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ABSTRACT 

' I 

' Rev. 2/12/70 

Pro jec t  RULISON i s  a  na tu ra l  gas product ion s t i m u l a t i o n  experiment 

t h a t  took p lace i n  G a r f i e l d  County o f  western Colorado on September 

10, 1969. The design y i e l d  was 40 k i l o t o n s ,  w i t h  a  maximum cred- 

i b l e  y i e l d  o f  60 k i l o t o n s  and a  depth o f  b u r i a l  of.8425.5 f e e t .  

This repo r t  includes the p re l im ina ry  r e s u l t s  o f  post-event s t ruc -  

t u r a l  response inves t iga t i ons  and evaluat ions o f  ground motion e f -  

f e c t s  on bu i ld ings ,  hyd rau l i c  s t ruc tures ,  and ea r th  s t ruc tures .  

A summary o f  cur rent  damage complaint i nves t i ga t i ons  i s  a l s o  i n -  

cluded. Appendix A  presents p e r c e p t i b i l i t y  observat ions. 
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SUMMARY 

This repo r t  presents the p re l im ina ry  data acqui red by John A. Blume 

& Associates Research D i v i s i o n  concerning the s t r u c t u r a l  response. 

e f f e c t s  from Pro jec t  RULISON, an underground nuclear  event conduc- 

ted on September 10, 1969, i n  G a r f i e l d  County, Colorado. The event 

was a na tu ra l  gas product ion  s t i m u l a t i o n  experiment. 

A l i m i t e d  eva lua t ion  of the  c u r r e n t l y  a v a i l a b l e  data ind ica tes  t h a t  

the JAB pre-shot p red i c t i ons  o f  damage occurrence are  genera l l y  ac- 

curate. Most o f  the  damage repo r t s  from loca t i ons  c lose t o  ground 

zero c i t e d  e i t h e r  p l a s t e r  c rack ing  o r  chimney damage. The ground 

motion perceived by observers c lose  t o  GZ was f e l t  p r i m a r i l y  as a 

v e r t i c a l  motion, the ho r i zon ta l  component being f e l t  a t  more d i s -  

t a n t  loca t ions .  

Since complete ground motion spectra and damage data are  not  a v a i l -  

ab le  a t  t h i s  t ime, o n l y  t e n t a t i v e  analyses and conclusions can be 

made o f  the e f f e c t s  o f  the  event. Future repo r t s  w i l l  con ta in  the  

more complete r e s u l t s  o f  the  analyses and eva lua t ions  w i t h  r e f e r -  

ence t o  p e r t i n e n t  response spectra ex t rac ted  from the Environmental 

Research Corporat ion repor t .  

Rev. 2/12/70 J O R R  I. B L U M E  d d S S O C l l T E S  R f S f A R C R  O l Y l S l O l l  



The RULISON event took p lace on September 10, 1969, a t  1500 hours 

(MDT) i n  G a r f i e l d  County, Colorado. The event l o c a t i o n  was ap- 

prox imate ly  a t  l a t i t u d e  39"2'4' North, 107°56'301' West. A map 

showing the l o c a t i o n  o f  ground zero i n  r e l a t i o n  t o  neighbor ing 

communities i s  g iven i n  F igure 1 .  The event l o c a t i o n  i s  approx- 

imately 10 k i lometers eas t  southeast o f  the town of Grand Val ley,  

20.5 k i lometers southwest o f  R i f l e ,  and 18.6 k i lometers  n o r t h  o f  

Col l bran. 

A comparison o f  damage p red i c t i ons  and actual  e f f e c t s  i s  g iven i n  

Table 1 .  A summary o f  the damage complaints received by October 

21, 1969, i s  presented i n  Table 2. The complaints a re  l i s t e d  ac- 

cord ing  t o  the  general area from which they o r i g i n a t e d  -- the  areas 

surrounding the towns o f  Grand Val ley,  R i f l e ,  and Col lbran,  as 

w e l l  as from areas more than 20 k i lometers from GZ -- and a r e  

tabu la ted  i n  15 categor ies descr ib ing  the types o f  damage. 

Appendix A g ives the p e r c e p t i b i l i t y  observat ions made dur ing  the 

event by John A. Blume & Associates Research D i v i s i o n  (JAB) per-  

sonnel s ta t i oned  a t  s p e c i f i c  loca t ions  surrounding GZ. 

The record ing instruments were i n s t a l l e d  and operated by the  U.S. 

Coast & Geodetic Survey (uSC~GS) Special Pro jec ts  Party.  The 

records obta ined from these instruments were then processed by 

USC&GS and by the Envi ronmental Research Corporat ion (ERC) . S i x t y -  

e i g h t  passive gages were i n s t a l l e d  by JAB personnel across e x i s t -  

ing  cracks and a t  c r i t i c a l  b u i l d i n g  features on s t ruc tu res  sur -  

rounding GZ. I n s t a l l a t i o n  o f  gages began on J u l y  9, 1969 i n  the 

town o f  R i f l e  and covered small towns and residences south and 

west t o  Cameo and Col lbran. From the  date o f  i n s t a l l a t i o n  t o  the  

t ime of removal i n  mid-October, some eleven readings a t  un i fo rm 

.~ 
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i n t e r v a l s  were taken o f  each gage. An ana lys is  o f  these readings 

w i t h  c o r r e l a t i o n  t o  damage w i l l  be presented i n  a  subsequent re-  

p o r t .  Pre l im inary  review o f  the data ind ica tes  t h a t  the passive 

gage program was a  worthwhi le p a r t  o f  our program. 

This repo r t  was prepared f o r  the O f f i c e  o f  E f fec ts  Evaluat ion, 

U.S. Atomic Energy Commission, Nevada Operat ions O f f  i c e  (NV) . 



RESPONSE SPECTRA 

The ground motion and s t r u c t u r a l  response records a re  c u r r e n t l y  

being analyzed by ERC and by JAB personnel. The r e s u l t s  o f  these 

analyses w i t h  pe r t i nen t  response spectra p l o t s  from ERC sources 

w i l l  be included i n  a l a t e r  repor t .  

- 3 -  
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STRUCTURAL RESPONSE 

This repo r t  i s  e s s e n t i a l l y  a  data repor t  and on ly  l i m i t e d  analyses 

have been made from the a v a i l a b l e  data. A review o f  peak ground 

motions developed by USCGGS from the L-7 recorders and ex t rapo la-  

t i o n  t o  the four-way log  p l o t  g ives an i n d i c a t i o n  o f  the  accelera- 

t i o n  l e v e l s  a t  var ious locat ions .  

Wi th in  7.4 k i lometers o f  GZ 

The peak ho r i zon ta 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 red ib le  y i e l d  o f  60 

k i l o t o n s .  Depending on the locat ion ,  the actual  values o f  peak 

ho r i zon ta l  ground motion d i d  exceed 0.309 as predicted. 

A p re l im inary  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 periods o f  the  

peak motions a re  s i m i l a r .  

Eames Orchard 
(6.99 km) 1.79 0.829 0.509 

Lemon Ranch 
(6.95 km) 0.54s 0.209 0  359 

The d i f f e r e n c e  i n  motions i s  appreciable, p a r t i c u l a r l y  f o r  the ver -  

t i c a l  component, and may be p a r t l y  t h e  r e s u l t  o f  the d i f f e r e n c e  i n  

e leva t ion  (400')  and the v a r i a t i o n  i n  azimuth. 

The motion percept ion a t  the Clem Ranch, 4.5 km from GZ, was s imi -  

l a r ,  w i t h  the observer there  repor t i ng  a  sharp v e r t i c a l  motion but  

no not iceab le  ho r i zon ta l  motion -- hanging ob jec ts  d i d  not  swing 

nor d i d  t rees  sway, al though power l i n e s  d i d  jump about. Two horses 

graz ing  a t  t h i s  ranch showed no reac t i on  t o  the  ground motion o r  t o  

the muf f led  noise associated w i t h  the  explosion. 

.- 
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Sim i la r  motion observat ions were repor ted a t  the Schwab Ranch, 6.4 

km northwest o f  GZ, and a t  the Smith Ranch, 8.0 km west o f  GZ. 

I n  the h i l l s  surrounding GZ some dust  was ra ised 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  B a t t l e -  

ment 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 o c a t i o n  and halfway up the h i l l .  

7.4 k i  iometers t o  14 k i 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  Research Sta t ion ,  and many small ranches 

on Morr isania,  Holmes, Batt lement,  and Taughenbaugh Mesas a r e  

w i t h i n  the  range o f  7.4 t o  14 km o f  GZ. There a r e  a l s o  two s t e e l  

t r u s s  br idges over the Colorado R ive r  a t  Grand Va l ley  and a t  

Rul ison. 

Observers w i t h i n  t h i s  range repor ted t h a t  the v e r t i c a l  mot ion 

was s t rong ly  percept ib le ,  fo l lowed by some h o r i z o n t a l  component. 

The h o r i z o n t a l  motion i s  genera l l y  f e l t  less by observers than the 

v e r t i c a l  motion probably because t h e i r  standing p o s i t i o n s  tend t o  

dampen the reac t i on  t o  h o r i z o n t a l  motion. A  p re l im ina ry  rev iew 

o f  peak motion i nd i ca tes  t h a t  the ho r i zon ta l  and v e r t i c a l  compo- 

nents a r e  very  s i m i l a r .  

Grand Va l ley  School 0. 60g 0.139 0.419 
(11 -43 km) 

Anv i l  Po in ts  
(13.83 km) 

A p re l im ina ry  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 actua: damage shows the  e f f e c t  o f  the  h o r i -  

zonta l  component o f  motion. The amount o f  chimney damage and w a i l  

c rack ing  w i t h i n  t h i s  7.4 t o  14 km range seems t o  conf i rm t h e  v a l i d -  

i t y  o f  t h i s  comparison i n  t h a t  chimney damage and wa l l  c rack ing  oc- 

c u r  a t  7 to .14 k i lometers  where h o r i z o n t a l  motion was s t r o n g l y  

pe rcep t i b le .  



Beyond 14 k i lometers  from GZ 

Motion i n  the  R i f l e  area (18 t o  20 km) was s t r o n g l y  pe rcep t i b le ,  

predominant ly 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 l b ran  (20 km) the perceived motion was l ess  in tense bu t  s im i -  

l a r  i n  d i r e c t i o n .  A p re l im ina ry  review o f  ground motion data aga in  

conf i rms the  motion percept ions and damage observat ions o f  the  ob- 

servers. 

Union Carbide P lan t  0.1Og 0.159 0.089 
(18.12 km) 

Col l b ran  
(18.24 km) 

R i f l e  
(20.28 km) 

DeBeqwe School* 
(24.63 km) 

DeBeque Business Dist."" 0.219 0.1 i g  0.099 

* Hard rock 
*:t A1 luv ium 

Rock fa l l s  and S l ides  

Rock fa l l s  r e s u l t i n g  from the event - re la ted  ground motion were smal l  

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 hlghway maintenance 

personnel were requi red.  

A t  New Cast le  there.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  

m i l e  west o f  the  E lk  Creek Br idge on Highway 6/24 and 0.1 m i l e  

northwest o f  the highway. The r o c k f a l l  was witnessed du r 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 r a c t u r e d  rocks upslope on the Grand Hogback. These r o c k f a l l s  

a r e  a con t i nua l  maintenance problem f o r  t h i s  sect ion.  

Talus slopes developed from debr i s  weathered o u t  o f  the Green R ive r  

sha le  showed minor movement throughout the  area near the  TOSCO in -  

s t a l  t a t  ion i n  response t o  the event-generated ground mot ion. 



Talus slopes undercut by the  road i n  Parachute Canyon r a v e l l e d .  

Small q u a n t i t i e s  o f  t a l u s  debr is  and an occasional small b lock  o f  

Green River  shale were reported a t  scat tered 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 

State 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 place w i t h i n  a t ime 

span o f  two hours around shot time. The area i s  one o f  f requent  

la 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 not  reported t o  t h e i r  superv isor  

u n t i l  several days a f t e r  the  event. 

Large blocks 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 

State R t .  325 j u s t  east o f  the dam. Along the slope o f  the Grand 

Hogback west o f  the dam, rocks moved a t  two locat ions  but  d i d  n o t  

reach downslope as f a r  as the road. 

No r o c k f a l l s  were observed i n  OeBeque Canyon. Minor r o c k f a l l s  

and dust  s l i d e s  were observed on h igh  po in ts  o f  Battlement Mesa 

and on the  face o f  the  Roan C l i f f s .  

A c r e d i b l e  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 dn the no r th  s ide o f  the creek was reported 

s h o r t l y  a f t e r  the event. This crack crossed a driveway which 

was t r a v e l l e d  by the  proper ty  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  located about h a l f -  

way up the creek v a l l e y  slope p a r a l l e l  t o  the  bank. The crack 

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 o f  0.5 f o o 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 ap- 

parent tension-type crack more than 10 f e e t  deep. The nature o f  

the  widespread h a i r l i n e  cracks impl ies t h a t  the plane o f  f a i l u r e  



Rev. 2/12/70 

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  the  

crack i s  a l s o  swampy and has the hummocky c h a r a c t e r i s t i c s  o f  o l d  

l ands l i de  areas. 

Ma te r i a l s  involved i n  the c rack ing  as w e l l  as downslope from the 

crack a r e  t o r r e n t i a l l y  bedded sands, s i l t s  and grave ls  o v e r l a i n  

by boulder g rave ls  and t h i c k  beds o f  s i l t s .  These ma te r ia l s  ap- 

pear t o  be deposited i n  and over an o l d  canyon scoured i n t o  beds 

o f  s o f t  s i l t s  and hard sandstone o f  the Wasatch Formation. 

This crack has resu l ted  from the slumping o f  a p o r t i o n  o f  the 

v a l l e y  slope along p re -ex i s t i ng  planes o f  weakness. The move- 

ment i s  be l ieved t o  have resu l ted  from the event - re la ted  ground 

motion f o r  the  f o l l o w i n g  reasons: 

(1) The format ion o f  the crack i s  r e l a t i v e l y  f i x e d  i n  t ime i f  

the statement o f  the proper ty  owner and observer i s  assumed t o  

be c red ib le .  

(2) An examination o f  the crack i nd i ca tes  t h a t  i t  was extremely 

f resh .  Thkre was no i n d i c a t i o n  t h a t  the  crack had been open f o r  

any length  o f  t ime. Such i nd i ca t i ons  would be p l a n t  growth i n  

the crack face, sloughing o r  r a v e l l i n g  a t  the crack edges, d i s -  

aggregat ion o f  ba re l y  cohesive sands and s i l t s  around f r e s h l y  

exposed p l a n t  roots,  and eros ion  o f  the c rack  edges by recent  

r a i n f a l l  r un -o f f  where the crack i s  in te rsec ted  by small scours 

and r i l l s  running downslope. 

(3) Ground water l e v e l s  were a t  t h e i r  lowest o f  the  season. 

Seepage along the base o f  the slope i s  l oca l i zed ;  however, a l k a l i  

bloom i n  the  s o i l s  i nd i ca tes  t h a t  seepage was much more extensive 

e a r l i e r  i n  the  season. I t  would be d i f f i c u l t  t h e o r e t i c a l l y  t o  

j u s t i f y  t h i s  type o f  f a i l u r e  i n  the f a l l  because the weight o f  

the s o i l  mass i s  a t  i t s  lowest and the s t reng th  i s  a t  i t s  h ighest  

then. This  type o f  f a i l u r e  would be j u s t i f i e d  i n  the ).ate spr ing,  

a t  o r  f o l l ow ing  the  spr ing  thaw. The presence o f  o lde r  s l i d e s  i n  

i d e n t i c a l  physiographic pos i t i ons  f l a n k i n g  the cracked area imp l ies  

t h a t  the s o i l  mass was i nhe ren t l y  unstable and a l s o  ind ica tes  t h a t  

f u t u r e  movement o f  the  cracked s o i l  mass i s  probable from n a t u r a l  

e f f e c t s .  



R i f l e  Gap Dam and Reservoir  

R i f l e  Gap Dam, approximately 28 km from RULISON GZ, i s  a zoned 

e a r t h f i l l  s t r u c t u r e  w i t h  a he igh t  above stream bed o f  I 20  f e e t  

and a c r e s t  length  o f  1500 f e e t .  The r e s e r v o i r  has a t o t a l  ca-  

p a c i t y  o f  13,000 acre- fee t .  A t  the t ime o f  the  RULISON event,  

the rese rvo i r  contained 6615 acre- fee t  o r  approximately 50% o f  

i t s  f u l l  capac i ty .  

Seismic ground motion ins t rumenta t ion  a t  the  dam was by the Corps 

o f  €ngineers. lnst rumentat  ion  r e s u l t s  have no t  y e t  been received. 

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  

by JAB and manned by an observer a t  a p o i n t  approximately 0.6 m i l e  

west o f  the r i g h t  abutment. The instrument was o r i g i n a l l y  f a b r i -  

cated by JAB t o  measure long-per iod waves i n  harbor models. The 

gage was i n s t a l l e d  i n  a s t i l l i n g  we l l  connected t o  the  r e s e r v o i r  

by a se r ies  o f  holes which serve as a hyd rau l i c  f i l t e r .  The ob- 

served a c t i o n  o f  the gage i n i t i a t e d  by the RULISON event was a 

sur face wave o f  t r a n s l a t i o n  o r  surge. 

Computations were made o f  the sur face wave o f  t r a n s l a t i o n  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 3.05 cm based on a fundamental pe r iod  f o r  the  

dam o f  0.31 seconds, average acce le ra t i on  o f  0.109, and h o r i -  

zonta 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. 

Cracks adjacent t o  road re loca t i ons  on both sides o f  the dam were 

a l s o  monitored by means o f  two f i x e d  bench marks on e i t h e r  s ide  

o f  the crack i n  f i r m  ground. Distances between these bench marks 

were then measured before  and a f t e r  the detonat ion and there  was 

no change i n  d is tance.  

Battlement Mesa Dams 

The low dams on Battlement Mesa a r e  approximately 3.1 km south o f  

GZ ataan average e l e v a t i o n  o f  10,100 f e e t .  Several o f  the dams 

have been i nopera t i ve  f o r  a considerable number o f  years. O f  



those which conta in  water, the o u t l e t  con t ro i  works are inopera- 

t i v e .  Consequently, the f l ow  t h a t  reaches Batt lement Creek i s  

normal over f low from the rese rvo i r  surface water which i s  sus- 

ta ined by seepage through the  ground from the rese rvo i r  areas i n  

l a t e  summer. 

Surveys on these e a r t h  s t ruc tu res  consisted o f  v i sua l  examination 

o f  a l l  dams and recommendations f o r  the establ ishment o f  r e l a t i v e  

v e r t i c a l  and ho r i zon ta l  con t ro i  po in ts 'on  four  o f  the  dams which 

contained water p r i o r  t o  the RULISON detonat ion  date. These sur- 

veys were performed f o r  C.E.R.  Geonuclear Corp. by Western Engi- 

neers, lnc. 

The v e r t i c a l  and ho r i zon ta l  surveys were performed t o  an accuracy 

o f  0.01 f o o t .  The pre-shot s ta t i ons  were es tab l ished and i n i t i a l  

observat ions performed on September 3 and 4, 1969. Post-shot ob- 

servat ions were performed on September 12, 1969. 

Wi th in  the above spec i f i ed  t ime per iod no measurable deformation 

o f  the dams was recorded t h a t  exceeded the  normal instrumental 

e r r o r  fo r  t h i s  type o f  survey. 

Observers were not  s ta t ioned a t  the dams dur ing  shot t ime. 

Harvey Gap Dam 

The rese rvo i r  behind Harvey Gap Dam, a t  an e leva t ion  o f  6379 feet,  

contained 1658 acre- fee t  o f  water (approximately 30% o f  f u l l  ca- 

pac i t y )  a t  shot t ime. 

Seismic inst rumentat ion was placed a t  var ious locat ions  on the 

dam by USCGGS personnel. A po r tab le  Sprengnether was placed by 

JAB personnel on the  c r e s t  o f  the  dam approximately midway be- 

tween the abutments. The he ight  o f  the dam a t  the  Sprengnether 

l oca t ion  i s  approximately 60 fee t .  The l o n g i t u d i n a l  a x i s  o f  the 

Sprengnether was o r ien ted  normal t o  the long a x i s  o f  the  dam. 

J O H N  I. B L U A I E  & R S S O C I I T f S  R f S E R R C H  O l V l S l O H  



Add i t i ona l  pre- and post-shot  observat ions consis ted o f  v e r t i c a l  

and ho r i zon ta l  surveys t o  de tec t  changes i n  e leva t ions  and d i s -  

tances along the  c res t .  These surveys were performed a t  the  rec-  

ornmendation o f  JAB by Western Engineers, Inc. f o r  C.E.R. Geonuclear, 

Inc. 

Observers were present on the dam s i t e  a t  shot t ime t o  de tec t  any 

megascopic ground motion e f f e c t s  on both the  dam and r e s e r v o i r .  

From the  Sprengnether a l o n g i t u d i n a l  t r ace  was obta ined which i n -  

d i ca tes  measurable v i b r a t i o n  o f  the  dam normal t o  the long a x i s  

of the  f i l l  sect ion. A comparison o f  the pred ic ted  and ac tua l  

response o f  the  dam as determined from the  Sprengnether record 

fo l l ows .  

Predic ted Observed 
Parameter Values Values 

Fundamental Per iod 0.39 0.41 
(seconds) 

Crest Accelerat  Ion 0.11 0.15 

Damping (% c r i t i c a l )  20 18 

Shear Ve loc i t y  ( fsp) 400 (assumed 380 

A maximum p a r t i c l e  v e l o c i t y  o f  4.7 cm/sec was sustained f o r  an 

incremental t ime pe r iod  o f  0.20 second. 

For the  survey v e r t i c a l  and h o r i z o n t a l  c o n t r o l  po in t s  were estab- 

l i s h e d  across the c r e s t  o f  the  dam and on each abutment. I n i t i a l  

observat ions were made on August 19, 1969. Fol lowing the  i n i t i a l  

observat ion,  the c o n t r o l  p o i t i t s  were d is tu rbed by t r u c k  t r a f f i c  

and the  survey was repeated on September 3, 1969, t o  es tab l  i s h  

new p o s i t i o n s  f o r  the  c o n t r o l  p o i n t s  and f o r  comparison w i t h  post-  

shot observat ions. The post-shot  observat ions were made on Sep- 

tember 1 1 , 1969. 

V e r t i c a l  changes were less  than 0.003 f o o t  and h o r i z o n t a l  changes 

less than 0.015 foo t .  These s l i g h t  changes a r e  w i t h i n  the range 



o f  inst rumenta l  e r r o r  f o r  the method o f  surveying employed. These 

data i n d i c a t e  t h a t  no measurable permanent deformations took p lace 

i n  the f i l l  sec t i on  o f  the  dam as a r e s u l t  o f  the  event - re la ted  

ground motion. 

Observers s ta t i oned  on the dam repor ted pe rcep t i b le  ground motion. 

The seismic inst rumentat ion over-ranged, p a r t i c u l a r l y  the h o r i -  

zonta l  component. These records are  c u r r e n t i y  being processed; 

however, the values noted above appear t o  be reasonable approx- 

imations o f  the ac tua l  response o f  the  e a r t h  s t r u c t u r e .  
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In general, the JAB pre-shot predictions of damage occurrence were 

quite accurate. Damage of the type described usually occurred at 

the locations noted. It is also significant that the actual ground 

motions agreed closely with the predicted ground motions although 

slightly higher in the short period ranges in some cases. 

Table 1 presents a comparison of damage predictions and actual 

effects. This table is related to the ERC-predicted PSRV at the 

design yield o f 4 0  kt. By November 14, 1969, the amount paid out 

for damage was approximately $50,000. 

The fact that damage occurred where it was predicted and that 

following JAB evacuation recommendations resulted in personnel 

safety is of major importance. 

Table 2 presents a summary of the various damage complaints by 

type of damage. The summary relates to the general population 

areas. Grand Valley includes the town of Grand Valley and struc- 

tures on Battlement Mesa, Morrisania Mesa, and Holmes Mesa. Rifle 

includes the areas of the town of Rifle and the many farming lo- 

cations on the south side of the river, including Taughenbaugh 

and Grass Mesas and portions of Holmes Mesa. 

Collbran includes the town of Collbran, Kansas Mesa, and other 

nearby areas. Complaints from Grand Junction, OeBeque, Mesa, 

New Castle, Paonia, Palisade, Cedaredge, Somerset, Carbondale, 

Leadville, Delta and two locations in Utah are included under 

the heading of more than 20 kilometers. 

The damage complaints from Grand Valley and Rifle are about equally 

divided between chimneys and plaster cracking. The complaints from 

J O H R  I. BLUME k I S S O C I I T E S  R E S E A R C H  O l Y l S l O l l  



TABLE 1 

COMPARISON OF DAMAGE PREDICTIONS AND ACTUAL EFFECTS 

(Based on ERC-predicted PSRV a t  d e s i g n y i e l d  o f  40.0 k i l o t o n s )  

Distance E 
D i  r e c t i o n  

Name - 
From GZ 

(km) Pred ic ted  E f f e c t  Actual E f f e c t  

Rul ison 8(-1 N Moderate damage Moderate damage 

Grand Val ley 10 NW Moderate damage Moderate damage 

Anv i l  Points  12 N Moderate t o  minor Possib le minor 
damage road damage 

Microwave 14 W No damage No damage 

Ranches 14(+) SE Minor damage M i  nor  damage 

Union Carbide 18 NE Minor damage Minor damage 

Col lbran 

R i f l e  

De Beque 

TOSCO 

19 s Minor damage Minor damage 

20 NE Minor damage Minor damage 

25 SW Minor damage Minor damage 

25 NW No damage No damage 

Vega Dam 25 SE No damage No damage 

R i f l e  Gap Dam 30 NE No damage No damage 

S i  It 30 NE Minor damage Minor damage 

Mese 32 SW Minor damage Minor damage 

Harvey Gap Dam 34 NE No p r e d i c t  ion  No damage 

40 NE New Cast le 

Glenwood Springs 58 E 

Grand Junct ion  64 SW 

Del ta 76 S 

No damage 

No damage 

No damage 

No damage 

No damage 

No damage 

One minor c la im  

No damage 



the areas f u r t h e r  ou t  a re  genera l ly  involved on ly  w i t h  p l a s t e r  and 

masonry wal l cracks. 

The precaut ions taken i n  having people evacuated from the area o r  

ou ts ide  o f  the house and two b u i l d i n g  heights away from the house 

were w e l l  advised. The care taken dur ing  the pre-shot a c t i v i t y  

i n  removing o r  re -bu i l d ing  chimneys a t  c lose - in  locat ions  was 

a l s o  w e l l  advised. At  these locat ions  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  f a l l  as was predicted.  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 un l ined.  

Because o f  repeated heat ing and coo l ing ,  and f reez ing and thaw- 

ing cycles 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  a re  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 io ra ted  cond i t ion .  

Table 2 shows some 304 complaints received as o f  October 21, 1969. 

Tota l  damage complaints as o f  November 13 t o t a l  361 w i t h  approx- 

imately  $50,000 pa id  out .  O f  the  304 complaints 109 complaints 

were f o r  chimney damage, 151 f o r  cracked i n t e r i o r  p las te r ,  28 

f o r  broken windows, 19 f o r  c i s te rns ,  9 f o r  we l ls ,  17 f o r  f i r e -  

p lace damage, 66 f o r  foundation damage, 52 f o r  cracked e x t e r i o r  

masonry wa l ls ,  25 f o r  o the r  types of e x t e r i o r  wa l ls ,  9 f o r  u t i l -  

i t y  l ines, 7 f o r  roo f  damage, 8 f o r  e a r t h  s l  ides o r  minor rock- 

f a l l s ,  5 f o r  TV sets, 8 f o r  broken household items, and 84 were 

f o r  o the r  types o f  damage. Many o f  the complainants reported 

more than one type o f  damage. 

J O H N  a. B L U M E  k b S S O l l 4 T E S  R E S f k R C H  D l V l S l D l  



TABLE 2: SUMMARY OF TYPES OF DAMAGE COMPLAINTS 

Grand 
Type o f  Damage Va l ley  R i f l e  - Col l bran 

Chimney 77 
I n t e r i o r  P las te r  65 

W i ndow 14 

C is te rns  13 

Wells 4 
F i rep lace  5 

Foundation 17 

Masonry Walls, Ext.  15 

Other Ext.  Walls 13 

U t i l i t y  Lines 4 
Roof 4 
Ear th  S l ides  3 
TV Sets 2 

Household Items 4 

Other Damage 37 

More than 
20 km 

- 16 - 
J O H N  8 .  8 t U M E  k h S S O C l h I E S  R E S E h R C H  O l V l S i O N  
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PERCEPTIBILITY OBSERVATIONS 
( f o r  observers on l y )  

I. Not f e l t .  

11. Quest ionable.  

111. F e l t  - D i r e c t i o n  o f  mot ion uncer ta in .  
Non-observers do n o t  n o t i c e  o r  quest ion.  

I V .  F e l t  - Observers can assign a t  l e a s t  one plane of motion. 
Not iced by  some non-observers. 

V. F e l t  d i s t i n c t l y  - Observer can d e f i n e  d i r e c t i o n s  o f  mot ion w i t h  - 
c l a r i t y .  Most non-observers a t  r e s t  w i  11 f e e l  o r  r e a c t  
t o  the  motion. 

V I .  F e l t  by a l l  - Sense o f  balance a f fec ted .  Non-observers may 
exaggerate r e p o r t s  o f  motion experienced. 

STATION ,km s of  GZ LOCATION DATE 9-10-69 

REMARKS: Rock s l i d e s  occurred n o r t h  to  nor theas t  of the ranch house 

on t a l u s  slopes on Green R iver  shale. 

The f i r s t  motion was sharp, fo l lowed by a r o l l i n g  motion i n  a nor th -  

nor theas t  t o  south-southwest d i r e c t i o n .  

The observat ions were made w h i l e  s tanding next to  the car. 

OBSERVER F. R. Conwell EVENT RUL l SON 
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PERCEPTIBILITY OBSERVATIONS 
( f o r  observers only) 

I .  Not f e l t .  

11. Questionable. 

111. Felt - Direction of motion uncertain. 
Non-observers do not notice or  question. 

IV. Fel t  - Observers can assign a t  l e a s t  one plane of motion. 
Noticed by some non-observers. 

V.  Fel t  d i s t i n c t l y  - Observer can define direct ions  of motion with 
c l a r i t y .  Most non-observers a t  r e s t  will  feel  or  react  
t o  the  motion. 

VI. Fe l t  by a l l  - Sense of balance affected.  Non-observers may - 
exaggerate reports of motion experienced. 

STATION 12 km WSW o f  GZ LOCATION DATE 9- 

REMARKS: 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 no ise  seemed t o  a r r i v e  s imul tan 

neously. 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  f e l l  o f f  a fence post .  Dust f e l l  f rom the  chinmev's mortar  

j o i n t s .  A window came open. Most o f  the cabinet  doors came open. 

P las te r  f e l l  from o l d  cracks. Cups were swinqinq 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  o f  roo t  c e l l a r s .  A l l  sea l i nq  wax was broken on the  

house. A h a l f - f u l l  can o f  l i nseed  o i l  f e l l  from a s h e l f .  Trees SUM. 

OBSERVER C .  D. Kensler EVENT RUL l SON 



PERCEPTIBILITY OBSERVATIONS 
( f o r  observers only) 

I .  Not f e l t .  

11. Questionable. 

111. Fe l t  - Direction of motion uncertain. 
Non-observers do not notice or  question. 

IV. Fe l t  - Observers can assign a t  l e a s t  one plane of motion. 
Noti ced by some non-observers. 

V .  Fel t  d i s t i nc t l y  - Observer can define direct ions  of motion with - 
c l a r i t y .  Most non-observers a t  r e s t  wi 11 feel  o r  react  
t o  the motion. 

VI. Fe l t  by a l l  - Sense of balance affected.  Non-observers may 
exaggerate reports of motion experienced. 

STATION 1 1  km NNW o f  GZ LOCATION DATE 9-10-69 

R E ~ R K S :  The shocks l as ted  approximately 10 seconds. A l l  o f  the  

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 .  

OBSERVER F. W.  Bingham EVENT RUL l SON 
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PERCEPTIBILITY OBSERVATIONS 
( fo r  observers only) 

I .  Not f e l t .  

11. Questionable. 

111. Fel t  - Direction of motion uncertain. 
Non-observers do not notice or  question. 

IV. Felt  - Observers can assign a t  l eas t  one plane of motion. 
Noticed by some non-observers. 

V .  Fel t  d i s t i nc t ly  - Observer can define directions o f  motion with - 
c l a r i t y .  Most non-observers a t  r e s t  w i  11 feel  or  react  
t o  the motion. 

VI. Fel t  by a l l  - Sense of balance affected.  Non-observers may 
exaggerate reports o f  motion experienced. 

STATION 6.1 km N o f  GZ LOCATION DATE 9-10-69 

REMARKS: The motion was s t rona lv  f e l t  a t  a o ~ r o x i m a t e l v  1500 + 6 s-s. 

The motion was main ly  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 .  w i t h  the 
magnitude o f  the  v e r t i c a l  comDonent almost obscurina the ho r i zon ta l .  

Th is  l o c a t i o n  I s  about 6 k i lometers from qround zero. Obvious dust 

clouds were seen r i s i n q  from the exposed c l i f f  faces toward around 

zero. and a few could be seen across the  v a l l e v  above the s teeo lv  

eroded and exposed faces o f  the  Roan C l i f f s .  

OBSERVER W. H. Nelson EVENT RUL l SON 



PERCEPTIBILITY OBSERVATIONS 
( f o r  observers on l y )  

I. Not f e l t .  

11. Quest ionable. 

111. F e l t  - D i r e c t i o n  o f  motion uncer ta in .  
Non-observers do n o t  n o t i c e  o r  quest ion.  

I V .  F e l t  - Observers can assign a t  l e a s t  one plane o f  motion. - 
Noticed by  some non-observers. 

V .  F e l t  d i s t i n c t l y  - Observer can d e f i n e  d i r e c t i o n s  o f  mot ion w i t h  
c l a r i t y .  Most non-observers a t  r e s t  w i l l  f e e l  o r  r e a c t  
t o  t h e  motion. 

V I .  F e l t  by a l l  - Sense o f  balance a f fec ted .  Non-observers may 
exaggerate repo r t s  o f  mot ion experienced. 

STATION 6 km NNW o f  GZ LOCATION DATE 9- 10-69 

REMARKS: A rock s l i d e  occurred south o f  the locat ion ,  halfway UD the 

h i l l .  The ground could be seen r o d l i n g  from the d i r e c t i o n  o f  qround 

zero, apparent ly  ra ised several inches. The r o l l i n g  motion was f e l t  

r a t h e r  sharply. 

OBSERVER E. H. Cordes EVENT RULl SON 



PERCEPTIBILITY OBSERVATIONS 
( f o r  observers only) 

I .  Not f e l t .  

11. Questionable. 

111. Fe l t  - Direction of motion uncertain. 
Non-observers do not notice o r  question. 

IV. Fel t  - Observers can assign a t  l e a s t  one plane of motion. 
Noticed by some non-observers. 

V .  Fel t  d i s t i n c t l y  - Observer can define direct ions  of motion with - 
c l a r i t y .  Most non-observers a t  r e s t  will  feel  or  react  
t o  the  motion. 

VI. Fe l t  by a l l  - Sense of balance affected.  Non-observers may 
exaggerate reports of motion experienced. 

STATION 18 km NE o f  GZ LOCATION DATE q-lo-6q 

REMARKS: The motion was f e l t  almost immediately. I t  was a s t rona lv  

pe rcep t ib le  impact-type motion o f  r e l a t i v e l y  sho r t  dura t ion  -- 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  bu l lgear  and thermocouple s l i p r i n g s  v ib ra ted no t i ce -  

ably. L igh ts  on gooseneck stands stayed i n  v i s i b l e  motion the lonqest .  

Sprengnether l i g h t  traces were normal a f t e r  about 20 t o  30 seconds. 

OBSERVER R. E. SKiei EVENT RUL l SON 



PERCEPTIBILITY OBSERVATIONS 
( f o r  observers only 1 

I .  Not f e l t .  

11. Questionable. 

111. Fel t  - Direction of motion uncertain. 
Non-observers do not notice or  question. 

IV. Felt  - Observers can assign a t  l e a s t  one plane of motion. 
Noticed by some non-observers. 

V .  Fel t  d i s t i nc t ly  - Observer can define directions of motion w i t h  - 
c l a r i t y .  Most non-observers a t  r e s t  wi 11 feel  or  react  
t o  the motion. 

VI. Fe l t  by a l l  - Sense of balance affected.  Non-observers may 
exaggerate reports of motion experienced. 

STATION 10.3 km NW o f  GZ LOCATION DATE 

REMARKS: 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 t e r  - 
motion f o r  approximately 15 seconds. The w a l l s  aooeared t o  move b& 

and f o r t h  and some dust was thrown i n t o  the a i  r .  

OBSERVER N. Moore EVENT R U L ~ S O N  



I .  Not f e l t .  

11. Questionable. 

c 

I 111. Fe l t  - Direction of motion uncertain. 
Non-observers do not notice or  question. 

PERCEPTIBILITY OBSERVATIONS - 
( f o r  observers only) 

I I .  Fel t  - Observers can assign a t  l e a s t  one plane of motion. 
Noti ced by some non-observers . 

V .  Fel t  d i s t i n c t l y  - Observer can define directions of motion with 
c l a r i t y .  Most non-observers a t  r e s t  w i  11 feel  or react  
t o  the  motion. 

VI. Fel t  by a l l  - Sense of balance affected.  Pion-observers may - 
exaggerate reports of motion experienced. 

STATION 5.3 km NW o f  G Z  LOCATION DATE 9-10-69 

REMARKS: 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 1 cm, 

causing a l an te rn  to  f a l l  from a hook. A hanging pot  w i t h  a 3- foot  

chain d i d  not  swing, conf i rming the lack o f  ho r i zon ta l  motion. There 

were p a i n t  f l e c k s  on the f l o o r  below the f i r s t  f loo ' r  windows and i n  

ups ta i r s  bedroom a t  wa l l  corners. A la rge b o t t l e  o f  hand l o t i o n  f e l l  

from a she l f .  There was no other  damage. 

I OBSERVER L. A. ~ e e  EVENT RUL I SON I 
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PERCEPTIBILITY OBSERVATIONS 
( f o r  observers only) 

I .  Not f e l t .  

11. Questionable. 

111. Fe l t  - Direction of motion uncertain. 
Non-observers do not notice o r  question. 

IV. Fe l t  - Observers can assign a t  l e a s t  one plane of motion. 
Noticed by some non-observers. 

V.  Fel t  d i s t i nc t l y  - Observer can define direct ions  of motion with - 
c l a r i t y .  Most non-observers a t  r e s t  w i  11 feel  or  react  
t o  the motion. 

VI. Fe l t  by a l l  - Sense of balance affected.  Non-observers may 
exaggerate reports of motion experienced. 

STATION 6 . 2  km WNW of GZ LOCATION DATE 9-10-69 

REMARKS: Stood f a c i n q  southeast toward around zero a o ~ r o x i m a t e l v  

30 f e e t  northwest o f  the  house. F e l t  a very d i s t i n c t  and sham ver- 

t i c a l  motion, almost as i f  being ra i sed  o f f  the around. 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 windows. Heard g lass and a loose storm door r a t t l i n a .  

Did not  f e e l  any h o r i z o n t a l  motion. 

OBSERVER R. F. Runge EVENT RUL 1 SON 
- 
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PERCEPTIBILITY OBSERVATIONS 
( f o r  observers only) 

I .  Not f e l t .  

11. Questionable. 

111. Felt  - Direction of motion uncertain. 
Non-observers do not notice or  question. 

IV. Felt  - Observers can assign a t  l ea s t  one plane of motion. - 
Noticed by some non-observers. 

V .  Felt  d i s t i nc t ly  - Observer can define directions of motion with 
c l a r i t y .  Most non-observers a t  r e s t  will  feel  or  react  
t o  the motion. 

VI. Felt  by a l l  - Sense of balance affected.  Non-observers may 
exaggerate reports of motion experienced. 

STATION 18 km S of GZ LOCATION DATE 9-10-69 

REMARKS: Shot time: 1500 MDT 

1st arrival : 6 sec. 

Description: 1 to 2 cycles 

2nd arrival: 12 sec. 

Pendulum 1 : 0.4 sec. 

Pendulum 2: 1.0 sec. 

Both pendulums were too long to measure motion. 

OBSERVER K. K. Honda EVENT RUL I SON 

A- 10 J O H N  I. B L U M E  & ! S S O C l A l E S  R E S E A R C H  O l Y l S l O l  



Geesepal a Map 

Figure 1 
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