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ABSTRACT 

Project RULiSON, an experiment using an underground nuclear explosive to 

fracture and thereby increase production from a gas-bearing sandstone, was 

detonated in western Colorado on September 10, 1969. Comprehensive struc- 

tural response investigations were required for the detailed prediction of 

response and damage to natural and man-made structures in the area, to elim- 

inate hazards to the public and also to provide a quantitative assessment 

of probable damage repair cost. These studies were carried on by John A. 

Blume & Associates Research Division, under the terms of a contract for 

structural response research studies for the Nevada Operations Office, U.S. 

Atomic Energy Commission. 

Structures respond to seismic ground motion as oscillating mechanisms with 

well-defined dynamic characteristics, and response prediction techniques 

have been devised accordingly. Methods are available for broad delineation 

of general damage patterns (the Engineering lntensi ty Scale), quantitative 

predictions of damage in various building classes (the Spectral Matrix Method), 

and individual structure threshold and degree of damage determinations (the 

Reserve Energy Technique and other evaluation methods). 

Detailed surveys and field evaluations were necessary to provide the basic 

information required for the response and damage predictions. These included 

inventorying the structural population out to 25 kilometers, observation and 

evaluation of earth structure stability and hazards (including earth and rock 

slopes, earth dams, and canals), a brief seismic history study, and engineer- 

ing evaluations and recommendations as to specific hazards and appropriate 

corrective measures. 

Recommendations were provided for ground motion time-history instrumental 

recording. Mechanical gages for structure motion recording, crack movement 

measurement, and water wave observations were installed. 



, Damage t o  s t ruc tu res  occurred genera l l y  as predic ted.  A delay o f  the o r i -  

g ina l  shot date from May 1969 t o  September al lowed slopes t o  d ry  out.  As 

expected, there was an increase i n  s t a b i l i t y ,  and l i t t l e  e a r t h  and rock 

slope movement occurred. Reservoir water l e v e l s  were low, and some concern 

which had been expressed f o r  the  behavior o f  o lde r  e a r t h  dams was thereby 

e l iminated.  

I n i t i a l  analyses show c o r r e l a t i o n  between response motion and damage occur- 

rence, and f u r t h e r  d e t a i l e d  analyses o f  the  motion damage r e l a t i o n s h i p  are  

i n  progress. As o f  October 31,  1970, damage payments p lus  amounts o f f e r e d  

i n  set t lement  o f  a few remaining claims t o t a l e d  about $117,500. This  com- 

pares w e l l  w i t h  the damage repa i r  cost o f  $123,000 pred ic ted  f o r  the 40- 

k i l o t o n  design y i e l d .  



I, INTRODUCTION 

RULISON PROJECT DESCRIPTION 

Pro jec t  RULISON i s  a j o i n t  experiment sponsored by Aust ra l  O i l  

Company Incorporated, Houston, Texas, the  U.S. Atomic Energy Com- 

mission, and the Department o f  the  I n t e r i o r ,  w i t h  the Program 

Management provided by CER Geonuclear Corporat ion o f  Las Vegas, 

Nevada, under cont rac t  t o  Aust ra l .  I t s  purpose i s  t o  study the  

economic and techn ica l  f e a s i b i l i t y  o f  us ing underground nuclear  

explosions t o  s t imu la te  product ion  o f  na tu ra l  gas from the low- 

p r o d u c t i v i t y ,  gas-bearing Mesaverde Formation i n  the RULISON 

f i e l d .  

The nuclear  exp los ive  f o r  P r o j e c t  RULISON was detonated success- 

f u l l y  a t  3:00 P.M. f 0.1 seconds Mountain Day l igh t  Time, Septem- 

ber 10, 1969, a t  a depth o f  8425.5 f e e t  below ground l e v e l  and 

was completely contained. Pre l im inary  r e s u l t s  i n d i c a t e  t h a t  the  

RULISON device behaved about as expected; i.e., w i t h  a y i e l d  o f  

40 +*' k t .  The wel lhead o f  the emplacement w e l l ,  Hayward 25-95A, 
- 4  

i s  a t  an e leva t i on  o f  8154 f e e t  above mean sea l e v e l  (MSL) and 

i s  located 1976.31 f e e t  east  o f  west l i n e  and 1813.19 f e e t  n o r t h  

o f  south l i n e  o f  Sect ion 25, Township 7 South, Range 95 West o f  

6 t h  P;M., G a r f i e l d  County, Colorado, which corresponds t o  geo- 

d e t i c  coordinates o f  l ong i tude  107O 56' 53" West and l a t i t u d e  '39' 

24' 21" North. F igure  1 i s  a general map o f  the  area. 

The d iscussions and o the r  content  o f  t h i s  repo r t  a re  s t rong ly  

inf luenced by the  order  o f  c e r t a i n  events. One o f  these was 

the  program schedul ing. The RULISON event was o r i g i n a l l y  

planned t o  be f i r e d  i n  May 1969 bu t  was delayed u n t i l  Septem- 

ber 10, 1969. Another important chrono log ica l  aspect i s  t h a t  

damage complaints were received u n t i l  September 10, 1970, one 

year a f t e r  the event date. 
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A t  the time t h i s  repo r t  was being prepared, a1 l claims had not  been 

s e t t l e d ,  and there fore  f i n a l  in fo rmat ion  was not  a v a i l a b l e  on the 

t o t a l  cos t  or  d i s t r i b u t i o n  o f  damage from the RULISON event. How- 

ever, de ta i l ed  studies o f  s t r u c t u r a l  response and damage are i n  

progress. Fur ther  repo r t s  on these aspects o f  the RULISON event 

a r e  planned. The present repo r t  provides general data on s t ruc -  

t u r a l  response and on the pre-shot s tud ies ,  and on ly  l i m i t e d  d i s -  

cussions o f  the c u r r e n t l y  incomplete damage data. 

SCOPE OF STRUCTURAL RESPONSE INVESTIGATION 

John A. Blume 6 Associates Research D i v i s i o n  (JAB), under cont rac t  

t o  the  Nevada Operations O f f  i c e  (NVOO) o f  the  U.S. Atomic Energy 

Commission, was assigned the  r e s p o n s i b i l i t y  f o r  s t r u c t u r a l  re-  

sponse pred ic t ions  f o r  the RULISON event. 

These p red ic t i ons  formed the  basis f o r  c a l c u l a t i n g  s t r u c t u r a l  

damage and re la ted  hazards and f o r  developing recommendations t o  

prevent damage-related i n j u r i e s  and t o  reduce s t r u c t u r a l  damage. 

"Structure" f o r  the purposes o f  the  d iscussion p r i m a r i l y  r e f e r s  

t o  bu i l d ings  but  may a l s o  inc lude any man-made o r  na tu ra l  s t ruc -  

tu res  above ground which can be moved and damaged by ground motion. 

Depending upon the  c h a r a c t e r i s t i c s  o f  both the  ground motion and 

the  dynamic proper t ies  o f  t he  s t ruc tu res  involved, the  response 

motion may produce s t ress  l e v e l s  i n  the  s t ruc tu res  h igh  enough t o  

cause damage. Such damage can lead t o  i n j u r i e s  t o  occupants o r  

persons i n  the  v i c i n i t y  o f  t he  damaged b u i l d i n g  i f  appropr iate 

s a f e t y  measures and con t ro l s  are not  used. S t ruc tu ra l  response 

ana lys is  i s  thus necessary f o r  the  design o f  such sa fe ty  measures 

and contro ls ,  as w e l l  as t o  fo recast  damages and devise measures 

f o r  reducing s t r u c t u r a l  damage. 

Basic s t r u c t u r a l  response p a r t i c i p a t i o n  f o r  i n d u s t r i a l  p r o j e c t s  

i n c i  udes : 



e I n i t i a l  s tud ies  t o  determine the probable scope o f  work 

and de f ine  the areas o f  i n te res t .  

0 Reconnaissance surveys o f  s t ruc tu res  and foundation mate- 

r i a l s  i n  the region o f  s i g n i f i c a n t  ground motion f o r  

planning purposes, and a l s o  t o  i d e n t i f y  as e a r l y  as pos- 

s i b l e  any major hazard which may a f f e c t  p r o j e c t  f e a s i b i l -  

i t y .  

0 Subsequent s tud ies  which considsr ground motion pred ic -  

t i ons  by o thers  t o  i d e n t i f y  locat ions  o f  p o t e n t i a l l y  dam- 

aging s t r u c t u r a l  response and o ther  hazards and t o  prepare 

p red ic t i ons  o f  the  ex tent  and nature o f  poss ib le  damage. 

e Recomnendations f o r  s p e c i f i c  instrument locat ions  t o  re-  

cord motion. 

0 Deta i led  inventor ies  o f  a l l  s t ruc tu res  i n  the range o f  

damage, and pre- and post-shot cond i t i on  surveys o f  se- 

lected t y p i c a l  and c r i t i c a l  s t ruc tures .  

0 Visual observat ions and documentation o f  response a t  se- 

lected locat ions .  

e Subsequent analyses o f  response records and damage. 

e I nves t i ga t i on  o f  damage complaints. 

RESPONSE OF STRUCTURES TO SEISMIC MOTION 

The f o l l o w i n g  d iscussions are intended t o  prov ide  some bas ic  i n -  

format ion on the nature  o f  s t r u c t u r a l  response and the  techniques 

used f o r  response and damage pred ic t ions .  An understanding o f  

these processes i s  h e l p f u l  i n  apprec ia t ing  the r a t i o n a l e  f o r  the 

extensive and d e t a i l e d  s tud ies  described i n  t h i s  repo r t .  



Fundamental Considerat ions 

Bu i ld ings  respond t o  ground motion. Depending upon the v i b r a t i o n a l  

c h a r a c t e r i s t i c s  o f  the s t ruc tures ,  the  response ampli tude may be 

several times the  amplitude o f  the  ground. That i s  why motion i s  

o f t e n  f e l t  by persons on upper f l o o r s  o f  t a l l  bu i l d ings  w h i l e  others 

are  completely unaware o f  the  d is turbance.  The amplitude, dura t ion ,  

and the  c h a r a c t e r i s t i c s  o f  the  ground motion can vary over a wide 

spectrum depending upon many fac tors ,  the most important o f  which 

inc lude the  amount o f  energy a t  the  source, the  d is tance from the  

source, and the  l o c a l  s o i l  c h a r a c t e r i s t i c s .  The dynamic response 

o f  b u i l d i n g s  a l s o  depends upon t h e  r a t i o s  between the na tu ra l  pe- 

r i ods  o f  v i b r a t i o n  o f  the  bu i  ld ings  and the  per iods o f  ground mo- 

t i o n  t h a t  conta in  the maximum amount o f  energy. I n  o ther  words, 

there  i s  a  t un ing  process. T a l l  b u i l d i n g s  have long per iods o f  

v i b r a t i o n .  I n  add i t i on ,  ground motion a t  considerable distances 

from the energy source tends t o  conta in  a considerable p o r t i o n  

o f  i t s  energy i n  the  long-per iod range. Th is  s e l e c t i v e  nature 

o f  response, which governs damage as w e l l ,  i s  one major reason 

why peak ground motions cannot be used d i r e c t l y  as damage c r i t e r i a .  

I t  must be kept  i n  mind t h a t  ground motion i s  o s c i l l a t o r y .  There 

i s  no c o n t i n u i t y  o f  motion i n  one d i r e c t i o n .  Instead the motion 

i s  back and f o r t h ,  w i t h  changing acce lera t ion ,  v e l o c i t y ,  and d i s -  

placement. I n  f a c t ,  the  p a r t i c l e  motion i s  three-dimensional -- 
up and down, and sideways i n  bo th  d i rec t i ons .  

The motion o f  r e a l  s o i l  and r e a l  s t ruc tu res  i s  q u i t e  complex. I n  

o rder  t o  s i m p l i f y  the  problem, i d e a l i z e d  models a re  o f t e n  used t o  

represent elements o r  s t ruc tu res  and t o  enable response ca l cu la -  

t i o n s  t o  be made. 



Every s t r u c t u r e  and every element o f  a s t r u c t u r e  has one o r  more 

na tu ra l  per iods o f  v i b r a t i o n .  Unless damage occurs these per iods 

genera l l y  remain nea r l y  the  same f o r  many, but  no t  a l 1 , t y p e s  o f  

bu i l d ings ,  no mat te r  what causes the element t o  move o r  f o r  how 

many times. The s t r u c t u r a l  dynamlcist  i s  concerned w i t h  the per- 

iods o f  v i b r a t i o n ,  t h e i r  poss ib le  changes and r a t i o s ,  the damping 

( i n t e r n a l  f r i c t i o n  c h a r a c t e r i s t i c s ) ,  and amounts o f  motion. 

Response o f  A Simple Elastic Structure 

I f  a one-story f l e x i b l e  s t ruc tu re ,  shown schemat ica l ly  i n  F igure 

2, i s  subjected t o  ground motion i t  w i l l  be e x c i t e d  i n t o  motlon 

and w i l l  respond by v i b r a t i n g .  The response o f  such a s t r u c t u r e  

i s  p r i m a r i l y  de f ined by the time v a r i a t i o n  o f  the coordinates 

t h a t  represent i t s  degrees o f  freedom. The mathematical expres- 

sions from which the displacements are  determined are known as 

"equations o f  motion" o f  the  system. One such equat ion may be 

w r i t t e n  f o r  each degree o f  freedom. The s t r u c t u r e  being consid- 

ered here i s  a one-degree-of-freedom system because on l y  a h o r i -  

zonta l  displacement i s  possib le.  The system cons is ts  o f  a s i n g l e  

mass M located a t  t h e  top o f  the s t r u c t u r e  whose motion i s  re -  

s i s t e d  by weight less columns having a t o t a l  sp r i ng  constant K, 

and by a damper which absorbs energy from the  system. I n  t h i s  

s t r u c t u r e  i t  i s  assumed t h a t  the damping f o r c e  i s  p ropo r t i ona l  

t o  the v e l o c i t y  o f  the  mass where the damping c o e f f i c i e n t  i s  de- 

signated by n. 

The dynamic e q u i l i b r i u m  o f  the system i s  expressed as fo l l ows :  

where': FI = I n e r t i a  fo rce  = ~ t ' +  = ~ t '  + Mi; 
9 

FD = Damping fo rce  = n; (2) 

FS = E l a s t i c  f o rce  = Ku 



= Total Displacement 

u = Relative Displacement 

of Columns = K 

ug = Ground Displacement 

FIGURE 2 %  SINGLE-DEGREE-OF-FREEDOM FLEXIBLE FRAME 



The dots designate d i f f e r e n t i a t i o n  w i t h  respect t o  t ime. 

S u b s t i t u t i n g  the  expressions f o r  i n e r t i a ,  damping, and e l a s t i c  

f o r c e  i n t o  Equation 1 there  i s  obta ined the f o l l o w i n g  expression 

o f  seismic motion. 

~ i i  + M i i  + n; + Ku = 0 
9 

( 3 )  

The foregoing r e l a t i o n  can be solved by several methods. I f  the  

ground motion i s  zero, Equation 3 represents a damped f r e e  v ib ra -  

t i on .  That value o f  n which corresponds t o  t h e  l i m i t i n g  case f o r  

p e r i o d i c  motion i s  known as the " c r i t i c a l  damping c o e f f i c i e n t "  

whose magnitude can be expressed as: 

c r i t i c a l  value o f  n = 2Mw (4)  

i n  which w i s  the  c i r c u l a r  frequency o f  undamped v i b r a t i o n  g iven 

by: 

The na tu ra l  frequency f and the per iod  T are determined from: 

w f = -  I 2n 2n and T = - = - = 2,, f w 

I t  i s  common t o  de f i ne  the  p ropo r t i on  o f  c r i t i c a l  damping, 5, as 

the r a t i o  between n and i t s  c r i t i c a l  value, i n  the r e l a t i o n  

The dynamic s t r u c t u r a l  response as a func t i on  o f  a system o f  par-  

t i c u l a r  c h a r a c t e r i s t i c s  may be a tedious task  t o  compute by hand 

bu t  lends i t s e l f  r e a d i l y  t o  modern d i g i t a l  computers. I t  i s  ap- 

parent from the  form o f  Equation 3 t h a t  f o r  a g iven ground motion 

u as a func t i on  o f  time, the  response o f  an e l a s t i c  system depends 
9 

o n l y  on the magnitude o f  damping and on the c i r c u l a r  frequency o f  



v i b r a t i o n  o f  the  system or ,  what amounts t o  t h e  same thing, on 

the  percentage o f  c r i t i c a l  damping and on the  na tura l  per iod  o f  

the system. I n  other  words, the magnitudes o f  the mass and o f  

the spr ing  s t i f f n e s s  o f  the s t r u c t u r e  do no t  independently a f f e c t  

the response t o  a ground motion. However, because the s t r u c t u r e  

i s  subjected t o  a base motion and no t  t o  an app l ied  fo rce ,  the 

maximum d e f l e c t i o n  tha t  the s t r u c t u r e  experiences f o r  a g iven 

ground motion i s  a f unc t i on  o f  i t s  s t i f f n e s s  as w e l l  as o f  i t s  

pe r iod  o f  v i b r a t i o n .  

Response Spectrum 

Many p r e d i c t i o n  methods use a processed form o f  ground motion 

data c a l l e d  a response spectrum. Th is  shows the  peak response 

motion o f  a se r ies  o f  simple o s c i l l a t o r s ,  such as j u s t  described, 

t o  the  e n t i r e  ground motion. Response spectra can be more e a s i l y  

p red i c ted  than can the ground motion i t s e l f ,  and the response spec- 

t r a  a re  more e a s i l y  used i n  the  complex s t r u c t u r a l  response pre-  

d i c t  ion  procedures. 

The concept o f  t h e  response spectrum i s  a t t r i b u t e d  t o  ~ i o t " )  who 

used a t o r s i o n a l  pendulum t o  o b t a i n  dynamic response t o  a t race  

o f  ac tua l  ground motion. Today most spectra are  developed w i t h  

the  a i d  o f  large-capaci ty  high-speed computers. Response spectra 

are  made f o r  most ho r i zon ta l  ground motion records obta ined i n  the  

NVOO E f f e c t s  Eva lua t ion  Program. These are  then used f o r  var ious 

purposes i nc lud ing  computation o f  response, and i n  the damage pre- 

d i c t i o n  methods described i n  the  f o l l o w i n g  sect ions.  

The spec t ra l  response computation may be performed w i t h  the  Du- 

hamel I n t e g r a l  which, us ing recorded ground acce le ra t i on  ( t )  , 
9 

takes the  form 



wherein: 

s i n  w d 1 - 8 2  (t - T ) ~ T  ] max 
(7) 

S = the  r e l a t i v e  displacement response 

spectrum p o i n t  f o r  the p a r t i c u l a r  se t  

o f  values o f  w and 6, cm 

w = the natura l  undamped angular frequency 

o f  the  ideal ized o s c i l l a t o r ,  rad/sec 

6 = the f r a c t i o n  o f  c r i t i c a l  damping, d i -  

mensionless 

T = the ground acce le ra t i on  as a func t i on  

o f  T, cm/sec2 

t = time, seconds 

T = t ime t o  a pulse, d ~ ,  seconds 

Equation 7 can be s i m p l i f i e d  i f  6 i s  small, by l e t t i n g 4 3  = 

u n i t y .  I t  i s  t o  be not iced tha t  the  on ly  s t r u c t u r a l  charac ter is -  

t i c s  involved a re  w and I?.. For a given value o f  6 the  angular 

frequency w i s  va r ied  over the e n t i r e  range o f  i n t e r e s t  i n  order  

t o  ob ta in  the  requ i red  po in ts  f o r  the spect ra l  curves. Since 

u (T)  i s  general l y  a long, complex func t i on  and d~ must be taken 
9 

i n  very small increments i n  numerical operat ions, the  t o t a l  com- 

p u t a t i o n  i s  a massive e f f o r t .  Simpson's numerical i n teg ra t i on  

procedure i s  o f t e n  employed. General ly the  r e s u l t s  are p l o t t e d  

d i r e c t l y  on four-way log  paper by a p l o t t e r .  The four-way l o g  

p l o t  shows simul taneous values o f  spect ra l  response motion (d i s -  

placement, v e l o c i t y ,  and accelerat ion)  re la ted  according t o  the  

f o l l o w i n g  equations. Since two o f  the th ree parameters are 

der ived from measured values o f  the  t h i r d ,  the two are termed 

pseudo values. However, the  d i f f e r e n c e  between the  pseudo values 



and the  actual  values i s  n e g l i g i b l e  i n  almost a l l  instances. 

and 

wherein : Sv 
= the spec t ra l  value o f  v e l o c i t y  r e l a t i v e  

t o  the ground, cm/sec 

Sa = the spec t ra l  value o f  absolute accelera- 

t i o n  o f  the  o s c i l l a t o r  mass, cm/sec2 

T = the na tu ra l  per iod  o f  the  o s c i l l a t o r ,  

sec 

The response spectrum shows a t  a glance the maximum response o f  

a simple o s c i l l a t o r  o f  per iod  T and damping 6 t o  the  e n t i r e  t ime- 

h i s t o r y  o f  the ground motion under considerat ion.  Using the four -  

way l og  p l o t  one can enter  the  c h a r t  w i t h  the  pe r iod  T, go t o  the  

proper damping curve and read S, S and Sa.  For example, a t  a 
v '  

pe r i od  o f  0.2 seconds i n  F igure 3 ,  the spec t ra l  displacement i s  

0.06 cm, the spec t ra l  v e l o c i t y  i s  2.0 cm/sec, and the spec t ra l  
(2) 

acce le ra t i on  i s  0.069 . 

For shor t -per  iod  ( low-r ise)  s t ruc tures ,  the spec t ra l  values a t  

these sho r t  per iods are  motion parameters fo r  damage evaluat ion.  

Response spectra f o r  spec t ra l  v e l o c i t y  a re  o f t e n  p l o t t e d  on an 

a r i t h m e t i c a l  basis,  as shown i n  F igures 4, 5, and 6 t o  p rov ide  

a b e t t e r  apprec ia t ion  o f  the ac tua l  ampl i tudes o f  Sv, and f o r  a 

b e t t e r  comparison between loca t ions .  



SOURCE: NVO-1163-197 
(2) 

PERIOD-SEC 

FIGURE 3 - RESPONSE SPECTRUM (RADIAL COMPONENT) 
FOR S I L T ,  COLORADO GROUND MOTION, 
RULISON EVENT. (5% DAMPING) 
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I I .  STRUCTURAL RESPONSE PREDICTION 

GENERAL 

Chapter I contained discussions of the theoretical aspects of the 

response of structures to seismic ground motion. Chapter I !  dis- 

cusses current prediction techniques available for forecasting re- 

sponse and damage. 

Prediction of structural response to ground motion from underground 

nuclear detonations has many similarities to earthquake engineer- 

ing. Recent advances in the field of structural dynamics make it 

possible to predict in great detail the response of a structure to 

a known time history of ground motion. Such an analysis, however, 

requires an intimate knowledge of the structure and its foundation, 

and detailed knowledge of.the physical behavior of its materials. 

Sophisticated analyses of this nature require a major professional 

effort and are therefore inappropriate for most structures of in- 

terest. Less complete analyses involving various degrees of ap- 

proximation and complexity by experienced engineers are satisfac- 

tory for most aspects of the structural response program, unless 

special studies are needed for a particularly critical situation. 

ENGINEERIHG JUDGMENT 

Based on the ground motion predictions supplied by Environmental Re- 

search Corporation (the ground mot ion study contractor for the Nevada 

Operat ions Off ice) and the results of JAB prel iminary reconnaissance 

and detailed condition surveys, various structures and locations were 

analyzed to predict the property damage which could be caused by the 

RULISON event. This prediction, based on engineering judgment, en- 

tailed consideration of the condition and construction of individual 

buildings and evaluation of damage potential due to predicted ground 

motions for the 40-kiloton design yield and for the 60-kiloton max- 

imum yield. 



Struc tures  vary w ide l y  i n  t h e i r  a b i l i t y  t o  r e s i s t  ground motion. 

Some bu i l d ings  w i l l  a c t u a l l y  sus ta in  damage t o  non-s t ruc tura l  e le -  

ments before the s t r u c t u r a l  members have reached design s t ress ,  

and o ther  b u i l d i n g s  have s u f f i c i e n t  reserve s t reng th  t o  a l l o w  the  

s t r u c t u r a l  frame t o  be stressed beyond the  y i e l d  p o i n t  and y e t  no t  

show any v i sua l  evidence o f  damage. Most bu i l d ings ,  however, show 

evidence of damage long before the b u i l d i n g  i s  i n  any danger o f  ma- 

j o r  f a i l u r e  o r  co l lapse.  This  c h a r a c t e r i s t i c  leads t o  the  s i t u a -  

t i o n  whereby some phys ica l  damage from an underground nuclear deto- 

n a t i o n  may be considered acceptable as long as s a f e t y  hazards are  

e l im ina ted and the  concerned proper ty  owners a r e  f u l l y  compensated 

f o r  such damage. A few spec ia l  s t ruc tu res  l ack  t h i s  considerable re-  

serve s t rength  and have on l y  a  narrok margin between no damage and 

severe damage. Recognit ion o f  such c r i t i c a l  s t r u c t u r e s  i s  an impor- 

t a n t  f unc t i on  o f  the  s t r u c t u r a l  response program, and i s  accomplished 

by ca re fu l  and d e t a i l e d  f i e l d  eva lua t ions  by experienced pro fess iona l  

engineers, a r c h i t e c t s ,  and engineering geologis ts .  

The v a r i a b i l i t y  i n  the threshold o f  damage f o r  b u i l d i n g s  impl ies t h a t  

a  dynamic ana lys is  does not  so lve the quest ion o f  how much damage, i f  

any, the s t r u c t u r e  w i l l  sustain. Most damage from past underground 

nuclear  detonat ions has been sustained by nons t ruc tu ra i  elements o f  

bu i l d ings ,  and i s  o f t e n  the r e s u l t  o f  the response motion t r i g g e r i n g  

c rack ing  i n  an element i n  an a l ready weakened o r  pre-stressed condi- 

t i o n  o r  aggravat ing an i n t e r m i t t e n t l y  progressive minor damage mech- 

anism. Typical  c o n t r i b u t i o n  f a c t o r s  a r e  d e t e r i o r a t i o n  from age and 

weathering, poor foundat ion cond i t ions  which lead t o  d i f f e r e n t i a l  

set t lement  of even very l i g h t  s t ruc tu res ,  poor cons t ruc t i on  ma te r ia l s  

and p rac t i ces  i n  the  o r i g i n a l  cons t ruc t ion ,  a  l ack  o f  seismic design 

f o r  the s t ruc tu re ,  and over loading o f  the s t ruc tu re .  F i e l d  surveys 

a r e  the re fo re  d i r e c t e d  t o  d iscover ing  e x i s t i n g  f a u l t s  i n  s t ruc tures ;  

developing o f  data f o r  dynamic analyses i s  r e s t r i c t e d  t o  the more 

complex o r  unusual s t ruc tu res  which may a c t u a l l y  be overst ressed i n  

a  s t r u c t u r a l  sense. The l a t t e r  type o f  b u i l d i n g s  o f t e n  has low damp- 



ing and correspondingly h igh  dynamic a m p l i f i c a t i o n  and/or heavy masses 

a t  considerable he igh t  which leads t o  excep t i ona l l y  heavy l a t e r a l  f o r -  

ces. Typical  " f lags"  f o r  recogn i t i on  o f  such s t ruc tu res  are: heavy 

concrete o r  masonry roofs;  e levated b u l k  storage; absence o f  l a t e r a l  

bracing; bare steel-framed can t i l eve rs ;  heavy signs improperly mounted; 

and weak foundation ma te r ia l s  o r  foundations on loose, saturated sands. 

I n  combination w i t h  these essen t i a l  f i e l d  survey procedures t o  

i d e n t i f y  s p e c i f i c  hazards, there  a r e  o ther  emp i r i ca l  and theore t -  

i c a l  methods f o r  broader scale p red i c t i ons .  The Engineering Inten-  

s i t y  Scale ( E I S ) ' ~ ) ,  which i s  based on past exDerience w i t h  dam- 
age from var ious seismic motion sources, i s  an a i d  i n  determin ing 

the p r o b a b i l i t y  o f  damage t o  var ious k inds  o f  bu i l d ings .  For more 

d e t a i l  as t o  the ex ten t  o f  damage t o  var ious  l oca t i ons  and b u i l d i n g  

c lasses,  another p r e d i c t i o n  technique c a l l e d  the Spectral  M a t r i x  

Method (SMM) has been devised. 

F i n a l l y ,  f o r  s p e c i f i c  engineering analyses o f  p a r t i c u l a r  s t ruc tu res ,  

we have developed methods f o r  de terminat ion  o f  s p e c i f i c  thresholds 

and the p r e d i c t i o n  o f  behavior beyond these l im i t s " ) .  These tech- 

niques a r e  a v a i l a b l e  f o r  use bu t  were no t  requ i red  f o r  the RULISON 

event! 

THE ENGINEERING INTENSITY SCALE 

The engineer ing i n t e n s i t y  sca le  i s  f o r  earthquakes and f o r  ground mo- 

t i o n  r e s u l t i n g  from nuclear  o r  chemical explosions. I t  i s  based upon 

5% damped response spectra developed from the  ground motion and a  

standard 10 x  9 m a t r i x  w i t h  columns represent ing per iod  bands and 

rows represent ing prescr ibed response v e l o c i t y  l eve l s ,  Sv. Accelera- 

t i o n  o r  r e l a t i v e  displacement can a l s o  be r e a d i l y  assigned w i t h  the 



use o f  4-way l oga r i t hm ic  paper. The E l  sca le  can be repor ted by per- 

iod column as 9-.digi t ,  3 - d i g i t ,  o r  I - d i g i t  numbers, o r  by a l l  three 

i n  a  standard format. The more d i g i t s  reported, the g rea te r  the 

amount o f  in fo rmat ion  on the  pe r iod  bands. The advantages over e x i s t -  

ing  scales are  many, i nc lud ing  r a t i n g s  t h a t  a r e  d i r e c t l y  in fo rmat ive  

and usefu l  i n  damage est imat ions.  The r a t i n g s  a r e  made o b j e c t i v e l y ,  

and have per iod  i d e n t i f i c a t i o n  lack ing  i n  o ther  scales. 

F igure  7 shows t h e  n ine  per iod  bands t h a t  have been selected a f t e r  much 

study t o  best represent categor ies o r  c l a s s i f i c a t i o n s  o f  r e a l  s t ruc -  

tures.  These bands a r e  the  same as used i n  the Spectra l  M a t r i x  Method 

o f  Damage Pred ic t ion .  Each column o r  band has 10 i n t e n s i t y  l eve l s .  

The f i g u r e  shows the Sv boundary values i n  cm/sec. Superimposed on the  

m a t r i x  i s  the 5% damped spectrum f o r  the S i l t  Hard Rock Sta t ion ,  w i t h  

i t s  E l  r a t i n g s  i n  the appropr ia te  c e l l s .  

I f  the  response spectrum does not  cross a  per iod  column the l e t t e r  X 

i s  subs t i t u ted  f o r  the i n t e n s i t y  number o f  t h a t  band. 

Table 1 shows some engineer ing i n t e n s i t y  r a t i n g s  f o r  the  RULISON event 

f o r  several loca t ions .  

I t  i s  i n t e r e s t i n g  t o  no te  t h a t  damage has occurred a t  some o f  the 

r a t i n g  l e v e l s  shown i n  Table 1. Using the  t h r e e - d i g i t  r epo r t ,  es- 

t i m a t i n g  the per iods of the  then e x l s t i n g  b u i l d i n g s  a t  each loca- 

t i o n ,  and us ing an under l i ne  t o  represent damage, the data i n  Table 

2 a re  obtained. The prime mark i s  used as an i n d i c a t i o n  t h a t  b u i l d -  

ings o f  t ha t  pe r iod  c lass  ex i s ted  a t  the  t ime o f  the ground motion. 

No damage occurred a t  r a t i n g s  less  than 3. With the  3  r a t i n g ,  i n  

some cases there  was very  minor o r  s u p e r f i c i a l  damage (or  some 

c la ims were reimbursed), and i n  o ther  cases there  was none. Thus 

a  r a t i n g  o f  3 i s  a t  o r  below a  damage threshold f o r  the  cases con- 



PERIOD-SEC 

FIGURE 7 - ENGINEERING INTENSITY SCALE MATRIX WITH EXAMPLE SPECTRUM 

- 19 - 



TABLE 1 - ENGINEERING INTENSITY RATINGS 

RULISON EVENT - SEPTEMBER 10, 1969 c E 
Y 
m 

a, 
U 
s * m 

s * 
m "7 
? .r 

Motion a t  Component 9 - d i g i t  3 - d i g i t  l - d i g i t  - 
Rulison Radial 455,433,32X 5,3,2 3+ 8.7 

Grand Val ley  Radial 455,332,22X 5 ,3 ,2  3+ 10.6 

Union Carbide Radial 344,322,22X 4,2,2 3- 18.0 

R i f l e ,  Church Transverse 343,322,22X 3,2,2 2+ 20.2 

R i f l e ,  H i l l  Radial 234,332,22X 3,3,2 3- 20.2 

DeBeque #1 Transverse 233,322,ZlX 3,2,1 2 22.8 

DeBeque #2 Transverse 344,332,22X 4,3,2 3 22.8 

S i l t  Transverse 234,322,ZlX 3 ,2 ,1  2 29.8 
I 

Gl enwood Radial 122,221,llX 2,2,1 2- 56.2 
Springs 

* From ~ ~ 0 - 1 1 6 3 - 2 0 6 ( ~ )  



TABLE 2 - DAMAGE ASSOCIATED WITH THREE-DIGIT INTENSITY RATING 

RULISON EVENT - SEPTEMBER 10, 1969 

Intensity 
Location Rating* Remarks 

Rulison - 5: 3, 2 Minor t o  moderate damage 

Grand Valley - 5: 3, 2 Minor t o  moderate damage 

Union Carbide - 4: 2 ,  2 Minor damage 

Rifle,  Church - 3: 2, 2 Minor damage 

Rifle,  Hill - 3: 3,  2 Minor damage 

DeBeque #l - 3 2 ,  1 Mi nor damage 

DeBeque #2  - 4: 3, 2 Minor damage 

S i l t  - 3: 2, 1 Slight  damage 

Glenwood Springs 2: 2: 1 No damage 

* Underlines indicate damage t o  s t ructures  of period classes 
underlined. Prime marks indicate tha t  buildings of period 
classes marked existed a t  the time of the ground motion. 



sidered. For r a t i n g s  o t  4 o r  g rea ter  where b u i l d i n g s  ex i s ted  i n  

the corresponding per iod  category there  was some damage. O f  course, 

where there were no b u i l d i n g s  i n  a  per iod  category, t he re  i s  no ba- 

s i s  f o r  r a t i n g  the damage threshold.  

As seen i n  Table 2, RULISON event damage occurred i n  the per iod  

ranges and a t  the i n t e n s i t y  l e v e l s  t h a t  would have been expected 

us ing  the E l  Scale. 

THE SPECTRAL MATRIX METHOD 

An important cons idera t ion  i n  the  damage i n v e s t i g a t i o n  f o r  the  RULISON 

event was the a p p l i c a t i o n  o f  a  formal ized procedure known as the Spec- 

t r a l  H a t r i x  Method (SMM). SMM has been i n  development and i n  use over 

a  pe r iod  o f  several years and has recen t l y  been re f i ned ,  extended, and 

adapted t o  rap id  computer execut ion(").  The Spectra l  M a t r i x  Method i s  

an o r d e r l y  procedure f o r  the  p r e d i c t i o n  o f  damage, o r  no damage, i n  

s t ruc tu res  subjected t o  ground motion. I t  includes cons idera t ion  o f  

the frequency d i s t r i b u t i o n  o f  ground motion and corresponding s t r u c -  

t u r a l  response based upon the response spectrum technique, the d i s -  

t r i b u t i o n  o f  na tu ra l  f requencies f o r  the  var ious k inds o f  s t ruc tu res  

t o  be subjected t o  ground motion, foundation mater ia ls ,  s t r u c t u r a l  

cond i t ions ,  and cons t ruc t i on  prac t ices  and standards. I t  a l so  con- 

s ide rs  the  p r o b a b i l i s t i c  aspects o f  the problem i n  t h a t  i t  recognizes 

t h a t  there can be a  s i g n i f i c a n t  v a r i a t i o n  o f  both the  ground motion 

(demand) and the s t r u c t u r a l  res is tance (capaci ty) .  The method i s  

s u i t e d  t o  e i t h e r  computer o r  manual processing. Wi th computer a id,  

however, i t  can r e a d i l y  be extended t o  l a rge  areas and a  wide com- 

p l e x i t y  o f  s t r u c t u r e  types. The same per iod  d i v i s i o n  i s  used as 

f o r  the E l  Scale (Figure 7 ) .  

J o i n t  P r o b a b i l i t y  Re la t ionsh ips  

F igure  8 i s  a schematic diagram o f  two sets o f  d i s c r e t e  p r o b a b i l i t y  



FIGURE 8. SCHEMATIC DIAGRAM OF JOINT PROBABILITY 



d i s t r i b u t i o n s  combined i n  a  j o i n t  p r o b a b i l i t y  diagram. Capacity,  

shown a t  the upper l e f t ,  i s  roughly normal i n  d i s t r i b u t i o n  (al though 

d i s c r e t e  values are  shown). Demand a t  the  lower r i g h t  s ide  may be 

roughly lognormal i f  a  continuous func t ion .  The sum o f  each se t  i s  

u n i t y .  For each CAP value there i s  a  p r o b a b i l i t y  o f  combining w i t h  

any DEM value, and v i c e  versa. These combinations o f  p r o b a b i l i t i e s  

a re  ca l l ed  j o i n t  p r o b a b i l i t i e s .  

SMM for RULISON 

For the RULISON event, f a i r l y  l a rge  u n c e r t a i n t i e s  accompanied the 

p red i c t i ons  o f  spec t ra l  response, because the event was the  f i r s t  

i n  t h a t  area. These u n c e r t a i n t i e s  a f f e c t e d  the  SMM p r e d i c t i o n s  

unduly, having the  same e f f e c t  as i f  ground motion would a c t u a l l y  

have a  wide p r o b a b i l i s t i c  d i s t r i b u t i o n  and thus occur a t  abnor- 

ma l l y  h igh  and the re fo re  damaging l e v e l s  a t  a  number o f  loca t ions .  

Th i s  e f f e c t  can be seen by comparison o f  d o l l a r  damage p red i c t i ons  

i n  Table 3. The f i r s t  column shows pred ic ted  damage using log-  

normal d i s t r i b u t i o n  w i t h  l a r g e  v a r i a t i o n s  from the  median ground 

motion p red i c t i ons .  Compare these values w i t h  the  expected values 

f o r  the median p red i c t i ons ,  i n  which a l l  data po in t s  a r e  assumed 

t o  f a l l  d i r e c t l y  on the  median curve. Note a l s o  i n  t h e  t h i r d  c o l -  

umn the comparison w i t h  the damage pred ic ted  us ing  spec t ra l  values 

f o r  the measured ground motion. Th is  t o t a l  i s  l a r g e r  than the 

pre-shot median p r e d i c t i o n  t o t a l  because as i s  seen i n  Table 4 
which presents data on pred ic ted  motion, p r o b a b i l i t y  d i s t r i b u t i o n  

( 8 )  and ac tua l  motion, the  ac tua l  spec t ra l  v e l o c i t i e s  are  genera l l y  

h igher  than pred ic ted .  



TABLE 3 - COYPARISON OF PREDICTED DAMAGE USING THREE 
SETS OF GROUND MOTION WITH IDENTICAL CAPACITY 
VALUES 

PREDICTED AVERAGE DAMAGE -- DOLLARS 

PRE-SHOT 40 KT PRE-SHOT 40 KT POST-SHOT 
UNIT LOGNORMAL S, MEDIAN Sv ACTUAL S, 

RULISON 43,695 5,993 98,933 
8.7 KM 
N6'47' E 

GRAND VALLEY 80,258 
10.6 KM 
N5g043'W 

ANVIL POINTS 40,039 878 943 
13.3 KM 
N10°53'E 

RIFLE 233,592 2,271 2,103 
20.2 Khl 
N45"38' E 

OEBEQUE 
22.8 KM 
S7l0O5'W 

SILT 2,784 22 
29.8 KM 
N57'56' E 

TOTALS 420,885 14,536 169,423 

Note: Ac tua l  payments p l u s  o f f e r e d  c l a i m  se t t l emen t  
cos t s  as of  October 31, 1970 t o t a l e d  about $117,500. 



TABLE 4 ( c o n t ' d l  

PERIOO 
6 4  

PERIOD 
(Set) 

ANVIL POINTS RIFLE 

OEBEQUE 

RECORDED 
SV (cm/sec)  

PREDICTED 

S I L T  

ME01 N S 
( c m ? s e c ~  

PREOICTED 

PREDICTED 

RECORDED Sv ( c m l s e c )  
B 

( d i m e n s i o n -  
l e s s )  

V 
E/ ; :cS 

RECORDED 
Sv ( c m l s e c )  

MEDIAN S, 
( u n / s e c )  

RECORDED 
Sv (cm/sec) PREDICTED 

6 
( d i m e n s i o n -  

1 ~ ~ s )  

6 
( d i m e n s i o n -  

l e s s )  

SCHOOL # 1  MEDIAN Sv 
( c m l s e c )  

UNION 
CARBIDE 

CHURCH 

SCHOOL #2 B 
( d i m e n s i o n -  

l e s s )  

TOP OF 
H I L L  



TABLE 4 
PREDICTED AND OBSERVED Sv VALUES* 

FOR THE RULISON EVENT 

*@. The predicted spectral response is generally in tenns of a median 5, value 
with the standard geometric deviation, B , ,  where i refers to the period. 

- Y 
S,, = Sv, 0, 

PERIOD 
(set) 

in which - 
s,, = the median pseudo spectral response relative to 

the ground; cm/sec. 

sV, = the possible pseudo spectral response relative 
to the ground; cm/sec 

0.05 2.0 3.60 4.8 2.5 3.60 4.8 

8,  = the geometric standard deviation; dimensionless 

RULISON 

y = the standard normal variable having zero mean 
and unit variance ; dimensionless 

GRAND VALLEY 
PREDICTED 

6 
E ! e ; y  /(dimensionless) 

PREOICTEO 
KDl v 6 
(cn$e:) l(dimension1ess) 

RECORDED 
Sv (cm/sec) 

RZCGRDED 
Sv (cm/sec) 



THRESHOLD DETERMINATIONS 

Another too l  used i n  the  S t ruc tu ra l  Response Program b u t  not  re-  

qu i red  fo r  RULiSON i s  a threshold determinat ion procedure which pro-  

v ides a means o f  determining the  p r o b a b i l i t y  o f  the  response o f  a 

p a r t i c u l a r  b u i l d i n g  crossing var ious thresholds o f  i n t e r e s t .  This 

method requires d e t a i l e d  knowledge about each b u i l d i n g  under con- 

s i d e r a t i o n  as w e l l  as the  probable ground motion demands on the  

s t ruc tu re .  I t  has been developed i n  the S t ruc tu ra l  Response Pro- 

gram as an a i d  i n  sa fe ty  considerat ions. While the  threshold de- 

te rminat ion  procedure has been p r i m a r i l y  used f o r  h i g h - r i s e  s t ruc -  

tures,  i t  a lso  can be app l ied  t o  o ther  bu i l d ings  which can be de- 

scr ibed w i t h  the same q u a n t i t a t i v e  methods. 

Some thresholds are more important than others.  For exampie, an 

upper l e v e l  beam i n  a t a l l  b u i l d i n g  overstressed i n  f l e x u r e  i s  much 

less important than a lower s t o r y  column overstressed i n  compres- 

s ion  o r  i n  shear. A f u r t h e r  cons idera t ion  i s  redundancy i n  framing 

w i t h  which a l o c a l  overst ress merely causes the  t ransference o f  

f o r c e  from an i n i t i a l  p o i n t  t o  some o ther  p a r t  o f  the  s t ruc tu re ,  

which p a r t  may o f f e r  g reater  o r  more sustained res is tance.  

THE RESERVE ENERGY TECHNIQUE 

I f  a p a r t i c u l a r  th resho ld  should present an unacceptable p robab i l -  

i t y  o f  being reached, a more d e t a i l e d  ana lys is  may be conducted i n  

the  i n e l a s t i c  range i n  order  t o  v e r i f y  the  r e s u l t s  o r  t o  est imate 

the  consequences o f  the  threshold crossing i n  more d e t a i l .  The 

Reserve hergy2Techn ique ( R E T ) ' ~ )  i s  idea l  f o r  t h i s  i n  t h a t  i t  takes 

i n t o  account energy absorpt ion as we l l  as st rength,  and provides in -  

format ion as t o  the  mode and consequences o f  f a i l u r e  and the  r i s k  

r e s u l t i n g  from same. However, RET was not  requ i red  f o r  RULISON. 

A s t o r y  shear-deformation diagram i s  developed f o r  the  c r i t i c a l  s tory.  , 



This takes into account all of the resisting materials and elements 

and the inelastic as well as elastic range properties of each. Fig- 

ure 9 shows some common types of shear-deformation diagrams. It is 

necessary to know a great deal about a building to plot a reliable 

diagram. 

(a)  Non-Linear, Softening (bl Elasto-plastic 

(c) Bilinear, Softening (dl "Plateau" resistance 





I I I. STRUCTURAL DATA ACQUlSlTlON 

INITIAL STUDIES 

The au tho r i za t i on  t o  begin RULISON s t r u c t u r a l  response s tud ies  was 

g iven l a t e  i n  January 1969, f o r  a  proposed May detonat ion.  

To ob ta in  the broad background o f  spec ia l  s k i l l s  des i rab le  f o r  rec-  

o g n i t i o n  and eva lua t i on  o f  s t r u c t u r a l  response problems, a  team 

approach o f  engineers, engineering geo log is ts ,  and a r c h i t e c t s  was 

establ ished.  The engineers are  s p e c i a l i s t s  i n  earthquake engineer- 

ing  and dynamic response o f  s t ruc tures ;  the  engineering geo log i s t s  

spec ia l i ze  i n  e a r t h  s t ruc tures ,  foundat ion ma te r ia l s ,  and s o i l s  

dynamics; the a r c h i t e c t s  are f a m i l i a r  w i t h  the non-s t ruc tura l  

elements o f  t y p i c a l  b u i l d i n g  cons t ruc t i on  which produce the major- 

i t y  o f  damage claims. None o f  these elements could be omit ted 

from the eva lua t ion  unless some a l t e r n a t i v e  s o l u t i o n  t o  evalua- 

t i n g  o r  p rec lud ing  damage and hazard were provided. 

JAB pre-shot e f f o r t s  began w i t h  a  p lann ing  study o f  r e a d i l y  a v a i l -  

ab le  data on t h e  l o c a t i o n  and nature  o f  the experiment, t o  a r r i v e  

a t  a  p re l im ina ry  p lan  f o r  the s t r u c t u r a l  response program. Using 

i n i t i a l  ERC ground motion pred ic t ions ,  the d is tance from RULISON 

GZ a t  which s t r u c t u r a l  response cou ld  be considered t o  reach dam- 

aging l e v e l s  was est imated. The seismic h i s t o r y  o f  the area was 

reviewed t o  prov ide  est imates o f  the  magnitude o f  peak ground mo- 

t i o n  tha t  occurred i n  the past as a  poss ib le  bas is  f o r  eva lua t ing  

damage threshold values f o r  s t ruc tu res  pre-dat ing  a  p a r t i c u l a r  

earthquake. Studies of t h i s  nature are  e s p e c i a l l y  use fu l  f o r  pre-  

l i m i n a r y  eva lua t i on  o f  s t a b i l i t y  o f  e a r t h  s t ruc tu res ,  a l s o  preva l -  

en t  i n  the RULISON area. 

A reconnaissance survey was conducted t o  more accura te ly  determine 

the scope o f  the work and develop in fo rmat ion  f o r  a  p re l im ina ry  



repo r t .  In fo rmat ion  was obta ined o r  est imated on s t r u c t u r e  num- 

bers, types, ages, cond i t ions ,  eva lua t ions ,  and foundat ion mate- 

r i a l  in f luences.  Unusual ly hazardous cond i t i ons  were a l s o  noted. 

Sources o f  in fo rmat ion  were contacted f o r  p lans o f  important s t ruc -  

tu res ,  l oca l  b u i l d i n g  costs,  seismic h i s t o r y ,  d i s t r i b u t i o n  o f  c lose-  

i n  u t i l i t i e s ,  and s i m i l a r  data. P o t e n t i a l l y  hazardous b u i l d i n g s  

and specia l  s t ruc tu res  such as e a r t h  dams, steep slopes i n  devel-  

oped areas, and t a i l i n g s  ponds poss ib ly  r e q u i r i n g  spec ia l  ana lys i s  

were i d e n t i f i e d .  Photographic coverage was w ide ly  used and the  

best  a v a i l a b l e  maps were u t i l i z e d .  Reasonably thorough coverage 

was conducted c lose- in ,  but  somewhat l ess  coverage a t  g rea ter  d i s -  

tances from GZ.  Ae r ia l  reconnaissance was a l s o  u t i l i z e d .  Because 

i t  was essen t i a l  dur ing  t h i s  phase t o  recognize p o t e n t i a l l y  ser ious  

s t r u c t u r a l  hazards, a  h igh  l e v e l  o f  p e r t i n e n t  p ro fess iona l  exper- 

ience and mental a le r tness  was demanded o f  the  reconnaissance 

teams. 

I n  t h i s  phase o f  the survey i t  was necessary t o  determine the range t o  

which a l l  s t ruc tu res  should be inventor ied .  Th is  was selected on the 

bas is  o f  i n i t i a l  ground motion p red i c t i ons  and expected minor t o  m d e r -  

a te  damage, t o  be about 25 ki lometers,  al though s l i g h t  t o  minor damage 

was expected t o  occur  o u t  t o  about 35 k i lometers .  I t  should be noted t h a t  

i s o l a t e d  i n d i v i d u a l  s t ruc tu res  o r  groups o f  s t ruc tu res  were assigned num- 

bers by l oca t i on ,  ra ther  than by s t ruc ture .  For example, a  ranch w i t h  out-  

b u i l d i n g s  was considered as one l oca t i on .  Towns were a l so  i nven to r i ed  as 

s i n g l e  loca t ions .  

Cost i s  a  f a c t o r  i n  conduct ing such surveys and the  expected cos t  cannot 

exceed the  gain, w i t h  ga in  measured i n  terms o f  poss ib le  c l a i m  overpay- 

ment w i t h  absence o f  adequate data t o  r e f u t e  unfounded claims. Safety 

o f  persons i s  an o v e r r i d i n g  considerat ion,  however, and cos t  does no t  

en te r  as a  f a c t o r  i n  such cases except perhaps as the  means o f  ensur ing 

sa fe ty .  

V i s i t s  were made t o  a l l  Federal, State, County, and C i t y  agencies 

having needed data, and t o  many i n d u s t r i a l  and commercial i n s t i -  

t u t i o n s  w i t h  data o r  i n t e r e s t s  i n  the area. Contacts were made 

w i t h  the U.S. Bureau o f  Reclamation, the U.S. Geological Survev, 



the O f f i c e  o f  the Sta te  Engineer, County and C i t y  o f f i c e s ,  Chamber 

o f  Commerce, the u n i v e r s i t y  o f  Colorado and the  Colorado Schooi o f  

Mines, and many o ther  p u b l i c  and p r i v a t e  organ iza t ions .  

Foundation ma te r ia l  i nves t i ga t i ons  were a l s o  conducted because the  

s t a t i c  and dynamic p rope r t i es  o f  these m a t e r i a l s  can be o f  g rea t  

importance i n  determining the  ex ten t  o f  damage t o  a  s t r u c t u r e  ex- 

posed t o  seismic motion. 

I n  view o f  the expected major i n s t a b i l i t y  o f  e a r t h  and rock slopes 

i n  the RULISON area dur ing  the  sp r ing  thaw and wet weather, a  con- 

s ide rab le  e f f o r t  was expended i n  eva lua t ing  p o t e n t i a l  i n s t a b i l i t y  

o f  a l l  s lopes near h a b i t a t i o n  o r  t r a n s p o r t a t i o n  routes.  Reservoirs 

and dams were a l s o  inves t iga ted  a t  considerable length  because o f  

expected h igh  water l eve l s  a t  shot t ime. 

The eva lua t ions  made led  t o  our e a r l y  recommendat ion re arch 1969) 

t h a t  cons idera t ion  be g iven to  de lay ing  the  event t o  a  per iod  l a t e  

i n  the  summer, when slopes would be d r i e r  and more stable,  and when 

I r ese rvo i r  water l e v e l s  would be low. The event was subsequently 

delayed (not necessar i l y  f o r  these reasons) and, as expected, slopes 

were obviously  s t a b l e  s ince on l y  minor r o c k f a l l s  and slope f a i l u r e s  

occurred and there  was no damage t o  rese rvo i r s  o r  dams. 

INVESTIGATIOk AND ANALYSIS PROCEDURES 

The data obta ined were analyzed t o  p rov ide  the basis  f o r  a  p re l im-  

i na ry  hazards eva lua t ion .  For t h i s  p r e l i m i n a r y  i nves t i ga t i on ,  the  

damage cos t  est imates encompassed a  r e l a t i v e l y  broad range and 

spec ia l  problem s t ruc tu res  were genera l l y  de f ined ra ther  than spe- 

c i f i c a l l y  evaluated. 

A more d e t a i l e d  d e s c r i p t i o n  o f  the scope o f  work and i n i t i a l  rec-  

ommendations on sa fe ty  precaut ions were inc luded i n  pre-shot re -  

po r t s .  The major tasks f o r  pre-shot r e p o r t i n g  included s t r u c t u r e  

inventory;  c o n d i t i o n  surveys; ana lys is  o f  da ta  t o  p r e d i c t  s t r u c -  

t u r a l  response; i d e n t i f i c a t i o n  o f  hazards and development o f  appro- 



p r i a t e  sa fe ty  recornnendations; and damage p red i c t i ons .  Recmmen- 

dat ions f o r  s t r u c t u r a l  m o d i f i c a t i o n  o r  bracing, and f o r  instrument 

loca t ions  were developed concurrent ly .  I n i t i a l  pre-shot repo r t  

d r a f t s  were submitted on schedule i n  mid-March, 1969. I d e a l l y ,  

t he re  would have been a continuous i n t e r p r e t a t i o n  o f  a l l  data as 

i t  was developed and a concurrent review by the AEC. I n  view o f  

the  t i g h t  t ime schedule, however, the  e f f o r t  was p r i m a r i l y  d i r e c t e d  

toward an o r d e r l y  p resenta t ion  i n  the  pre-shot repor t ,  and was sup- 

plemented by l e t t e r  repo r t s  before and a f t e r  the r e p o r t  date as re- 

s u l t s  were developed o r  previous r e s u l t s  modi f ied.  

The s t r u c t u r e  inventory  was conducted t o  compile p e r t i n e n t  data on 

a l l  s t ruc tu res  o f  i n t e r e s t .  The l o c a t i o n  and s u f f i c i e n t  informa- 

t i o n  t o  c l a s s i f y  the s t ruc tu res  f o r  SUM processing was adequate 

f o r  most bu i l d ings .  Photographic coverage was c a r r i e d  ou t  t o  an 

ex ten t  which would a l l o w  supplementary in fo rmat ion  t o  be obta ined 

from the photos w i thou t  spec ia l  f i e l d  v i s i t s .  Assessor data was 

used f o r  es t imat ing  the  present va lue o f  bu i l d ings .  The c o n d i t i o n  

surveys were r e s t r i c t e d  t o  selected bu i l d ings .  These b u i l d i n g s  I 

were g iven a thorough i n i t i a l  survey t o  document t h e i r  e x i s t i n g  

cond i t i on .  Photographic coverage was the  pr imary method o f  docu- 

menting RULISON examples o f  e x i s t i n g  cracks and general cond i t ion .  

Repeat surveys were conducted p r i o r  t o  the  de tonat ion  t o  de tec t  

progressive d e t e r i o r a t i o n ,  i f  poss ib le .  Passive gages and wax 

seals across e x i s t i n g  cracks were u t i l i z e d  where app l i cab le  t o  

a i d  i n  documenting b u i l d i n g  motions and minor d i s t r e s s  no t  con- 

nected w i t h  the RULISON p r o j e c t .  I f  s e l e c t i o n  o f  b u i l d i n g s  f o r  

c o n d i t i o n  surveys was i dea l ,  each post-shot c la im  f o r  damages 

would be located i n  c lose  p rox im i t y  t o  a s i m i l a r  b u i l d i n g  which 

had been condi t ion-surveyed and which was c l o s e  t o  a ground motion 

record ing instrument.  The condit ion-surveyed b u i l d i n g s  have pro- 

ven t o  be very usefu l  f o r  e s t a b l i s h i n g  the  v a l i d i t y  o f  damage com- 

p l a i n t s  and have been h e l p f u l  i n  d e f i n i n g  ground motion c r i t e r i a .  

I n  cases where ana lys i s  ind ica ted  a h igh  p r o b a b i l i t y  o f  damage 

f o r  a s t ruc tu re ,  the s t r u c t u r e  was examined t o  determine i f  modi- 

f i c a t i o n s  o r  temporary brac ing  were economical o r  a f fo rded  means 

t o  e l i m i n a t e  a p o t e n t i a l  hazard. 

- 34 - 



I nves t i ga t i on  of spec ia l  problem s t ruc tu res  does no t  f o l l o w  a  se t  

pa t te rn .  Usua l ly  a  review o f  a  s t r u c t u r e ' s  design basis  was ap- 

p r o p r i a t e  and a  dynamic ana lys is  performed. The requ i red  ex ten t  

o f  the analyses was determined as the i n v e s t i g a t i o n  proceeded. 

Approximate methods were usua l l y  s u f f i c i e n t .  

As noted, the condit ion-surveyed b u i l d i n g s  were again checked 

s h o r t l y  be fore  the event, and detec tab le  changes were documented. 

Shor t l y  a f t e r  the  event the c o n d i t i o n  surveys were repeated. (Fig- 

ures 10 and 1 1  show a  RULlSON area chimney before  and a f t e r  damage). 

Absence o f  de tec tab le  damage was documented as w e l l  as de tec tab le  

damage. 

During the event JAB personnel were s ta t i oned  a t  twelve loca t ions  

where damage was considered probable o r  where s t r u c t u r e  response 

was o f  p a r t i c u l a r  i n t e r e s t .  Any detected damage was immediately 

documented. 

STRUCTURE INVENTORIES 

I n i t i a l  p lanning es tab l ished the need f o r  a  b u i l d i n g  inventory 

t o  evaluate s t r u c t u r a l  c h a r a c t e r i s t i c s  and determine poss ib le  ha- 

zards t o  s t ruc tu res  and persons. Engineers p lann ing  the  inven- 

t o r i e s  reviewed in fo rmat ion  and photographs from the  reconnaissance 

survey t o  become f a m i l i a r  w i t h  the geography o f  the area as w e l l  

as the types o f  s t ruc tu res ,  d i s t r i b u t i o n ,  and p o t e n t i a l  hazards. 

The reconnaissance in format ion was usefu l  i n  developing a  proper 

scope o f  work as a  bas is  f o r  e f f i c i e n t  conduct o f  the  s t r u c t u r e  

inventor ies .  

Ea r l y  i n  the pre-event stage, a  f i e l d  o f f i c e  was es tab l ished near 

the inventory area, determined from ground mot ion p red i c t i ons  and 

spectra t o  be an area ou t  t o  25 k i lometers  f rom GZ where damage 

could occur. Outside the  25-ki lometer rad ius ,  s t ruc tu res  were 

noted tha t  cou ld  be vu lnerab le  t o  long-per iod mot ion o r  other  e f -  

f e c t s ,  o u t  t o  a  d is tance o f  about 100 k i lometers .  



F I G U R E  10.  P E E - S H O T  C H I M N E Y  C O N D I T I O N .  

F I G U R E  11 . P O S T - S H O T  C I I I M N E Y  C O l i D I T I O t I .  



Two f a c t o r s  had considerable in f luence on how the  s t r u c t u r e  i n -  

ventor ies  f o r  P ro jec t  RULISON were conducted: unfavorable weather 

and popu la t ion  dens i ty .  The bu l k  o f  the inventory f i e l d  work was 

conducted dur ing  the  w in te r  months o f  February and March. Access 

t o  some areas was g r e a t l y  l i m i t e d  by snow, and i n  some cases even 

four-wheel-dr ive veh ic les  were not  e f f e c t i v e .  H igh -a l t i t ude  loca- 

t i o n s  were near ly  impossible t o  reach, even when using snowmobiles. 

Some loca t i ons  were obscured by many f e e t  o f  snow. Frequent b l i z -  

zard cond i t ions  made i t  d i f f i c u l t  t o  take photographs. Ae r ia l  

f l i g h t s  w i t h  l i g h t  planes and h e l i c o p t e r s  were made l a t e r  i n  the  

study per iod  t o  view a l l  areas and t o  ensure t h a t  inventory cover- 

age was complete. 

P ro jec t  RULISON, u n l i k e  o ther  o f f - s i t e  events, has a  considerable 

popu la t ion  dens i ty  i n  p rox im i t y  t o  ground zero. Other o f f - s i t e  

areas may have had one o r  two dozen l oca t i ons  w i t h i n  a  few k i l o -  

meters o f  ground zero; RULISON had several hundred. Because o f  

the s t r u c t u r e  dens i t y  w i t h i n  the p o t e n t i a l  damage range, a  g reater  

number o f  d e t a i l e d  inventor ies  was conducted than f o r  p r i o r  o f f -  

s i t e  events. These d e t a i l e d  inventor ies  a r e  comprehensive and can 

r e a d i l y  be adapted f o r  computer processing. The inventory proper 

i s  a  huge volume o f  data on RULISON s t ruc tu res ,  compiled and made 

a v a i l a b l e  t o  RULISON p a r t i c i p a t i n g  agencies f o r  p lann ing  purposes. 

Appendix A i s  the index f o r  the  inventory,  which demonstrates t h e  

l a rge  number o f  s t ruc tu res  a c t u a l l y  described i n  d e t a i l  as p a r t  o f  

the s t r u c t y r a l  response program. This index does no t  inc lude those 

separate inventor ies  made fo r  the  s t ruc tu res  i n  the towns proper.  

S t ruc tu re  inventory teams used topographic maps, county maps, c i t y  

maps, and a e r i a l  photographs as general guides t o  the study area. 

From these sources, a  la rge-sca le  map d e l i n e a t i n g  the s t r u c t u r e  

l oca t i ons  i n  r e l a t i o n  t o  ground zero was compiled. Routes o f  t r a -  

v e l  were a l s o  mapped as a  check on ground coverage. 

No h i g h - r i s e  b u i l d i n g s  were encountered (10 s t o r i e s ,  100 f e e t  



o r  more). Only a few intermediate s t ruc tu res  were i nven to r i ed  ' 

(3 t o  10 s to r i es ,  30 t o  100 f e e t ) .  Most o f  the i nven to r i ed  s t r u c -  

tu res  were low- r ise  (under 3 s t o r i e s ,  o r  30 f e e t ) .  Also inven- 

t o r i e d  were towns, ranches, r e f i n e r i e s ,  stacks, an o re  process- 

i ng  p lan t ,  br idges, overpasses, t r e s t l e s ,  dams and reservo i rs ,  

ground-based and e levated tanks f o r  l i q u i d s ,  s i l o s ,  water supply 

and sewage treatment f a c i l i t i e s ,  power generat ion f a c i l i t i e s ,  ca- 

nals ,  microwave and o the r  communication f a c i l i t i e s , ' h i g h w a y  and 

r a i l r o a d  cuts,  p ipe l i nes  and penstocks, tunnels, t a i l i n g  ponds, 

gas we l l s ,  schools, hosp i ta l s ,  government s t ruc tu res ,  churches, 

substat ions and power1 ines, lakes, and s t ruc tu re?  present ing ha- 

zards o r  unusual importance, such as the Colorado Nat ional  Monument. 

Figures 12, 13, and 14 show storage tanks and a s i l o  t y p i c a l  o f  the 

RULISON area. 

The inventory  approach va r ied  according t o  the  type o f  s t r u c t u r e  

because data concerning a dam o r  rese rvo i r ,  f o r  example, would 

d i f f e r  from in fo rmat ion  c o l l e c t e d  f o r  a residence o r  two-story 

commercial bu i l d ing ,  al though some basic  types o f  in fo rmat ion  were 

common t o  each inventory l oca t i on .  Common in fo rmat ion  included l o -  

c a t i o n  number; l o c a t i o n  name and owners; l a t i t u d e  and long i tude;  

s t a t e  and county; township, range, and sect ion;  base l ine  and meri-  

d ian;  e leva t ion ;  date; names o f  observers; foundat ion c l a s s i f i c a -  

t i o n ;  records o f  photographs; and general desc r ip t i ons  o f  observa- 

t ions. 

Add i t i ona l  in fo rmat ion  p e r t i n e n t  t o  p re l im ina ry  s t r u c t u r a l  evalua- 

t i o n s  i nc lud ing  b u i l d i n g  dimensions, frame type, e x t e r i o r  and i n -  

t e r i o r  wa l l  f i n i s h e s ,  f l o o r  ma te r i a l s  and cons t ruc t ion ,  r o o f  geo- 

metry and ma te r ia l s ,  chimney desc r ip t i on ,  percent o f  f enes t ra t i on ,  

cons t ruc t i on  cos ts  o r  est imated replacement costs,  and b u i l d i n g  

classes. Table 5 def ines b u i l d i n g  classes f o r  s t r u c t u r e  invento- 

r i e s .  A sample inventory  sheet f o r  a ranch n o r t h  o f  ground 

zero i s  shown i n  F igure  15 t o  i l l u s t r a t e  the na ture  o f  the  s t r u c -  

t u r a l  inventory.  Inventor ies  f o r  dams, rese rvo i r s ,  and lakes -- 
whether na tu ra l  o r  man-made -- contained bas ic  in fo rmat ion  as w e l l  

as bathymetr ic ,  dam, and s p i l l w a y  data. 



FIGURE 1 2 .  A WELDED STEEL PLATE FIGURE 1 4 .  A FODDER S I L O  CON- 
DOMESTIC WATER TANK I N  GRAND STRUCTED OF CONCRETE SLABS. THE 
VALLEY. 24 -FT  D I A ,  30 FT HIGH. INTERIOR I S  PLASTERED. 1 2 - F T  

D I A ,  4 0  FT HIGH. 

FIGURE 1 3 .  WELDED AND RIVETED ROLLED 
STEEL TANKS. 10 -FT  D I A ,  3 6  FT LONG. 



TABLE 5. BUILDING CLASS CRITERIA 

B u i l d i n g  classes f o r  P r o j e c t  RULISON, i nd ica ted  near the  bottom 

o f  each s t r u c t u r e  inventory  sheet, were assigned on the  bas is  of 

the  f o l l o w i n g  data:  

Building Class 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Construction Building 
Type Period Limits 

Adobe 0.05 - 0.15 
Adobe 0.15 - 0.20 
Brick & Stone 0.05 - 0.15 
Brick & Stone 0.15 - 0.20 
Wood Frame 0.05 - 0.15 
Wood Frame 0.15 - 0.20 

3-5 Story Commercial 0.20 - 0.40 

6-8 Story Comercial 0.30 - 0.50 
6-8 Story Commercial 0.50 - 0.80 
6-8 Story Commercial 0.80 - 1.00 

Note: In assigning a  b u i l d i n g  c lass,  the b u i l d i n g  pe r iod  l i m i t s  

govern whether o r  no t  the s ta ted  cons t ruc t i on  type i s  ap- 

p l i c a b l e .  For instance, a  wood frame barn w i t h  a  pe r iod  

o f  0.30 t o  0.50 seconds would be assigned t o  c lass  8. 
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lnventories performed for long-period structures such as tanks, 

bridges, trestles, and overpasses included information on the 

type of construction, capacity, and dimensions. The inventory 

for the Grand Val ley Bridge near Highway 6/24 is shown Figure 16; 

Figure 17 shows the bridge. lnventories for towns included total 

numbers of structures estimated for the area and classified by 

numbers of residential, commercial, and institutional buildings. 

For these building counts, materials utilized in construction 

were listed. Descriptions were given for typical structures of 

the area. 

Existing damage for the area was described generally, with pat- 

terns of damage noted in some cases. Figures 18, 19, 20, and 21 

illustrate damage noted during the inventory phase. 

The inventory of hydraulic structures in the area was initiated 

with systematic examination of maps. Included were both privately 

and publicly owned dams, reservoirs, lakes, and ponds which pro- 

vide water storage, control, and regulation of water flow. Proj- 

ects operated by the U.S. Bureau of Reclamation were described in 

detail, and storage and diversion dams in the Colorado River Basin 

were listed in tabular form. Over 230 hydraulic features were in- 

ventoried in this manner. If this map research revealed a prob- 

lem or potential hazard, field inventories were made in greater 

detail. The hydraulic structure inventory for the Harvey Gap Dam 

is shown in Figure 22 to illustrate the nature of the information 

acquired in this aspect of the study program. 

The time required to perform a structure inventory depended on 

the location and kind of inventory desired. A location such a 

a ranch usually involved 15 to 20 minutes of actual field inves- 
tigation. When possible, especially when the locations were in 

close proximity to ground zero, the tenants were told of the kind 

of data to be collected. When private property was involved per- 

mission was always requested before an inventory was begun. 



JOIHN A. BLUME & ASSOCIATES RESEARCH DIVISION 

612 HOWARD STREET SAN FRANCISCO 

~ r i d c j e ,  T r e s t . O v e r p a s s ,  e t c . .  

Location No. ' S-129 C Latitude 39" 27' ' N .  Longitude 108" 02' W 
Location Name - Grand Val ley Bridge 

Owners -- G a r f i e l d  County 

Sta te  - Colorado County G a r f i e l d  T. 7s R.= S. 7 

Baseline & Meridian 6 t h  

Date 3/2/69 -- Observers C.  Kensler and F. S te je r  

Type of Structure Steel b r idge 

Type of Construction Two, Simple span t russ  

Capad ty Approximately 10 tons -- 
Length Approximately 420 ' -- 
Width Approximately 1 8 1 ~  

Hei y h t  Approximately 12' .above r i v e r ;  b r idge 30': 

Contractor 

Year Guilt  Ear ly  1900's 

Foundation Class i f icat ion 
. . . . . . . .  . . 

~~ ~ 

Photographs Yes Roll 28-69 Negatives #27 t h r u  #32 

Description Bridge across the Colorado River.  The south sec t i on  i s  180' long 

and the  nor th  240'. On the east s ide  there  i s  an 8" f langed s tee l  water p ipe  

c a r r i e d  a t  road . leve l .  A l s o , a t  road l e v e l  a  3" gas p ipe  on the  west side. - - - 
These pipes are t i e d  t o  the.br idgebeams. ' .The bu t t ress - re ta in ing  - w a l l  on each 

end i s  concrete w i t h  a  concrete p i e r  l i n k i n g  the two sect ions.  The no r th  

bu t t ress  has a  la rge crack. On the  south end there  i s  . --- cut  stone - showing which. 

probably ind ica tes  the o r i g i n a l  bu t t ress  o r  r e t a i n  wal I. The road bed g ives - -.-- 
under .. a  c a r ' s  weight.  The b r i d g e i s  i n  f a i r  cond i t ion .  

. . . --- .. . ~ 

FIGURE 16 Location No. G-122 c 
. . - - . -- 



FIGURE 17. GRAND VALLEY BRIDGE, APPROX- 

TYPE-OF CONSTRUCTION IS TYPICAL FOR BRIDGES 
I W THE STUDY AREA. 



FIGURE 19. TYPICAL CRACKING 
AND SPALLING OF STUCCO OVER 
MORTARED STONE WALL. 



FIGURE 2 0 .  STAIRSTEP CRACK- 
I N G  OF MORTARED J O I N T S  I N  
CINDER BLOCK NALLS. 

FIGURE 21. STAIRSTEP CRACKING OF MORTARED 
J O I N T S  IN BRICK WALL. 



INVENTORY OF NATURAL AND MAN-MADE LAKES - - - - - -- 

G-0 10 , 0" 
Locat ion  No. L a t i t u d e  39°36 3 N. Longitude 107"38'30" W. 

~~~~~i~~ Name Harvey Gap Dam and Grass Va l ley  Reservoir  

Owners Farmers l r r  i g a t i o n  Company (operators) 

S ta te  County G a r f i e l d  T. 5s R. 92W S. 1 3 & 2 4  

Basel ine & Mer id ian 6 t h  Quad: S i l t  Series: 7%' Y r :  1962 

Date 2/12/69 Observers C .  Kensler & F. S t e j e r  

Bathemetr ic Data 

Water Surface Area Estimated 210 acres 

Water Depth 30+ Maxi mum - Average - 
Width - Maxi mum 2500' Average 1500' 

Length (S t ra igh t  ~ i n e )  1 . 1  mi les 

Volume 5,000 acre- fee t  

Water Surface Planform I r r e g u l a r  - crude ly  rec tangu lar  

Use l r r i g a t i o n  and rec rea t i on  ( i r r i g a t i o n  f o r  Harvey Mesa) 

Dam Data 

Type Ear th f  i 1 1  

Length a t  Crest 700' + - 
Spi l lway Yes Type See descr.  Capacity - Length 201+ - 
Elevat ion  - Crest 6410 '   pi 1 lway 6400' ~ a s e  . 6350 '2  

Width a t  Crest 20'+ Width a t  Base 
- - 

Foundation C l a s s i f i c a t i o n  aa verde - I n  bedded sandstone and shale d ~ p p ~ a g _  . . 
52" splLtb-~imated 60'  

Photographs ves Rol l - Negatives #16. #18. # I 9  and #20 

Desc r ip t i on  Harvey Gap Dam was o r i g i n a l l y  constructed about 1881 and f a i l e d  

about 1895. I n  1909 the dam was r e b u i l t ,  and i n  1921 i t  was r e h a b i l i t a t e d  and 

ra i sed  t o  a he igh t  o f  60 ' .  F a i l u r e  would invo lve  poss ib le  loss  o f  l i f e  and p rope r t y  

i n  the v i c i n i t y  o f  S i l t .  There i s  an o l d  l ands l i de  downstream on the l e f t  abutment, 

which has been excavated a t  the base and now appears s tab le .  There i s  an o l d  land- 

s l i d e  upslope and eas t  o f  the rese rvo i r .  The sp i l lway  may no t  stand much o f  a f low.  - 
The - . s p i l l w a y  -- - . - - - type - i s  s ide  channel. See FRC photos:3/6/69 Ro l l  #69-3-2 Neg.#3-19. -- - -- - . - . --.. 

FIGURE 22 

- 47 - Locat ion  No, f i-nin 



In fo rmat ion  from the tenant t h a t  was p e r t i n e n t  t o  the inventory,  

such as c i s t e r n  loca t ion ,  age o f  t h e  s t ruc tures ,  etc., was rec- 

orded. One o f  t h e  inventory  team members recorded s t r u c t u r e  i n -  

formation wh i l e  the  o the r  member took photographs and made a  s o i l s  

foundat ion-s t ruc ture  i nves t i ga t i on .  Both team members discussed 

and noted, f o r  l a t e r  eva lua t ion ,  any obvious hazards. These k inds  

o f  d e t a i l e d  s t r u c t u r e  inventor ies  were conducted ou t  t o  a  radius 

o f  25 k i lometers  from ground zero. Approximately 450 d e t a i  led  s t ruc -  

t u r e  inventor ies  were performed. 

Beyond the 25-ki lometer rad ius  i nven to r i es  were performed d i f f e r -  

e n t l y  than the d e t a i l e d  inventor ies .  These general i nven to r i es  

were made over areas whose boundaries were u s u a l l y  de f ined by 

geomorphic features;  t ha t  i s ,  area l i m i t s  were de f ined by dominant 

v a l l e y s ,  mesas, r idges,  o r  stream ter races  and the l i k e .  These 

general area inventor ies  included the  number o f  s t ruc tu res ,  k i n d  

o f  cons t ruc t ion ,  t o t a l  value, cond i t i on ,  s t r u c t u r e  r i s k s ,  and pho- 

tography. To perform t h i s  k i n d  o f  general inventory about 15 

minutes o f  f i e l d  t ime was used f o r  each l o c a t i o n  inventor ied .  Ap- 

p rox imate ly  385 loca t ions  were i nven to r i ed  us ing the general i n -  

ventory method. 

F i ve  towns were inventor ied  f o r  P r o j e c t  RULISON. The methods, des- 

c r i bed  elsewhere, were found t o  be e f f i c i e n t  and adequate f o r  the  

inventory.  Each o f  the towns requ i red  va r ied  amounts o f  inventory  

t ime dependent on the dens i t y  o f  the  s t ruc tu res .  

To o b t a i n  a  b u i l d i n g  count, the s t r e e t s  were t r a v e l l e d  by v e h i c l e  

and a  tabu la t i on  made f o r  var ious s t ruc tu res .  

The town o f  Grand Va l ley  i s  located about 10 k i lometers  northwest o f  

ground zero. O f  these s t r u c t u r e s  105 were counted as r e s i d e n t i a l ,  

34  as commercial, and 7 as i n s t i t u t i o n a l .  This  count o f  146 s t r u c -  

t u res  included unused b u i l d i n g s .  The remainder o f  the Grand Va l l ey  



structures were classified as outbuildings. Obtaining and record- 

ing this information involved about one man-day of effort. 

Rifle, located approximately 20 kilometers northeast of ground zero, 

was the largest town inventoried in the study area. Residential 

structures were counted at 631, commercial at 104, and institutional 

at 24. The total count of these structures was 759, with remaining 

structures in Rifle primarily classified as outbuildings. To accom- 

plish and record this structure count required about 2 man-days. 

The town of Silt is located about 30 kilometers northeast of ground 

zero. Residential structures number 140, commercial 48, and insti- 

tutional 6, for a total of 194 structures. Remaining structures 

were primarily outbuildings. One man-day was required for the count,_ - 

and recording. 
. 

OeBeque is located approximately 23 kilometers southwest of ground 

zero. The count on residential structures was 77, on commercial 14, 
and on institutional 11, for a total of 102 structures. The reqain- 

ing structures were generally outbuildings. Like Grand Valley and 

Silt, the inventory count and recording for DeBeque took about one 

man-day. 

Collbran is about 19 kilometers south of ground zero. Collbran has 

91 residences, 27 commercial, and 9 institutional buildings, for a 
total of 127 inventoried structures, not including outbuildings. 

The inventory count and recording took approximately one man-day. 

Information collected about the structures was reviewed by the in- 

ventory teams during field office time. Proper photographs were 

associated with the text and a review made of each location for 

hazards. If a location warranted additional study or perhaps reme- 

dial work, it was recorded as a recommendation for a condition sur- 

vey or special investigation. These daily inventories were ime- 



d i a t e l y  forwarded t o  the JAB o f f i c e  f o r  processing, o f f i c e  studies,  

and repo r t  preparat ion.  F igure  23 shows an example o f  a l o c a t i o n  

where remedial work was suggested. 

Maps and a e r i a l  photographs were s tud ied  f o r  routes o f  t r a v e l  and 

area coverage. The inventory teams exchanged in fo rmat ion  and d i s -  

cussed inventory  coverage and the next day 's  i t i n e r a r i e s .  Areas 

t h a t  could not  be covered on the ground were designated on a mas- 

t e r  map so t h a t  an a e r i a l  inventory cou ld  be performed e f f i c i e n t l y  

a t  a l a t e r  date. 

In fo rmat ion  exchange a l s o  took p lace w i t h  o the r  o rgan iza t ions  and 

agencies involved i n  the e a r l y  phases o f  f i e l d  work. Through these 

conversat ions and exchanges the  inventory  teams gained a d d i t i o n a l  

in fo rmat ion  on such top i cs  as l oca t i ons  o f  c i s t e r n s ,  p i p e l i n e s  and 

canals, r o c k f a l l  s l i d e  areas, remote s t ruc tu res ,  impassable roads, 

communication i n s t a l l a t i o n s ,  e t c .  

Three a e r i a l  inventory  t r i p s  were taken o f  the  study area. These 

f l  igh ts ,  genera l l y  o f  about one hour 's  dura t ion ,  were taken o f  pre-  

determined areas; u s u a l l y  areas impossible t o  cover on the  ground. 

One o f  these f l i g h t s  was by h e l i c o p t e r .  Although much more expen- 

s i v e  t o  r e n t  than f ixed-wing a i r c r a f t ,  the h e l i c o p t e r  permi t ted  

landing and i n v e s t i g a t i o n  a t  remote s t ruc tures ,  such as Batt lement 

Reservoirs.  Also, the  h e l i c o p t e r  o f f e r e d  c lose r  ground observa- 

t i o n s  and shor te r  routes through canyons, w i t h  the  r e s u l t  t h a t  t h e  

area was covered eas ier  and f a s t e r .  



FIGURE 23. PRE-SHOT REMEDIAL WORK WAS 
RECOMMENDED FOR T H I S  INADEQUATE B U I L D I N G  
FOUNDATION CONDITION. 



CONDITION SURVEYS 

Condit ion surveys prov ide  informat ion and documentation o f  

the e x i s t i n g  cond i t i on  o f  selected s t ruc tures .  These s t ruc -  

tures were selected f o r  d e t a i l e d  i nves t iga t i ons  because of  

proximi ty ,  type, importance o f  the  s t ruc tu re ,  p o t e n t i a l  

s t r u c t u r a l  r i s k ,  rea l  value, o r  as a  representat ive o f  a  

number o f  s t ruc tu res  having low seismic res is tance.  I n  

a d d i t i o n  t o  recording ac tua l  s t r u c t u r e  cond i t ion ,  the  sur-  

veys included descr ip t ions  o f  the  type o f  cons t ruc t i on  

mater ia ls  and the  const ruc t ion  p r a c t i c e  u t i l i z e d .  Ex i s t -  

ing damage, such as cracks induced by aging, temperature 

expansion and cont rac t ion ,  sett lement, o r  water, were 

documented by w r i t t e n  observat ions, sketches and/or photo- 

graphs. From t h i s  documentation, repor ts  f o r  i n t e r n a l  use 

were prepared f o r  each locat ion .  Concurrent w i t h  the  s t ruc -  

t u r e  survey, an eva luat ion  o f  the  s o i l s  foundat ion ma te r ia l s  

was made t o  p r e d i c t  a m p l i f i c a t i o n  e f fec ts ,  o r  t o  i d e n t i f y  

any hazards from foundat ion ma te r ia l  f a i l u r e s ,  slope f a i l u r e s ,  

o r  s i m i l a r  ea r th -s t ruc tu re  hazards. Condi t ion surveys were 

found t o  be e s p e c i a l l y  va luab le  f o r  es tab l i sh ing  the  v a l i d i t y  

o f  post-shot damage complaints. 

Two teams were involved i n  conducting cond i t i on  surveys o f  

selected s t ruc tu res  f o r  P ro jec t  RULISON. Each team was com- 

posed o f  two members whose r e s p o n s i b i l i t y  was t o  i nves t i ga te  

s t ruc tu res  and the  so i ls - foundat ion  condi t ions.  These teams, 

l i k e  the s t r u c t u r e  inventory teams, operated from the f i e l d  

o f f i c e  establ ished near the  survey area. 

Condit ion surveys were conducted a t  the f o l l o w i n g  s t r u c t u r e  

locat ions :  



Approximate 
u is tance 

from 
S t ruc tu re  Locat ions GZ, km 

Forshee Ranch 8 

La Court Motor Lodge, Grand Junct ion  64 

Hoaglund Ranch 8 
Trahern Ranch 10 

DeBeque School 23 

Zed i ker  Res idence 10 

DeBeque Br idge 

Grand Va l l ey  Post O f f i c e  

Arnet te  Ranch 

S a t t e r s f  i e l d  Ranch 

Grand Va l l ey  School 

Wambolt Residence 

Abandoned House 

Smith Ranch 

Battlement School 

Grand Val l e y  Water Tank 

Richardson Ranch House 

B. L. Smith Ranch 

B a r r i c k  Ranch 

Ed S i f e r  Ranch 

Claude Hayward Cabin 

Bur tard Ranch 

Nelson Ranch 6 

Jefferson Residence & Garage, Rul ison 8 

Lemon Ranch 6 

Sefcovic Ranch 6 

Clem Ranch 5 

Colorado River  Br idge a t  
Grand Va l l ey  9 

G i  l l a r d  Ranch 6 

Mor r isan ia  Community Center 6 

Co l lb ran  C i v i l i a n  Conservation 
Center 19 

Hayward Ranch 6 

Plateau Va l l ey  School 19 

Azimuth 
from GZ, 
degrees , 



Approximate 
Distance 

S t ruc tu re  Locations 
f rom 

GZ, km 

Eames Orchard Inc. 6 

Schwab Ranch 6 

Va l l ey  Upholstery & Aust ra l  
O i l  Warehouse, Grand Va l ley  10 

Te lev i s ion  Relay S ta t i on  5 

S i n c i a i r  Garage, De Beque 24 

Res i dence 10 

Moulton Insurance Bui id ing,  R i f l e  21 

Jeep Bldg. & Estes Trucking, R i f i e  21 

Congrega,tional Church, Col lbran 19 

IOOF Hal 1 ,  ' co i lb ran 19 

Post O f f  i c e  E Store, Mol ina 26 

Research S ta t i on  Bidg., Anv i l  Po in ts  13 
Union Carbide Plant  near R i f l e  18 

Uni ted Methodist Church, R i f l e  2 1 

Kennon Ranch 

Harvey Gap Dam (Special Survey) 

Cameo P lan t  

Kochland Ranch 

Wayne Wells 

Blue Stone D i t ch  

Har r i s  Reservoir 

Ute Conservancy Piant,  Pal isade 

Dwain T. Jackson, Grand Junct ion 64 

Azimuth 
f rom GZ,  
degrees 

F i f t y - s i x  cond i t i on  survey eva luat ions  were made f o r  

RULISON. Out t o  a radius o f  35 k i lometers  from ground zero, 

i n  the  area o f  p o t e n t i a i i y  damaging ground motion, 51 condi- 

t i o n  surveys were performed; 5 surveys were conducted beyond 

t h i s  distance. 

Each inventory team performed an average o f  two cond i t i on  

surveys a day. These survey i nves t iga t i ons  provided i n f o r -  



mation and documentation o f  the ac tua l  c o n d i t i o n  o f  se lected 

s t r u c t u r e  locat ions.  The c o n d i t i o n  survey procedure was 

expla ined t o  the  tenant and permission was u s u a l l y  granted 

f o r  the survev. 

The cond i t i on  survey teams o f t e n  began the  i n v e s t i g a t i o n  by 

making a  sketch o f  the  l o c a t i o n  and the  r e l a t i o n s h i p  o f  

s t ruc tures ,  On t h i s  sketch, s t r u c t u r e  d i s t r i b u t i o n ,  e s t i -  

mated s t r u c t u r e  dimension, and photographs were noted. Each 

s t r u c t u r e  sketch was numbered f o r  reference t o  the  associated 

t e x t  on general observat ions. The b r i e f  d e s c r i p t i o n  f o r  

each s t r u c t u r e  and associated photographs documented ac tua l  

s t r u c t u r e  cond i t ions  and ind ica ted  any p o t e n t i a l  hazards. 

This phase o f  the  cond i t i on  survey i s  i l l u s t r a t e d  by Figures 

24 and 25. 

The general observat ion sheets a l s o  pave in fo rmat ion  on the 

eva lua t ion  o f  foundat ion mater ia ls .  These i nves t i ga t i ons  

genera l l y  described the  sur face ma te r ia l s ;  ind ica ted  depth 

o f  a l l u v i u m  o r  s o i l  t o  bedrock; est imated dens i t y  and mois- 

t u r e  content o f  the founding ma te r ia l s ;  po in ted  ou t  f i l l  

treatment; noted the water tab le ,  seepage, and drainage; and 

ind ica ted  problems t h a t  were present o r  could a r i s e  con- 

cern ing  the s t r u c t u r e - s o i l s  foundat ion system. 

Another step performed i n  a  c o n d i t i o n  survey procedure was 

t o  document a  s t r u c t u r e  o r  s t ruc tu res  i n  d e t a i l .  General ly,  

t h i s  documentation was performed on the dominant s t r u c t u r e  

o f  the l oca t i on .  Bu i l d ing  in fo rmat ion  was recorded on a  

form, a  b u i l d i n g  sketch made w i t h  photograph l oca t i ons  noted, 

and observat ions were recorded on elements o f  the s t r u c t u r e  

which may be vulnepable t o  ground motion. F igure  26 i s  a  

t y p i c a l  form which ind ica tes  b u i l d i n g  in format ion.  F igure  

27 i s  a  ranch house plan-view sketch w i t h  photography i n -  

d ica ted .  F igure  28 i s  an observat ion sheet which reviewed 
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G E N E R A L  O B S E R V A T i O N S  
s . . 

Desc r ip t i on  o f  ranch (dimensions e s t  i~nated) . ---- 1 .  The-main 

ranch house i s  wood frame r e s t i n q  on a rock foundat ion.  i t  has two 

chimneys extending approximately 1 1 '  and l Z 1 . a b o v e - t h e  r o o f l i n e .  i t  has one 

small a d d i t i o n  about 15 years o ld .  F a i r  cond i t i on .  2. Mobi le  home w i t h  

metal s id ing.  r e s t i n g  on the  wheels and 12"x12" t imber. F a i r  Condit ion. 

3. Garage- i s  wood frame r e s t i n g  d i r e c t l y  on f i e l d  stone p i e r s  -- f l o o r  i s  

d i r t .  Par t  o f  the garage has a lean- to shed incorporated i n t o  i t s  20' x 20 '  s ize-  

common roof .  The s ' t ructure i s  i n  poor t o  f a i r  cond i t io t i .  4. 'Animal s h e l t e r  

constructed o f  wood s i d i n g  on a wood frame and having a d i r t  f l o o r .  The 

s t r u c t u r e  i s  constructed l i k e  a lean- to w i t h  the  opening fac ing  west. The 

c o n d i t i o n  i s  f a i r .  5. A t  t h i s  l oca t i on  a r e  two r o o t  c e l l a r s  dug i n t o  the  

t i i l l s i d e .  Both a r e  construcred o f  rubb le  rock unmort'ated and both have 10.; 

and sod roofs.  Cond i t ion  i s  poor. 6. wood frame storage shed w i t h  a p a r t i a l  

concrete w a l l  dug i n t o  the  h i l l s i d e .  S t ruc tu re  has a d i r t  f l o o r  and o v e r a l l  

c l a s s i f i c a t i o n  i s  poor. 7. Small meta i  fodder b i n  r e s t i n g  a t  ground l e v e l  

on .  r a i  l r oad  t i e s .  Good condit i0.n. 8. Abandoned l o g  s t r u c t u r e  i n  poor, con- 

d i t ion .probab ly 'once used as a chicken she l te r .  9. Storageshed constructed 

o f  r a i l r o a d  t i e s  and chinked w i t h  mud. This  s t r u c t u r e  res ts  on  a concrete 

foundat ion which i s  about 2 '  high.. F a i r  t o  good cond i t i on .  10. See 

' d e s c r i p t i o n  #7. 11.  Log frame lean-to-1 i k e  s t r u c t u r e  f o r  hay storage - -  
l i g h t  frame and wood s i d i n g  -- poor cond i t ion .  12. L i g h t  wood frame con- 

s t r u c t e d  storage shed w i t h  wooden p i e r s  i n t o  the  ground. Poor cond i t i on .  

13. Wood frame animal s h e l t e r  open on two sides. Poor.condit i .on. 14. This 

i s  a n  abandoned equipment-animal s h e l t e r  of an open wood frame.and.no s id ing .  

The roo f  i s  near gone. S t ruc tu re  i s  near ru in .  15. Wood frame she l te r  

f o r  animals open on the  west end and w i t h  a metal roo f .  D i r t  f l o o r  and o v e r a l l  

i s  genera l l y  i n  good cond i t ion .  

There i s  a c i s t e r n  approximately 300' n o r t h  o f  the  main house. I t  i s  about 

1 2 ' x I 2 ' x 8 '  deep. The water l e v e l  i s  about 10" from the  top  o f  . the vessel.. 

The p l a s t e r  on the  c i s t e r n  w a l l s  appears i n  good r e p a i r .  

-, .~- 

The founding i s  a moderate reddish-brown s i l t y  c l a y  w i t h  some gravel (15-20%!:). 

There i s  an occasional boulder from 2 t o  3 . f e e t  in. diameter. A res idua l  s o i l  

FIGURE 25 - 5 7 - .  
Loc. No. 



G E N E R A L  O B S E R V A T I O N S  

on alluvial fan material -- probably deep 150'' -- and dry. There is no 

evidence of expansive soil, some evidence of settlement. The cracks in the 

foundation are attributed to the quality of concrete, age,and probably 

lackinqreinforcina bars. 

-- - 

FIGURE 25 (Contad) . - 58 - 
Loc. No. 



Locat ion No. 

Locat ion Name Ranch House 

Year B u i l t  1900c 

Date Seen 10 J u l y  1969 Observers C.  Kensler 

Number o f  S to r i es  1 + a t t i c  room Tota l  Height 1 4 ' t  

S t r u c t u r a l  Frame Wood frame 2x4 studs 

E x t e r i o r  Walls Hor lzonta l  wood s i d i n g  - 10" boards sh ip - lap  

Ship- lap 

i n t e r i o r  Walls P las te r  on l a t h  

Ground Floor  Rubble stone and some concrete No basement 

Roof Pitched wood frame w i t h  aspha l t  sh inqles 

Chimneys? (Type) Three - b r i c k  Height Above Roof 

Percent o f  Wall Openings - N 20 E L  S-W5 

Tota l  Construct ion Cost o r  Estimated Replacement Cost $ 19'500 

Assessed Valuat ion 

B r i e f  Desc r ip t i on  o f  Hazards ( I  terns which are  suscept ib le  t o  darnage) -- 
Two b r i c k  chimneys (one has been c u t - o f f )  which a r e  approximately 

1 1 '  and 12' above the  r o o f l i n e .  Both chimnevs a r e  o n l y  i n  poor t o  

f a i r  cond i t ion .  The mortar i s  de te r i o ra ted  and the chimnevs moved 

when ~ u s h e d  o n l y  s l i q h t l y ,  I n t e r i o r  w a l l s  a r e  h i q h l y  cracked. 

Number o f  Bu i ld ings  3 10 2  

B u i l d i n g  Class Number 2  5 6  

Tota l  Cost Breakdown $500 $6,000 $13,000 

FIGURE 26 - 59 - 
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- 60 - 



I 
G E N E R A L  O B S E R V A T I O N S  

I 

The ranch house was picked f o r  observat ion. The house has a mud s i l l  

which r e s t s  d i r e c t l y  on a rubble rock foundat ion which i s  mortared i n  

pa r t .  Most of the foundation was not  observable. There i s  a f r o n t  porch, 

back porch and an a d d i t i o n  (bedroom) which have concrete f l o o r s .  The 

f r o n t  porch has a per imeter  crack which i s  located a t  the sidewalk con- 

t a c t .  The back porch has a t h i c k  (12") s lab  w i t h  h a i r i  ine  cracks. The 

bedroom concrete foundat ion has one v e r t i c a l  c rack  found a t  the  crawl ho le .  

Chimney: 12' x 20" x 16": This chimney i s  fouhd over the d i n i n g  room. 

About 3 ' - 4 '  from the top of the chimney there i s  a r i g i d  guy-bar (1/411- 

1/2" d i a )  anchored t o  the  r idgepole,  The chimney i s  i n  poor t o  f a i r  con- 

: d i t i on  and i t  has weathered-mortar. See C X - 1 3 5   ole #67-69 

Chimney: 1 1 '  x 32' x 16": This chimney i s  found a t  the west e l e v a t i o n  

o f  t h e  l i v i n g  room. The o v e r a l l  he igh t  o f  the  chimney (ground t o  top) i s  

est imated t o  be 21'-22' hiqh. The chimney r e s t s  on a 1-2 course rubb le  

rock foundatior i  which has been leveled by concrete. This pad i s  i n  poor 

cond i t i on .  The chimney below the  r o o f l i n e  shows set t lement  cracks main ly  

i n  the mortar j o i n t s  -- most o f  these $how new patching. Above the roo f -  

1 ine  the chimney appears ou t  o f  plumb (northward lean) .  The top 18 

courses of b r i c k  a r e  newer than below. The mortar  and b r i c k  on these courses 

a r e  i n  qood cond i t ion .  From these b r i c k  t o  the  r o o f l i n e  the b r i c k  and 

mortar  a re  i n  extremely poor cond i t ion .  P a t c h i n ~ d  re-cracking i s  ev ident .  - 
See CX- 135 Rol l #67-69. 

0 

FIGURE 28 . - 6 1 -  



the  vu lnerab le  elements o f  the ranch house. 

Condi t ion surveys, along w i t h  supplementary inspect ion  i n -  

formation and p red i c ted  response spectra, were used t o  make 

p r e d i c t i o n  o f  the  nature, extent ,  and cos t  o f  r e p a i r  damage. 

Extremely hazardous s t ruc tu res  were noted f o r  f u r t h e r  eva l -  

ua t ion .  

I t  has been found from R U L I S O N  and o the r  o f f - s i t e  events t h a t  

an e f f i c i e n t  means f o r  documenting a c o n d i t i o n  survey i s  by 

photographic coverage. E x t e r i o r  photographs o f  a s t r u c t u r e  

selected f o r  a c o n d i t i o n  survey should show a l l  e leva t ions ,  

height ,  geometry, general s e t t i n g ,  and any obvious problems. 

I n t e r i o r  photographs should i n d i c a t e  column layout ,  p a r t i -  

t ions ,  ma te r i a l  app l ica t ions ,  and p o t e n t i a l  problems. Be- 

f o r e  the de tonat ion  the  o r i g i n a l  c o n d i t i o n  survey team con- 

ducts a pre-shot survey t o  discover and record progressive 

d e t e r i o r a t i o n  o r  changes, i f  any. Th is  pre-shot survey i s  

u s u a l l y  scheduled a week before the event, and genera l l y  

cons is ts  o f  a b r i e f  eva lua t ion  o f  the  e x i s t i n g  pre-shot 

c o n d i t i o n  o f  t h e  s t ruc tu re .  The c o n d i t i o n  surveys a r e  then 

checked s h o r t l y  a f t e r  the  event t o  document any damage t o  

the  s t ruc tures .  

F igures 29 and 30 show selected photographs o f  a chimney. 

These photographs i n d i c a t e  the pre-event c o n d i t i o n  o f  the 

chimney. The post-event photographs, Figures 31, 32 and 33 

can r e a d i l y  be compared and the ex ten t  o f  damage e a s i l y  de- 

tected. These k inds  o f  pre-event and post-event photographic 

documentation h e l p  e s t a b l i s h  the  v a l i d i t y  o f  damage and aided 

i n  d e f i n i n g  ground motion damage c r i t e r i a .  

During the  event,  personnel were placed as observers a t  

l oca t i ons  where damage was pred ic ted  o r  where the loca- 

t i o n  would a f f o r d  a s t r u c t u r e  response o f  p a r t i c u l a r  



FIGURE 29. PRE-EVEP4T CHIMNEY 
CONDITION. 

FIGURE 

FIGURE 30. PRE-EVENT CONDITION 
SHOWING NEW AND OLDER 
BRICK AND MORTAR. 

POST-EVENT CONDITION WITH 
SOME MORTAR DAMAGE TO THE 
OLDER SECTION OF THE CHIM- 
NEY. COMPARE WITH FIGURE 



FIGURE 32. PRE-EVENT CONDITION OF THE 
CHII.INEY BASE Al l0 FOUNDATION. 
NOTE THE .NUMEROUS MORTAR 
PATCHES. 

FIGURE 33. POST-EVENT CONDITION OF THE 
CHIMNEY BASE AND FOUNDATION. 
COMPARE WITH FIGURE 32. 



i n t e r e s t .  These observers had access t o  the  i n t e r n a l  

( f i e l d  copy) c o n d i t i o n  survey documentation. I n  a d d i t i o n  

t o  making p e r c e p t i b i l i t y  observat ions, the observers were 

requ i red  t o  re-survey and e s t a b l i s h  the c o n d i t i o n  and rec-  

o rd  changes, i f  any, j u s t  p r i o r  t o  the event. These ob- 

servers recorded t h e i r  comments on an observat ion data 

sheet as depicted by F igure  34. 

Immediately post-event any damage which occurred i n  the 

v i c i n i t y  o f  the  observer s t a t i o n  was documented f o r  f u t u r e  

reference. This documentation was recorded on observat ion 

data sheets and contained statements about the  observed 

e f f e c t s  t o  the s t r u c t u r e  because o f  ground motion. F igure  

35 shows an example o f  post-event observat ions. I f  no 

changes t o  the s t r u c t u r e  were observed, t h i s  f a c t  was a l s o  

noted. Damage o r  l ack  o f  damage was recorded by photo- 

graphs. 

Fo l lowing the event a post-shot  re-survey was performed by 

t h e  cond i t i on  survey teams which made the i n i t i a l  survey 

and a l l  subsequent re-surveys. This  inspect ion  documented 

the  changes and damage o r  l ack  o f  damage to  the s t r u c t u r e  

invest igated.  I n  a d d i t i o n  t o  the c o n d i t i o n  survey teams 

one o r  two senior  engineers and geo log is ts  were a v a i l a b l e  

t o  conduct any immediate post-shot damage evaluat ions.  



OBSERVATION DATA SHEET 

1. STRUCTURE 

2 .  DATE 10 September 1969 TIME 1200 - 1430 Hours 

3. NAME OF OBSERVER Chuck Kensler 

OBSERVATIONS MADE FOR: PRE-EVENT X POST-EVENT REGULAR 

GENERAL OBSERVATIONS 

A l l  s t ruc tu res  were inspected on the ranch. The ranch 

h d  i t  d i d  not  d i f f e r  from the  

general observat ions made f o r  the c o n d i t i o n  survev. Several 

s e a l i n q  wax  ads were app l ied  t o  the  chimney found a t  the west 

e l e v a t i o n  o f  the  chimney -- wax on broken mortar  j o i n t s .  

The i n t e r i o r  was b r i e f l y  inspected bu t  ma in ly  f o r  heavy ob jec ts  

t h a t  may f a l l  o r  be damaged because o f  the  ground motion. The 

i n t e r i o r  p l a s t e r  cracks a1 1 ind ica ted  age. 

The c i s t e r n  was inspected and found t o  be i n  f a i r l y  good cond i t ion .  

The concrete w a l l s  a re  5" t h i c k  and about 1" o f  p l a s t e r  a p p l i c a t i o n .  

- 



OBSERVATION DATA S H E  

1. STRUCTURE 

2.  DATE 10 September 1969 TIME 1530 

3. NAME OF OBSERVER Chuck Kensler 

OBSERVATIONS MADE FOR: PRE-EVENT POST-EVENT X REGULAR - 

GENERAL OBSERVATIONS 

The l i v i n g  room chimney inspected on the e x t e r i o r  and the f o l l o w i n q  

was observed: ( I )  the  rock and concrete chimnev pad (base) has minor 

c rack ing  and separat ion from the  b r i c k  -- some ~ i e c e s  o f  concrete 

has chipped away (2) the bottom 12 b r i c k  courses o r  so has mortar  

which has been loosened i n  the j o i n t s  and i n  some cases has f a l l e n  

from the j o i n t s  (3) many b r i c k s  a r e  loose and have moved awav from 

the house on these lower 12 courses o r  so (4) the roo f  i s  covered 

w i t h  loosened mortar i n  the v i c i n i t y  o f  the  chimney (one p iece was 

l a y i n g  1 3 ' f  from the  house -- west o f  chimney) (5) between the  

23rd and 24th courses o f  b r i c k  from the  top, the  mortar j o i n t  has 

l o s t  much o f  i t s  mortar (6) much o f  the mortar  h a l f  way between the  

roo f  l ine  and chimney top has loosened ,and/or has fa1 l en  out  (7) 

new ch ipp ing  o r  aggravat ion i s  apparent i n  a random pat tern.  This  

chimney was photographed post-event w i t h  r o l l  #67-69 negat ives #25-#37. 

A l l  wax broken. 

The d i n i n g  room chimney l o s t  some mortar -- most mortar  appears t o  

be miss ing about 3 ' - 4 '  from the top -- a t  about the  l eve l  where the 

1 
This chimney was photographed post-event w i t h  r o l l  #68-69 negat ives 

# I 1  and #12. 

The i n t e r i o r  o f  the house was inspected immediately a f t e r  the 

event and the f o l l o w i n g  was observed: 

Page 1 o f  2 



I O B S E R V A T I O N  DATA S H E E T  

1. S T R U C T U R E  

2. DATE 10 September 1969 T I M E  1570 

3. NAME O F  O B S E R V E R  Chuck Kensler 

O B S E R V A T I O N S  MADE FOR: P R E - E V E N T  P O S T - E V E N T  x REGULAR 

GENERAL O B S E R V A T I O N S  

Kitchen - ( I )  small p l a s t e r  f l akes  l y i n g  around the room 

(2) a calendar f e l l  o f f  the south w a l l  over the  

counter -- n a i l  p u l l e d  ou t  

Dish Pantry - (1) cupboard doors were a j a r  and the  cups were 

swinging on the hooks 

(2) p l a s t e r  f l akes  on the  f l o o r  from v e r t i c a l  cracks 

L i v i n g  Room - (1) c lock  stopped a t  3 p.m. 

(2) p l a s t e r  on the  f l o o r  from a n o r t h  wal l "pop-out" 

(3) p i c t u r e  overturned on . the piano 

( 4 )  doors t o  bookcase open 

Naster Bedroom - (1) east-west ce i  1 ing  c rack  released p l a s t e r  

dust  and chips 

I n  the  garage 1/2 can (1 g a l l o n  s ize)  o f  o i l  f e l l .  

Some debr i s  f e l l  and s i f t e d  through the  roo f  o f  the r o o t  c e l l a r .  

No damage could be observed on the c i s t e r n .  

Paqe 2 o f  2 

- - 

F I G U R E  35 (Cont'd) 
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FOUNDATION CONDITIONS IN LARGER COMMUNITIES 

Geological evaluations of foundation conditions were made for the 

communities of Rifle, Grand Valley, DeBeque, Silt, Morrisania 

Mesa, and Collbran. The following description of Rifle is typical 

of the investigations undertaken. 

Table 6 desc,ribes the characteristics of foundation materials 

underlying Rifle; the data is shown graphically in Figure 36. 

A considerable area of the town of Rifle lies in the valley of 

Rifle Creek. The downtown area is founded on stream alluvium de- 

posited in scour channels in the Wasatch Formation and is locally 

subject to consolidation. Structures founded on this material 

show cracking from differential settlement. Settlement results 

from consolidation by penetration of water and is most severe in 

areas where clayey silt is the thickest. Settlement of heavier 

commercial structures results from both consolidation of materials 

normally above the water table and compression of materials below 

the water table. 

The portion of Rifle that is built on the Prefontaine Mesa to the 

west and Graham Mesa to the east is founded on older alluvium com- 

posed of bedded gravels and silt. The silts are subject to high 

consolidation. 

Structures at the base of the terrace on the east side of Rifle 

are founded on well-graded gravels and silt, which have accumula- 

ted down-slope as a result of weathering and stream undercutting. 

These talus deposits or colluvium are subject to differential 

consolidation depending locally on the amount of silt that is 

present. The section of the town founded on the flood. plain on 

the Colorado River is underlain by river deposited beds of gravel 

and sand. The sand beds are subject to consolidation. 
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FOUNDATION MATERIALS - RIFLE, COLORADO 

Range I n  
Thlcknass 

13' t o  
40' 

0  t o  
5 0 ' t  

0  t o  
25' 

Settlement 
Charac te r l r t l c r  

Hap 
Oercr tp t lon 

Qal Stream 
Alluvium 

Remarks 

Clayey s i l t  
end gravel 

Under1 Ies a l l  o f  Orand 
va l ley .  Present In  dwn-  
town area of  R l f l s  

Structures I n  po r t l on r  of 
R l f l e  founded on t h l r  
mater ia l  

Gravel and 
sand 

Sand rubJect t o  
6ms0 l l da t l on  

Qf F l l l r ,  
random 
f i l l s ,  
engineered 
f l l l .  and 
m i l l  t e l l  
p i l e s  

Hlgh ly  va r iab le  
depending on com- 
pact ion dur ing 
placement 

Re la t i ve l y  few st ruc-  
tures found on there 
u n l t r .  

Well graded 
gravels  and 

High ly  rub jes t  
t o  c o n ~ o l l d a t l o n  

Fwndat lon mater ia l  f o r  
s t ~ u c t u r e s  a t  bare o f  t e r -  
race on e s s l  s lde of  R l f l e  

Qalo Older 
Al luvium 

Bedded 
grave15 
end r l l t  

S l l t r  subject to 
htgh con ro l l da t l on  

Present capping terraces, 
east and west r l d e r  o f  R i f l e  

Bedded Underl ler foundellon ma te r la l r  
I n  both R l f l e  end Grand Val lcy  
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INSTRUMENTATION 

I t  i s  apparent from the preceding discussions t h a t  data a c q u i s i t i o n  

depends g r e a t l y  on the  a b i l i t y  o f  people t o  c o l l e c t  in format ion.  

However, instruments are a l s o  used advantageously i n  t h i s  e f f o r t .  

Fol lowing are descr ip t ions  and deployment o f  var ious instruments 

used. The ob jec t ives  are: 

e To monitor the  ground motions f o r  the s t r u c t u r a l r e s p o n s e  

eva luat ion  and the  damage complaint inves t iga t ion .  

e To record the  ground motions f o r  documentation and d e t a i l e d  

study. . . 

e To monitor t he  movements o f  t he  s t r u c t u r a l  eiements f o r  

s t r u c t u r a l  response eva luat ion  and damage complaint inves- 

t i g a t i o n .  

During the  inventory and cond i t i on  survey programs, poss ib le  loca- 

t i o n s  f o r  seismic instruments and var ious gages were selected. The 

p o t e n t i a l  s i t e s  were presented t o  the  representat ives o f  var ious 

agencies a t  a meeting on March 19 and 20, 1969. With t h i s  and o the r  

in format ion  from var ious agencies, 30 s i t e s  were selected w i t h  seven- 

teen a d d i t i o n a l  s i t e s  se lec ted subsequently. 

Most o f  the  seismic instruments were L-7 v e l o c i t y  meters(7) which 

record m t i o n s  on magnetic tapes. The systems were i n s t a l l e d  and 

operated by the  Special Pro jec ts  Par ty  o f  t he  U.S. Coast & Geodetic 

Survey (USCEGS, now the Nat ional  Ocean Survey): Data thus obtained 

were processed by USCSGS and Environmental Research Corporat ion (ERC). 

The Sprengnether blastmeters, used as a back-up system a t  several 

locat ions ,  were operated by JAB personnel. The blastmeter i s  a 



por tab le  se l f -conta ined three-component seismograph which records 

displacements on l i g h t - s e n s i t i v e  paper. The frequency range of 

t h e  instrument as u s u a l l y  adJusted i s  1 t o  100 Hz. 

Two types o f  passive gages were used t o  moni tor  the  movement o f  

the  s t r u c t u r a l  elements; 31 were displacement gages and 37 were 

scra tch  gages. Both types are  i n s t a l l e d  and operated i n  essen- 

t i a l l y  the  same manner. Normally, they a r e  mounted across a c rack  

o r  between two s t r u c t u r a l  elements t o  moni tor  the r e l a t i v e  move- 
( 8 )  ments. These gages are  inexpensive and simple t o  operate . 

A displacement gage i s  shown i n  F igure 37. The two-part base i s  

mounted on each s ide  o f  a crack o r  on two elements. The movements 

o f  the  elements -- opening o r  c l o s i n g  -- r e s u l t  i n  r e l a t i v e  mot ion 

o f  a s t y l u s  at tached t o  a rod anchored i n  t h e  le f t -hand p o r t i o n  o f  

the gage. As the  s t y l u s  moves, i t  d isp laces  two s l i d i n g  bars on 

the  r ight-hand component. At the t ime f i e l d  measurements are  t o  

be made, the bars a r e  locked i n  t h e i r  d isp laced pos i t i ons  by means 

of two f r i c t i o n  screws. A f te r  the  displacement i s  measured w i t h  

micrometer c a l i p e r s ,  the f r i c t i o n  screws are  released, the s l i d i n g  

bars are  returned t o  t h e i r  c losed p o s i t i o n ,  and a reading i s  made 

i n  the closed p o s i t i o n .  Gage loca t i ons  and measurements a t  event 

t ime are  g iven i n  Tables 7 and 8. 

The major components o f  the scra tch  gages are  two-part  base, a 

needle arm, and a glass p l a t e  coated w i t h  spec ia l  emulsion (F igure 

3%). When the bases move, a needle which i s  at tached t o  one base 

leaves a mark (scratch)  on the g lass  which i s  at tached t o  the o the r  

base. During the p e r i o d i c  inspect ion,  the  g lass  i s  removed and 

photographed, and measurements made on the  enlarged photograph. 

The instrument used t o  measure water sur face osc i  l l a t i o n s  (seiche 

o r  waves o f  t r a n s l a t i o n )  i s  an adaptat ion  o f  a gage o r i g i n a l l y  

f ab r i ca ted  t o  measure long-period waves i n  harbor models (F igure 

39). The f l o a t  i s  i n s t a l l e d  i n  a s t i l l i n g  w e l l  connected t o  the  



lake or reservoir by a series of holes which serve as a hydraulic 

filter to eliminate the effects of short-period wind-generated 

waves. 

- ~ 

FIGURE 37. DISPLACEMENT GAGE. 



TABLE 7 - LOCATIONS OF P A S S I V E  GAGES 

Approximate 
Hor izonta l  

Locat ion Distance From GZ No. o f  Gages 
(km) Displacement Scratch 

Ranch 5 - 2 

Ranch 5 - 2 

Ranch 6 - 2 

Ranch 6 - 1 

Ranch 6 

Ranch 6 
Morr isania 6 

Ranch 7 
Rul ison 8 

Ranch 8 

Ranch 8 

Ranch 9 
Ranch 9 
Grand Va l ley  10 

Anv i l  Points 13 
Plateau Va l l ey  18 
Union Carbide P lant  18 

Col 1 bran 19 
R i f l e  20 

DeBeque 23 
Mol ina 26 

Cameo 43 

5 
2 

2 

2 

1 

5 
4 

1 

1 - 
TOTAL 3 1 



TABLE 8 - PASSIVE GAGE MEASUREMENTS 

APPROX APPROX EVENT 
AZI- DlST GAGE GAGE LOCATION MOVE- 
MUTH (km) No. >\ - MENT ( i n . )  

330 5 SG- 87 Ext. - Bet. Stone Chim. & Shgle S id ing  .L.L ,. ,, 
SG- 88 Bet F l r  J o i s t  & Found. a t  Chimney i n  Bsmt. .* ,< .-. ,, 

335 5 SG- 89 Bet Roof Raf te r  & Log S id ing  
SG-106 Bet R f  Raf te r  & Wd S id ing  

360 6 SG- 83 Ext. - N/Wall-Rafter t o  Stucco Wall J..' ,. ,\ 
SG- 84 l n t .  - W/Wall-Rafter t o  CMU Wal I-Tackshed ... ... ,. ,~ 

335  6 SG- 86 l n t .  - Bsmt.-Bet F l r  J o i s t  & Wd Beam .<..*. ,. ,. 
337 6 SG- 90 Bet. I n t e r  o f  two Wings-Frame .>..t. ,, ,\ 

3 40 6 D G - 1 1 5  Ext. - N/Wall-Shop-Stucco Wall t o  Wd Fr. 0.0018 
SG- 85 Ext. - N/Wal I-Hse-Bet Log Raf te r  & Log Beam .?.'. , ,. 

335 6 DG-116 In t .  - S t a i r s  t o  Bsmt-Floor Beam t o  B r i c k  Chimney 0.0016 
SG- 91 I n  Corn o f  Wd Fold ing D r  Frame 

SG- 92 
SGG1 07 

Ext. - N/E Cor o f  Porch Gages-Perpendicular 
t o  ea o the r  Bet. Beams & Same Post 

D G - 1 1 7  
D G - I  I 8  
SG- 94 

Ext. - S/Wall-Acr Sep P l a t e  & CMU Wall 
S/W Cor CMU Ret Wall-Acr Mort J t  Crack 
Ext. - S/E Cor-Rafter t o  CMU 

OG-128 
DG-129 
SG-100 
S G - I O I  

Ext. - N/Wal I - J t  Bet CMU & Fr.-Hse 
Ext. - S/Wall-Jt Bet CMU & Fr.-Hse 
Ext. - N/E Cor-Cor. o f  CMU Porch & Frame-Hse 
Ext. - N/W Cor Garage-Wd Raf te r  t o  CMU 

Damaged 
Damaged 
.L... ,. ,~ 
.' .L .. ,~ 

0.0024 
0.1276 
....,. ,. ,. 
9. .'. . ,. 

Ext. - E/Wall-Acr Mort J t  Crk CMU-Shed 
Ext. - W/Wall-Acr Mort J t  Crk CMU-Shed 
Ext. - S/E  Cor Hse-Bet Raf te r  & Wd Sid. 
Ext. - N/W Cor Hse-Bet Raf te r  & Wd Sid. 

N/E Cor-Porch Post t o  Beam 
N/W Cor-Acr I ns ide  Cor o f  I n te rsec t .  Walls 

Ext. - S/W Cor Shed-Rafter t o  Wd Post 
Ext. - N/W Cor Shed-Rafter t o  Stucco Wall 

Ext. - E/Wall-Crk Bet 2 Bldgs 

SG- 81 Roof Beam t o  CMU Steeple 



TABLE 8 (Cont'd) 

APPROX APPROX EVENT 
AZIMUTH OlST GAGE GAGE LOCATION MOVE- 

(km) - No.* M E N T ( ~ ~ . )  

305 10 OG-110 In t .  - W/Wall-Science Lab-Acr Crack i n  B r i c k  0.0036 
D G - l  l l In t .  - N/Wall-S/E Cor Auditorium-Acr Crack i n  B r i c k  0.0034 
OG-112 I n t .  - S/Wall-6th G r .  Rm.-Acr Crack i n  CMU 0.0226 
SG- 79 Ext. - E/Wall-Acr Cor Bet Old & New Bldgs B r i c k  .L ... ,> ,, 

SG- 80 Ext. - Acr Cor Bet Old & New Bldgs B r i c k  + 8. .,I 

D G - 1 1 3  
SG- 82 

Ext. - N/Wall-Acr Patched Crk i n  CMU-Block Cracked 
Ext. - W/Wall-Acr Crk i n  CMU 

Ext. - E/Wall-Acr Mortar  J o i n t  Crack CMU 
I n t .  - N/Wall-Acr Mort J t  Crk CMU 
Ext. - S/E  Cor Rsc Ha l l -Rf  Raf te r  t o  Wood Fr 

I n t .  - E/Wall N/E Cor-Plaster Crk 
In t .  - W/Wall-Plaster t o  B r i c k  

DG-103 
OG-104 
SG- 74 

In t .  - E Wing-Mort J t  CMU 
In t .  - S/Wall-2nd G r  Rm-Acr. ~ o r ~ o r t  J t  Crk 
Ext. - N/W S t a i r s  Bet Gym & Shops Mort J t  Crk 

OG-121 
DG-122 
SG- 96 

Ext. - N/Wal I-Crack Mortar  J o i n t  CMU 
I n t .  - Across Cor 2 Perpendicular CMU Walls 
i n t .  - Across Cor 2 Perpendicular CMU Walls 

DG- 126 
OG-127 

Ext. - N/Wall-Crk B r i c k  a t  Chimney 
Ext. - S/Wall-Crk B r i c k  und Wind 

SG- 98 
SG- 99 

Ext. - N/W Cor-Boxed i n  C e i l  J o i s t s  t o  B r i c k  Wall 
Ext. - S/W Cor-Boxed I n  C e i l  J o i s t s  t o  B r i c k  Wall 

In t .  - E/Wall-Crack CMU 
In t .  - N o f f i c e  Wall-Crack a t  Beam 
Ext, - S/Wall-Crack Bet 2 Bldgs CMU 
In t .  - W/Wal l & N/Wal I-Cor Mezzanine 

DG- 123 
OG- 124 
DG- 125 
SG- 97 

OG-109 
SG- 78 

In t .  - N/Wall-CMU J o i n t  a t  Add. 
I n t .  - S/E  Cor Men's Rm-CMU Mort J t  Crk 

DG-106 
OG-107 
OG-I08 
SG- 76 
SG- 77 

Ext. - E/Wall S/E Wing-Acr Mort J t  Crack CMU 
Ext. - S/Wall Gym-Acr Mort J t  Crack CMU 
Ext. - N/Wall-Acr J t  o f  2 Glu-Lam Bm 
In t .  - N/Wall Gym-CMU Wall t o  Glu-Lam Bm 
I n t .  - N/W Coy Gym-Brick t o  Glu-Lam Bm 

Ext. - N/Wall-at J t  o f  B r i c k  & CMU 
Ext. - N/Wall-at J t  o f  B r i c k  & CMU 



TABLE 8 (Cont'd) 

APPROX APPROX EVENT 
AZ l MUTH D l  ST GAGE GAGE LOCATION MOVE- 

(km) - No.* MENT Ci n . )  

235 43 DG-I01 In t .  - E/Wall-Mort J t  Crk CMU Wall 
SG- 72 ln t ,  - N/Wall-Conc t o  CMU Wall 
Both i n  Same S t a i r w e l l  

* DG = Displacement Gage; SG = Scratch Gage 
&.a. .. ,% = F i l m  record obtained f o r  l a t e r  measurement 
CMU - Concrete Masonry U n i t  Ret Wall - Reta in ing Wall 
Mort - Mortar  Re t - Between 
J t - Juncture Glu-Lam - Glue Laminated 



FIGURE 38. DISPLACEMENT GAGE (TOP) 
AND SCRATCH GAGE MOUNTED 0 4  THE SAME 
CRACK, FOR COMPARISON OF READINGS. 

FIGURE 39. SEICHE MEASUREMENT 
GAGE. 



IV. PRE-EVENT ANALYSES OF 

RESPONSE AND HAZARDS 

GENERAL HAZARD ASSESSYENT 

Ground motion p red i c t i ons  f o r  the  maximum c r e d i b l e  y i e l d  and corres-  

ponding p red i c t i ons  o f  5% damped v e l o c i t y  (Sv) were provided by ERC. 

These data were then used i n  developing the damage p red i c t i ons  and 

s a f e t y  recommendations. 

Because p o t e n t i a l  hazards t o  personnel were expected t o  e x i s t  w i t h i n  

7.4 k i lometers  as a d i r e c t  consequence o f  p red ic ted  ground motion i n  

excess o f  0.39, evacuat ion and other  appropr ia te  sa fe ty  measures were 

taken by the AEC D i r e c t o r  o f  Nuclear Operations (DONO). I n  the  area 

from 7.4 t o  14 k i lometers  poss ib le  damage t o  s t ruc tu res  was expected 

t o  occur as a consequence o f  ground motion between 0.1 and 0.39. tn- 

hab i tan ts  i n  t h i s  area were requested by DON0 t o  be outs ide  and c l e a r  

o f  t h e i r  s t ruc tures .  These c r i t e r i a  f o r  the s a f e t y  o f  non -pa r t i c i pa t -  

ing  personnel have been used f o r  previous AEC events. I t  was a l s o  

recommended t h a t  school bu i l d ings  be temporar i l y  evacuated i n  R i f l e ,  

Col lbran,  and Plateau Va l l ey  du r ing  the  event. 

Rock fa l l s  a re  a normal occurrence i n  many areas surrounding GZ. As 

a r e s u l t  o f  ex tens ive  i nves t i ga t i on ,  these p o t e n t i a l  r o c k f a l l  areas 

were i d e n t i f i e d .  Ranch occupants, and highway and r a i l r o a d  users 

were advised t o  keep c l e a r  o f  these areas. F igures 40, 41, and 42 

are  examples o f  r o c k f a l l  areas. 

Based on ground motion fo recas ts  and spectra, a d is tance o f  25 k i l o -  

meters was selected as the  range o f  p o t e n t i a l l y  damaging ground mo- 

t i on .  W i th in  t h i s  area o f  25 k i lometers  from GZ a l l  s t ruc tu res  were 

located,  inventor ied ,  and evaluated f o r  poss ib le  damage. Towns were 

t rea ted  independently and i nven to r i ed  as i n d i v i d u a l  u n i t s .  Outside 

o f  t h e  25-ki lometer radius and t o  a d is tance o f  about 100 k i lometers ,  



FIGURE 4 0 .  ROCKFALL AREA I N  FIGURE 4 1 .  ROCKFALL AREA ADJA- 
PLATEAU VALLEY, SOUTHWEST OF CEMT TO PLATEAU CREEK. T H I S  SEC- 
GROUND ZERO. T I O N  OF HIGHWAY 3 3 0  WAS CLOSED 

TO TRAFFIC  DURING THE EVEHT. I 

FIGURE 42. ROCKFALL AREA NEAR THE WEST 
END OF DEBEQUE CANYON. THE DENVER AND 
R I O  GRANDE RAILROAD KEEPS EQUIPMENT I N  
T H I S  AREA (NEAR TUNNEL NO. 3 )  TO CLEAR 
THE TRACKS OF ROCK. 
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where ground motion was p red i c ted  t o  exceed 0.001g' peak accelera-  

t i o n ,  a l l  inhabi ted areas were v i s i t e d  and p a r t i c u l a r l y  vu lnerab le  

s t ruc tu res  were noted and evaluated f o r  poss ib le  damage. 

Major i n d u s t r i a l  f a c i l i t i e s  ou ts ide  o f  the  25-ki lometer radius but 

w i t h i n  a 35-ki lometer rad ius  inc lude the O i l  Shale Research Center 

a t  A n v i l  Points ,  and the Union Carbide P lan t  a t  R i f l e .  The major 

dams are  R i f l e  Gap Dam, Harvey Gap Dam, Bonham Dam, and Vega Dam. 

Smaller dams are  located on Battlement Mesa, approximately 3 k i l o -  

meters south o f  GZ. Several o f  the Battlement Mesa dams have been 

inopera t ive  fo r  a considerable number of years, and those t h a t  do 

conta in  water have i nopera t i ve  o u t l e t  con t ro l  works. Consequentiy, 

the  f l o w  t h a t  reaches Batt lement Creek i s  normal ove r f l ow  from the  

r e s e r v o i r  sur face water, sustained by seepage through the ground 

from the rese rvo i r s '  areas i n  l a t e  summer. O f  the  four  major dams, 

Harvey Gap above the town o f  S i l t  presented an apparent hazard i n  

view o f  i t s  age and obvious d i s r e p a i r  o f  o u t l e t  works, and because 

o f  the h igh  water l e v e l s  i n  the rese rvo i r  i n  e a r l y  spring, However, 

when the detonat ion date was changed from May 1969 t o  September 1969, 

the rese rvo i r  was nea r l y  empty and no hazard was present.  

Safety hazards are  def ined t o  inc lude hazards t o  e i t h e r  persons o r  

p roper ty .  Hazards t o  persons are  pred ic ted  t o  e x i s t  e i t h e r  as a 

d i r e c t  consequence o f  the imposed ground motion, o r  i n d i r e c t l y ,  as 

a consequence o f  o the r  damage. Examples o f  d i r e c t  consequences 

would inc lude phys io log i ca l  o r  psychological  response t o  the motion. 

An example o f  phys io log i ca l  response would be the loss o f  balance 

o f  someone on sca f fo ld ing ,  w i t h  increased danger o f  f a l l i n g .  A psy- 

cho log i ca l  response could a l s o  lead t o  i n j u r y  i f  i t  i n i t i a t e d  an 

over -exc i ted  reac t ion ;  e.g., rushing outs ide  a b u i l d i n g  and f a l l i n g  

as a consequence, I n d i r e c t  consequences would inc lude damage t o  oc- 

cupied bu i l d ings ,  t o  dams w i t h  downstream h a b i t a t i o n s  w i t h i n  poss ib le  

f l o o d i n g  areas, o r  t o  inhab i ted  o r  t rave led  areas below slopes from 

which r o c k f a l l s  o r  lands l ides  could be t r i gge red  by the ground motion. 



Motion e f f e c t s  on proper ty  w i thout  a  consequent i n j u r y  t o  persons 

could inc lude minor t o  moderate damage t o  b u i l d i n g s  and contents; 

t o  e a r t h  s t ruc tu res  i nc lud ing  dams, canals, slopes, and f i l l s ;  t o  

roads and ra i l r oads ;  t o  specia l  c lasses o f  s t ruc tu res  such as tow- 

ers and tanks; t o  hyd rau l i c  s t ruc tu res ;  t o  bodies o f  water and water 

suppl ies;  and t o  c u l t i v a t e d  areas and a g r i c u l t u r a l  f a c i l i t i e s .  

EVALUATIONS OF SPECIFIC HAZARDS 

General 

The f o l l o w i n g  paragraphs de l i nea te  s p e c i f i c  hazard areas, w i t h  b r l e f  

d iscdssions as t o  the mechanisms. The inventory  and eva lua t ion  data 

are  as o f  the  t ime o f  the  inventory.  

D i  r e c t h o u n d  motion hazards were p red i c ted  t o  e x i s t  w i t h i n  a  rad ius  
r --. 

\ 
o f  (7.bjki lometers o f  GZ because peak ho r i zon ta l  ground acce lera t ions  

L l  
(a t  60-kt y i e l d )  were pred ic ted  t o  equal o r  exceed 0.39 w i t h i n  t h i s  

area. From earthquake experience L..-- i t  i s  found t h a t  a  Modi f ied Mer- -. 
c a l l i  I n t e n s i t y  o f  I X  corresponds roughly t o  t h i s  p e a k a c c e l e r a t i o n .  

- --- 
I t  i s  f u r t h e r  shown from considerable experience tha t  ground ~ mot ion 

corresponding t o  t h i s  i n t e n s i t y  may cause persons t o  lose t h e i r  f o o t -  ... 

i ng and t o  f a  l I, -w i t h  a  c  l ear 00s s ib j~&yyYgf f f i_n  ju.r.yYaas5aa~on~ee~~e_n_cee, 

Actual RULiSON experience ind ica tes  t h i s  c r i t e r i o n  was too  conserva- - 
t i v e .  i.e., observers exper iencing motion up t o  0.59 d i d  not  sense --?. 

any loss  o f  balance nor imminence o f  f a l l i n g .  

The p h y s i o i o q i c a l  response i s  p r i m a r i l y  de f ined as the poss ib le  con- 

sequence o f  l oss  of balance o f  persons working i n  precar ious l oca t i ons ,  

U t i l i t y  and b i  11-board workers on ladders o r  p la t fo rms,  pa in te rs  on 

sca f fo ld ing ,  and cons t ruc t i on  workers on b u i l d i n g s  and br idges are  

examples. The area o f  concern i s  d i f f i c u l t  t o  de f ine .  However, no 



problems have been found to occur in Las Vegas at ground accelera- 

tions up to about 0.0059. .I 

A potential problem of psychological response was considered to 

exist in Rifle and Collbran schools. School children, being young 

and impressionable, are probably particularly sensitive to alarm 

when experiencing ground motion, and some additional probability 

of over-reaction may be present. Rifle and Collbran schools, in 

particular, are locations at which such problems were expected to 

exist, and it was recommended that these schools be evacuated for 

the event. 

General S t ruc tu ra l  Population t o  7.4 km from Ground Zero 

Peak horizontal ground acceleration out to 7.4 kilometers from GZ 
was predicted to be 0.39 or more. Spectral acceleration for struc- 

tures of 0.2-second period, at 5% damping, was estimated to be 0.89. 
At these levels of motion, some slight shifting on foundations might 

occur. Damage to chimneys might also occur as a result of dlfferen- 

tial motion or banging of the chimney against the house. Other dam- 

age could occur to bric-a-brac, tall standing objects (e.g., a grand- 

father clock), and to hanging mirrors and pictures. In some locations 

it was recommended that chimneys be removed, bracing installed, and 

certain uti 1 i ty services be shut off to prevent damage. Figures 43 
and 44 indicate examples of remedial measures taken to prevent damage. 
Figure 45 1s an example of wood frame construction; Figure 46 is an 
example of adobe construction. 

General S t ruc tu ra l  Populat ion,  7.4 t o  14 km from Ground Zero 

Damage of the extent which could pose a potential hazard to persons 

was considered a possibi 1 ity to structures in the range from 7.4 to 

14 kilometers. This region includes the town of Grand Valley, the 

Anvil Points Research Station, and a number of small ranches. 



FIGURE 43. A T A L L ,  NARROW 
CHIMNEY BEFORE REMOVAL. THE 
MORTAR I S  DETERIORATED, ES- 
PECIALLY THE TOP TWELVE 
COURSES. SEE FIGURE 45. 

FTGllRF 44. TO PREVENT DAM- . - - - . . - . - . . . - . - 
AGE FROM GROUND MOTION, 
SEVERAL FEET OF BRICK CHIMNEY 
WAS REMOVED AND REPLACED WITH 
A METAL FLUE. SEE FIGURES 
43 AND 45. 



FIGURE 45. AN EXAMPLE OF WOOD-FRAME COM- 
STRUCTION LOCATED APPROXIMATELY 7 K ILO-  
METERS FROM GROUND ZERO. NOTE THE CHIMNEY 
HEIGHT. SEE FIGURES 43 AND 44. 

FIGURE 46. AN EXAMPLE OF ADOBE CONSTRUC- 
TION. 
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The community o f  Rul ison, f o r  which t h e  p r o j e c t  was named, i s  an 

aggregat ion o f  many smal l  farms, cabins, and i s o l a t e d  s t ruc tures ,  

located w i t h i n  a  rad ius  o f  about 9  k i lometers  from ground zero. 

General ly the s t ruc tu res  are  o f  wood frame construct ion,  w i t h  a  

few masonry bu i l d ings .  

Wi th in  t h i s  area, i t  was recommended tha t  people be ou ts ide  and two 

b u i l d i n g  heights away from s t ruc tu res .  

The town o f  Grand Va l l ey  i s  located about 10 k i lometers  nor th -  

west o f  GZ. S t ruc tures  i n  the  connnercial area are  genera l l y  o l d  

b r i c k  1 -  and 2-s tory  bu i l d ings ,  p a r t i a l l y  occupied. The l a rges t  

s t r u c t u r e  i s  the school, which i s  constructed o f  b r i c k .  There are  

a  few b r i c k  veneer houses and a  number o f  a l l -me ta l  mobi le  houses; 

the  r e s t  are o f  al l -wood const ruc t ion .  Figures 47, 48, and 49 are  

th ree  s t ruc tu res  located i n  Grand Val ley.  

The peak 5% damped spec t ra l  acce le ra t i on  p r e d i c t i o n  f o r  Grand 

Val l e y  was 0.49 f o r  s t r u c t u r e s  w i t h  a  pe r iod  o f  0.2 seconds; peak 

h o r i z o n t a l  ground motion was pred ic ted  t o  be about 0.139. Under 

these cond i t ions  o n l y  moderate damage was ant ic ipa ted ,  most ly  i n  

the  o lder  2-story commercial s t ruc tu res .  

Anvil Points Research Station 

This  f a c i l i t y ,  shown i n  F igure 50, i s  located approximately 13 

k i  lometers n o r t h  o f  GZ. I t  was constructed i n  1945 by t h e  Bureau 

o f  Mines as an experimental research center,  but  i s  now i n  a  care- 

t ake r  s tatus.  I n  a d d i t i o n  t o  the  p l a n t  i s  the  housing area which 

has many wood frame r e s i d e n t i a l  s t ruc tu res .  The p l a n t  has several 

concrete b lock  warehouse bu i ld ings ,  a  2-1/2 s t o r y  admin i s t ra t i on  

bu i l d ing ,  and several  metal-covered bu i l d ings .  Process b u i l d i n g s  

inc lude a  crusher p lan t ,  r e t o r t  s t ruc tu res ,  a  c rack ing  tower, 

several guyed stacks, and many l a rge  s t e e l  petroleum tanks. Near 

the  highway there  i s  a  l a rge  t rans former -subs ta t ion  and a  pumping 

p l a n t .  





FIGURE 50. ANVIL POINTS 
RESEARCH STATION LOCATED 
AT THE BASE OF THE ROAN 
CLIFFS. 



Spectral  acce le ra t i on  f o r  the A n v i l  Po in ts  tower and r e t o r t  s t r u c -  

tu res  a t  5% damping was pred ic ted  t o  be approximately 0.39; there-  

fo re ,  some s l i g h t  overs t ress ing  might  occur i n  b rac ing  members, i n  

anchor b o l t s ,  and foundations. F u l l  storage tanks might s p i l l  over 

due t o  l i q u i d  motion. F a i l u r e  o f  tower s t ruc tu res  was not  a n t i c i -  

pated but  i t  was suggested t h a t  maintenance personnel check a l l  

anchor b o l t s  and guy w i res  f o r  t i gh tness  and adequacy. Some ex- 

tens ion  o f  e x i s t i n g  cracks might occur i n  the  concrete b lock  

warehouse s t ruc tu res ,  the a d m i n i s t r a t i o n  b u i l d i n g ,  and the res-  

ident  i a l  s t ruc tu res .  

A t  the  several small ranches w i t h i n  t h i s  area, the peak ho r i zon ta l  

ground acce lera t ions  were pred ic ted  t o  be from O.lg t o  0.39, and 

5% damped spect ra l  acce lera t ions  a t  the  per iods o f  t y p i c a l  s t r u c -  

tu res  i n  the area could range up t o  0.4 and O.5g. A t  these l e v e l s  

moderate damage might occur. T y p i c a l l y ,  such damage might inc lude 

cracked and f a l l e n  p l a s t e r ,  damage t o  b r i c k  chimneys, and f a l l i n g  

br ic -a-brac  and o the r  p reca r ious l y  s i t u a t e d  ob jec ts .  

Microwave Tower 

A microwave i n s t a l l a t i o n  was noted about 14 k i lometers  northwest 

o f  GZ.  Th is  i n s t a l l a t i o n ,  owned by Mountain States Telephone 

Company, cons i s t s  o f  d ish- type antennas mounted on a  square tower, 

and an equipment stack. While spec t ra l  acce le ra t i on  was p red i c ted  

t o  be r e l a t i v e l y  high, damage t o  the  s t r u c t u r e s  was improbable, 

because these f a c i l i t i e s  a r e  exposed t o  and designed f o r  h igh  wind 

and snow loadings much la rge r  than expected fo rces  from RULISON 

ground motion. 

Ranches in  Plateau Creek Area 

There are  many ranches south o f  G Z ,  a t  an average range o f  14 t o  

I 8  k i lometers  from GZ. These ranch b u i l d i n g s  are  genera l l y  o f  

wood cons t ruc t i on ,  but  a  few ranch houses i n  the area near Co l lb ran  



were noted t o  have b r i c k  veneer e x t e r i o r s .  Several o f  the ranches 

were unoccupied and may poss ib ly  be used as summer ranch quar te rs  

on l y .  Peak h o r i z o n t a l  ground acce lera t ions  were est imated t o  be 

less  than O.lg. Pred ic ted  spec t ra l  acce lera t ions  a t  5% damping 

ranged up t o  about 0.39; minor damage, such as p l a s t e r  crack ing,  

might occur a t  these acce lera t ions .  

Union Carb ide  P l a n t  

This p lan t ,  located about 18 km northwest o f  GZ, processes vana- 

dium and uranium ore.  Among the important s t r u c t u r e s  a r e  the  

200,000-gallon water tank elevated 100 f e e t  above ground, the 360- 

foot- long x  9 - foo t  diameter k i l n ,  the 12- t o  20- foot-h igh wood- 

s tave tanks w i t h  diameters vary ing  from 36 f e e t  t o  60 f e e t ,  and 

the large concrete-block-wal led steel- framed process bu i l d ings .  

Figures 51 and 52 a r e  general views o f  the f a c i l i t y .  

Spectral  acce lera t ions  a t  5% damping i n  the  0.2- t o  0.3-second 

pe r iod  range were p red i c ted  t o  be about 0.149; h o r i z o n t a l  ground 

motion was p red i c ted  a t  about 0.079 o r  less .  A t  these l eve l s  

some minor a d d i t i o n a l  c rack ing  o f  the concrete b lock  f i l l e r  w a l l s  

o f  the process b u i l d i n g s  was possib le.  Other f ea tu res  o f  the 

p l a n t  were expected t o  respond w e l l .  S p i l l a g e  o f  ac ids  and o ther  

l i q u i d s  due t o  s losh ing  i n  tanks was a l s o  considered poss ib le  

but  u n l i k e l y  t o  occur.  

A m i l l  t a i l i n g s  p i l e  composed o f  s i l t  s i z e  p a r t i c l e s  and a  s e t t i e -  

ment pond which i s  re ta ined  i n  a  f u l l y  sa tura ted  c o n d i t i o n  behind 

e a r t h  embankments a r e  located adjacent t 3  t h e  p l a n t .  The satura-  

ted  s i l t y  ma te r i a l  might tend t o  l i q u e f y  under dynamic load, but  

t h i s  was be l ieved u n l i k e l y  t o  occur. I t  was recommended tha t  

persons be away from the  downslope areas o f  the  t a i l i n g s  p i l e  dur- 

ing  the RULISON event. F igure  53 i s  an o v e r a l l '  v iew o f  the Union 

Carbide f a c i l i t y .  

Col 1 bran 

Col lbran, about 19 km south o f  GZ, and i t s  smal l  suburb o f  Plateau 



FIGURE 51. UNION CARBIDE PROCESSING PLANT 
WITH A 200,000-GALLON WATER TANK ELEVATED 
100 FEET ABOVE THE GROUND. 

FIGURE 52. UNION CARBIDE 
CONCRETE BLOCK B U I L D I N G  AND 
WOOD-STAVE TANKS. 

, . iURE 53. UNION CARBIDE PLANT WEST OF 
R I F L E .  NOTE THE M I L L  T A I L I N G  PONDS. 
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Ci ty ,  i s  the  center o f  an a g r i c u l t u r a l  community. There i s  a  

l a rge  one-story b r i c k  school i n  Plateau C i t y  o f  recent  construc- 

t i o n ,  a  C i v i l i a n  Conservancy Corps camp w i t h  many permanent metal 

b u i l d i n g s  as w e l l  as t r a i l e r s ,  and the commercial sec t i on  o f  C o l l -  

bran w i t h  several o lde r  concrete b lock  and b r i c k  b u i l d i n g s  i n  gen- 

e r a l l y  f a i r  cond i t ion .  Res ident ia l  s t ruc tu res  are  genera l l y  wood 

frame w i t h  many 2-s tory  homes i n  evidence. 

Peak h o r i z o n t a l  ground motion a t  t h i s  range was p red i c ted  t o  be 

l ess  than 0.059, and spec t ra l  acce le ra t i on  a t  5% damping ranging 

up t o  about 0.189. Minor damage such as c rack ing  o f  i n t e r i o r  

p l a s t e r  and extension o f  concrete b lock  cracks was considered 

poss ib le .  

F(ifle 

This  I s  the l a rges t  town c lose  t o  GZ (approximately 20 k i lometers  

nor theas t  o f  G Z ) .  The commercial d i s t r i c t  and many o f  the  homes 

are  s i t u a t e d  i n  the  v a l l e y ,  and some o f  the newer homes have been 

b u i l t  on terraces above the  town. Commercial s t ruc tu res  are gen- 

e r a l  l y  o f  b r i c k  2 -s to ry  cons t ruc t i on  (Figures 54 and 55) .  Residen- 

t i a l  cons t ruc t i on  i s  p r i m a r i l y  wood frame and wood s i d i n g ,  a l though 

a number have b r i c k  veneer s id ing .  There are q u i t e  a  few mobi le  

homes i n  camps i n  and near R i f l e .  Pred ic ted  peak h o r i z o n t a l  ground 

acce lera t ions  were l ess  than 0.069, but  spec t ra l  acce lera t ions  a t  

5% damping might be over 0.29. 

Motion a t  R i f l e  a t  these l e v e l s  was expected t o  poss ib l y  cause dam- 

age such as c rack ing  i n  p l a s t e r  f i n i shes ,  minor masonry damage, 

e tc .  

DeBeque 

Bu i l d ings  i n  the town o f  DeBeque, located about 23 k i lometers  

southwest o f  GZ, range from small  wood s t ruc tu res  to,wood frame 



FIGURE 54. HIGHWAY MAINTENANCE BUILDING 
IN RIFLE. NOTE THE PATCHED CRACKS IN THE 
MORTAR JOINTS AND CINDER BLOCK UNITS. 

FIGURE 55. BRICK SCHOOL ADMINISTRATION 
BUILDING IN RIFLE. 



homes t o  2-s to ry  b r i c k  commercial bu i l d ings .  ( ~ i ~ u r e s  56 and 57).  

Some o f  the  2-s to ry  s t ruc tures ,  such as the  o l d  b r i c k  DeBeque 

High School and the  IOOF Meeting H a l l ,  a re  unused. The new DeBeque 

School i s  a modern I - s t o r y  concrete b lock  and b r i c k  s t r u c t u r e  

located a t  the  n o r t h  edge o f  town. 

Estimated peak ho r i zon ta l  ground acce lera t ions  were less  than 0.039; 

5% damped spect ra l  acce lera t ions  ranged up t o  about O.lg. I t  was 

considered t h a t  these motions might cause some minor damage i n  p las -  

t e r  w a l l s  and i n  b r i c k  and b lock  2-s to ry  bu i l d ings .  

The O i  1 Shale Corpora t i  on (TOSCO) Faci 1 i ty 

A s tee l  tower a t  the TOSCO f a c i l i t y  29 k i lometers  northwest of GZ 

was inspected i n  March 1969, and a s t r u c t u r a l  'evaluat ion was conduc- 

ted, us ing a v a i l a b l e  data.  

The tower i s  approximately 200 f e e t  h igh  and 50 f e e t  by 50 f e e t  i n  

plan, w i t h  9 support ing columns. Th is  tower has had a h i s t o r y  o f  

d i f f e r e n t i a l  set t lement .  Foundation ma te r ia l  cons is ts  o f  5 t o  6 

f e e t  o f  compacted f i l l  which i s  under la in  by about 170 f e e t  o f  

t a l u s .  The tower leans ou t  o f  plumb a t  the  r a t e  o f  2 f e e t  per 

year when the p l a n t  i s  operat ing,  and about 0.5 f e e t  per year when 

not  i n  opera t ion .  The tower has been r e g u l a r l y  surveyed and re-  

plumbed by base adjustment. 

Attempts have been made i n  t h e  past t o  c o r r e c t  the  foundat ion t i l t  

by app ly ing  h o r i z o n t a l  fo rces  a t  the  top  o f  the  s t ruc tu re ,  us ing 

"dead-men" anchored i n t o  the  adjacent  c l i f f s  and pu l l eys  attached 

t o  the  top o f  the s t r u c t u r e  support ing suspended dead weights. 

Adjustments have a l s o  been made a t  the  base o f  the columns by use 

o f  jacks. According t o  TOSCO management, the  d i f f e r e n t i a l  s e t t l e -  

ment had apparent ly  slowed o r  stopped, probably because o f  i n a c t i v -  

i t y  o f  the TOSCO f a c i l i t y .  Some o f  t h e  reduct ion  i n  set t lement  may 

be due t o  conso l i da t i on  o f  the  foundat ion ma te r ia l .  Our ana lys i s  

was based on an assumed dynamical ly s t a b l e  foundation, which i s  a 



FIGURE 56. A LOG RESIDENCE 114 
DEBEQUE. NOTE THE MORTAR PATCH- 
I N G  ON THE CHIMNEY. 

FIGURE 57 .  MESA COUNTY ROAD 
DEPARTMENT SHOP BUILDING,  CON- 
STRUCTED OF CUT STONE. 



reasonable assumption because o f  the very low l e v e l s  o f  ground mo- 

t i o n  a n t i c i p a t e d  a t  t h i s  l oca t i on .  

A b r i e f  s t ructura l -dynamic study was made, based on rough f i e l d  mea- 

surements obta ined from a f i e l d  t r i p  on March 21, 1969. Photographs, 

s t r u c t u r a l  drawings, and o the r  necessary in fo rmat ion  f o r  a d e f i n i t i v e  

ana lys i s  were unava i lab le  because o f  being company-classif ied as pro- 

p r i e t a r y  data. Therefore, t h e  r e s u l t s  o f  t h i s  study a r e  approximate 

a t  best.  

The r e s u l t s  o f  the  s t r u c t u r a l  evaluat ion,  us ing a v a i l a b l e  data, were 

as fo l lows:  

Range o f  Values 

Per iod (approximately) 1.20 sec 0.83 sec 

Max. Al low. Design (X I  .33) 
Base Shear Coeff .  0.0189 0.0369 

Max. Pred. RULISON Base 
Shear 0.004g 0.0089 

Max. Pred. Top Story  
Accel . 0.007s 0.0139 

Max. Al lowable Design (XI  .33) Base Shear = 60 
k 

Max, Pred. RULISON Base Shear = 13 k 

I t  was concluded t h a t  event-caused motion from RULISON would account 

f o r  stresses l ess  than 25% o f  those al lowable. Therefore, no spe- 

c i a l  precaut ions were recommended, o the r  than evacuat ion o f  the  fac-  

i l i t y  because o f  r o c k f a l l  hazard. 

S i l t  - 
S i l t  i s  a small town loca ted east o f  R i f l e ,  approximately 30 kilome- 

t e r s  nor theast  o f  GZ. S t ruc tures  are  genera l l y  I - s t o r y  wood frame 

bu i l d ings  w i t h  wood o r  stucco e x t e r i o r s .  Near the  highway are  sev- 

e r a l  unoccupied masonry s t ruc tu res  which are  i n  poor cond i t ion .  

These masonry s t r u c t u r e s  show evidence o f  set t lement .  Peak ground 



acce lera t ions  were est imated t o  be l ess  than 0.049; 5% damped spec- 

t r a l  acce lera t ions  ranged up t o  about 0.079. Minor damage t o  

s t ressed p l a s t e r  o f  stucco surfaces and some s l i g h t  extension o f  

masonry cracks were considered poss ib le .  F igure  58 shows one o f  the  

few 2-s tory  s t ruc tu res  i n  S i l t .  

Mesa - 
Mesa i s  a  small a g r i c u l t u r a l  community i n  Plateau Creek Val ley about 

32 k i lometers  southwest o f  GZ; Struc tures  a r e  predominant ly wood- 

frame w i t h  wood o r  stucco e x t e r i o r s .  Peak ground acce lera t ions  were 

est imated t o  be l ess  than 0.049; 5% damped spect ra l  acce lera t ions  

were 0.079 o r  less. Very s l i g h t  damage, such as extension o f  cracks 

i n  b r i t t l e  f i n i s h  coats, was considered possib le.  

Other Communities 

Percept ib le  motion (poss ib ly  generat ing some damage complaints) but 

no s i g n i f i c a n t  p r o b a b i l i t y  o f  damage was p red i c ted  f o r  communities 

a t  g rea ter  distances than those discussed, b a r r i n g  the occurrence 

o f  unpredicted and anomalously s t rong ground motion. Included i n  

t h i s  category were New Cast le, Glenwood Springs, Grand Junct ion,  

Del ta,  Montrose, Cameo, Pal isade, and Aspen. i f  long-per iod motion 

was generated w i t h  s u f f i c i e n t  amp1 i t ude  (which appeared un l  i ke l  y  i n  

view o f  the  p red i c ted  spec t ra l  d i s t r i b u t i o n )  response mot ion a t  

b a r e l y  p e r c e p t i b l e  l e v e l s  might be experienced on upper l e v e l s  o f  

Denver and S a l t  Lake C i t y  h i g h - r i s e  s t ruc tu res .  



FIGURE 58. TWO-STORY ELEMENTARY 
SCHOOL I N  S I L T .  NOTE THE OLDER 
WOOD-FRAME SCHOOL UNIT I N  THE 
BACKGROUND. 



INVESTIGATION OF EARTH STRUCTURES 

Ear l y  i n  our e a r t h  s t r u c t u r e  hazard eva lua t i on  we observed and 

were concerned about the o l d  Harvey Gap ea r th  dam. Our i n i t i a l  

eva lua t ion  and concern were expressed i n  e a r l y  progress repo r t s  

and l ed  t o  a  much more extensive study o f  the poss ib le  poten- 

t i a l  hazard presented by the Harvey Gap Dam. A separate study 

and repo r t  ( ~ e f e r e n c e  9) was prepared by Drs. H. B. Seed and 

J. L. Sherard, ass is ted  by \Joodward-Clyde and Associates. A f t e r  

a  May 1 ,  1969 sa fe ty  review meeting i n  Las Vegas, p red i c t i ons  o f  

r e s e r v o i r  l eve l s  were obta ined and maximum p o t e n t i a l  downstream 

f l o o d i n g  areas ca lcu la ted .  Add i t i ona l  i nves t i ga t i ons  o f  the Bat- 

t lement Mesa rese rvo i r s  and Beaver, Gunnison, and Ute Dams were 

a l s o  conducted. An eva lua t ion  was made o f  the  p o t e n t i a l  hazard 

presented by water wave generat ion i n  rese rvo i r s .  I t  was con- 

cluded tha t  probable wave heights would no t  c o n s t i t u t e  a  hazard. 

Harvey Gap Dam and Reservoi r  

Harvey Gap Dam and Reservoir ,  a l s o  known as Grass Va l ley  and 

Grass Va l l ey  Ant le rs ,  was o r i g i n a l l y  constructed i n  1891. The 

dam was o f  the  e a r t h - f i l l  type 49 f e e t  i n  he igh t  above the 

foundat ion w i t h  c r e s t  length  580 f t ;  w id th  o f  c r e s t  10 f t ;  

w id th  o f  base 225 f t ;  downstream slope 2 : l ;  and upstream s lope 

3 : l .  The o r i g i n a l  dam f a i l e d  i n  1895 and was r e b u i l t  i n  1909. 

I n  1921 the dam was rehab i l  i t a t e d  and ra i sed  t o  a  he igh t  o f  60 

f e e t  w i t h  a  c r e s t  length o f  about 800 f e e t .  The gross r e s e r v o i r  

capac i ty  was increased t o  5058 acre- fee t  w i t h  a  h igh  water sur -  

face area o f  206 acres. The present  operator  i s  the  Farmers 

i r r i g a t i o n  Company. U n t i l  R i f l e  Gap Dam was completed i n  1967, 

Harvey Gap Reservoir  was the  l a r g e s t  development i n  the imme- 

d i a t e  area, and suppl ied water f o r  i r r i g a t e d  lands on Harvey 

Mesa n o r t h  o f  the  town o f  S i l t .  



The Seed, Sherard, and Woodward-Clyde & Associates study concluded 

t h a t  a remote p r o b a b i l i t y  o f  damage t o  the Harvey Gap Dam ex is -  

ted, and recommended c e r t a i n  precaut ionary measures. These were 

amp1 i f  ied by the  Safety Panel (NVOO Panel o f  Safety Consultants),  

an Independent board o f  experts who r e g u l a r l y  reviewed the  progress 

repor ts  made f o r  the  E f fec ts  Evaluat ion Safety Studies. The Safety 

Panel recommended c e r t a i n  a c t i o n  f o r  s p e c i f i c  s i t u a t i o n s  o f  res- 

e r v o i r  water l e v e l .  The study contained recommendations f o r  pro- 

v i s ions  f o r  t ime ly  evacuation i f  water l eve l  was 15 t o  20 f e e t  

below the dam c res t ,  and no immediate evacuation requirements i f  

the  water was more than 20 f e e t  below the c r e s t  o f  the  dam. 

Damage t o  downstream stock-watering ponds, u t  i 1 i t y  1 lnes (gas, 

e l e c t r i c ,  telephone), i r r i g a t i o n  d i tches,  roads, the Denver and 

Rio Grande ra t  lway, i r r i g a t i o n  d i tches and c u l t i v a t e d  lands, as 

w e l l  as farm bu i ld ings ,  could accompany serious f lood ing.  The 

p r o b a b i l i t y  o f  such f l ood ing  was s u f f i c i e n t l y  remote, i n  view 

o f  the  pred ic ted very low water l eve ls  a t  shot t ime, t h a t  no 

serious e f f o r t  t o  est imate these damages was made. 

A survey program t o  determine whether o r  not  movement occurred 

du r ing  the RULISON event was planned. Regardless o f  water l eve l  

a t  shot time, the  dam would be v i s u a l l y  observed and monitored. 

Based on discussions w i t h  persons i n  the  area f a m i l i a r  w i t h  water 

usage and r e s e r v o i r  leve ls ,  i t  was pred ic ted t h a t  the  rese rvo i r  

water l eve l  i n  September ( t o  which t ime the RULISON event had 

been postponed) would be about 40 f e e t  below the dam c res t ,  as- 

suming normal summer r a i n f a l l  and r u n o f f  f rom the loca l  drainage 

area, and t h a t  the  rese rvo i r  would be almost dry. Th is  was the  

case, as i t  a c t u a l l y  happened. 

Battlement Mesa Reservoirs 

These rese rvo i r s  inc lude a number o f  small dams and impounded 



bodies o f  water on Battlement Mesa, a few k i lometers  southeast 

o f  ground zero ( ~ i ~ u r e  59 ) .  The rese rvo i r s  empty i n t o  Battlement 

Creek which f lows n o r t h e r l y  past ground zero and across Mor r isan ia  

Mesa t o  empty i n t o  the Colorado River .  

Our d e t a i l e d  study o f  the ou t f l ow  c h a r a c t e r i s t i c s ,  assuming a 

one-hour ou t f l ow  and a t y p i c a l  f l o w  hydrograph on the basis o f  

dam f a i l u r e  experience, w i t h  f u l l  r e s e r v o i r  ca l cu la t i ons ,  i n d i -  

cated t h a t  no f l ood ing  would occur ou ts ide  the normal creek chan- 

ne ls .  Since there  were no inhabi ted l oca t i ons  i n  o r  near the 

channel, and s ince  i t  was expected t h a t  t h e  e n t i r e  area would be 

evacuated f o r  t h e  event period, being i ns ide  the 0.39 evacuat ion 

area, no hazard t o  persons would be oresented by t h i s  f l ood ing  

i f  i t  should occur. 

Rifle Gap, Vega and Bonham Dams 

The ca re fu l  cons t ruc t i on  techniques known t o  be employed by the  

Bureau o f  Reclamation, reyiew o f  cons t ruc t i on  spec i f i ca t i ons ,  

and the  assurances expressed by Bureau o f  Reclamation person- 

ne l  concerning t h e  s t a b i l i t y  o f  these dams under the  pred ic ted  

dynamic loading, were taken as adequate assurance t h a t  no hazard 

was posed by these dams. Add i t iona l  i nves t i ga t i ons ,  which were 

conducted by the NVOO Panel o f  Safety Consultants, were reas- 

su r i ng  w i t h  regard t o  the dynamic s t a b i l i t y  o f  dam foundation 

mater ia ls .  

Reaver, Overland, Ute and Harris Dams 

Add i t i ona l  s tud ies  were made o f  the hazards posed by Harr is ,  

Overland, and Beaver Dams, a t  distances o f  about 34, 45, and 

74 k i  lometers respec t i ve l y  from the RULISON ground zero. 

Beaver Dam might have posed a hazard t o  inhab i ted  areas as a 

consequence o f  f a i l u r e ;  however, the  est imated RULISON ground 



FIGURE 59. BATTLEMENT RES- 
ERVOIRS LOCATED ABOVE AND 
SOUTHEAST OF GROUND ZERO. 



motion a t  70 k i  lometers was a t  such low l e v e l s  (peak ground ac- 

c e l e r a t i o n  pred ic ted t o  be 0.005g) t h a t  no s i g n i f i c a n t  e f f e c t  

on the  dam s t a b i l i t y  was expected. Therefore, no hazard t o  down- 

stream areas was an t i c ipa ted  as a consequence o f  RULISON ground 

motion, nor was leakage o f  the  dam expected t o  increase. 

Overland Dam and Ute Dam impound water, b u t  no problem was an- 

t i c i p a t e d  i n  downstream areas, as there  were no permanent r e s i -  

dents. Evaluat ion o f  the e f f e c t s  o f  p red ic ted  ground motion a t  

a t  these dams ind ica ted t h a t  no s i g n i f i c a n t  e f f e c t  on the sta-  

b i l i t y  of the dams would be created. Therefore, no hazard t o  

persons i n  downstream areas (campers, fishermen, etc. )  was an- 

t i c i p a t e d  as a consequence o f  RULISON generated ground motion. 

H a r r i s  Dam had a seepage problem i n  the  foundation o f  the r i g h t  

abutment. Because o f  the  small s i z e  o f  the  dam, i t s  r e l a t i v e l y  

small capacity,  and the  lowering water l e v e l  dur ing  the  summer, 

the dam presented no specia l  problem. 

Canals 

Natural  i n s t a b i l i t y  because o f  sa tu ra t i on  under s t a t i c  opera t ing  

load condi t ions i s  c h a r a c t e r i s t i c  o f  much o f  the  canal system i n  

the  area. Some add i t i ona l  I n s t a b i l i t y  might be caused as a con- 

sequence o f  t he  ground motion created by RULISON. D e f i n i t i v e  

studies and forecasts were not  poss ib le  because of  extensive 

systems i n  the  area and a great  v a r i e t y  o f  foundation cond i t ions .  

Spec i f i c  areas o f  s lope I n s t a b i l i t y  were noted by the  Bureau o f  

Reclamation on Relocated State Highway No. 325 near R i f l e  Gap 

Dam, the  Leon-Park Feeder Canal, and the  Southside Canal. F ig -  

u re  60 shows a view o f  Southside Canal. Also, slopes under the 

Bonham p i p e l i n e  from Sta t ions  30+00 t o  40t00, 174+00 t o  189+00, 

and 202+00 t o  240+00 were showing evidences o f  s i m i l a r  slope 

i n s t a b i l i t y ,  p a r t i c u l a r l y  dur ing  wet seasons. Because of the 

expected dry cond i t i ons  and improved slope s t a b i l i t y  a t  the 



FIGURE 60. SOUTHSIDE CA?IAL HAD 
SOME AREAS WHERE SLOPE IF ISTAGIL ITY  
WAS NOTED. 

FIGURE 61. MOST CISTERIIS I N  THE STUDY AREA 
WERE TOTALLY UNDERGROUND BUT CONSTRUCTION WAS 
SIMILAR TO THIS. IN THIS CASE A HOLE WAS DUG, 
L I N E D  WITH ROCK, THEN PLASTERED. OFTEN A HOLE 
WAS DUG AND THE S I D E S  DIRECTLY PLASTERED. 



planned September shot date no event-associated f a i l u r e s  were 

ant ic ipa ted.  

Tunnel No. 3 of the Grand Valley Project  

This tunnel had shown evidence o f  s t a t i c  i n s t a b i l i t y ,  l a rge ly  

because o f  i t s  l o c a t i o n  i n  an o l d  massive lands l ide .  A p o r t i o n  

o f  the  tunnel was re located i n t o  adjacent undisturbed rock a f -  

t e r  f a i l u r e  by s l i d i n g  i n  1950, bu t  remaining po r t i ons  ( i n  the 

v i c i n i t y  o f  the  east are s t i l l  located w i t h i n  the land- 

s l i d e  area. 

I t  seemed u n l i k e l y  however t h a t  damage would occur because o f  

the  genera l ly  low l e v e l  o f  r o t i o n  p red ic ted  f o r  t h i s  area, i n  

view o f  general seismic experience w i t h  s i m i l a r  slopes i n  ear th-  

quake areas and a t  the Nevada Test S i t e .  

Vega Wasteways 

A wasteway st - ructure below Vega Dam has been endangered by a 

f low-type lands1 ide  which caused extensive damage i n  1966. 

Ground motion might cause added i n s t a b i l i t y .  T r igge r ing  the 

s l i d e  i n t o  r a p i d  a c t i o n  seemed u n l i k e l y ,  however, a t  the re la -  

t i v e l y  low leve ls  o f  r o t i o n  p red ic ted  f o r  t he  area, p a r t i c u l a r l y  

l a t e r  i n  the sumner when slopes had an oppor tun i ty  t o  dry  out .  

Bodies of Water and Water Supplies 

The general region o f  the RULISON event i s  low i n  water y i e l d .  

Although the  watershed area represents about 25 percent of  the 

Colorado River  Basin i n  Colorado, the  average y i e l d  i s  less 

than 9 percent o f  the  t o t a l .  As a consequence, the  inhab i tan ts  

o f  the  mesas must s to re  water i n  c i s t e r n s  and tanks f o r  t h e i r  

needs. Sources o f  water are r a i n ,  snowmelt, pumped ground water 

t ruck  de l i ve ry ,  and canals. 



Numerous c i s t e r n s  constructed both i n  rock and a l l uv ium a re  l o -  

cated i n  the  imnediate v i c i n i t y  (4 t o  10 km) o f  the  shot po in t .  

Figure 61 i s  a view o f  a c i s t e r n .  I t  was considered poss ib le  

t h a t  the RULISON event might '  cause minor damage t o  some o f  the 

c i s t e r n s  al though no extensive damage was predicted.  No pre- 

ven t i ve  measures were recommended s ince on ly  l i m i t e d  minor dam- 

age was expected t o  occur. 

Cul t iva ted  Land and Aqricul t u r a l  F a c i l i t i e s  

F i e l d  i nves t i ga t i ons  had i d e n t i f i e d  some locat ions  o f  s lope i n -  

s t a b i l i t y  above a g r i c u l t u r a l  lands, s p e c i f i c a l l y  i n  the  Plateau 

Val ley, Plateau Canyon, and Parachute Creek areas. Damage t o  

some po r t i ons  o f  these lands by r o c k f a l l  o r  lands l ide ,  o r  by 

f l ood ing  caused by temporary damning o f  creeks by s l i des ,  had 

been considered a poss ib le  but  u n l i k e l y  source o f  economic loss. 

Temporary loss  o f  access t o  farmlands, caused by road blockage, 

o r  loss o f  crops through damage t o  water suppl ies was a l so  a 

remote possib i  l i ty .  

Rockfal ls  and Lands1 ides  

The geologic sec t ion  exposed i n  the  canyon w a l l s  i s  a t h i c k  se- 

quence o f  f l a t - l y i n g  i n t e r s t r a t i f i e d  sandstones and c l a y  shales. 

The sandstones a re  hard and strong, j o in ted ,  t h i n  bedded t o  mas- 

s ive,  and separated by f i s s i l e ,  very t h i n  t o  t h i c k  bedded s o f t  

weak c l a y  shale. Slopes exposed by stream a c t i o n  a re  undercut 

along the  s o f t  c l a y  shale beds which removes support from be- 

neath o v e r l y i n g  sandstone beds. Blocks o f  rock which are bounded 

by j o i n t  surfaces become detached and f a l l  o r  s l i d e  downslope. 

The b locks are dislodged by loss o f  s t reng th  o f  the  c l a y  shale 

through l u b r i c a t i o n  o r  w e t t i n g  from snow mel t ,  o r  from prec ip-  

i t a t i o n  and expansion due t o  f reezing.  Larger rock masses o r  

p innacles may col lapse.  Mass wast ing o f  the  c l a y  shale a l so  has 

taken p lace i n  the form o f  slumps and f lows ~ a r t i c u l a r l y  i n  areas 

o f  spr ings and seeps, thus c rea t ing  a d d i t i o n a l  sandstone rock  f a l l  



hazards by removal of lateral confinement and underlying sup- 

port. Another effect of removal of lateral confinement is the 

consequent differential settlement and downslope gliding of 

large detached blocks and masses of sandstone on and into under- 

lying compressible weathered clay shale beds. These sandstone 

masses and blocks may glide downslope for considerable distances 

before tilting past their respective centers of gravity and tum- 

bl ing down the slope surface to the val ley floor. Figure 62 

shows rock on lnterstate Highway 1-70. 

Dip slope failures (failure of layers along the plane slope of 

the geological formation) of large intact rock masses as we1 l 

as individual joint bordered blocks are also observed in the 

area. These failures occur where dip slopes have been undercut 

by stream action; excavations for buildings, highways, and rail- 

roads; and at tunnel portals. 

The frequency of slope failures is highest at the time of the 

fall freeze, lowers slightly throughout the winter, and rises 

again with the spring thaw. This is followed by a relatively 

quiet period through the summer until about mid-August when 

many landslides are triggered by precipitation runoff from cloud- 

bursts. The cloudburst season is usually followed by a short 

period of slope stability until winter storms and ground freezing 

again start the cycle. It was considered remotely possible that 

the RULISON event could induce minor slope failures at certain 

localities. 

DeBeque Canyon - Rockfalls and landslides consisting of large 
masses of intermixed sandstone blocks and clay shale are a 

chronic occurrence in DeBeque Canyon. Figures 63, 64, and 65 
show rockfalls. These slope failures periodically block por- 

tions of lnterstate Highway 1-70 and the main line of the D&RG 

RR for a distance of 14 miles along the Colorado River. The 

canyon starts just west of the town of DeBeque, and the canyon 

floor hazard area extends for about 22.5 kilometers almost con- 



FIGURE 62 .  ROCKFALL FROM THE BOOK C L I F F S  
ALONG 1-70 NORTH OF PALISADE. T H I S  ROCK 
FALL OCCURRED DURING THE LATTER PART OF 
A P R I L  1 9 6 9 .  



FIGURE 63. VIEW OF DEBEQUE CANYON, COLORADO LANDSLIDE, SHOWING 
FEATURES OF SLOPE I N S T A B I L I T Y  I N  THE CANYON. INTERSTATE HIGH- 
WAY 7 0  I S  SHOWII EXTENDING FROM THE LOWER LEFT-HAND CORNER ACROSS 
THE TOE OF THE SL IDE.  THE COLORADO R IVER I S  BELOW THE HIGHWAY 
TO THE RIGHT OF CENTER. 

THF RTM ROCK COLLAPSE I S  BELIEVED TO HAVE TAKEN PLACE I N  1929. .- ~ 

THE SLIDE CONTINUES TO BE A HAZARD,-AS IT IS A SOURCE OF ROCK 
FALLS ONTO THE HIGHWAY AND A CHRONIC HIGHWAY MAINTENANCE PROB- 
LEM. COMPARE T H I S  FIGURE WITH FIGURE 64. 



FIGURE 64. DEBEQUE SLIDE TAKEN FROM 
AN AERIAL PHOTOGRAPH. COMPARE WITH 
FIGURE 63. 

FIGURE 65. A ROCKFALL AT THE EAST EllD 
OF DEBEQUE CANYON DURING EARLY 1969. 



t i nuous l y  west t o  a  p o i n t  j u s t  east  o f  the  town o f  Palisade. 

There are  no residences i n  the main p o r t i o n  o f  the canyon. Two 

d i v e r s i o n  dams are  present i n  the  western p o r t i o n  o f  the can- 

yon. A steam power p l a n t  i s  located a t  Cameo, and several coal 

mines are  opera t ing  i n  the  v i c i n i t y .  There i s  a  network o f  ac- 

t i v e  and abandoned canals i n  the  western p o r t i o n  o f  the  canyon, 

and some residences i n  wide po r t i ons  o f  the  canyon between Cameo 

and Pal isade. A restaurant-gas stat ion-garage which operates 

the  year round i s  located i n  the  v i c i n i t y  o f  Cameo. With the ex- 

cept ion  o f  the highway, ra i l r oad ,  and canals, the  remaining 

s t ruc tu res  were considered t o  be r e l a t i v e l y  f r e e  from the  normal 

smal l -scale r o c k f a l l  hazard. The highway could become impas- 

sable as a  consequence o f  r o c k f a l l s  o r  s l i d e s  i n  the  canyon. 

Plateau Va l l ey  - Rockfa l l s  a r e  a  p a r t i c u l a r  hazard i n  Plateau 

Canyon along Sta te  Highway 65 from t h e  conf luence a t  the Colorado 

River  east  t o  the  v i c i n i t y  o f  the Mesa road f o r k  w i t h  S ta te  High- 

way 330. Several l a rge  slump-type lands l ides  and canyon wa l l  

co l lapses have a l s o  occurred i n  t h i s  reach o f  the v a l l e y  s ince 

paved roads were b u i l t .  The western h a l f  o f  the  area conta ins 

a  few ranches, several o f  which cou ld  be damaged by r o c k f a l l s  

because o f  t h e i r  p r o x i m i t y  t o  the  v a l l e y  w a l l s .  I t  was concluded 

t h a t  a  remote p o s s i b i l i t y  o f  hazard t o  personnel occupying these 

ranches might r e s u l t  from the RULISON event. Therefore, i t  was 

recommended t h a t  personnel l i v i n g  on Highway 65 a t  l oca t i ons  2 

k i lometers  east,  4 k i lometers  east ,  and 5 k i lometers  east  o f  the 

i n t e r s e c t i o n  o f  Highway 65 and 1-70 be evacuated. 

The p o r t i o n  o f  Plateau Va l ley  extending along Sta te  Highway 330 

t o  the town o f  Co l lb ran  and beyond t o  Vega Dam showed evidence 

o f  many f l o w  s l i d e s  and slumps which have taken p lace i n  s i l t  

and c l a y  shale beds i n  and a t  the  base of the  v a l l e y  w a l l s  w i t h i n  

the  past few decades. There a r e  a l s o  numerous lands l ides  and 

b lock  slump areas adjacent t o  Plateau Creek i n  the v i c i n i t y  o f  

Col lbran. These have occurred i n  s i l t  and c l a y  shale b l u f f s  under- 

c u t  by the  creek. S t ruc tures  i n  po r t i ons  o f  Plateau Va l ley  east  

o f  the f o r k  w i t h  S ta te  Highway 65 are  f o r  the  most p a r t  r e l a t i v e l y  

f r e e  from r o c k f a l l  hazards. 

- 113 - 



A remote hazard t o  s t ruc tu res  by f l ood ing  would e x i s t  i f  Plateau 

Creek should be dammed by a massive slump o r  s l i d e .  This has 

taken p lace i n  the  past  a t  several l o c a l i t i e s ,  and Piateau Creek 

i s  c u r r e n t l y  i n  danger o f  being blocked through na tu ra l  s l i d i n g .  

Minor s l i d e s  and r o c k f a l l s  were remotely possib le;  however, i t  

appeared u n l i k e l y  t h a t  the  proper combination o f  circumstances 

would occur t o  cause damming o f  the  creek. 

C o l l b r a n - S i l t  Road - An improved road extends along a t r i b u t a r y  

v a l l e y  from Plateau Creek east o f  Col lbran over a drainage d i v i d e  

no r th  along Snake Creek and Reservoir Creek t o  the town o f  S i l t  

which i s  located on the no r th  s ide  o f  the Colorado River  on In -  

t e r s t a t e  70 (US 6/24). The area between Plateau Creek and the  

confluence o f  Snake Creek and Reservoir Creek conta ins many 

slumps and flows, several o f  which are ac t i ve .  The v a l l e y  bot- 

tom i s  occupied by ranch houses and summer homes. Th is  area i s  

r e l a t i v e l y  f r e e  from r o c k f a l l s  bu t  subject  t o  f l o o d i n g  from dam- 

ming o f  the  creek bed by f lows and s l i des .  Th is  occurrence, 

however, was be l ieved u n l i k e l y  t o  occur as a consequence o f  

RULISON ground motion. The area no r th  o f  the confluence o f  

Snake and Reservoir Creeks i s  r e l a t i v e l y  f r e e  o f  hazards from 

slope f a i l u r e s .  

Parachute Creek - Rockfa l ls  occur f requen t l y  a t  many locat ions  

along the v a l l e y  formed by Parachute Creek. The confluence o f  

the  creek w i t h  the Colorado River  i s  j u s t  west o f  the town o f  

Grand Val ley.  The creek extends i n  a northwest d i r e c t i o n  

through the Roan C l i f f s ,  then tu rns  no r th  t o  s l i g h t l y  nor theast  

where several f o rks  d r a i n i n g  the Roan Plateau j o i n  the  t runk  

s t  ream. 

An extensive o i l  shale development has been constructed a t  the  con- 

f luence o f  t he  t runk  stream and. i t s  var ious forks.  One such f a c i  l- 

i t y  i s  r e f e r r e d  t o  as TOSCO (The O i l  Shale corporation). 



Natural r o c k f a l l s  are a constant hazard t o  personnel, and have, 

on several occasions, damaged and destroyed company s t ruc tures .  

The operators were we l l  aware o f  the  hazards and expressed a 

w i l l i ngness  t o  cooperate dur ing  the RULISON event.  I t  was rec- 

ommended t h a t  the f a c i l i t y  be evacuated and a l l  persons removed 

t o  areas f r e e  o f  r o c k f a l l  hazard dur ing  the  event.  

The Union O i l  f a c i l i t y ,  located on Parachute Creek south o f  the 

TOSCO f a c i l i t y ,  has several metal storage bu i ld ings ,  but  i s  gen- 

e r a l l y  inoperat ive.  While r o c k f a l l s  were possib le,  there d i d  

not  appear t o  be any p a r t i c u l a r  hazard t o  personnel o r  f a c i l i t i e s  

as a r e s u l t  o f  the  RULISON event. 

The Parachute Creek area towards Grand Va l l ey  conta ins several 

ranch houses and the access road t o  TOSCO. The ranch houses 

are s i t u a t e d  towards the center o f  the  v a l l e y  formed by the 

t runk  o f  Parachute Creek; however, the  road, f o r  the most pa r t ,  

i s  a t  the  extreme eastern edge o f  the v a l l e y  below the canyon 

r i m  and i s  exposed t o  r o c k f a l l s .  It was recommended t h a t  t r a v e l  

on t h i s  road be r e s t r i c t e d  dur ing  event t ime. 

I n t e r s t a t e  70 from Grand Hogback t o  Dotsero - Large por t ions  o f  

1-70 and the Denver and Rio Grande Ra i l road from a po in t  8 k i l o -  

meters east o f  S i l t ,  extending east through New Cast le and Glen- 

wood Springs t o  Dotsero, a re  normal ly  sub jec t  t o  rock fa l l s ,  f l ow  

and slump type landsl ides.  Rockfa l ls  and lands l ides  along bed- 

d ing  planes and j o i n t  surfaces are a l so  frequent.  A number o f  

such f a i l u r e s  occur dur ing  any one year. 

The Roaring Fork River, extending f o r  some distance southeast- 

ward from i t s  confluence w i t h  the Colorado River  a t  Glenwood 

Springs, i s  subject  t o  s i m i l a r  slope s t a b i l i t y  problems. No 

c losure  was recommended however because o f  the  lack  of  any ser- 

ious hazard t o  persons. 



Denver and Rio Grande Rai l  road (DERG RR) - I n  a d d i t i o n  t o  por- 

t i o n s  o f  the DERG RR p rev ious l y  discussed, the f o l l o w i n g  loca- 

t i o n s  were designated by the  D i v i s i o n  C i v i l  Engineer as chron ic  

l ands l i de  and r o c k f a l l  areas: 

( I )  Niger H i l l  - 9.7 k i lometers  east o f  DeBeque 

(2) Webster H i l l  - 6.4 k i lometers west o f  R i f l e .  Th is  p o r t i o n  

o f  the  t rack  was scheduled f o r  re locat ion .  Construct ion 

s ta r ted  i n  l a t e  May 1969. ( ~ i g u r e  66). 

(3)  Track which had recen t l y  been re located from the n o r t h  t o  

the south s ide  o f  the Colorado River  immediately west o f  

Glenwood Springs p a r a l l e l  t o  1-70. I n  view o f  the  expected 

dry cond i t i on  o f  slopes a t  shot t ime no p a r t i c u l a r  hazard 

from slope i n s t a b i l i t y  was expected as a r e s u l t  o f  the  

RUL l SON event . 

Grand Hogback a t  R i f l e  Gap and Harvey Gap Dams - Numerous o l d  

landsl ides were noted adjacent t o  the l e f t  abutment a t  Harvey 

Gap Dam as w e l l  as r o c k f a l l s  and landsl ides downstream from the 

f a c i l i t y  along the canyon w a l l s  southward t o  the  Colorado River  

Val ley. The dam and rese rvo i r  d i d  not  appear t o  be hazarded by 

these s l i des ;  however, the  road and coal mine s t ruc tu res  i n  the  

canyon through the  Grand Hogback were vulnerable t o  both rock- 

f a l l s  and lands l i d ing .  The same observat ions app l ied  t o  the  

road through R i f l e  Gap, which conta ins no other  s t ruc tures .  

However, recen t l y  re located po r t i ons  o f  the roads up East R i f l e  

Creek (State Highway 325) and West R i f l e  Creek were slumping to -  

ward the  rese rvo i r ,  and recmmendations were made t h a t  adjacent 

land and water areas be kept  c lea r  o f  persons a t  shot time. See 

Figures 67 and 68 o f  R i f l e  Gap Dam. 

Mine Dumps - Mine dumps and t a i l i n g s  p i l e s  i n  the  area are un- 



FIGURE 66. NEBSTER H I L L  CUT-SLOPES FOR THE DENVER 
AND R I O  GRANDE RAILROAD RELOCATION. T H I S  PHOTOGRAPH 
WAS TAKEN A FEW DAYS BEFORE DETONATION. 

FIGURE 67. R I F L E  GAP DAM AND RESERVOIR 
SHOWING RELOCATED STATE HIGHWAY 325. 
THE POINTER INDICATES THE AREA OF F I G -  
URE 68. 



FIGURE 68. AN AREA BETWEEN RELOCATED STATE 
HIGHWAY 325 AN0 R I F L E  GAP RESERVOIR THAT 
SHOWS DISTRESS. SEE FIGURE 67 AN0 SLUMPING 
CAN BE-OBSERVED. 

FIGURE 69. CAMEO PLANT WITH A STRUCTURAL FRAME 
OF REINFORCED CONCRETE AND STEEL. BOTH STACKS 
ARE OF REINFORCED CONCRETE. ONE STACK I S  150 
FEET AND THE OTHER I S  2 0 0  FEET HIGH. 



s t a b l e  and have a h i s t o r y  o f  f a i l u r e  under normal load condi- 

t i o n s .  Dynamic loading, as f o r  instance from RULISON ground 

motion, poss ib l y  could increase the i n s t a b i l i t y  o f  such e a r t h  

s t ruc tu res .  The region involved extends t o  perhaps no more 

than 25 k i lometers  from GZ. No p a r t i c u l a r  hazard t o  persons 

ex is ted;  i t  was planned t h a t  a l l  mines would be closed dur ing  

the  RULISON event, which f u r t h e r  reduced any p r o b a b i l i t y  o f  

hazard t o  persons. 

Utilities 

Some concern was expressed fo r  tu rb ines  and substat ions as- 

sociated w i t h  the Cameo P lan t .  (F igure 69). No e f f e c t  from the 

RULISON ground motion was expected. It was poss ib le  tha t  some 

temporary power outages might occur i f  the swaying motion caused 

un insu la ted  pole-mounted l i n e s  t o  swing together .  However, i t  

seemed u n l i k e l y  t h a t  such problems would no t  have a l ready ar isen, 

and been solved, as a consequence o f  the  same k inds o f  motion 

from h igh  winds. Operat ing personnel were contacted w i t h  regard 

t o  ground motion and i t s  poss ib le  e f f e c t  on minor equipment housed 

i n  subs ta t ion  b u i l d i n g s  and were advised o f  adequate prepara t ion  

measures, t o  be implemented a t  shot t ime. The superv isor 's  panel 

i n  the  Grand Va l l ey  Substat ion was braced by Pub l i c  Service Com- 

pany, p r i o r  t o  the event. 

Water Wave Studies 

A non-recording f l o a t  gage t o  measure seiche o r  surge was i n -  

s t a l l e d  i n  R i f l e  Gap Reservoir  a t  a p o i n t  approximately 0.6 m i l e  

west of the r i g h t  abutment o f  the dam. The instrument was manned 

by a JAB observer, Computations were made o f  t h e  sur face wave 

t h a t  would be generated, based on our  pre-shot  p red i c t i ons  o f  the 

ground motion response i n  the  dam and r e s e r v o i r  area. Computed 

wave ampli tude was 3.0 cm based on a fundamental per iod  f o r  the  



dam o f  0.31 seconds, average acce lera t ion  o f  O.lOg, and horizon- 

t a l  p a r t i c l e  v e l o c i t y  o f  4.6 cm/sec. The observed ampli tude o f  

the sur face wave o f  t r a n s l a t i o n  was 3.3 cm. 



V. STRUCTURAL EFFECTS 

PERCEPTION OBSERVATIONS 

During the event,  observers were s ta t i oned  a t  s p e c i f i c  loca t ions  

surrounding ground zero t o  record t h e i r  percept ion o f  motion re -  

s u l t i n g  from the detonat ion and t o  p rov ide  immediate observat ions 

o f  any damage which might be sustained by the  s t r u c t u r e s  a t  those 

loca t ions .  I t  should be noted t h a t  people w i l l  perceive ground 

motion a t  l e v e l s  w e l l  below those tha t  w i l l  cause damage. 

Observers ind ica ted  t h e i r  percept ion t o  ground motion us ing the  

f o l l o w i n g  c r i t e r i a .  

PerceptibiZity Observation Criteria ' 

I. Not fe l t .  

II. &uestionab le .  

III. Felt - Direction of motion uncertain. 

.Non-observers do not notice or question. 

I V .  Felt - Observers can assign a t  least  one plane of motion. 

Noticed by some observers. 

V. Felt d i s t inc t l y  - Observer can define directions of  motion 

with c lar i ty .  Most non-observers a t  r e s t  w i l l  fee2 

or react to  the motion. 

vI. Felt by a l l  - Sense of balance affected. Non-observers may 

exaggerate reports of motion experienced. 

I n  the  v i c i n i t y  o f  ground zero the percept ion  e f f e c t  was a sharp, 

s t rong v e r t i c a l  motion. As the d is tance increased from ground 

zero, ground motion rapid1 y decreased. 



At a po in t  5 k i lometers  northwest o f  ground zero ( inventory  loca- 

t i o n  number G-046) a percept ion o f  V I  was reported. Th is  l oca t ion  

was the nearest observer s t a t i o n  t o  ground zero. The motion f e l t  

was p r i m a r i l y  v e r t i c a l  w i t h  a very minor ho r i zon ta l  motion. The 

v e r t i c a l  component was probably about one-half inch, causing a 

l a n t e r n  t o  f a l l  from a hook. A hanging pot  on a 3-foot- long chain 

d i d  not  swing, conf i rming the  lack o f  ho r i zon ta l  motion a t  i t s  f r e -  

quency. There were p a i n t  f l ecks  on the f l o o r  beneath the  f i r s t  

f l o o r  windows and i n  an u p s t a i r s  bedroom a t  the w a l l  corners. A 

l a rge  b o t t l e  o f  hand l o t i o n  f e l l  f rom a she l f .  There was no o ther  

observable damage. 

A percept ion o f  V was assigned by an observer 7 k i lometers  nor th-  

northwest o f  ground zero ( inventory l o c a t  ion number 6-1 10). The 

motion was f e l t  as a ' q u i c k  r o l l ,  up then down. The ground seemed 

t o  shake q u i t e  a b i t  a f t e r  the i n i t i a l  shock. No d i s t i n c t  second 

shock was f e l t .  I t  was hard t o  determine v e r t i c a l  displacement, 

bu t  i t  was probably about an inch. Two dogs owned by the  tenant 

were q u i t e  d is turbed f o r  a few moments f o l l o w i n g  the i n i t i a l  shock. 

The tenant a t  the  l o c a t i o n  assigned a V I  f o r  p e r c e p t i b i l i t y .  He 

sa id  he f e l t  as i f  he were l i f t e d  about 9 inches and dropped. A 

t h i r d  person a t  t h i s  l o c a t i o n  gave a I V  p e r c e p t i b i l i t y  and reported 

t h a t  a rock s l i d e  occurred south o f  the  l oca t ion  and halfway up the  

h i l l .  The ground could be seen r o l l i n g  from the d i r e c t i o n  o f  ground 

zero, apparent ly ra ised several inches. The r o l l i n g  motion was f e l t  

ra the r  sharply. 

A V p e r c e p t i b i l i t y  was assigned by the  observer a t  a l o c a t i o n  6 

k i  lometers no r th  o f  ground zero ( inventory  l oca t  i on  number G-033). 

The motion was s t rong ly  f e l t  a t  approximately 1500 + 6 seconds. The 

motion was mainly v e r t i c a l  w i t h  a north-south o r i e n t a t i o n ,  and the  

magnitude o f  the v e r t i c a l  component almost obscured the  ho r i zon ta l .  

Dust clouds were seen r i s i n g  from the exposed c l i f f  faces toward 

ground zero, and a few could be seen across the  v a l l e y  above the 

s teep iy  eroded and exposed faces o f  the  Roan C l i f f s .  



A percept ion o f  V was f e l t  6 k i lometers west-northwest o f  ground 

zero ( inventory  l o c a t  ion  number G-052). The observer stood fac ing 

southeast toward ground zero, approximately 30 f e e t  northwest o f  

the house. He f e l t  a very  d i s t i n c t  and sharp v e r t i c a l  motion, a l -  

most as i f  being ra ised o f f  the  ground. The house appeared t o  move, 

which may have been an i l l u s i o n  caused by r e f l e c t i o n s  i n  the  win- 

dows. He heard g lass  and a loose storm door r a t t l i n g .  He d i d  no t  

f e e l  any ho r i zon ta l  motion. 

Another V percept ion repo r t  was made from a p o i n t  1 1  k i lometers  

northwest o f  ground zero ( inventory l o c a t  ion  number G-129). The 

motion was f e l t  d i s t i n c t l y  as two shocks w i t h  a f te rmo t ion  f o r  ap- 

prox imate ly  15 seconds. Wal I s  appeared t o  move back and f o r t h ,  

and some dust  was thrown i n t o  the  a i r .  

Observers a t  Anv i l  Points ,  about 13 k i lometers  north-northwest o f  

ground zero, repor ted t h a t  shocks las ted  approximately 10 seconds. 

A l l  e i g h t  people i n  the  area f e l t  the  motion d i s t i n c t l y .  Dust was 

ra i sed  from the area j u s t  below the  Roan C l i f f s  n o r t h  o f  the Bureau 

o f  Mines i n s t a l l a t i o n .  A percept ion  o f  V was assigned t o  t h i s  fo- 

ca t i on .  

An observer 12 k i  lometers west-southwest o f  ground zero, ( inventory  

l o c a t i o n  number M-001) gave a p e r c e p t i b i l i t y  r e p o r t  o f  V I .  Here 

the motion was f e l t  about 3 seconds a f t e r  the shot from a southeast 

d i r e c t i o n .  The motion and sound seemed t o  a r r i v e  simultaneously. 

The motion was v e r t i c a l  w i t h  a du ra t i on  o f  12 seconds. A s o f t  d r i n k  

can f e l l  o f f  a fence post .  Dust f e l l  from the  chimney's mortar 

j o i n t s .  A window came open. Most o f  the cab ine t  doors came open. 

P las te r  f e l l  from o l d  cracks. Cups were swinging on hooks. Some 

br ic -a-brac  f e l l  o r  was moved. A c lock  stopped a t  3 p.m. D i r t  

s i f t e d  from the roo fs  of r o o t  c e l l a r s .  A l l  sea l i ng  wax patches 

on e x i s t i n g  house cracks ( t o  determine i f  movement occurred) were 

broken. A h a l f - f u l l  can o f  l inseed o i l  f e l l  f rom a she l f .  Trees 

swayed. 



The observer located 12.5 k i lometers  south o f  ground zero ( inven- 

t o r y  l oca t ion  number 502-69-25) gave a percept ion repor t  o f  V.  I t 

was reported tha t  rock s l i d e s  occurred no r th  t o  nor theast  o f  the 

ranch house on ta lus  slopes on Green River  shale. The f i r s t  mo- 

t i o n  was sharp, fo l lowed by a r o l l i n g  motion i n  a nor th-nor theast  

t o  south-southwest d i r e c t i o n .  The observat ions were made w h i l e  

standing next t o  an automobile. 

At the  Union Carbide p l a n t  near R i f l e ,  18 k i lometers nor theast  o f  

ground zero, a V p e r c e p t l b i l l t y ' w a s  reported. The motion was f e l t  

almost i n e d i a t e l y .  I t  was a s t rong ly  pe rcep t ib le  impact-type mo- 

t i o n  o f  r e l a t i v e l y  shor t  du ra t i on  -- 5 t o  10 seconds a t  most. The 

motion seemed t o  be predominantly v e r t i c a l .  Guards over  k i l n  b u l l -  

gear and thermocouple s l i p r i n g s  v ib ra ted  not iceably.  L igh ts  on 

gooseneck stands stayed i n  v i s i b l e  tootion the longest.  A Spreng- 

nether blastmeter I n s t a l l e d  t o  record ground motion showed normal 

t races a f t e r  20 t o  30 seconds. 

A t  a l oca t ion  o f  18 k i lometers  south o f  ground zero ( inventory  l o -  

c a t i o n  number M-200) a I V  p e r c e p t i b i l  i t y  repor t  was made. The f o l -  

lowing was recorded: 

Shot t ime : 1500 MDT 

1s t  a r r i v a l :  6 sec 

Descr ipt ion:  1 t o  2 cyc les 

2nd a r r i v a l :  12 sec 

Pendulum 1 : 0.4 sec 

Pendulum 2 : 1.0 sec 

Both pendulums were too  long t o  measure motion. 

COMPARISON OF PREDICTED AND ACTUAL EFFECTS 

General 

The JAB pre-shot p red ic t i ons  o f  damage occurrence were q u i t e  ac- 

curate.  Damage o f  the type p red ic ted  usua l l y  occurred a t  t he  l o -  

ca t ions  expected. 



Table 9 presents a comparison o f  damage p r e d i c t i o n s  and actual  

e f f e c t s .  This  t a b l e  i s  r e l a t e d  t o  the  ERC-predicted PSRV 

spectra a t  the design y i e l d  o f  40 k t .  

Instances o f  f a l l i n g  masonry i n  Grand Va l l ey  i n d i c a t e  t h a t  our 

recommendation t o  the  AEC D i rec to r  o f  Nuclear Operations t h a t  

people be evacuated from the area o r  ou ts ide  o f  the house and 

two b u i l d i n g  he igh ts  away from the house was we l l  advised, as 

was the pre-shot removal o r  r e b u i l d i n g  o f  chimneys a t  c lose - in  

loca t ions .  At these l oca t i ons  none o f  the remaining chimneys 

f e l l ,  al though some loose b r i c k s  on the tops o f  small chimneys 

d i d  fa1 I, as was predic ted.  (See F igure  70). As w i t h  chimneys 

i n  most o l d  homes i n  r u r a l  areas, many o f  these chimneys are  

unl ined.  Because o f  repeated heat ing  and coo l ing ,  and f reez ing  

and thawing cyc les dur ing  the  years, the mortar  j o i n t s  near the 

b r i c k  cap become loose t o  the p o i n t  t h a t  none o f  the  b r i c k s  are 

bonded. Many o f  these chimneys which were damaged were noted i n  

the o r i g i n a l  inventory as being a hazard because o f  the loose 

b r i c k s  o r  badly de te r i o ra ted  cond i t ion .  (See Figures 71 and 72). 

Structural Response 

W i t h i n  7 .4  Ki lometers o f  GZ - The peak h o r i z o n t a l  ground motion 

w i t h i n  7.4 km o f  GZ was pred ic ted  t o  be i n  excess o f  0.309 f o r  

the  maximum c r e d i b l e  y i e l d  o f  60 k i l o t o n s .  Depending on the l o -  

ca t ion ,  the ac tua l  values o f  peak h o r i z o n t a l  ground motion d i d  

exceed 0.309. 

A comparison o f  the  records f o r  the Eames Orchard and the Lemon 

Ranch, both w i t h i n  7.4 km, shows t h a t  the  per iods o f  the peak mo- 

t i o n s  are s i m i l a r .  The d i f f e r e n c e  i n  motions i s  however appre- 

c i a b l e ,  p a r t i c u l a r l y  f o r  the v e r t i c a l  component. 



TABLE 9 

COMPARISON OF DAMAGE PREDICTIONS AND ACTUAL EFFECTS 

(Based on ERC-predicted PSRV a t  design y i e l d  o f  40.0 k i lo tons)  

Approximate 
Distance & 
Di rect ion 
From GZ 
0 Predicted E f fec t  Actual E f fec t  

M i  nor t o  
moderate damage 

Name - 
Rul ison 

Grand Val 1 ey 

Anvi l  Points 

Moderate damage 

Minor t o  
moderate damage 
Possible minor 
road damage 

Moderate damage 

Moderate t o  minor 
damage 

Microwave 

Ranches 

Union Carbide 

Col 1 bran 

R i f l e  

DeBeque 

TOSCO 

No damage No damage 

Minor damage Minor damage 

Minor damage Minor damage 

Minor damage 

Minor damage 

Minor damage 

Minor damage 

Minor damage 

No damage 

Minor damage 

No damage 

Vega Dam 

R i f l e  Gap Dam 

S i l t  

Mesa 

Harvey Gap Dam 

New Castle 

Glenwood Springs 

Grand Junction 

Delta 

No damage 

No damage 

Minor damage 

No damage 

No damage 

S l  i ght damage 

Minor damage 

No predic t ion 

Minor damage 

No damage 

No damage 

No damage 

No damage 

No damage 

No damage 

Minor c la im 

No damage No damage 



FIGURE 70. Cap bricks have fallen from this 
chimney. This chimney also appears 
to have rotated. 



FIGURE 71. 

FIGURE 72. The post-event condition of 
t h i s  chimney shows t h a t  the  
chimney has nioved because of 
ground motion. Compare with 
Figure 71 . 

The pre-event condition of t h i s  
chimney indicates mortar deter-  
ioration and patching. Compare 
with Figure 72.  



Sim i la r  motion observat ions were reported a t  the Schwab Ranch, 6.4 

km northwest of GZ, and a t  the Smith Ranch, 6.4 km northwest o f  GZ.  

I n  the h i l l s  surrounding G Z  some dust was ra i sed  on the slopes as a  

r e s u l t  o f  minor r o c k f a l l s  and s l i d e s  a t  c lose - in  areas o f  Batt lement 

Mesa. The observer a t  the  Lemon Ranch repor ted a  rock s l i d e  t o  the  

south o f  h i s  l oca t i on  and halfway up the h i l l .  

7.4 Ki lometers t o  14 Ki lometers From GZ - The aggregat ion o f  s t ruc -  

tu res  c a l l e d  Rul ison, the  town o f  Grand Va l ley ,  the  Anv i l  Po in ts  Re- 

search Sta t ion ,  and-many small ranches on Morr isania,  Holmes, B a t t l e -  

ment, and Taughenbaugh Mesas are  w i t h i n  the  range o f  7.4 t o  14  km o f  

GZ. There are a l s o  th ree  s t e e l  t russ  br idges over the Colorado River 

a t  Grand Va l ley  west o f  Grand Va l ley  and a t  Rul ison. 

A comparison o f  the observers '  repo r t s  o f  motion d i r e c t i o n  and i n -  

t e n s i t y  and ac tua l  damage shows the e f f e c t  o f  the  h o r i z o n t a l  compo- 

nent o f  motion. Chimney damage and wa l l  c rack ing  occu r r i ng  w i t h i n  

the 7.4- t o  14-km range appear t o  cn inc ide  c l o s e l y  w i t h  observer re-  

p o r t s  o f  s t rong percept ion  i n  t ha t  area. 

Beyond 14 Ki lometers From GZ - Motion i n  the R i f l e  area (18 t o  20 

km) was s t rong ly  pe rcep t i b le ,  predominantly v e r t i c a l ,  and genera l l y  

l as ted  from 20 t o  30 seconds. A t  Col lb ran  (18 km) the  perceived mo- 

t i o n  was less in tense but  s i m i i a r  i n  d i r e c t i o n .  A  review o f  ground 

motion data again conf i rms the motion percept ions and damage obser- 

va t ions  o f  the  observers. 

The TOSCO tower s t r u c t u r e  was instrumented f o r  s t r u c t u r a l  response 

w i t h  two ho r i zon ta l  component L-7 seismic instruments located a t  

the  southwest corner o f  the top f u l l  s t o r y  o f  the tower. Three 

components o f  motion (2 ho r i zon ta l ,  one v e r t i c a l )  were recorded on 

the  ground 100' southwest o f  the s t r u c t u r e  and one v e r t i c a l  compo- 

nent was a l s o  located on the ground nearby. 



A review o f  the paper copies o f  the  recorded motion shows t h a t  the 

peak response o f  bo th  s t r u c t u r e  and ground motion was a t  a  pe r iod  

range o f  0.25 t o  0.30 seconds. The s t r u c t u r e  a l s o  responded a t  a  

pe r iod  o f  roughly 1.0 seconds. 

The 1 .O+ second per iod  response was approximately 0.8 cm/sec, which 

a t  a  1.0 second per iod  r e s u l t s  i n  a  peak fundamental mode top s t o r y  

acce le ra t i on  o f  0.0059. Th is  i s  about one h a l f  the p red i c ted  range 

0.0079 t o  0.0139 f o r  maximum top  s t o r y  acce le ra t i on  i n  the funda- 

mental mode. 

The 0.25 t o  0.30 second pe r iod  range appears t o  be e i t h e r  t h e  2nd 

o r  3rd mode response o r  a  combination thereof .  The peak measured 

responses i n  t h i s  per iod  range are  approximately 7 cm/sec a long t h e  

major a x i s  and 3.5 cm/sec along t h e  minor ax i s .  The top  s t o r y  ac- 

c e l e r a t i o n s  a t  t h i s  pe r iod  range a r e  ca l cu la ted  t o  be approximately 

0.10 t o  0.159, o r  from 2  t o  3 times the  p red i c ted  values. 

I n  summary, the  1s t  mode response was less  than p red i c ted  and the 

2nd and/or 3rd modes were greater  than pred ic ted .  I t  appears t h a t  

the  2nd and/or 3rd modes were t h e  c r i t i c a l  modes f o r  the  response 

o f  the  TOSCO tower t o  t h e  RULISON event, and t h a t  r e s u l t a n t  

s t resses may have been i n  the  range o f  standard a l lowab le  design 

code st resses.  

I f  f u t u r e  events are  planned which would r e s u l t  i n  ground motion 

equal o r  g rea ter  than RULISON, i t  would be advisable t o  make a  de- 

t a i l e d  ana lys is  o f  t h i s  s t r u c t u r e  and t h e  RULISON s t r u c t u r a l  re-  

sponse records. Such an ana lys i s  would requ i re  t h a t  the  s t r u c t u r a l  

d e t a i l s  o f  the  s t ruc tu re ,  i n c l u d i n g  the  dead load weights be obta ined,  

and would e n t a i l  computer processing o f  the  magnetic tape records ob- 

t a ined  a t  t h e  tower. 

Rockfalls and Slides 

Rock fa l l s  r e s u l t i n g  from the  event - re la ted  ground motion were small 

i n  s i z e  and few i n  number. No e x t r a  e f f o r t s  by highway maintenance 

personnel were requi red.  



At New Cast le  the re  was a r o c k f a l l  i n t o  an i r r i g a t i o n  d i t c h  0.2 

m i l e  west o f  the E l k  Creek Br idge on Highway 6 / 2 4  and 0.1 m i l e  

northwest o f  the  highway. The r o c k f a l l  was witnessed dur ing  the 

event. The area has had many r o c k f a l l s  r e s u l t i n g  from in tense ly  

f rac tu red  rocks upslope on the Grand Hogback. These r o c k f a l l s  

a re  a cont inua l  maintenance problem f o r  t h i s  sec t ion .  

Talus slopes developed from debr is  weathered o u t  o f  the Green 

River  shale showed minor movement throughout the  area near the 

TOSCO i n s t a l l a t i o n  i n  response t o  the event-generated ground mo- 

t i o n .  

Talus slopes undercut by the  road i n  Parachute Canyon rave l led .  

Small q u a n t i t i e s  o f  t a l u s  deb r i s  and an occasional small b lock o f  

Green River  shale were repor ted a t  sca t te red  areas o f  roads i n  

the canyon. 

Immediately f o l l o w i n g  the  event, a small r o c k f a l l  was not iced on 

Sta te  R t .  6 5  i n  Plateau Canyon. The occurrence o f  t h i s  r o c k f a l l  

was unobserved. I t  was known t o  have taken p lace w i t h i n  a t ime 

span o f  two hours around shot time. The area i s  one o f  frequent 

l a rge  and small r o c k f a l l s .  This  p a r t i c u l a r  r o c k f a l l  was e a s i l y  

c leared by maintenance crews and no t  repor ted t o  t h e i r  supervisor 

u n t i l  several days a f t e r  the event. 

Large b locks o f  rocks were observed r o l l i n g  downslope i n  the  v i -  

c i n i t y  o f  the R i f l e  Gap Reservoir .  Several fragments f e l l  on 

S ta te  R t .  325 j u s t  east  o f  the dam. Along the  s lope o f  the Grand 

Hogback west o f  t h e  dam, rocks moved a t  two l oca t i ons  but  d i d  not  

reach downslope as f a r  as the  road. 

No r o c k f a l l s  were observed i n  DeBeque Canyon.. Minor r o c k f a l l s  

and dust s l i d e s w e r e  observed on h igh  po in t s  o f  Battlement Mesa 

and on the  face o f  theRoan C l i f f s .  



A case o f  i n c i p i e n t  l a n d s l i d i n g  was examined on Buzzard Creek, 0.7 

m i l e  east o f  the  Co l lb ran  Community Park and Arena. A crack i n  the 

slope on the n o r t h  s ide  o f  the creek was repor ted s h o r t l y  a f t e r  the 

event .  This  creek crossed a driveway which was t rave led  by t h e  prop- 

e r t y  owner j u s t  p r i o r  t o  and s h o r t l y  a f t e r  the  event. The crack i s  

more than 100 yards long and i s  loca ted  about halfway up the  creek 

v a l l e y  slope p a r a l l e l  t o  t h e  bank. The w id th  va r ies  from a ser ies  

o f  discont inuous p a r a l l e l  h a i r l i n e  openings t o  a s i n g l e  opening b f  

0.5 foo t  o r  more. Some v e r t i c a l  as we l l  as ho r i zon ta l  component 

movement has resu l ted  i n  an apparent tension- type crack more than 

10 fee t  deep. The nature  o f  the  widespread h a i r l i n e  cracks imp l ies  

t h a t  the  plane o f  f a i l u r e  extends much deeper. Seepage was noted 

a t  the base o f  the  area s l i g h t l y  above creek l e v e l .  The bank area 

on both sides o f  t h e  crack i s  a l s o  swampy and has t h e  hummocky char- 

a c t e r i s t i c s  o f  o l d  l a n d s l i d e  areas. 

Structure Damage 

The data obta ined from Pro jec t  RULISON o f f e r s  an oppor tun i t y  t o  

gain i n s i g h t  i n t o  the  na ture  and cause o f  damage t o  b u i l d i n g s  from 

event ground motion. 

The damage t o  l ow- r i se  b u i l d i n g s  from the  RULISON event i s  o f  par- 

t i c u l a r  i n t e r e s t  because o f  the  a p p l i c a b i l i t y  o f  the r e s u l t i n g  data 

t o  e f f e c t s  p r e d i c t i o n  f o r  s i m i l a r  f u t u r e  events. P ro jec t  RULISON 

a l s o  provides t h e  best and, t o  a l a r g e  ex ten t ,  t h e  o n l y  example o f  

rea l  b u i l d i n g  damage i n  a populated area from an underground nuclear  

explosion. The o n l y  o the r  instance o f  ex tens ive  minor damage, t h e  

SALMON event near Hat t iesburg,  M iss i ss ipp i  on October 2 2 ,  1964, was 

n o t  we l l  documented w i t h  respect t o  motion record ing i n  Hat t iesburg.  

Figures 73 through F igure  85 a r e  examples o f  c r e d i b l e  damage due t o  

P ro jec t  RULISON. 



FIGURE 73. Chimney damage 
in Grand Val ley,  approximately 
10 kilometers northwest of 
ground zero. 

FIGURE 74. Damaged chimney near 
Grand Val 1 ey , showing deteriorated 
mortar damage. 

FIGURE 75. Chimney damage 
on Morrisania Mesa, indica- 
t ing loose bricks t h a t  have 
f a l l en  in to  the chimney. 



FIGURE 76. Chimney damage 
a t  Kansas Mesa south of 
Coll bran. 

FIGUKt 1 1 .  ~wo chimneys displaying damage 
t o  the  cap bricks.  This location i s  in 
Ri f le ,  approximately 20 kilometers north- 
ea s t  of ground zero. 



FIGURE 78. Reworking of in- 
t e r i o r  plas ter  crack a t  the 
wall-cei l ing juncture. 

FIGURE 79. In te r io r  p las te r  
cracking and spal l ing a t  a 
door frame. 

FIGURE 80. In te r io r  p las te r  
cracking of a par t i t ion  wall.  



FIGURE 81. Reopened diagonal cracks 
on the i n t e r io r  wall of a stone house. 

FIGURE 82. Damage also occurred 
t o  items t h a t  were hanging on 
walls and were displaced. 



FIGURE 83. Within 1 
kilometer of ground 
zero a log cabin had 
some chinking dislodged. 

FIGURE 84. A t  Grand 
Valley the Post Office 
had brick damage t o  the 
parapet. For a pre- 
event comparison see 
Figure 49. 

FIGURE 85. This f igure  
shows a horizontal butane 
tank which was rolled 
over during the event. 



I n  t h i s  repo r t  the  f o l l o w i n g  d e f i n i t i o n s  are used: 

CompZrrint - Any compZaint made concerning property dmnage, 

whether or not formalized as a claim. 

Credible Damage Complaint - Any property damage complaint 

that has been defined as credible by JAB or GAB (General 

Adjustment Bureau) investigators, or one that has been 

paid. 

The l i m i t s  and a p p l i c a b i l i t y  o f  the  RULISON data must be c l e a r l y  

understood t o  prov ide  rwaningfu l  in format ion and t o  avoid errone- 

ous r e s u l t s .  An accurate and prec ise  s t a t i s t i c a l  c o r r e l a t i o n  o f  

b u i l d i n g  damage and ground m t i o n  parameters requires comprehen- 

s i v e  information, i nc lud ing  a t o t a l  b u i l d i n g  count i n  the area, 

the  foundation ma te r ia l  cha rac te r i s t i cs ,  the  number o f  damaged 

bu i ld ings ,  the  types o f  damage, and the  app l i cab le  ground motion. 

For the RULISON event, these c r i t e r i a  can be s a t i s f i e d  most prac- 

t i c a l l y  by consider ing the  f i v e  major towns i n  the area -- Grand 

Val ley,  DeBeque, R i f l e ,  S i l t ,  and Col lbran.  The damage complaint 

data included i n  t h i s  repo r t  are those received by March 31, 1970. 

O f  the t o t a l  p roper ty  damage complaints received by t h a t  date, 

h a l f  o f  them were received from these f i v e  towns. The bu i l d ings  

i n  the  towns represent a considerable percentage o f  the  t o t a l  

b u i l d i n g  count f o r  the  RULISON area, and a s i g n i f i c a n t  amount o f  

s t r u c t u r e  damage was claimed from these towns. For the  purposes 

o f  ana lys is  i t  i s  necessary a l so  t o  assume t h a t  the one o r  two 

ground motion recordings obtained i n  a p a r t i c u l a r  town can be ap- 

p l i c a b l e  t o  the  e n t i r e  town. Damage pat te rns  tend t o  substant ia te  

t h i s  assumption. 

A summary o f  ground motion data f o r  t he  towns i s  presented i n  

Table 10. The in format ion  i n  Table 10 includes peak vector  ground 

motion accelerat ion,  v e l o c i t y ,  and displacement; the t a b l e  a l so  



includes 5% damped response spectra peaks o f  acce le ra t i on  (S ) , a  
v e l o c i t y  (Sv), and displacement (Sd) f o r  the  pe r iod  (T) range be- 

low 0.3 seconds (range o f  fundamental per iods f o r  low- r ise  s t ruc -  

tu res) .  

Table 1 1  presents b u i l d i n g  counts and damage data f o r  the per iod  

ending March 31 ,  1970. Whi le l a t e r  data a r e  a v a i l a b l e ,  no f u r t h e r  

updat ing has been attempted s ince damage data were incomplete 

p r i o r  t o  September 10, 1970 and ana lys is  o f  these data  i s  s t i l l  

i n  progress. 

Figures 86 through 93 show response spectra f o r  Grand Val ley,  f o r  

2 s t a t i o n s  i n  DeBeque, f o r  3  l oca t i ons  i n  R i f l e ,  and f o r  s t a t i o n s  

i n  S i l t  and Col lbran.  

Figures 94 through 97 show g r a p h i c a l l y  the r e l a t i o n s h i p  o f  peak 

vec to r  ground acce le ra t i on  and v e l o c i t y  t o  complaints ( ~ i g u r e s  94 

and 95) and c r e d i b l e  damage complaints ( ~ i ~ u r e s  96 and 97) w i t h  

complaint data i n  the  form o f  percent o f  b u i l d i n g  count. "Com- 

p l a i n t "  and " c r e d i b l e  damage complaint' '  a re  de f ined e a r l i e r  on 

page 138. B u i l d i n g  count data are  se t  f o r t h  i n  Chapter I l l  and 

i n  Table 11 .  Although o n l y  a  few data po in t s  a re  a v a i l a b l e  f o r  

each p l o t  and considerable s c a t t e r  i s  seen, there  i s  an i n d t c a t i o n  

o f  a  d i r e c t  r e l a t i o n s h i p  between r m t i o n  ampli tude and damage. 

Figures 98 through 101 show the same r e l a t i o n s h i p s  except t h a t  

peak ho r i zon ta l  component spec t ra l  acce le ra t i on  i s  used instead o f  

peak vector  ground acce le ra t i on  (Figures 98 and loo),  and peak 

h o r i z o n t a l  component spec t ra l  v e l o c i t y  i s  used ins tead o f  peak 

vec to r  ground v e l o c i t y  (Figures 99 and 101). Spectra l  accelera- 

t i o n  and v e l o c i t y  peaks were taken from the  pe r iod  range below 0.3 

seconds, s ince  t h i s  pe r iod  range includes t h e  fundamental per iod  

o f  v i b r a t i o n  f o r  the  great  m a j o r i t y  o f  RULISON s t ruc tu res .  One 

more data p o i n t  i s  a v a i l a b l e  f o r  each o f  these l a t t e r  p l o t s  s ince  



TABLE 10 

PROJECT RULISON GROUND MOTION AND SPECTRAL MOTION 

- 

Spectra b l ted  on short ground na t ion  record (power f a i l u r e  2.4 seconds a f t e r  shot). 

TABLE 11 

BUILDING COUNT AND DAMAGE DATA (AS OF MARCH 31, 1 9 7 0 )  

LOCATION 

Grand Valley 

R i f l e  
Union carbide 
Church 
Top of Ht11 

De Beque 
S ta t ion  (1 
S ta t ion  12 

Col l bran 

S i l t  ( radia l  
compound) 

PEAK HORIZONTAL COMPONENT SPECTML WTlON, 

Oata fmm Section 111. Note exclusions. 

SLANT, 
WGE. 

km 

10.6 

18.0 
20.2 
20.2 

22.8 
22.8 

18.8 

29.8 

5% 

Sa, Spectral 
Acceleration, g 

1.00 

0.50 
0.33 
0.21 

0.22 
0.43 

0.13 

0.10 

HOTION 
D, Oisplace- 

m n t .  cm 

0.236 

0.139 
0.106 
0.410 

0.099 
0.206 

0.068 

PEAK VECTOR GROUND 

TOTAL 
WLLAR 
DAMGE 

$ 15,049 

18,995 

1,320 

1,864 

235 

Damping. 0 t o  0.3 
Sv, Spec t r l l  

Veloc i ty  
cmlsec 

21.0 

8.3 
6.3 
5.0 

4.5 
10.3 

5.1 

5.0 

A, Accelera- 
t i on ,  a 

0.550 

0.174 
0.096 
0.137 

0.102 
0.162 

0.034 

CREDIBLE PERCENT OF 
OAMGE BUlLOING 

COUPLAINTS COUM 

77 52.7 

75 9.9 

6 5.9 

6 4.7 

4 2.1 

BUILDING 
COUNT 

Grand Valley 145 

R i f l e  759 

Oe Bequa 102 

Collbran 127 

S i l t  194 

Seconds 
Sd. Spectral 
Displacement, 

cm 

0.60 

0.14 
0.14 
0.22 

0.13 
0.40 

0.23 

0.22 

V, Veloc i ty  
cm/sec 

8.27 

3.57 
3.13 
3.77 

2.20 
4.68 

1.34 

PERCENT OF 
BUILDING 

COMPLAINTS COUNT 

86 58.8 

82 10.8 

13 12.7 

15 11.8 

4 2.1 



GRAND VALLEY, HARD ROCK, STATION R25, 10.6 M 

PERIOD-SEC . 

FIGURE 86. OBSERVED 5% S, SPECTRA, RULISON EVENT(,) 
(Source: NVO-1163-197 ) 



DEBEQUE SCHOOL NO. 1 ( l o o ' ) ,  HARD ROCK 
STATION R 12, 22.8 KM 

0.1 1.0 

PERIOD-SEC . 

FIGURE 87.  OBSERVED 5% S, SPECTRA, RULISON EVENT(2) 
(Source:. NVO-1163-197 ) 



DEBEQUE SCHOOL NO. 2 (10001), HARD ROCK 
STATION R 13, 22.8 KM 

s'" 
8 

0' 

0.1 1.0 

PERIOD-SEC . 

FIGURE 88. OBSERVED 5% S, SPECTRA, RULISON EVENT(,) 
( S o u r c e :  NVO-1163-197 ) 

- 143 - 



UNION CARBIDE PLANT (RIFLE), HARD ROCK, 
STATION R 09, 18.0 KM 

0.1 1 .o 
PERIOD-SEC . 

FIGURE 89. OBSERVED 5% Sv SPECTRA, RULISON EVENT 
( S o u r c e :  NVO-1163-197 ( 2 ) )  



RIFLE (TOP OF HILL) ,  HARD ROCK, 
STATION R 27, 20.2 KM 

0.1 1.0 

PERIOD-SEC . 

FIGURE 90. OBSERVED 5% S, SPECTRA, RULISON EVENT 
(Source: NVO-1163-197 PIl 



RIFLE (METHoDI ST CHURCH), HARD ROCK 
STATION R 26, 20.2 KM 

0.1 1.0 

PERIOD-SEC . 

FIGURE 91. OBSERVED 5% S, SPECTRA, RULISON EVENT(,) 
(Source: NVO-1763-197 ) 



S I L T ,  HARD ROCK, STATION R 14, 29.8 KM 

Y 
(I) 

z 
-l 

0 
a 
Y 
(I) 
0 

0.1 1 .o 
PERIOD-SEC 

FIGURE 92. OBSERVED 5% S, SPECTRUM, RULISON EVENT 
( S o u r c e :  NVO-1 163 -1  97 ) 



COLLBRAN, 18.8 KM 

0.1 1.0 

PERIOD-SEC . 

FIGURE 93. OBSERVED 5% S,, SPECTRA, RULISON EVENT 

- 148 - 



PERCENT OF BUILDING COUNT 

FIGURE 94. COMPLAINTS (PERCENTAGE OF BUILDING COUNT, 

TABLE 11) VS. PEAK VECTOR GROUND ACCELERATION 



PERCENT OF BUILDING COUNT 

FIGURE 95. COMPLAINTS (PERCENT OF B U I L D I N G  COUNT, 

TABLE 11) VS. PEAK VECTOR GROUND VELOCITY 



PERCENT OF BUILDING COUNT 

FIGURE 96. CREDIBLE DAMAGE COMPLAINTS (PERCENT OF 

B U I L D I N G  COUNT, TABLE 11) VS. PEAK VECTOR 

GROUND ACCELERATION 



PERCENT OF BUILDING COUNT 

FIGURE 97. CREDIBLE DAMAGE COMPLAINTS (PERCENT OF 

B U I L D I N G  COUNT, TABLE 11) VS. PEAK VECTOR 

GROUND VELOCITY 



PERCENT OF BUILDING COUNT 

FIGURE 98. COMPLAINTS (PERCENT OF BUILDING COUNT, TABLE 1 1 )  
VS. PEAK HORIZONTAL COMPONENT SPECTRAL ACCELERATION 
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PERCENT OF BUILDING COUNT 

FIGURE 100. CREDIBLE DAMAGE COMPLAINTS (PERCENT OF BUILDING 

COUNT, TABLE 11) VS. PEAK HORIZONTAL COMPONENT 

SPECTRAL ACCELERATION 



FIGURE 101. CREDIBLE DAMAGE COMPLAINTS (PERCENT OF B U I L D I N G  

COUNT, TABLE 11 ) VS. PEAK HORIZONTAL COMPONENT 

SPECTRAL VELOCITY 



a Co l lb ran  spectrum was a v a i l a b l e  from t h e  shor t  ground motion 

record (2.4 sec.) obtained the re  p r i o r  t o  a power f a i l u r e  

which ended the recording. 

Figures 100 and 101 should be genera l l y  most meaningful, i n  

t h a t  the spec t ra l  acce le ra t i on  and v e l o c i t y  i n  the  l ow- r i se  

b u i l d i n g  per iod  range c o n s t i t u t e  b e t t e r  parameters than ground 

mot ion f o r  d e f i n i t i o n  o f  t h e  demand on the s t ruc tures .  Also, 

these p l o t s  employ t h e  b e t t e r  measurement o f  ac tua l  s t r u c t u r a l  

e f f e c t s ;  i.e., c r e d i b l e  damage complaints expressed i n  terms o f  

percent  o f  b u i l d i n g  count. 

One comparison w i t h  o the r  complaint da ta  i s  a f fo rded  by re fe r -  

ence t o  ~ a d o l s k i " ~ ) .  Nado lsk i ' s  curve i n  h i s  F igure  12 (a cum- 

u l a t i v e  p l o t  o f  data po in t s  from damage experience w i t h  bo th  

h i g h  explosives and underground nuclear  explosions) shows the  

r e l a t i o n s h i p  between complaints expressed as a percent o f  b u i l d -  

i n g  populat ion, and peak spec t ra l  response acce lera t ion .  Th i s  

should compare w i t h  F igure 98, a l though there are  d i f f e rences  i n  

t h e  bases f o r  the  data i n c l u d i n g  b u i l d i n g  count coverage, d f f -  

ferences i n  damping percent f o r  spec t ra l  values, incomplete 

RULISON data, e tc .  The comparison shows c l o s e l y  s i m i l a r  slopes 

f o r  bo th  curves. However t h e  F igure  98 curve i s  d isp laced i n  

the  d i r e c t i o n  o f  h igher  response acce le ra t i on  requ i red  t o  o b t a i n  

the  same damage percentage. For instance, a t  2 percent damage, 

Nadolski  ' s  F igure 12 shows about 0.039 compared t o  about 0. l o g  

f o r  F igure 98 RULISON data, and a t  20 percent damage Nado lsk i ' s  

F igure  12 shows about 0.159 compared t o  about 0.509 f o r  F igu re  

98 RULISON data. 

L i t t l e  re l i ance  should be p laced  on r e l a t i o n s h i p s  observed i n  

these p l o t s  s ince d a t a o n  damage were no t  complete a t  the t ime 

o f  t h e i r  preparat ion.  I t  i s  encouraging t o  see i n d i c a t i o n s  o f  

a d i r e c t  r e l a t i o n s h i p  between damage and m t i o n  ampli tude, and 

the re fo re  j u s t i f i c a t i o n  f o r  t h e  more d e t a i l e d  analyses being 

c a r r i e d  on f o r  subsequent repo r t i ng .  



Table 12 i s  an i n t e r i m  summary o f  c r e d i b l e  damage complaints as o f  

March 31, 1970. Since each damage complaint as submitted can and 

u s u a l l y  does l i s t  more than one type o f  damage, the  Table 12 t o t a l  

o f  complaints i s  l a r g e r  than the  t o t a l  o f  submitted damage complaints,  

which was 399 on March 31, 1970. 

As o f  October 31, 1970, a t o t a l  o f  455 damage complaints had been 

received, i n c l u d i n g  one submitted a f t e r  t h e  September 10, 1970 

deadl ine date. D i s t r i b u t i o n  o f  types o f  damage complained o f  w i l l  

be repor ted  on i n  f u t u r e  pub l ica t ions .  



TABLE 12 

SUMMARY OF CREDIBLE DAMAGE COMPLAINTS 

(as  of March 31, 1970) 

Number of Credible Damage Complaints 

Type of Damage Towns Rural Total 

Chimney 76 67 143 

Int .  Plas ter  

Masonry Wall 

Foundation 

Windows 

Fi rep1 ace 

Other Ext. Wall 

Roof 

TV Sets 

Household Items 

Cisterns 

We1 1s 

Earth Slides 

U t i l i t y  Line 

Other 

TOTAL 300 257 557 



COMPARISON OF PREDICTED AND ACTUAL DAMAGE COSTS 

An i n i t i a l  damage cos t  p red ic t i on ,  based on engineering judgment 

est imates f o r  t he  60-k i lo ton  maximum y i e l d  was $130,000 (as quoted 

i n  o f f i c i a l  communications from JAB t o  NVOO i n  A p r i l  1969). Response 

spectrum p red ic t i ons  were l a t e r  rev ised upward, and a subsequent pre- 

d i c t i o n  f o r  the 60 -k i l o ton  maximum y i e l d  was $234,000 and f o r  the  

40-k i lo ton  design y i e l d  was about $123,000 ( o f f i c i a l  communication 

from JAB t o  NVOO i n  J u l y  1969). 

As o f  October 31, 1970 according t o  NVOO data, a t o t a l  o f  355 formal 

claims had been f i l e d  and damage c la im  payments t o t a l l e d  $110,167.09. 

Another $7,358.95 had been o f f e r e d  i n  sett lement o f  5 outstanding 

claims, but  had not  ye t  been accepted by the  claimants involved. 

Should acceptance a t  t h i s  f i g u r e  take place, damage c la im  payments 

w i l l  t h e w t o t a l  $117,526.04, i n  comparison t o  the  pred ic ted $123,000 

damage f o r  the design y i e l d .  



VI. CONCLUSIONS 

Deta i l ed  and r e l i a b l e  assessments o f  s t r u c t u r a l  response t o  

ground motion from underground nuclear  explosions are  essen t i a l  

f o r  the  safe conduct o f  such experiments i n  populated areas. 

S t r u c t u r a l  response t o  ground motion i s  a  complex phenomenon, 

which requi res cons idera t ion  o f  s t ruc tu res  and t h e i r  foundations 

as frequency-dependent o s c i l l a t i n g  mechanisms w i t h  s e l e c t i v e  re-  

sponse c h a r a c t e r i s t i c s  and the re fo re  i s  no t  amenable t o  the a p p l i -  

c a t i o n  o f  general ized peak motion c r i t e r i a  f o r  response and damage 

p red i c t i on .  

P r e d i c t i o n  techniques have been devised under the s t r u c t u r a l  re -  

sponse cont rac t  w i t h  the  Nevada Operations O f f i c e  t o  enable re-  

l i a b l e  fo recas t ing  o f  s t r u c t u r a l  response and damage. These tech- 

niques inc lude the  Engineering I n t e n s i t y  Scale (EIS), which pro- 

v ides a  general ized p r e d i c t i o n  o f  damage occurrence r e l a t e d  t o  

bu i  1 d ing  classes; the  Spectra l  M a t r i x  Method (SMM) , which prov ides 

a  more q u a n t i t a t i v e  p r e d i c t i o n  i nc lud ing  a  fo recas t  o f  the monetary 

value of damage; and more d e t a i l e d  p r e d i c t i o n  methods f o r  fo recas t  

o f  the  onset and nature  o f  damage occurrence t o  i n d i v i d u a l  impor- 

t a n t  s t ruc tu res  o r  types o f  s t ruc tu res .  

P r e d i c t i o n  methods f o r  the r e l i a b l e  fo recas t i ng  o f  response and dam- 

age eva lua t ion  r e q u i r e  the c o l l e c t i o n  o f  d e t a i l e d  and s p e c i f i c  i n -  

format ion on s t r u c t u r a l  c h a r a c t e r i s t i c s  and s t r u c t u r a l  popu la t ion  

t o  be exposed t o  such ground motion. To o b t a i n  t h i s  in fo rmat ion  de- 

mands comprehensive f i e l d  e f f o r t s ,  i n c l u d i n g  reconnaissance, s t ruc -  

t u r a l  inventory  and c o n d i t i o n  surveys, and e a r t h  s t r u c t u r e  s lope 

and foundation c o n d i t i o n  eva lua t ions .  

An i n i t i a l  May 1969 date  had been proposed f o r  the  RULISON event. 

As a  consequence, a  considerable problem was created by the expected 



widespread slope i n s t a b i l i t y  a t  t h a t  t ime o f  year because o f  sp r ing  

thawing and wet weather. F i e l d  surveys the re fo re  were d i r e c t l y  i n -  

f luenced; much e f f o r t  was spent i n  assessing p o t e n t i a l  hazards i n  

the  area. S t ruc ture  s tud ies  were a l s o  hampered by unfavorable road 

and weather cond i t ions .  The subsequent delay t o  a September 1969 

date permi t ted slopes t o  d ra in ,  and they were genera l ly  d r y  and 

s tab le  -- as p red ic ted  -- w i t h  r e l a t i v e l y  l i t t l e  slope movement o r  

r o c k f a l l s  a t  shot time. 

S t ruc tu ra l  response inst rumentat ion f o r  t he  event included the in -  

s t a l  l a t  ion o f  v e l o c i t y  meters (operated by the USCEGS) , Sprengnether 

blastmeters, passive mechanical gages t o  record movement o f  cracks, 

and a water wave gage. 

High p o t e n t i a l  hazards due t o  ground motion were pred ic ted t o  e x i s t  

ou t  t o  about 7.4 k i lometers from Ground Zero, and i t  was the re fo re  

recommended t h a t  a l l  persons be evacuated from the c lose - in  area. 

However, observers w i t h i n  t h i s  region found less hazard t o  e x i s t  

than was expected, and considerat ion should be given t o  r e v i s i n g  

o f  t h i s  requirement f o r  f u t u r e  experiments. 

Hazards 'as a consequence o f  s t r u c t u r a l  damage were pred ic ted t o  oc- 

cur  out t o  a d is tance o f  14 k i lometers.  A l l  persons were requested 

t o  be outs ide and away from bu i l d ings  and other  s t ruc tures ,  t o  

avoid any hazard from f a l l i n g  objects.  Th is  recommendation was 

well-advised, s ince observed damage was extensive enough i n  t h i s  

region t o  pose a r e a l  hazard t o  persons, had they not  been evacuated. 

Hazard because o f  phys io log i ca l  o r  psychological  response was pre-  

d i c t e d  t o  occur o u t  t o  about 100 k i lometers.  Such hazards were ad- 

equate ly  safeguarded against  by s u f f i c i e n t  p u b l i c  n o t i c e  o f  the  

shot t ime so t h a t  people were forewarned. No i n j u r i e s  occurred, 

al though people were s t a r t l e d  i n  some locat ions  by the  unexpectedly 

s t rong percept ion o f  motion. 



Damage was forecast  t o  occur p r i m a r i l y  i n  the region w i t h i n  35 k i -  

lometers o f  GZ. Almost a l l  damage was a c t u a l l y  observed t o  occur 

w i t h i n  t h i s  area, al though -- as was expected -- a few very minor 

instances o f  damage d i d  occur a t  greater  distances. 

Damage occurred genera l ly  as predicted. Although damage complaint 

processing i s  s t i l l  Incomplete It appears t h a t  the f i n a l  t o t a l  

w i l l  be somewhat I n  excess o f  $100,000. The pre-shot p r e d i c t i o n  

o f  t o t a l  damage cost  was $123,000 f o r  the  40-ki l o ton  design y i e l d  

and $234,000 f o r  the 60 -k i l o ton  maximum y i e l d .  Consequently, q u i t e  

good agreement i s  expected between the  pred ic ted and ac tua l  damage 

cos ts .  

Graphical p l o t s  o f  damage (expressed as a percent o f  b u i l d i n g  

count) versus (1) peak vec tor  ground acce lera t ion ,  (2) peak vec- 

t o r  ground v e l o c i t y ,  (3) peak 5% damped spect ra l  response accel-  

e ra t ion ,  and (4) peak 5% damped spect ra l  response v e l o c i t y  show 

ind i ca t i ons  o f  a d i r e c t  r e l a t i o n s h i p  between motion ampli tude and 

damage. These motion-damage s tud ies  which so f a r  are based on ly  on 

t h a t  data a v a i l a b l e  as o f  March 31, 1970 are being continued. 

I n  summary i t  may be concluded t h a t  the  RULISON event necessi tated 

pre-shot and post-shot data acquisition e f f o r t s ,  inc lud ing thorough 

instrumentat ion,  s t r u c t u r a l  surveys, motion observat ions, and anal-  

yses. These data on response o f  low- r ise  s t ruc tu res  i n  populated 

areas t o  seismic ground motion should be extremely valuable f o r  

f u t u r e  peaceful app l i ca t i ons  o f  nuclear energy. The seismic motion- 

damage r e l a t i o n s h i p  i s  an e s p e c i a l l y  va luab le  f i e l d  f o r  f u r t h e r  i n -  

ves t i ga t i on ,  and maximum use should be made o f  these data. 

Revised procedures f o r  i n i t i a l  surveys and evaluat ions have been 

i n s t i t u t e d  by the  Nevada Operations O f f i ce ,  t o  d isc lose,  as e a r l y  

as possib le,  any major problem such as the expected i n s t a b i l i t y  o f  

slopes i n  the RULISON area f o r  the i n i t i a l l y  selected May 1969 date. 



These evaluat ions should preclude the necess i ty  f o r  reschedul ing 

events because o f  such problems, and a re  the re fo re  h i g h l y  des i rab le  

object ives.  

P red ic t i on  techniques employed f o r  RULISON damage assessment worked 

genera l ly  as an t i c ipa ted ,  although some, such as the SMM, are sen- 

s i t i v e  t o  anomalously la rge uncer ta in t i es  i n  ac tua l  ground motion. 

D e t a i l s  of these methods o f  p r e d i c t i o n  need f u r t h e r  conf i rmat ion  by 

thorough checking against  actual  RULISON damage occurrence. Some 

which were not  used fo r  the RULISON event should a l s o  be employed 

i n  h indcast  p red ic t ions ,  t o  evaluate t h e i r  r e l i a b i l i t y  and use fu l -  

ness f o r  s i m i l a r  f u t u r e  underground nuclear events. 
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INVENTORY INDEX 

Loca t i on  No. - Name - 
Rio Blanco P.O. & Store 
Ranch 
Abandoned ranch 
Microwave F a c i l i t y  
Ned Kennon Ranch 
Sykes 
Kennon Cow Camp 
Harv Creek Place 
Oept. O f  Highways 

Maintenance S ta t i on  
OeBeque Bridge on Highway 6-24 
Colorado Overflow a t  DeBeque 
Abandoned squaw c e l l a r  
Highway 6-24 Rai l road T r e s t l e  
Abandoned ranch 
Bluestone Va l l ey  D i t ch  
Paradise Land, O i l  & Water Corp. 
House 
John M i t c h e l l  
Ranch 
Armstrong Ranch 
Thomas Etcheverry Ranch 
Storage shed 
Abandoned 
Ranch 
Abandoned ranch house 
J. S. ldovinger 
Kenny H i  ner Ranch 
Boni ta Va l l ey  Pony Stables 
Kenny Hiner  Ranch 
Kenny Hiner  Ranch 
Shamrock Acres 
Unoccupied 
Abandoned ranch house 
Del C .  R ickst rew 
John Etcheverry 
Vernon Hotz Ranch 
Abandoned ranch 
Chester Rickstrew 
M. E. Novenger 
James Modrel l  Ranch 
Abandoned ranch 
George Kennedy 
House 
Kissel  
Latham 
Telephone Relay S t a t i o n  
W.R. Latham Ranch 
Roberts Ranch 
Abandoned log  house 
R. R. lnskeep 



Locat ion No. Name - 
M r .  Parks 
John Latham Ranch 
Latham Stone Storage 
Ranch Cafe & P h i l l i p s  66 S t a t i o n  
Ranch 
DeBeque 
DeBeque Bridge 
OeBeque Rai l road T r e s t l e  
Bob Prather  
Cabin and small barns 

Georgia Mesa Area 

Inventory  sheets are  included f o r  the f o l l o w i n g  loca t ions :  

515-69-16 Georgia Mesa Area - G .  B. C u r r i e r  39-01/108-01 
51 5-69-20 Georgia Mesa Area - L. Reed 39-1 1/108-10 
517-69-1 1 Georgia Mesa Area - C .  Spr inger  39-1 1/108-05 
517-69-17 Georgia Mesa Area - D. Hawkins 39-08/108-03 
5 18-69-2 1 Georgia Mesa Area - Webbs Indoor 39-11/108-06 

Arena 

S i 1 t Road Area 

An inventory sheet i s  included f o r  the f o l l o w i n g  l oca t i on :  

504-69-1 7 S i  I t  Road Area - George Gipp 39-16/107-43 

Col l bran 

An inventory sheet i s  included f o r  the  f o l l o w i n g  loca t ion :  

518-69-1 1 Col l b ran  - Congregational Church 39-14/107-57 



Locat ion No. - Name Lat./Long. 

Kansas Mesa Area 

Inventory sheets are  included f o r  the f o l  lowing loca t ions :  

50 1-69-26 Kansas Mesa Area r Brasher Ranch 39-1 2/107-56 
508-69-01 Kansas Mesa Area - Ranch 39-1 4/107-57 
508-69-22 Kansas Mesa Area - Ray Look 39-12/107-57 
509-69-06 Kansas Mesa Area - W/J Ranch #2 39-12/107-58 
509-69-20 Kansas Mesa Area - Ke l l ey  Ranch 39-13/107-59 
5 10-69-02 Kansas Mesa Area - Melendy Ranch 39- l3/107-58 

Kimbal l  Creek Area 

502-69-25, 502-69026, 502-69-27, 502-69-28, 502-69-29, 502-69-30, 502-69-31, 
502-69-32, 504-69-31, 504-69-32, 504-69-34, 504-69-36. 

An inventory  sheet i s  included f o r  the f o l l o w i n g  l oca t i on :  

502-69-31 Kimbal l Creek Area - \/a1 lace  Ranch 39-15/107-57 

S a l t  Creek Area 

An inventory sheet i s  included f o r  the  f o l l o w i n g  l oca t i on :  

502-69-02 S a l t  Creek Area - Ed Gunderson 39-1 5/107-55 

Peninsula Road Area 



Locat ion No. - Name Lat./Long. 

lnventory sheets -are  inc luded f o r  the f o l l o w i n g  l oca t i ons :  

502-69-08 Peninsula Road Area - B l a i r  Ranch 39-16/107-53 
502-69-1 1 Peninsula Road Area - Bruce A. 39-16/107-54 

Berner 
503-69-23 Peninsula Road Area - Bar 70 Rench 39-15/107-53 

Buzzard Creek Area 

lnventory sheets are  inc luded f o r  the f o l l o w i n g  l oca t i ons :  

503-69-20 Buzzard Creek Area - G r i f f i t h s  39-17/1.07-51 
Ranch 

505-69- 15 Buzzard Creek Area - Donner Ranch 39-16/107-56 

Mol lna C i t y  Area 

lnventory sheets are  inc luded f o r  the f o l l o w i n g  loca t ions :  

518-69-06 Mol ina Post O f f  i ce  and Groceries 39-1 1/108-03 
51 3-69-28 Upper Mol ina Power P lan t  39-09/108-00 
513-69-17 Lower Mol ina Power P lan t  39-1 2/108-03 

Mormon Mesa Area 

lnventory sheets are  inc luded f o r  the  f o l l o w i n g  l oca t i ons :  

51 3-69-04 Mormon Mesa Area - Ben N icho ls  39-13/108-00 
513-69-23 Mormon Mesa Area - C.J. Charlesworth 39-12/108-01 
51 4-69-07 Mormon Mesa Area - Wissel 39-11/108-01 

Vega Dam Recreat ion Area 

An inventory sheet i s  inc luded f o r  the f o l l o w i n g  l oca t i on :  

503-69- 18 Ranch 39-15/107-51 

Plateau C i t y  

No inventory sheets are  inc luded f o r  Plateau C i t y  



Locat ion No. - Name -- Lat./L* 

Mesa C i t y  - 523-69-1 4 

lnventory sheets are  inc luded f o r  the  f o l l o w i n g  l oca t i ons :  

523-69-07 Mesa C i t y  - Lee Shr i ve r  39-10/108-08 
523-69- 17 Mesa C i t y  - Mesa Community Club 39-09/108-08 

Mesa Creek Area - 520-69-37 

Inventory  sheets are  inc luded f o r  the f o l l o w i n g  l oca t i ons :  

519-6949 Mesa Creek Area - Clarance Fe t te rs  39-08/108-07 
519-69-25 Mesa Creek Area - A l l e n  D e l l i n g  39-09/108-07 
520-69- 17 Mesa Creek Area - J. Wiscomb 39- 1O/lD8-08 
521-69-12 Mesa Creek Area - W. D. Meador 39-09/108-11 

501-69-01 Colorado Nat iona l  Monument - east  39-02/108-38 
entrance 

50 1-69-07 Colorado Nat ional  Monument - 39-06/108-44 
V i s i t o r  Center 

501-69-OIA Black Ridge - Radio Antenna 39-04/108-46 
501-69-01 B Black Ridge - Airway Beacon and 39-04/l08-44 

Radio Tower 
515-69-01 Bonham Reservoi r  39-06/107-53 

Ranch 
E .  E. Dewi t t  Ranch 
Ranch 
W i l l a r d  N. Beane 
Wilcox Ranch 8 Grain Tank 
Ly le  Pickard 
Rufo E i sagu i r re  Residence 
House and sheds 
Two abandoned cabins 
Harvey Gap Reservoi r 
Southern Union Product ion Co. 

Federal No. 14-95 
Te lev i s ion  Relay S t a t i o n  
Summer cabin 



Locat ion No. Name - Lat./Long. - 
Claude Hayward Summer House 39-25/ 107-57-30 
Ron Reese Ranch 39-27/107-58 
Bush Ranch 39-27/107-58 
Ed S i f e r  Ranch 39-27/107-58-30 
Hayward Ranch 39-27/107-58 
Ranch 39-27/107-58 
S t .  Johns 39-27/107-58 
Bur ta rd  Ranch 39-27/107-58 
James S t .  Johns Ranch 39-27/107-58-30 
Ranch 39-27/107-58-30 

Ranch 6 Tank 
Barr i ck Ranch 
Morr isan la  Community Center 
Ranch (Ben Bai r ,  occupant) 
Glenn Nelson Ranch 
G.C. B a r r i c k  
M r .  P fos t  
Eames Ranch 
A i t t  Bronson 
Evere t t  Baldwin 
E.R. Schwab 
Barr. Residence 
Wallace Myers 
Hugh Bond 
I. and E. Moore 
O l i v e r  Wood 
Abandoned Watson Ranch 
F. E. Cooley Ranch 
Baum Ranch 
Eames Orchard inc. 
Lee Hayward 
Ranch 
Ranch 
John Clem 
Unoccupied ranch 
Power P lan t  & Tanks 
John Savage Ranch 
Ar thur  L. McLane 
Don D. Dupl i c e  (Owner) 
M r .  and Mrs. Smith 
Abandoned ranch 
Unoccupied ranch 
Abandoned ranch 
M. M a r t i n  
M. C .  Wehr 
A1 b e r t  Gardner (Owner) 
Tosco O i  l 
Arnet  
Ba t t  lement School (Abandoned) 
Nords t rom 
(Abandoned) 
(Abandoned) 



Locat ion  No. 

G-065 
6-066 
G-067 
G-068 
G-069 
G-070 
G-07 1 
G-072 
G-073 
G-074 
G-075 
G-076 
G-077 
G-078 
G-079 
6-080 
G-081 
G-082 
G-083 
G-084 
G-085 
G-086 
G-087 
6-088 
G-089 
6-090 
G-091 
G-092 
G-093 
G-094 
G-095 
G-095A 
G-096 
G-097 
G-098 
G-099 
G- 100 
G-101 
G-  102 
G-103 
G-104 
G-105 
G- 106 
G-107 
G-  108 

Name - 
Ceci l  Gardner 
Bob Latham 
(Abandoned) 
(Unoccupied) 
G. A. Knight 
Edward Forshee 
Ed Hoaglunds 
R .  A. Hoaglund 
Charles W. C la rk  
W i l l i a r d  Tay lor  
George Scarrow 
Unoccupied ranch 
Group o f  s t r u c t u r e s  near Rul ison 
Abandoned ranch 
Unoccupied ranch 
Ranch 
Dale L. Trahern 
Old School (abandoned) 
Carl  H. Bernklau 
(~bandoned) 
J. A. Schneider 
(Abandoned) 
(Not occupied) 
(Abandoned) Tosco O i  l 
Tosco O i l  
Tosco O i l  
Abandoned (very o l d )  
Woody Booth 
Weldon Deering Ranch 
Knox Ranch 
D. M. Knox 
Wallace Creek Area Br idge 
Kenneth Aumi l le r  
0. M. Knox 
Lee Knox 
N. Outton 
O t i s  Murry 
Claude Hayward 
Van P e l t  
Bud and Ruth E l l i s  
Leonard Ranch 
B. L. Smith 
B. L. Smith 
She l te r  and c o r r a l  
Sheep-herders s h e l t e r  
B. L. Smith Ranch 
Lemon Ranch 
Lemon Ranch 
B. L. Smith (Abandoned) 
Lemon Ranch 
F. S.  Sefcovic Ranch & Tank 
Russell B i  ngham 
R. L. Dick Johnson 
Trahern Cabin 



Locat ion No. 

G-118 
G-119 
6-120 
G-121 
G- 122 
G-  123 
G-124 
G- 125 
G- 126 
G-  127 
G- 128 
G-129 
G-129A 
G- 1296 
G-12% 
G- 130 
6-13] 
G- 132 
G- 133 
G- 134 
G- 135 
G- 136 
6-137 
G-138 
G-139 
G- 140 
G-141 
6-142 
G- 143 
6-144 
G-145 
6-146 
G- 147 
G-  148 
G- 149 
6-150 
G-151 
6-152 
G-153 
G -  154 
G-  155 
6-156 
G-157 
G- 158 
G- 159 
G-160 
G-161 
G-162 
G-163 
G- 164 
6-165 
G- 166 
G-167 
6-168 

Name - La t ./Long. 

Wm. C .  Moore 39-28-30/107-54-30 
Wi l l i am C .  Moore Cabin 39-24-30/107-54 
Dennis Trueblood Ranch 39-28/107-54-30 
Howard Dean 39-28-30/107-54-30 
Trahern Cabin 39-27/107-53 
Bernklau, Carl  H. 39-26/107-55 
0. Winch 39-29/107-53-30 
Cache Creek Corp. 39-29/107-53 
Ole-0- Ranch 39-20-30/107-53 
Bernklau Homestead 39-28/107-53-30 
Bernklau Ranch (abandoned) 39-28-30/107-53-30 
Grand Val l ey  
Grand Va l ley  
Water Tank 39-27-30/108-3 
Grand Va l ley  Bridge 39-27/108-02 
Unoccupied 39-27/108-2-30 
Under Reconstruct ion 39-26/108-3-30 
Abandoned house 39-25-30/108-4-30 
Mor r i s  Pontius 39-25/108-4-30 
Microwave Tower  rand Val l ey )  39-26/108-06-30 
Union 01 1 Co. (Refinery complex) & Tank39-35/108-06 
Ranch 39-35/108-06 
Granlee School (Abandoned) 39-33-30/108-07 
Abandoned 39-33/108-06-30 
Abandoned ranch 39-32-30/108-06-30 
Charles I. Lewis Ranch 39-32/108-06-30 
Cabin 39-30-30/108-07-0 
R. A. 8 Paul Bumgardner 39-30/ 108-07 
Abandoned ranch 39-30/108-07 
0. Lindauer 39-29-30/108-07-30 
D. Freeland 39-29-30/108-07 
Ranch 39-29/108-07 
C a t t l e  feeding s t a t i o n  39-29/t08'06-30 
Floyd & Maude Brucker Ranch 39-29/i08-06 
Parachute Ranch 39-29/108-06 
F. Spangler Ranch 39-28-30/108-06 
Ranch 39-28-30/108-06 
Union O i l  Co. Ranch 39-28-30/108-05-30 
Union O i l  Co. Ranch 39-28/108-05-30 
Union O i l  Co. Ranch 39-28/108-05 
Abandoned 39-28/108-04-30 
Mahaffey Ranch 39-29/ 108-00 
B.Hamr i c k  Ranch (unoccupied) 39-23-30/108-06-30 
Malcolm J o l l y  39-23-30/108-07 
Jack Smith Ranch 39-29/107-52 
Abandoned ranch 39-29-30/107-52 
Les l i e  Dotson Ranch 39-29-3O/lO7-52 
Old Langstaff Ranch 39-38-30/107-51-30 
Norman Mead 39-29-30/107-51-30 
Abandoned School 39-30/107-51-30 
C. H. H a r r i s  39-30/107-51-30 
Herber t  Boor 39-30/107-51 
G. M. Saulbury Ranch 39-30-30/107-53 
Loren Mead 39-30-30/107-51 



Locat ion No. Name - 
Donald Oorrel 1 Ranch 
Jesse Estes 
Abandoned 
The Squires Ranch 
The Thompson Ranch 
Shed 
C. C .  S e l l e  
David Kehr 

Helmer Gulch Water Treatment P lan t  

Relay S ta t i on  (TV?) 
E th ie  E .  Ha l l  
Reuben F. Gardner 
Squ i res Ranch 
Shreve Ranch 
The Broughton Ranch 
Glen McCormick 
T ra i  l e r  (expando) 
Tom Von Dette 
The Hunt Ranch 
Von Det te Summer Ranch 
Von Dette Saw M i l l  
D o r r e l l  Summer Cabin 
Tepee Park Cabin 
Von Dette Cabin on West Mamm Creek 
R ickhar t  Cabin 
R i f l e  
R i f l e  ' 

Texaco 
Standard 
R i f l e  Sewer Lagoons 
R i f l e  Bridge 
R i f l e  P lan t  
Two b u i l d i n g s  & granary 
Loren Jewel l  Ranch 
Loren Jewel l (Grass Mesa) 
Loren Jewel l  (Grass Mesa) 
R i f l e  
R i f l e ,  Storage Tank 
R i f l e ,  P u r i f i c a t i o n  P lan t  
R i f l e ,  P u r i f i c a t i o n  P lan t  
Microwave Tower ( Inaccess ib le )  
Radio Transmission Tower 
Municipal A i r p o r t  
Vaughn Cameron Ranch 
Ron Pit tman 
Joseph E l l i s  Ranch 
Frank Franks 
Abandoned house; sheds & granar ies 
Pub l i c  Serv ice Transformer S t a t i o n  
Unoccupied ranch 
Unoccupied 



Locat ion  

G-2 10 
G-211 
G-212 
6-213 
G-214 
6-2 15 
6-216 
6-217 
6-2 18 
G-219 
G-220 
6-22] 
6-222 
6-223 
G-224 
6-225 
6-226 
6-227 
G-228 
G-229 
G-230 

No. - Name - 
Jack Jewel l  Ranch 
Guy Snyder Ranch 
Unoccupied 
Haas Ranch . 
B. C .  Sh ide ler  Ranch 
Four abandoned s t ruc tu res  
Deardor f f  Ranch 
Harry R. Cogburn 
Abandoned School 
Covey Ranch 
Covey Place (abandoned) 
Animal she1 te rs ,  granary 
Abandoned 
Abandoned 
Ear l  Hollenbeck Ranch 
Unoccupied 
Leonard l v i e  
Ranch 
Ranch 
Bar-M-S-Ranch 
T. P. OIConnel Ranch 
Glenn Gaasch Ranch 
Summer cabin 
B. R. Sh ide ler  
S .  Lambson Ranch 
Shorty H a l l  Ranch 
Ron Crandal l  Ranch 
Charles O'Conneil 
Rufus Raley Ranch 
Ralph T e r r e l l  Ranch 
T. J .  F lynn Ranch 
Preston Ranch 
J. E .  F lynn 
B i l l  Joe Adkins 
T e r r e l l  S i l o  
John R .  Booi ton 
Jack Schul tz  Ranch 
R. E. Lyons 
Abandoned School 
E r r o l  R. Raley 
Ranch 
Rul i son  
Ru l ison Bridge 
F. Alsbury Ranch 
D. R. Henr ie Ranch 
Cabin 
Barn 
T. Sweeny 
Limbach 
John Eve re t t  
S i l t  
R i f l e  
Jesse and Ed i th  Langstaf f  
The O i l  Shale Corporat ion 
S i l t  
S i l t  Br idge 



Locat ion No. 

G-305 
G-306 
G-307 
G-308 
G-309 
G-310 
G - 3 1 1  
G-312 
G-313 
G - 3 1 4  
G-315 

Name - 
Snow White 
Ranch 
John A. Canto Ranch 
Abandoned 
W. H. Brinkman Ranch 
Ranch 
John Nelson Ranch 
Ranch 
Claude and Esma Lewis Ranch 
Johnny Spruel l Ranch 
Ranch 
J. G i l lmore  Ranch 
Ranch 
Ranch 
Ranch 
Hugo R. Kruger Ranch 
Abandoned 
Chet L. Bradley Ranch 
Haywood, Lopez, and Hang Ranches 
Joseph Brethauer Ranch 
Zang Ranch 
House 
Barn-sheds 
Carl  D. Walker Ranch 
Unoccupied Ranch 
Ranch 
8. L.  Weber Ranch 
Ranch 
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