. P Imensions of the nine F~~SEX i-raters etc ~: 
I v eii

in Table 1 . O m i t t i n g  the 12~’1U result s h u e  I2MU Event was the sh ot

w i t h  the  6—iuetr - e  s i l t s tou ~- rock l ayer )  , t b - ’ ~ipp arcnt  cr~~Lei dep t hs
ranged t ron 4 to 1) metres; the radius I rem L~

) to .‘ / jmt res ; and t h e
volume f rom 4000 to 6000 cub Ic metres . The mean dlmens ions of t he’
craters , ~~~

- I ud ln g 12 M11 , wett • : dep lb • i . / tac t t e a  rail us , .‘ ‘.7

metres ; and volume, 4850 cubic metres . ‘Ibie overall ven al. l o i n :  t c i  l e c t

a data spread of roughly +50 percent fur depth and +20 percent ion

radius and volume . these ranges ret icc t the v,t r Jo t loin: ass oc i . e  ed

wi th the m aim geological dif fereuc~’s , the  variations In t l i e  depth ot

burst , and the var lat (otis In the a tenuit lug ii U Liii’ charge cmi’ I aceniet i t

Set ’ comparably numbet cit entrees Lu the 1 1st ot rd ereiiccJ
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TABLE 1. LISTING OF ESSEX SHOTS ALO~4G W I TH CRATER DIMENS iON S

A2,2~ rent C ra ter Dimensions
Yield , Radius , Depth, Volume, True Crater

L_____ In3 Radius , 51

3MS 11.5 2 1.5  4 . 9  4290
31,pJ ) O 20 . t i  4 . 6  460() 250
6NS 10.0 26.2 4.6 6050 33,5
6MPS 10.0 21.8 5.0 5400 17 , ()

6MW S 10.0 20.6  9.  553(1 2 2 , 0
6MU 8.0 ‘ 2 3 . t~ 5 .2  5010 2 7 , 4

12MS 10.0 18.8 8 .5  4750 2 2 , 1
I2MPS 10.0 26.9 3.7 5360 — —

l2MU 8.0 14.4 4.0 1200 19.0

TABLE 2. TI:cuNl(:AI~ I ’Ro(;RANS 01” ESS FX

Technical 

- 
_~~~

__
~~~~ 1itht2 -~

I Cratering , Ejecta , and Barrier Effectiveness
2 Groui’id Shock/Mot ion ~-Ie isurements
3 A irb i ast  Measurements
4 Technical Photography
S Rad ia t ion  S imu la t i on
6 Detonation Physics
7 Code Ca lcu la t ions  i~~r Simulation Design
8 Geolog ic Explora t ion  and Equation of State Studies
9 Construc tion and Suppor t

1
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hole .
All e t her ~-t - .e t i - e s  c ou n t  i t u t e d  a B A l M  t o t  Lice tot Lowing

vet i i c I e n :  _ tu  Mull  ,etik . ace liii I at-noted 
~~

e’ t a c t e t e t ’ I c.t cr ci ’ , cite d t b i t ’
M I / ‘i I I / 4 - tote i,bet- c It’d c_ i  go v ehe Ic Ic . t h e  cc l , t t  lye ~~[ ~~ u t  t he ’ 1-~S~ tX
c t _ u i ’ I a celitt hl a t ,~ 1 t o t h ose t t i _ c C w o u l d  r sic I t  t ro~e _ i 1 —K’l’ icu c  t e a t  y t t ’ I ~i
is shown l i i  Ft ge i ti ’ I ; t i e r  I — K U  ~‘r a t  cc  ~‘l  c iv  I d~ a a lhA’l’M coug h I y I - S
t ime ’:; to r ge ’r t h i a t t  t h e ’ o t t , ’ ,u s su ’c  t at  enl i , c  i i i  l i i ’ 1 ( 1 - C  cii lIE eve - nt ;

Fj e c - t  a .  Fot  t h e e  telne t-~S~ l X t~~ ’ , i it  • C l i i ’ cocci t n u ~’uis e 1. - I  a
I he id WO ’; ~~e i  i i i  at lv c oot  (teed t o  w ( t h e  ( i i  a t , l ; i t ’ eq c i t  v o l t - i c r  t ~‘
_ ip i’ . u i  cut ci . t t i t  t . t , b (  t . ‘r hi~ C l i i ek i e r so  ‘i  t h u  c. t i t  ( t i t i o c i n  c I t ’d .1 b Li i t l . ’t
it i t  t; C l e t  , k t ’ ; t  p~ l i i i  W a s  _ u h i c e c t  I / “ c i t  t t i e  c 1 . 1 1  c i  d ip  I i i .

I ho :a\ u necini i otege t ~ v i i i  cli  ,‘~~ cc l  .u I I .i ~ ‘ i t t  ( c  I ‘ h a  ‘I n - c t ,
t t i t cwu e . e t e g t .l I o:n WI) flit ’ t L i t ,  t c  t I h i t ’ I .‘M h v , ’t et 1 id  SO( ) tue t F, ’ - - t i l t

thee IM b y e -nt . ~~
- -i I ’d max (mum e b e e t  • u t • t eeg t ’ ~SR 111,1~~ as a t u t e c t  l o l l  i i

s ea  1 ’d I tOh  ( I ’ . ’B l  i t ;  show n (n  ) ‘ t g t i t e  —‘ . Inc I ceded tee I let ’ d o t_ c t t  n e t
a eeum b t - t ot l . e c g e ’ b i b  s l e et  p I c i ~ t ; t ’v ~-t’al itu~ I t ’at ~t~~~~ti(~~; . TIn’ cLu t .i ~~t e

ii I e , u 1 lv Jr I tied a:; a l i t  I I  tee _ i c- uppt ’ t h i c e u t o l  ci  t I n ’  d.c i.e ciev e to t ’ ’ ’ -

App t .‘~~‘ t I _ i t t ’ e q u a L  L o u t ;  t o t ’  t h e a t ’ I l ot-s it c g I vt - i c, and I c ’t t t  t lie: :, . c x

pec ted max m i d ;:: c ’ t t ’ c t _ u  range’ rate be c_ i  i c t u  I _ c t  t ’.I ; leoweve’r , vi e ’ Id;; I _ i t  ~‘ t ’ t

thci i e . u h i o u t  1t)OO tous (i’N’l’ t’q eI I v , c l e nt )  ‘ t h o u  I d ~o t be i in , ’d —
: tcu;iJ ~;ho~-L /Mo t tote . St e c i ck  ned UhC i t  I i ’l l  tfli ’.i : d c i c  , ‘Iis L i t  5 . p 1 1

mat  I lv at  t en a ,end p a i t  Ic  1 t’ v e ICc I iv  • v~’ Fe ite ac he ’ ge t ic c _ i t 1 v at  I b e e asIc
dep the . in t h i t ’ s h e o t  , I _ e . , at  s leet  hot - i .-c t e  • S e R b  , t  lo ca l  i i ’; ; ; ;  tu’.u C l i i ’

g round sut -  C . ie  e . At t h e e ’ a t ic  t t ic t L . ’ i’t i , wt e  I c l i  cs’ s-: gene’ c a l l  v i t~ a w et
so i l ,  t h e e ’  shoc~ p t c i ’a g _ i t  ion veloc It ~~~ t o t ’ C l i i ’ it L i i i ’ t ’v i ’ t l t  v . e t e g e t t  i t  c i t

1400 to _‘ilO() ;::e ’ t tea ! : ;e ~d . lee (tie ’ d i v e  t s e t  I lair t :; 1, 1 ov c i  - - we 1 1  .i l , ‘v i ’
thee n a t  cc  t a l l ~~~~ , the ’ p it it i agie t b i t  Vt ’ I c e I t  V l,’ , i .  ( i i  I In- i ielegc c i t  - L ’L~
tt ;~~ t ~~~~~

S Le e ;  I c~ Is , t t ic t  p.c r I E e l  c v~’ hoc i t  I .. ; 1~i a I ictec I ; ‘ee c~ t I

, i i i  ;;bn’wti f e e  h ” f g i t t t ’t; I aced i , t t ’ si ’ t - e ’t lvc ~b v , l o t  ~~ig t ’s ctnj’ baee ’,I .it  sh o t
det’ th e hue ’ i so  I I )  — S t  t e s t ;  amp 1 I i  t i t l e ’S L i e  a ;; ( , :~ e t I ca nt  iv  et i \ ’ c ’i t o  i I b itt
St il l qu t i e ’ UI. ’ [St  t~ ( l e t ’ t~Ml’S I:ve ’tc 1 ‘1 w e i c  t~~wct  t heac  t tees e hecwe i (ii
F i g i e t e -  Liv -i I a ct or  ci IL ) t o  40 .  t x c  lee d (eeg ( Li e ’ 6~t l’ S t c ’ t ; t t t ( :. , ( l i i ’

~‘a1 t i e _ i t , ve loc  i t  lea t o t  t I er  t iM 1)011 ’ s e’vt ’eit  S n et e a p i i t c x ( i i i , i t i ’ i V  ( h i i , ’ i ’
our  ties those’ ~ t t h ee ’ I 2M 1)011; ouch those’ at l i i i ’ 3M DOll ’ s is’ i ’ i  ,‘ a bou t

e i e e —  l i i i  t d hose at  t (et ~ I .‘M 1)011 ’S . c i ’i t( ’ t a t  lv , l ie ’ ot  rmiiet’,t :;hcc t ;- t i -nd

te ~ tie f ( le t ’ t h i ’ t ip p er  hooted ci I hi t ’ c h a t  a cud t ier i i i , ;  t ’trnut ’i ~l .et  ., I In ’
low e’ i  b ou nd .

A l t  1’ I . i n i  . Re’~ ul i i;  ci t t ie cti tb lees C we ’ cSut e’teet’flt ~- ~ 1051 t i e  aitd
I at cccl  .t r e ’ shecwii e ti 1’ 1 geeni ’ a S .eud i • re ’st’ i’c I ye’ i v .  ‘l ’h i c ’ t i l e _ i l l  ow
h e i r  I ‘d • tet i s t ~~tUtnt .i t ihee ’ C I i ’  L I S  t t i e  tep ~i 

~‘ C’ hiouie~t i i  t In ’ ih ’ ; c i  i c . t  .l,i I a , i t i , t

I tic uco t ~‘ deep lv tit er I ed , t ; t  i’mincet sleet a I ct- se t h et ’ I ‘We i t’oute.t . t o e  t let ’
I oug e ~c nge , t [  cli l a st  , I le t ’ IMI I i ’Ve ’ rp r , n ;  d l i  c c e l l  v~’ I ’ ;  le t g h e c t  t ban t l i t ’
I2M S ,• & i t  cc r ou gh  i v  In’ a I , i . ’ I  ct  c i  W .  Ii .t ; :t.i ~~e C o  t Y h i h C . t l  , t t i s ’ V e ’g t  ouit .t

m I t  i t t  rv t ,i t g et s  I s  ccc i e’xpec C ‘.l t o  b~’ I g te  I I  I .‘ , u e c t  i t  t h e .‘ve ’ t p t c-s i  Ut i’
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is le’s;i than about 0.03 p~; I h 2  m i l l  t ho r : . ’)
a Simnt tion . Thee higielv s i gt i i t  icati t imp l i c a tion s

of the  r a d i a t i o n  s i m u l a t i o n  t’xper im et i t ; ;  , co n du c t e d  on ei g h t  of the
nine ESSEX Events , ar e S st eown in F igu res  ‘ and 8• Thee vent f ract i o e e s *
common to the ESS EX shi ~~ts a re ’ much b u r t  , ~t’tecrallv au o r der  of magni-
tude lowe r , than sheets whii~ie occurred in dcv soils - Prior to ESSEX ,
On inc r eas t’ in the vt’nt fr.ect icti lead beet-i P t  i ’d i ct e ’d f ur  d~’to u t a t i u i i s  in
Wet soil; obvious lv the h-~SSE\ r e su l  ts ; - h i ~’i: ct ~~t t h i ’~ op p o s i te
Si gn i f I e a n L ’ c’ of t h ee  lowi’ r Ve ’t i t  I t i c  t f o t i  t : x ’ O t i I ;  th iat tile Jon.’ r.e te’s
beyond the e 1 Inc i t  of the  cent iuucius c j  i’d t  a w i l l  be less t h a n  voi ut ’;:
oh t a t  ned I c o w  cur r e ’U t  p i  edict I oti me t h ic~Is by a foe  t or ci It ) ‘it ’ cue ; e ’

1-’ [gu t- c S g r a p h  icol lv sheo~’s t he ’ 1 ,~ ) rod Cui’t’ l op e ’ ~~ p cell  c i t ’d
by cur tent S t ot e ’ ot  t he art. codes and th e  1 “0 t a d  euve: b ope ’ pi: cdi e ted
by t h ee NC G method 12 1 and by E S S I - X .  An is cvideut , the  r e s i d u a l  rod I
at tote I’e~~’s much I ~‘SS ot a problem than ‘rlgiteallv thiou~ hit asaunilieg
the’ r e s u l t s  c it the ESSVX simulation technique ace ~‘al I d ,  An 1- 5 5 1 X
typ e’ a tmt e l : e t  Ion sleet  has been proposed t o t  1 1cr N evada l e n t  S ir _ c  (NI’S)
to t e s t  the v a l i d  i t y  ~ t t h e ’ h~SSI .\ r e s u l t s  agains t the results 01 0

nuc lea t eVen  I . Meanwhi le , sys L e n i n des Igue rs art’ caut  I otied not to make
USC’ ot  these d , e r _ a  un t  ii. the r e s u l t s  of the N H validation it ’S I S ~irt ’
av,e j  lab Ic or n u t  i i  ;tmca lv t t e a l  a t .  ud ics non’ u nderway sleci.’ ihic ’ res ccl is
to he ’ v a l i d .

STRUC TURA l RESPONSE E X P E R I M E N t S

Var totes struet’iurea , !ept ’ ese n t a t  [vt ~ 01 1 ikelv t.1e ’.eter
t a rget s  we’re ceust  rue ted t o  a s~~~ie’ o t ’  1 to 3 751 * , Th~’ a t r u ct  or e ’s
w er e’ exposed t o  Li ce -  b l ast  and shock ~‘ ft ccl~

; ci the’ tiMPS h’lve tit • The’
s t r u c t u r a l  . c r r i  is shown in I’Lgure ‘) . li t  .eddit  ie;i , a ir I  1 e’]d r uiiw,iv
r espotese’ was ev ,e lu .ut ed  o;i two other ~hi~~ts , v i~ . , t h e e  3NS and I2NS
Events. The’ response ot th e  var ious  s t t u c t  t i res O t t ’ described be l ow .

A irfield Runwa~~~. Made’ 1 ~; i t t  it ’ id  ruuwa~-s , ~-ons t ruc t r et i Ii

the same’ trunt ier  as ful 1—scale l~O!sOw }‘,i e t  runways , exhibited eon
sider ab le datieage due to y en t e d  d isp 1 . tce ’rnenL ci the ,ii ’ t i e -ulat e ’d I; i a l s ; :

ote t to about 2 c r a ter  r a d i i  f o r  a de ’t oci ,t i i on occur r ing  at ticar opt i t;eum
d e p t h  fo r  c ra t e r i  rig . Damage’ due ’ to ~‘ cc t o  et ch r Is , nt ; f I I c  l e n t  to iire-
elude use of the’ r u t iwa v a  , occ ur red out to about S c t o  Li ’ i rod i i  , For
1 KT • these damage r a d i i  w ø u l d  amount t o  .e l ’cut  2(10 t h e ’ t n ’ s  [or dOUeO t ’,e’
due to up I [ it  and ~l t sp  joceme’tit ,iiiel ,eh’c;i I 5th ) mc ’ I t c ’S due ’ it ’ t’ j i ’ c’ 1 0
debr i s .

I r;uc I j o l t  is  d ’  I I cccii as that I t  tc ’ I Oil ot ~ th ee ’ 01 .il radiation
vented that  t a b  i s  h~ vond thee 1 m i t t s  ot  c~~u t. i nu ou s  ej  cc L , u .

A t thie sea Ic ’ et I to 1. 7 ,  thee 10 tOO e ’V~~;\ t  ;; of ES SE X nioclel a
flue lear tie’ t e t i . c  t t ot -i 01 abote t  1 Kr
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at
~~~rettes . The aircraft ~ l i e  L t c i -s expased to the 6~~~S

EVS~’~~~t were 1/3.7—scale models of e a r t h - m ounded , pr e c a s t , r e i n f o r c e d
concre te  s he l t e r s  made of 90 ~iegr ee  arch se g m e nt s  bo lted  at the  crown
and s u p p o r t ed  b y p r e c a st  s tr i p  f o o t i n g s . I lo th  shelters , one at- 30
metres  and one at 36 m et r e ’s • apparent lv were undamaged by e i t h e r  the
b la s t  or shock;  however , the 30— met re  sh e l t e r  col lapsed as a resu l t  of
the e joc t a  f a ll ,ba ck  and the one at 36 metres wan severe ly  damaged by
ej e c t a .

b n i d~ ic~ ’ . A typical hr id ge , t v j  15:4 1 ia t 1i~ sense that  it-
was r e p r e a en t a t i v e  of the  p o p u l a t i o n  of b n i i I ~~es ‘.-.‘ f t ic in  the harsav Pact
tha t nigh t  be t ar g e t e d , wan c on s t r u c t e d  a t  a ns -a~ e of I to 3 . 7  and
exposed t o  the e  e f f ec t s  of  t he  t~’U’S Fv.ot - The siu~ be—span bridge ,
c o n s :stj u ~ of one p i e r  and an a b u t m e n t , ‘,.‘as a I i t ’ : ~’ . 1  a l a n p  a radia l
extending from ~ r e u a J  zero (GZ) the p i e r s- ic io sat . ed 32 metres f rom
GZ and the abutment was ‘.4 l i e t r e n  f rom c; 7,  i t i a s t I me b r i d ge span was
12 n : e t r e s) .

Test results indicut ,- that ix  i~~.; s ‘,~i I be generally
undamaged f r o m  u n d e r gr o c n d  b u r s t s  unless a er or abutm ent is w i t h i n
one a p p a r e n t  c r a t e r  r ad ius  of GZ.  Moreove r , the  t es t  showed t h a t
ej ec t a  f a l i b a c k  of the charac te r  p r e s e n t  I i i  th e  ~o r 1  Polk  tes ts is not
capable  of d e s t r oy i n g  a b r idge  span even whe n  the 10—ton resul t s  are
scaled to I K’) -

Re int orced Concre te Box St r u c t u r ’ s. Four  r e c t a n g u l a r  box
s t r u c t u re s , bur ied  6 decimetres  and hav ing  i n t e r i o r  dimensions of 1.2
me tres hi gh , 1.2 metres wide , an d 5 .5  m e t r e s  l o : i ; ,  were  exposed to the
e f f e c t s  of the 6MPS Event. Two s t r u c t u r e s  had wall , roof , and f lo or
thicknesses  of 11 cm [roof s p a n — i o — t h t L k n c s s  r at i o  (RSTR) was 10)

4 while the  othe r two s t r u c t u r e s  had u-a l l .  r~ of , and f l oo r  thicknessin
of 30 cm (RSTR was 4 ) .  The s t r u c t u re s  were p l a c e d  at ranges of 2 .~’
metres (RSTR ~ 4) , 28 metres  (RST R ~ 4) , 2 .~ m e t r e ’s (R STR= 10) , and 32
metres (RSTR I O ) .

Preshot p red ict ions . made ire,:: two—D u nite element codes ,
i nd ica ted  s t r u c t u r a l  damage f o r  a l l  s t r u e t u r -, based ore the s t r e s s—
time h is tor ies  observed from other ESSI X shet~- - As p o i n t e d  out ear-
lier , the stress levels common to thee ~~~~ Ev en t were lower (by a
f a c t o r  of 30 to 40) than  a n t i c i p a t e d  a . i  r n s~ - - ~- ‘nt 1’, 110 st r u c t u ra l
damage occurred to any of the st r u c t u re s . The -v we re  however severe ly
displaced , moving as a r i g id b.~dy (the S t r u ~~t t i C e ’ :; t~ei~~ somewhat less
massive than the soil  they displa~ ed) . Had p e r~~u i : i e x l  b e en  inside the
structures at the 22— and 28—metre ranges , they undoub tedl y would
have sustained ser ious  i —cj u r y .  E q u i p m e n t  i t ~~ i ! c  t h e s~ ’ na me s t ruc -

tures l ikely would have been damaged and pe rhaps r~-nderc ~~ inoperable.

Reinforced_Concr ete_Arch . A c ircu lar arch , bur ied 6 deci-

metres with an i n te r io r  r a d i u s  of 2 .1  mue ’t res  , thu e’ k n e~~~~ of 28 cis , an ~l
length of 7 .5  met res , was exposed also to thee (‘~l~’:’ Event. The arch

_ _ _ _
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was placed broadside to the event at a range of 28 metres . As was thee
case with the buried box structures , no structural damage was experi-
enced by the arch . Thus, one would not expect structural damage to
similar arches in such a media a t a range of 1.3 c r a t e r  radi i  or at a
scaled range of 14 m/ t o n h / 3  (140 m/KT 1/3) .

Shallow—Buried POL Tank and Pipeline. The ESSEX P01, storage
tank modeled a typical Warsaw Pact type tank . The model tank was fab-
ricated with steel walls ; its roof was constructed wi the reinforced
concrete supported by steel beams and columns. Its diameter was 15.5
metres . The tank was surrounded by a circular reinforced concrete
r e t a i n i n g  wall  w i t h  a walk  space between thee  t ank  wal l  and the re-
t a in ing  w a l l .  The tank was underground  and covered wi th  12 to 15 cm
of natural soil.

The t ank , located w i t h  i ts neares t  po in t  28 met res  f rom GZ ,
was destroyed by the blast. The tank , filled with water to simulate
fuel , was comple tely emptied by the net effect ‘,f the blast.
Principal damage was caused by differential displacements associated
with the mass movement of t:he earth material involved in the c ra t e r
rim upthrus t and by ejecta , which collapsed thee roof of the structure .

A model POL p ipe l ine  (15 cent imetres  in d iameter )  was also
exposed to the 6~~ S Event and survived with but minor loss in pres-
surization (500 psi be fo re  th ee s ho t ;  400 psi after thee shut). The
pipeline was oriented along a tangent to a circle 24 metres  iii radius
and centered on GZ. The simulated pumping plant  was located at the
point of tangency . The pipeline was 60 metres in length. Peak
transient displacements at the simulated pumping plant amounted to
about 2.5 metres (horizontal) and 1.7 metres  (ve r t i ca l ) .

CONCLUSIONS

Results  of the ESSEX experiments hig h l igh t  the following
conclusions which should not  be generally applied to yields greater
than a few KT.

(1) Craters resulting from yields as low as 20 tons
nuclear and at scaled DOB ’s > 10 m/KT 1/3 will  d e f i n i t e l y  cons t i tu t e  a
BATM if it is necessary for  the vehicle to pass through the crater.
Obv iously , c ra te rs  resul t ing  f rom 1—KT y ields  will produce barriers of
major propor tions .

(2) E jec ta  de f i n i t e l y  mus t be considered a major  caus e of
damage for shallow—buried structures that have on]~ a thin ear th
(soil) cover if the range from GZ is less than 1.5 to 2 crater  radii ;
for  hardened aboveground s t ruc tu re s  at range s less than 2 crater
radii ; and for airfield runways at ranges less than S crater  rad i i .

(3) Airbiast effects from underground detonations may be
disregarded as a pr ime source of damage to hardened and/or  mounded
abovegroured structures if located 2 or more crater radii from CZ

I
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provided the burst depth equals or exceeds 1 .4  r n / t o n i! ( lIE )  and 14
m/KTI-/3 (NE).

(4) Ground shock/not b e e  piic eeomncna , ,esseciated wi th y ields
in the range of a few Kr or less , arc incapable of causing structural
damage to most hardened underground structure s if thee)’ ar~ located at
ranges equa l to or ex c e e d i n g  (200 K’[’ 1! ~) metres , or about ‘ c r a t e r
radii. Howeve r , i nj  urv  to pcr sozuee 1 aced damage to equ i pment Ins! do
such st ruc tu re : ;  s h o uld  be expected.

(5) Ass,cne j n~; t he at the ract j ,t t ion i euiul~ct tote techni que o~
ESSEX I s  val i d , the re ’s I dun I t’aJ i at  ion I e v e  In will lii - much lowe r at
reasonab lv 1 nr~~’ d is t anc~’s I r ‘a ( ?  than Suite ’ c i t  eu.ct lmi.e I n  i’ re ’ ehic I Is et
much Ii [glee’ r i n  t lie’ crat~’ r ar ea  aced i t s  i ; -wle ’.h .11 e ’ coy [lou i s  . Thee’ Ic i g le ec
rad Lit ion lcve ’ I c b a ’ - - i n  r t I ~

‘ t’ee leaiec e the e ’ bar r It ’ i’ e f f e c t  iveness of
ESSEX — typ& Jet  ona t ions by ,,~ on I ng t h e  en . ’mv ,I Sce ’s:; t o  ibe’~~ I t  e for a
per Led of t fin e e tc  t h e  o r d e r  o I Jays -

FUTURE PLANS

S m c i ’ t h e r e ’ i n  at  L’rc: ;ent notice d i.1 I OtOilci’S of op i n io n
w i t h i n  the radiati on commnu eiLv as to  the v a l i d i t y  of the ESSEX s i t n e i l a —
tion techniqu~’ , an h- SSh- X—tvp c tes t  teas 1~eoei p roposed le e ’ t h e  N I’S .
The central purpose of t h i s  L es t  is to compare thee E SSE X r x e d i a t  ieee
simulatIon te’i’Icui que wi t he  the e r e s i d u a l  r a d i a t I o n  me’a su r emc ’n t s  o h i t j j i i e e l
f r on t  th e’ TEAPOT ESS Ev ent  couduct ed aL ~~~ [~c 1Q 5 5 . Th~ } ; : ; S E N  N ’I’~;
Event  would be ,e nominal 10—ton gelled nitrometleune detonation
emp laced b cue t res be ]  ow ground . Tie is would rou glely  c o u n t  It  Ut  0
(assuming a ~‘ to 1, N 1 - / h ( E  equiva lency)  a I to 3 . 1  scaled model ol LI c e
TEAPOT ESS nuc l ea r  ev en t  wi t i e i t s  nominal .I. — Ki’ yield , in addi t ion  to
compar ing  rad [at Ion results , c r aL e r ,  cj t ’c ta  , gI-ouciel shock , al ri-elan I
cloud dynamics  and ove ra l l, c loud s in e  ( . e L I  p roper ly  scaled) would  be
compared to the TEAPOT ES S Even t .

A tw~ —vo1urne summar repor t  on thee  ESS1-~X Progr am w i l l  be
published during FY 1978.

1
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