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RESULTS OF THE EXPLORATORY DRILL HOLE Ue5n 

FRENCHMAN FLAT, NEVADA TEST SITE 

ABSTRACT 

Exploratory ho le  Ue5n was d r i l l e d  t o  a  depth of 514 m i n  c e n t r a l  

Frenchman F l a t ,  Nevada Tes t  S i t e ,  a s  p a r t  of a  program sponsored by t h e  

Nuclear Monitoring Of f i ce  (NMO) of t h e  Advanced Research P r o j e c t s  Agency 

(ARPA) t o  determine t h e  geologic  and geophysical  parameters  of s e l e c t e d  

l o c a t i o n s  with anomalous se i smic  s i g n a l s .  The s p e c i f i c  goa l  of d r i l l i n g  

Ue5n was t o  provide t h e  s i t e  c h a r a c t e r i s t i c s  f o r  emplacement s i t e s  U5b and 

U5e. We p re sen t  here  d a t a  on samples,  geophysical  l o g s ,  l i t h o l o g y  and 

s t r a t i g r a p h y ,  and depth t o  t h e  water  t a b l e .  From an  a n a l y s i s  of t h e  measure- 

ments of t h e  phys i ca l  p r o p e r t i e s ,  a  s e t  of recommended va lues  i s  given.  

INTRODUCTION 

The exp lo ra to ry  ho le  Ue5n was d r i l l e d  a s  p a r t  of a  program sponsored 

by t h e  Nuclear Monitoring O f f i c e  (NMO) of t h e  Advanced Research P r o j e c t s  

Agency (ARPA) t o  determine t h e  geologic  and geophysical  parameters  of 

s e l e c t e d  l o c a t i o n s  with anomalous se i smic  s i g n a l s .  The s p e c i f i c  goa l  of 

d r i l l i n g  Ue5n was t o  provide  t h e  s i t e  c h a r a c t e r i s t i c s  f o r  emplacement s i t e s  

U5b and U5e. 

LOCATION 

D r i l l  ho l e  Ue5n i s  l o c a t e d  about  midway between h o l e s  U5b and U5e a t  

Nevada s t a t e  coo rd ina t e s :  N229,959.4 m; E215,315.3 m i n  Area 5 (Fig.  1 ) .  

The ground e l e v a t i o n  of t h e  l o c a t i o n  i s  948.60.m, and t h e  h o l e  was terminated 

a t  a  depth of 514.2 m below t h e  s u r f a c e .  This  d r i l l  h o l e  i s  i n  c e n t r a l  

Frenchman F l a t ;  t h r e e  of the t e n  undcrground nuc lea r  tests i n  ~ renchman  F l a t  

have been-conducted nearby. The o t h e r  seven have been i n  no r the rn  Frenchman 

F l a t  where orher exp lo ra to ry  ho le s  have h ~ ~ n  d r i l l e d .  Th i s  i s  t h e  only 

u s e f u l  explora tory  ho le  i n  c e n t r a l  Frenchman F l a t .  



Fig. 1. Mop of Frenchman F l a t  showing l o c a t i o n  of Ue5n and o t h e r  d r i l l  ho les .  



SUMMARY DRILLING HISTORY 

Appendix A g i v e s  a n  expanded d r i l l i n g  h i s t o r y .  E x p l o r a t o r y  h o l e  Ue5n 

was planned a s  a 380-mm-diam h o l e  t o  be  d r i l l e d  by u s i n g  r e v e r s e  c i r c u l a t i o n  

(mudlwater w i t h  a i r  a s s i s t )  t o  a  dep th  s u f f i c i e n t  t o  p e n e t r a t e  -30 m i n t o  

T e r t i a r y  t u f f .  Th i s  d e p t h  was i n f e r r e d  t o  b e  610 5 122 m. Severe  s l o u g h i n g  

problems o c c u r r e d  below 450 m y  and t h e  maximum dep th  reached  was 514'm. 

Subsequent s l o u g h i n g  f i l l e d  t h e  h o l e  t o  abou t  490-m d e p t h .  Repeated 

a t t e m p t s  t o  remove t h e  f i l l  were u n s u c c e s s f u l ,  and t h e  h o l e  was logged and 

s i d e w a l l  sampled from 490 m t o  t h e  s u r f a c e .  Then a  s t r i n g  o f  270-mm-0.d. 

c a s i n g  was emplaced t o  464.3:m. The purpose  of t h i s  c a s i n g  was t o  p r e s e r v e  

a c c e s s  f o r  use  o f  a b o r e h o l e  g r a v i m e t e r  and,  f i n a l l y ,  t o  measure t h e  w a t e r  

l e v e l .  

SAMPLES 

Standard c u t t i n g  samples were t a k e n  a t  3-m i n t e r v a l s  from 25 t o  514 m. 

I n  a d d i t i o n ,  Hunt s i d e w a l l  samples  were  t aken  between 30.5 and 481.6 nl 

(Table  1 ) .  

Four c o n v e n t i o n a l  c o r e  r u n s  were made i n  t h e  h o l e  u s i n g  t h e  190-mm 

' C h r i s t i a n s e n  diamond b i t  and a 3.1-m r u b b e r  s l e e v e  c o r e  b a r r e l .  Core 

r e c o v e r y  was' as f o l l o w s :  

Depth (m) Recovery (m) 

C o r e N o .  1 1 9 1 . 1 - 1 9 7 . 2  2 . 1  (vo id  s p a c e s  and undergauge s e c t i o n  
w i L l l i l i  r u b b e r  a l c c v c )  

C o r e N o .  2  2 9 3 . 2 - 2 9 3 . 8  0.6 plugged b i t  

C o r e N o .  3  2 9 3 . 8 - 2 9 3 . 8  0  c o r e  b a r r e l  m a l f u n c t i o n  

C o r e N o .  4  3 9 8 . 4 - 4 0 1 . 4  2.0 (undergauge s e c t i o n s  w i t h i n  r u b b e r  
s l e e v e )  



Table  1. L i s t  o f  Hunt s i d e w a l l  samples  from Ue5n. 

Sample d e p t h s  

( f t )  (m) 



Despite the use of a rubber sleeve core-barrel, sloughing and fill 

created problems and core recovery was not as successful as hoped. However, 

some of this recovered core was of sufficiently high quality to attempt rock 

mechanics measurements. These results will be reported separately. 

4 Figure 2 is a photograph of the remaining core. The white material 

at 194.5 to 195 m is an air-fall tuff. The U.S. Geological Survey (USGS) 

is attempting an age-determination on this material (see p. 18). . 
GEOPHYSICAL LOGGING 

Two suites of geophysical logs were run: the first following coring 

to a depth of 293.8 m, and the second after the hole had attained its maximum 

depth of 514.2 m. In addition, the USGS ran a borehole gravimeter in the 

cased hole about five months after completion. Table 2 gives a summary of 

these logs, and they are discussed by type below. 

Table 2. Geophysical logs, Ue5n. 

Logged interval (m) 
Log Run date Run no. . Logger TOP Bottom 

Velocity 

Three-dimensional sonic velocity, 6-ft spacing 2-19-76 1 Birdwell 183 283 
Three-di.mensiona1 sonic velocity, 12-ft spacing. 2-19-76 2 Birdwell 30 282 
Three-dimensional sonic velocity, 6-ft spacing 2-19-76 3 Birdwell 30 283 
Three-dimensional sonic velocity, 12-ft spacing 2-25-76 4 Birdwell 198 487 
Three-dimensional sonic velocity, 6-ft spacing 2-25-76 5 Birdwell 198 4RR 
Three-dimensional sonic velocity, 18-ft spacing 2-27-76 6 . Birdwell 183 482 
ViLroaeis sonic volocity 2-19-76 1 Birdwell Surface 285 

Density 

Dual-proximity density 
Dual-proximity density 
Dual-proximity density 
Dual-proximity density 
Borehole gravimeter 

Other 

Caliper 
Caliper 
Caliper 
Fluid locator 
Fluid locator 
Fluid locator 
E l e c ~ r l ~  luk (wct halo) 
Induction log (dry hole) 

2-18-76 1 Birdwell 0 287 
2-19-76 2 Birdwell 0 130 
2-26-76 3 Birdwell 310 471 
2-27-76 4 Birdwell 152 469 
8-11-76 1 USGS 0 442 

1 Birdwell 
2 Birdwell 
3 Rirdwell 
1 Birdwell 
2 Birdwell 
3 Birdwell 
1 Birdwell 
i Hirdwell 



Exploratory hole Ue5n, 
rubber sleeve core 

Fig. 2. Photograph of core from Ue5n. 



Sonic Velocity Logs 

The o r ig ina l  work plan included running a s e r i e s  of dry hole logs  above 

t he  water table ,  which is about 215 m below the  surface.  For construction 

reasons, these logs were.delayed u n t i l  the  hole was  about 80 m deeper than 

t he  water table.  A t  t h a t  time, t h e  f l u i d  l eve l  was only 35 m below the  

surface. Therefore, i n  place of a dry hole acoustic log (DHAL), three- 

dimensional sonic veloci ty  and vibroseis  logs  were run. Following the  

completion of t he  hole t o  t o t a l  depth, only three-dimensional logs  were run. 

These logs a r e  shown i n  Figs.  3 and 4. Figure 3 is a standard p lo t  of log 

and sample data used fo r  containment evaluations. Figure 4 is a t r ave l  time 

versus depth p lo t  from the  vibroseis  survey. 

Three-Dimensional Logs - The three-dimensional logs  have l i t t l e  

in te rpre tab le  data above 218 m, and Fig. 3 shows only data  from runs 4 and 

5, which give in te rpre tab le  data only a s  high as 253 m. The overlapping 

in te rva l s  of data  between t h e  p a i r s  1-2 and 4-5, namely 253- t o  283-m depth, 

disagree. The value from p a i r  1-2 is about 22% f a s t e r  ve loc i ty  than from 

pa i r  4-5. These data  a r e  obtained by a two-tool method i n  which t he  d i f -  

f e r e n t i a l  t r ave l  time is calcula ted by subtracting t he  t r ave l  t i m e  of t he  

shor te r  too l  from t h a t  of t h e  longer t oo l  and associa t ing t ha t  time with the  

di f ference i n  too l  lengths. I n  t h e  case of p a i r  1-2, t he  d ig i t i z ed  pick of 

t he  shor te r  t oo l  is  c l ea r ly  a second a r r i v a l  (the f i r s t  is not c l ea r  enough 

t o  d ig i t i z e ) .  Although picking a second a r r i v a l  by a single-tool  method 

would give an erroneously low ve loc i ty ,  picking a second a r r i v a l  on the  

shor te r  too l  with the  two-tool method would give an erroneously high 

veloci ty .  Thus, C l ~ r  data  from p a i r  4-5 wcrc o h ~ s e n  a s  cor rec t .  As an 

independent ve r i f i c a t i on  of the  above analysis ,  we compared t h e  i n t e rva l  

ve loc i ty  from the  vibroseis  log and found it only about 3% f a s t e r  than t ha t  

from p a i r  4-5. 

Although the  f l u i d  l e v e l  was standing as high as 49 m below the  surface 

i n  t h e  d r i l l  hole a t  t h e  time t h a t  runs 1, 2, and 3 were made, no data  were 

recorded above 218 m on these  ~ o n i c  veloci ty  logs. A t  t h a t  time, t he  ca l iper  

of t h e  hole showed about a 410-mm minimum diameter. With a centra l ized 

1GO-mm-dim Cool, tharo i s  about a 135-mm average gap between t he  t o o l  

and rock. I n  such cases,  the  sonic veloci ty  of t he  rock must be about 10% 

grea te r  than the  ve lnc i ty  of t h e  f l u i d  before the  path through t he  rock 



F i g .  3. Plot of sample and geophysical log data from Ue5n (caliper limit - 0.711 m; depths i n  meters; 
date - 5/6!76). 
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Fig. 4. Travel-time depth curve from v i b r o s e i s  survey of Ue5n. 
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becomes t h e  f a s t e s t  r o u t e .  By t h e  t ime logs  4 ,  5 ,  and 6  were run,  t h e  

diameter  of t h e  ho l e  was a t  about  560 mm, g iv ing  about a  200-mm gap. This  

r e q u i r e s  a  rock v e l o c i t y  about  20% f a s t e r  than t h e  f l u i d  b e f o r e  a  s i g n a l  

w i l l  t a k e  a  pa th  through t h e  rock. When one cons ide r s  t h e s e  f a c t o r s  and t h e  

i n t e r v a l  v e l o c i t i e s  from t h e  v i b r o s e i s  l og ,  on ly  some d a t a  i n  t h e  i n t e r v a l  

107-152 m would have been expected on t h e  three-dimensional  l og  above 218-m 

depth  and none was seen  even he re .  

Vibrose is  Log - The v i b r o s e i s  l o g  gene ra l l y  g ives  very  poor i n t e r v a l  

v e l o c i t i e s  because of t h e  h igh  p o s s i b l e  e r r o r  i n  read ing  t h e  r eco rds .  Under 

good circumstances,  one a r r i v a l  can be picked t o  about +1 m s  s o  t h a t  t h e  

p o t e n t i a l  e r r o r  f o r  an i n t e r v a l  (two a r r i v a l s )  i s  about 22 m s  a t  b e s t .  When 

t h e  downhole s i g n a l  is  degraded, an e r r o r  of +5 m s  f o r  an i n t e r v a l  t r a v e l  

t ime is t h e  l e a s t  we f e e l  j u s t i f i e d  i n  using. Typica l  t r a v e l  t i m e s  f o r  a  

15-m i n t e r v a l  i n  t h e s e  rocks  a r e  from 5 t o  15 m s  (1016 t o  3048 m/s) ;  thus  

t h e  p o t e n t i a l  e r r o r  f o r  a  15-m i n t e r v a l  v e l o c i t y  is  1 3  t o  40% a t  b e s t ,  and 

33 t o  100% a t  worst .  A f u l l  c y c l e  covers  about 16 ms a t  t h e  frequency range 

of t h e  v i b r o s e i s ;  thus  an e r r o r  due t o  missing t h e  e n t i r e  f i r s t  c y c l e  is 

obvious i f  t h e  s t a t i o n  i n t e r v a l  i s  1 5  m, a s  f o r  t h e  p r e s e n t  log .  

Because of t h e  l a r g e  p o s s i b l e  e r r o r  over 15-m i n t e r v a l s ,  d i r e c t  use 

of v i b r o s e i s  i n t e r v a l  v e l o c i t i e s  is  poor p r a c t i c e .  Another way t o  reduce a  

v i b r o s e i s  l o g  is  t o  zone t h e  t r a c e  of  t h e  dep th - t r ave l  t i m e  curve.  F igure  4  

is  such a  l o g ,  w i th  t h e  zones i n d i c a t e d .  These zones a r e  a l s o  p l o t t e d  a s  

v e r t i c a l  b a r s  on t h e  sound speed column i n  F ig .  3. For a l l  t h e  zones i n  

F ig .  4, t h e  p o t e n t i a l  t rave l - t ime  e r r o r  of 5 m s  i s  l e s s  than  25% of t h e  zone 

t rave l - t ime .  

Densi ty  Logs 

Four d e n s i t y  l o g s  were run ,  two i n  each s u i t e .  P o r t i o n s  of a l l  of 

t h e s e  were used f o r  t h e  composite t r a c e  i n  Fig.  3. There is  l i t t l e  u s e f u l  

d a t a  i n  t h e  i n t e r v a l  from 290- t o  350-m depth.  Fo r tuna t e ly ,  t h i s  d r i l l  h o l e  

was logged wi th  a  borehole  gravi lueter  (Table 3 ) .  Data der ived  from t h e  

grav imeter  l o g  a r e  shown a s  v e r t i c a l  b a r s  ove rp lo t t ed  on t h e  d e n s i t y  t r a c e  

l a  Fig. 3.  



Table 3. Densi ty  d a t a  from borehole  grav imeter ,  Ue5n. 

Measured depth i n t e r v a l  I n t e r v a l  d e n s i t y  
(m> (Mg/m3> 

I n  run 

1.86 
1.85 
1 . 9 1  
1.85 
1 .89  
1.86 
1.86 
1.88 
1 .83  
1.86 
1.82 
1.84 
1.87 

Measured water  l e v e l  
2.11 
2.04 
2.10 
2.04 
2.09 
2.08 
2.11 
2.08 
2.11 
2.11 
2.09 
2.14 
2 - 1 5  
2.16 
2.14 

Out run  l n r u n  

There a r e  s e v e r a l  i n t e r e s t i n g  a s p e c t s  t o  t h e  borehole-gravimeter d a t a .  

The most pronounced is t h e  f a c t  t h a t  t h e r e  is  a d i s t i n c t  s h i f t  a t  t h e  water  
3 t a b l e .  The range  of va lues  above t h e  water  t a b l e  is  1.86 + .05 Mg/m ; below 

3 t h e  water t a b l e  i t  is 2.10 + 0.06 Mg/m . By c o n t r a s t ,  t h e r e  is  only a smal l  

s h i f t  i n  t h e  t r a c e  of t h e  gamma-density l o g ,  from s l i g h t l y  less than  2.0 t o  
3 s l i g h t l y  g r e a t e r  than 2.0 Mg/m . 



A t  t h e  time t h e  grav imeter  w a s  run  i n  t h e  cased h o l e ,  t h e  h o l e  was 

f i l l e d  wi th  water t o  a  depth of 7  m below t h e  su r f ace .  Therefore ,  t h e  

gravimeter  could no t  have been a f f e c t e d  by a  t r a n s i t i o n  from a i r  t o  water  

a t  214-m depth.  There was a l s o  no shut-down o r  i n t e r r u p t i o n  i n  t h e  logging 

t h a t  might account f o r  t h e  d i f f e r e n c e  i n  d e n s i t y  above and below t h e  213.4-m 

s t a t i o n .  

A p o s s i b l e  exp lana t ion  is  t h a t  t h e  gravimeter  "sees" about  90%' of i t s  

e f f e c t  i n  a  76-m r a d i u s  (equa l  t o  5  t i m e s  t h e  s t a t i o n  spac ing )  sur rounding  

t h e  borehole ,  whereas t h e  depth of p e n e t r a t i o n  of t h e  gamma-density t o o l  is 

less than 0.3 m. Therefore ,  i t  i s  p o s s i b l e  t h a t  t h e  gamma-tool was a f f e c t e d  

by a  s t a t e  of near  o r  f u l l  s a t u r a t i o n  ad j acen t  t o  t h e  borehole ,  whereas t h e  

borehole  gravimeter  i s  more a f f e c t e d  by t h e  n a t i v e  s t a t e  of t h e  rock f a r  

from t h e  borehole .  

I f  t h e  above exp lana t ion  of t h e  d i f f e r e n t  va lues  of d e n s i t y  given by 

t h e  gravimeter  and t h e  gamma l o g  i s  t r u e ,  i t  has  some important  imp l i ca t i ons  

f o r  t h e  s tandard  logging techniques  i n  use a t  NTS. Furthermore,  we want t o  

have t h e  b e s t  va lues  of d e n s i t y  and po ros i t y  a v a i l a b l e  f o r  i n t e r p r e t a t i o n  

of se i smic  measurements. Therefore ,  we w i l l  ana lyze  t h e  r e l i a b i l i t y  of t h e  

v a r i o u s  e s t ima te s  of d e n s i t y  and r e l a t e d  phys i ca l  p r o p e r t i e s  i n  a  l a t e r  

s e c t i o n .  

Other Logs 

I n  a d d i t i o n  t o  c a l i p e r  and f l u i d  l o c a t o r  l o g s ,  which w e  w i l l  n o t  

d i s c u s s ,  two e l e c t r i c a l  l o g s  were run: a  s tandard  e l e c t r i c a l  l o g  i n  t h e  

f i n a l  group of l o g s ,  and a  dry-hole i nduc t ion  l o g  i n  t h e  f i r s t  group ( t h e  

h o l e  was n o t  d ry ,  bu t  t h i s  l o g  can be  r u u  i n  e i t h e r  a  f l u i d - f i l l e d  o r  dry 

h o l e ) .  F igure  3 gives  a  composite p l o t  of conduc t iv i t y .  The conduc t iv i t y  

peak from 290- t o  305-m depth c o r r e l a t e s  wi th  i nc reased  C02, b u t  t h e r e  is  

no d i r e c t  e l e c t r i c a l  e f f e c t  p o s s i b l e  from increased  C02 a lone .  I f  increased  

c l a y  o r  z e o l i t e  accompanies t h e  h ighe r  CO t h i s  would e x p l a i n  t h e  con- 2  ' 
d u c t i v i t y  i nc rease .  There is  no s i g n i f i c a n t  i n c r e a s e  i n  c l a y .  Samples a t  

291.1-, 295.7-, and 298.7-m depth  do show 30-40% z e o l i t e  (Table 4 ) .  However, 

a  sample a t  335.3 m has  g r e a t e r  than  50% z e o l i t e ,  and i t  has  a  lower con- 

d u c t i v i t y .  l h u s  we have no s imple  exp lana t ion  f o r  t h e  conduc t iv i t y  peak a t  

about  300-m depth.  



Table 4.  X-ray ana lyses  on s e l e c t e d  samples from ue5na (%) . 
Sample d e p t h  (m) 

91 .4  1 3 7 . 2  182 .9  274 .3  2 9 1 . 1  295.7b 298.7 3 3 5 . 3  396.2 445 .0  475 .5  

M i n e r a l s  

M o n t m o r i l l o n i t e  < l o C  < l o  t rd < l o  1 0  ' < l o  t r  (10 < 1 0  t r 

Q u a r t z  >10 >10 1 0  20 1 0  1 0  1 0  < l o  <10 t r  <10 

F e l d s p a r  60 > 5 0  >50 >50 30  >30  30 >20 60 6  0  6 0  

C r i s t o b a l i t e -  
o p a l i n e  s i l i c a  <10  < l o  1 0  (10 t r t r  t r  t r 1 0  <10  1 0  

C a l c i t e  t r t r  . < l o  1 0  t r t r t r t K t r  <10 <10 

Dolomi te  t r t r t r t r  - - - - - - - 

Amphibole - t r  - tr  - - - t r t r t r  t K 

I r o n  o x i d e  ( g o e t h i t e ? )  - t r t r t r - - - - t r t r  t r  

" ~ n a l y s t :  P .  Blackmon, USGS 

b ~ n a l y z e d  by W. B e i r i g e r ,  LLL 

'(10 = 5-9% 

d t r  = t r a c e  = <5 p e r c e n t  

LITHOLOGY AND STRATIGRAPHY 

General Comments 

Table 5 g ives  a  l i t h o l o g i c  l o g  of t h e  d r i l l  ho l e .  Despi te  d i f f e r e n c e s  

i n  d e t a i l ,  t h e  l i t h o l o g y  i s  gene ra l ly  s i m i l a r  from top  t o  bottom. A s  noted 

e a r l i e r ,  t he  ho le  was s t i l l  i n  a l l u v i a l  m a t e r i a l  a t  t h e  t o t a l  depth of 514 m. 

The expected depth t o  t u f f  was 610 m + 20%. 

Although t h e r e  a r e  c u r r e n t l y  outcrops of Pa leozoic  rock around 

Frenchman F l a t ,  mainly t o  t h e  south  and e a s t ,  t h e  dominant l i t h o l o g y  i n  t h e  

al luvium i s  c l a s t s  of T e r t i a r y  t u f f  and r h y o l i t i c  l a v a .  There a r e  r a r e  

c l a s t s  of q u a r t z i t e  and b a s a l t .  Other d r i l l  ho l e s  about  6 km nor th  i n  

Frenchman F l a t  have pene t r a t ed  b a s a l t  f lows,  bu t  none we.re encountered a t  

Ue5n. 

F igure  5  is  a  p l o t  of t h e  s i e v e  and hydrometer ana lyses  of s idewa l l  

samples given i n  Appendix B. Pt shnws t h e  r e l a t i v e  p ropor t ions  of pebbles ,  

sand, and f i n e  m a t e r i a l .  Although t h e  f i n e  m a t e r i a l  ranges from a  few t o  



Table 5. Lithologic log of exploratory hole Ue5n. 

Depth (m) Description 

Alluvium; tuffaceous sandstone, medium brown, silty 
with ~ 1 0 %  small gravels of silicified welded tuff, 
moderately calcareous with common blebs of 
secondary calcite. 

No samples of geophysical logs. 

Alluvium; tuffaceous sediments, medium greylbrown, 
common interstratified sandy cobble-gravel beds. 
Clasts mainly silicified welded ash-flows/minor 
lavas of Timber Mountain, Wahmonie, and Topopah 
Springs units, minor clasts of Paleozoic quartzite, 
poorly indurated, very slight calcareous 
cementation with caliche coated clasts, matrix 
generally unaltered. 

Tuff; rhyolitic ash-fall, stratigraphic unit unknown 
(late Pliocene/early Pleistocene), very fine 
volcanic dust, rare biotite, glassy. 

Alluvium; tuffaceous sediments, section same as 
24.4-195.1-m interval with rare basalt clasts. 

Alluvium; tuffaceous sediments, medium greylbrown 
sandlsilt matrix zeolitized/slightly argillized, 
-30% clasts and semi-rounded pebbles of ash-flow 
tuffs (caliche coated), rare basalt and quartzite 
clasts; abrupt increase of induration at 9287 m 
from bonding by particle alteration and increasing 
fines; matrix slightly calcareous. 

Alluvium; tuffaceous sediments, medium greylbrown, 
jnc.r~asing sand-silt-clay with decreasing cobbles, 
crudely stratified, partially zeolitized, slightly 
argillized matrix. Clasts mainly welded ash-flows 
of Timber Mountain, Wahmonie, and Topopah Spring 
units; clasts occasionally partially zeolitized, 
very slightly argillized, induration similar to 
286.5-307.8-m interval, common caliche coated 
clasts; matrix slightly calcareous. 

Alluvium (cuttings); tuffaceous sediments, sand/ 
silt matrix with clasts of semi-rounded to angular 
welded ash-flow tuffs (Timber Mountain, Wahmonie, 
Topopah Spring units), minor rounded quartzite 
pebbles, very poorly indurated, moderately 
calcareous, 

a Static warer level: 21.3.4 k 1 m, 

b~ole sloughing through this interval, cuttings contaminated with fill material. 
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Fig .  5 .  Plot of sieve and hydrometer analyses of sidewall samples from Ue5n. 



40%, i t  commonly makes up l e s s  t han  10% of t h e  sample above about 286 m and 

, commonly more than 10% below t h a t  depth.  There a r e  no s i m i l a r  c o n s i s t e n t  

c o r r e l a t i o n s  a s  a  func t ion  of depth wi th  e i t h e r  t h e  amount of pebbles  o r  

sand, o r  t h e  pebb1e:sand r a t i o .  

For samples taken below t h e  f l u i d  l e v e l  i n  a  ho le ,  t h e r e  i s  a  

p o s s i b i l i t y  of l o s s  of f i n e s  dur ing  t h e  sample process .  During sampling a t  

Ue5n, t h i s  l e v e l  l a y  between 196- and 214-m depth. There i s  no evidence 

from t h e  d a t a  i n  Fig. 5  i t s e l f  t o  sugges t  such a  l o s s  of f i n e s  f o r  Ue5n. 

Figure 5 is  based on samples t o  a  depth of 482 m y  bu t  t h e  h o l e  

pene t ra ted  t o  514 m. We conclude from t h e  d r i l l i n g  records  and c u t t i n g s  

t h a t  i ndura t ion  i s  poor below about  487 m.  The m a t e r i a l  near  t h e  bottom of 

t h e  ho le  appeared t o  be a  poorly indura ted  g rave l  wi th  a  very h igh  inf low 

of f r e s h  water  ( i n f e r r e d  from d i l u t i o n  of d r i l l i n g  mud). 

Table 6 con ta ins  measured d a t a  f o r  g r a i n  d e n s i t y ,  weight percent  of 

water  conten t  on a  "wet" b a s i s ,  and CO conten t  of Hunt s idewa l l  samples 
2 

from Ue5n. These d a t a  were a l l  processed by s tandard  methods used by LLL 

f o r  r e p o r t s  t o  t h e  ERDA-NV Containment Evaluat ion Panel.  The g r a i n  dens i ty  

and CO va lues  a r e  s t r a igh t fo rward  measurements. We w i l l  g ive  a d d i t i o n a l  2  
eva lua t ion  of t h e  water-content d a t a  i n  a  l a t e r  s e c t i o n .  

L i tho log ic  Change a t  286-meter Depth 

I n  no r the rn  Frenchman F l a t ,  t h e r e  i s  commonly a  l i t h o l o g i c  con tac t  a t  

about  180-m depth between an upper al luvium and an o l d e r ,  indura ted  alluvium. 

The indura ted  al luvium has d i s t i n c t l y  g r e a t e r  son ic  v e l o c i t y  and d e n s i t y .  

No s i m i l a r  d i s c o n t i n u i t i e s  i n  son ic  v e l o c i t y  and d e n s i t y  a r e  found i n  Ue5n, 

a l though t h e r e  a r e  p o s s i b l e  s t r a t i g r a p h i c  c o r r e l a t i o n s  wi th  t h e  con tac t  a t  

286.5 m i n  Ue5n. Below 286 m i n  UeSn, t h e  rock is  s i g n i f i c a n t l y  more 

indura ted .  This  i ndura t ion  seems t o  c o r r e l a t e  wi th  z e o l i t i z a t i o n  (Table 4) 

and an increased  amount of f i n e  m a t e r i a l  (Fig. 5 ) .  Nei ther  t h e  s tandard  

dens i ty  l o g  nor  t h e  borehole gravimeter  show an i n c r e a s e  i n  d e n s i t y  (Fig.  3 ) .  

However, t h e r e  i s  about a  10% i n c r e a s e  i n  s o n i c  v e l o c i t y  below t h e  286-m 

l e v e l .  

Some a d d i t i o n a l  in format ion  about t h e  l i t h o l o g i c  break  a t  286 m can 

be seen  i n  t h e  log  and sample a n a l y s i s  p l o t ,  Fig.  3.  Below about  286 m y  

t h e r e  is  a d i s t i n c t  i n c r e a s e  i n  both  conduct iv i ty  and CO Yhe increased  2 ' 
conduct iv i ty  i s  accompanied by increased  water  conten t .  An i n c r e a s e  i n  



Table 6.  Water con ten t ,  g r a i n  dens i ty ,  and C 0 2  content  f o r  samples from 
Ue5n. 

Sample 
depth  

(m) 

30.5 
38.1 
45.7 
53.3 
68.6 

76.2 
83.8 
91.4 
99.1 

106.7 

114.3 
121.9 
129.5 
137.2 
144.8 

155.4 
158.5  
161.5 
164.6 
167.6 

170.7 
173.7 
176.8 
179.8 
182.9 

185.9 
187.5 
189.0 
190.5 
192.0 

193.5 
195.1 
196.6 
198.1  
201.2 

204.2 
207.3 
210.3 
213.4 
216.4 

219.5 
222.5 
775.6 
231.6 
237.7 

Water 
c o n t e n t  

(wt%) 

8.56 
14.43 , 

11.11 
13.67 
12.67 

11.32 
11.81 
12.80 

9.93 
11.02 

13.07 
10.93 
11.54 
12.28 
12.43 

11.55 
11.72 
13.23 
14.03 
12.23 

15.00 
15.48 

9.59 
12.11 
10.04 

10.83 
12.24 
10.05 

7.19 
12.30 

11.04 
13.61 
11.15 
12.78 
12.24 

11.06 
11.45 
11.73 
12.64 
13.41 

17.44 
16.37 
12.50 
18.12 
16.03 

Grain  
d e n s i t y  
(Mg/m3) 

2.59 
2.61 
2.63 
2.65 
2.61 

2.61 
2.63 
2.63 
2.59 
2.61 

2.59 
2.61 
2.63 
2.63 
2.62 

2.61 
2.62 
2.62 
2.62 
2.59 

2.64 
2.64 
2.55 
2.56 
2.58 

2.57 
2.58 
2.59 
2.56 
2.59 

2.59 
2.51 
2.58 
2.56 
2.55 

2.56 
2.60 
2.60 
2.56 
2.57 

2.59 
2.57 
2.56 
2.60 
2.56 

co2 
con ten t  

(wt%) 

Sample 
depth  

(m) 

268.2 
271.3 
275.2 
277.4 
280.4 

283.5 
286.5 
288.0 
289.6 
291.1 

292.6 
294.1 
295.7 
297.2 
298.7 

300.2 
301.8 
304.8 
307.8 
310.9 

313.9 
317.0 
320.0 
323.1 
329.2 

335.3 
341.4 
347.5 
353.6 
3.59.7 

365.8 
371.9 
378.0 
384.0 
390.1 

396.2 
402.3 
408.4 
414.5 
420.6 

426.7 
432.8 
445,O 
451.1 
457.2 

h f i 3 . 3  
469.4 
475.5 
481.6 

Water 
con ten t  

(wt%) 

Grain  
d e n s i t y  
(Mg/m3) 

C02 
con ten t  

(wt%) 



g r a i n  dens i ty ,  from about 2.60 above t h e  con tac t  t o  about  2.65 below 

(Table 6 ) ,  r e f l e c t s  t h e  increased  CO X-ray ana lyses  of samples from Ue5n 2 ' 
(Table 4 )  show increased  z e o l i t e  conten t  below 286-m depth bu t  no i n c r e a s e  

i n  c l a y  content .  The increased  CO (due t o  c a l i c h e  s t r i n g e r s  and no t  
2  

primary carbonate  pebbles) ,  d i f f e r e n c e  i n  g r a i n  s i z e  d i s t r i b u t i o n ,  and t h e  

sharpness  of t h e  break a t  286 m suggest  a  s t r a t i g r a p h i c  d i s c o n t i n u i t y  t h a t  

might be comparable t o  t h a t  between t h e  o l d e r  and younger al luvium a t  180 m 

i n  nor thern  Frenchman F l a t .  

Air-Fal l  Tuff a t  195-meter Depth 

There i s  an a i r - f a l l  t u f f  a t  about  195-m depth t h a t  may be of h igh  

s t r a t i g r a p h i c  s i g n i f i c a n c e .  The t u f f  i s  v i t r i c ,  d i s t i n c t i v e l y  whi te  ( s ee  

co re  photograph, F ig .  2) ,  and is marked by high p o r o s i t y ,  low g r a i n  d e n s i t y ,  

very low conduc t iv i ty ,  and low i n  situ dens i ty .  The exac t  t h i ckness  and 

depth a r e  not  p r e c i s e l y  known. The two side-wall  co re s  a t  195.1- and 196.6-m 

depth were from t h i s  u n i t .  Core No. 1, which had about  2.1-m recovery i n  

t h e  i n t e r v a l  191 .1  t o  197.2 m y  showed 0.5 m of t u f f  a t  t h e  bottom of t h e  

recovered sample. The s tandard  depth unce r t a in ty  of t h e  s i d e w a l l  samples 

i s  '0.6 m. Excursions on log  t r a c e s  t h a t  a r e  r e l a t e d  t o  t h i s  u n i t  occur  on 

t h e  dens i ty  l o g  between 195.1 and 197.5 m y  and on t h e  induc t ion  l o g  between 

193.6 and 199.6 m. The c a l i p e r  l o g  shows t h i s  m a t e r i a l  t o  be l e s s  eroded 

than  t h e  ad j acen t  a l luvium; a  ledge  occurs  i n  t he  i n t e r v a l  193.6 t o  196.6 m. 

To r e c a p i t u l a t e ,  a t  l e a s t  0.5 m of t h i s  t u f f  occurs  above 197.2-m depth,  and 

it occurs  a t  l e a s t  as h igh  a s  195.7 m. It is poss ib ly  a s  t h i c k  a s  2.5 o r  

3 m. 

The p o s s i b l e  s i g n i f i c a n c e  of t h i s  t u f f  l i e s  i n  t h e  f a c t  t h a t  i t  is  

c l e a r l y  an a i r - f a l l  t h a t  may be r e l a t e d  t o  a  da t ab le  vo lcan ic  e rup t ion  i n  

t h e  western U.S. The USGS i s  c u r r e n t l y  a t tempt ing  t o  o b t a i n  a  rad iometr ic  

age da te .  I f  t h e  m a t e r i a l  can be c o r r e l a t e d ,  then (1)  an  e x c e l l e n t  

s t r a t i g r a p h i c  marker f o r  both Frenchman and Yucca F l a t s  w i l l  be  e s t a b l i s h e d ,  

and (2)  through i n f e r r e d  r a t e  of depos i t i on ,  q u i t e  a  b i t  of t e c t o n i c  

information can be der ived .  



WATER TABLE DEPTH 

During t h e  d r i l l i n g  and logging a c t i v i t i e s ,  t h e  only measurement of 

f l u i d  l e v e l  t h a t  might approximate t h e  water  t a b l e  was a t  01:30 h ,  March 1, 

1976, a t  which time i t  was 214.0 m below ground l e v e l .  About 72 h had passed 

s i n c e  t h e  l a s t  d r i l l i n g  a c t i v i t y .  Given t h e  ground e l e v a t i o n  of 948.6 m y  

t h e  water  l e v e l  was a t  an  e l e v a t i o n  of 734.6 m. 

Af t e r  logging wi th  t h e  borehole gravimeter ,  we p e r f o r a t e d  t h e  cas ing  

over  a  3-m i n t e r v a l  cen tered  on 221-m depth. The p e r f o r a t i o n  took p l ace  on 

November 4 ,  1976. Before t h e  p e r f o r a t i o n ,  t h e  f l u i d  l e v e l  s tood  i n  t h e  

cas ing  a t  6.7-m depth.  By November 19 ,  i t  had dec l ined  t o  150.3 m y  and on 

December 3, t h e  (apparent ly  s t a b l e )  l e v e l  was 215.3 m below t h e  cas ing  top 

o r  214.3 m below t h e  ground e l eva t ion .  This i s  a  water - tab le  e l e v a t i o n  of 

734.3 m above sea  l e v e l .  

The water t a b l e  a t  t h e  Ue5n s i t e  about 564 m t o  t h e  west is  a t  an  

e l e v a t i o n  of c l o s e  t o  735 m. This i s  a l s o  t h e  repor ted  e l e v a t i o n  f o r  t he  

nor thern  Frenchman F l a t  t e s t  a r e a ,  based on f o u r  l o c a t i o n s .  This  smal l  

d i f f e r e n c e ,  cons ider ing  u n c e r t a i n t i e s  i n  t h e  o t h e r  measurements and t h e  

v a r i a b l e  pene t r a t ion  of t h e  a q u i f e r ,  i s  n e g l i g i b l e .  It i s  l i k e l y  t h a t  t he  

water - tab le  e l e v a t i o n  a t  Ue5n would be 735 m i f  t h e  w e l l  pene t r a t ed  only a  

few meters below t h e  water  t a b l e ,  and t h a t  is our recommended va lue .  

EVALUATION OF PHYSICAL PROPERTIES DATA 

We have e a r l i e r  noted t h e  discrepancy between t h e  d e n s i t y  measurement 

by t h e  borehole gravimeter  and t h e  gamma log.  A s  an a i d  i n  dec id ing  which 
, _ 

of t h e  two logs  should be  accepted,  we cons t ruc ted  Table 7. * 
We should n o t e  a t  t h e  o u t s e t  t h a t  t h e  gamma l o g  rece ived  a  grade of 

D below 290 m y  s o  t h a t  one would not  expect r e l i a b l e  r e s u l t s .  Even above 

790 m y  t h e  gamma l o g  was only r a t e d  C. On t h e  o t h e r  hand, t h e  gravimetry 

measurements had good c l o s u r e  ( see  Table 3, i n  and o u t  runs)  and t h e  measure- 

ment of f r e e - a i r  g rad ien t  used i n  t h e  c a l c u l a t i o n s  a l s o  had good c l o s u r e  and 

was v e r i f i e d  on two s e p a r a t e  occas ions .  

J( 

A l e t t e r  grade of A t o  F  is  ass igned  t o  a l l  o r  p o r t i o n s  of l o g s  dur ing  - 
processing.  Logs ass igned  a  grade lower than C .ge~lei.ally do n o t  g ivc  
r e l i a b l e  d a t a .  



Table 7. Comparison of va r ious  methods of ob ta in ing  p o r o s i t y  and s a t u r a t i o n  
f o r  t h i c k  zones i n  Ue5n. 

Depth i n t e r v a l  i n  Ue5n (m) 

20.0-152.4 307.8-442.0 
(above water t a b l e )  (below water  t a b l e )  

Measured parameters 

Density from borehole 
gravimeter  (Mg/m3) 1 .86  

3  Density from gamma log  ( ~ g / m  ) 1.94 
3 Grain dens i ty  (Mg/m ) 2.62 

Water conten t  (wt%) 11.9 

Calcula ted  parameters 

Water con ten t ,  BHG ( ~ t % ) ~  - 

Warer con ten t ,  gamma log  ( w t ~ ) ~  - 

Poros i ty  from borehole 
gravimeter  ( ~ 0 1 % )  

Poros i ty  from gamma log  ( ~ 0 1 % )  35 

Poros i ty  from BHG, 
c a l c .  H ~ O  ( v o ~ . % ) ~  - 

Sa tu ra t ion  from BHG ( ~ 0 1 % )  5  9 

Sa tu ra t ion  from gamma log  ( ~ 0 1 % )  66 

Gas po ros i ty  from BHG ( ~ 0 1 % )  15 

Gas p o r o s i t y  from gamma log  ( ~ 0 1 % )  12 

Recommended_-v-al.ues 
3  Bulk dens i ty  (Mg/m ) 

Water conten t  ( w t % )  

Poros i ty  ( ~ 0 1 % )  

S a t u r a t i o n  ( ~ 0 1 % )  

G a s  po ros i ry  ( ~ 0 1 % )  

a Calcula ted  u s i ag  bulk dens i ty  and grain dens j ty  and assuming s a t u r a t i o n  



I n  T a b l e  7 ,  t h e  gamma l o g  d e n s i t y  above t h e  w a t e r  t a b l e  d e v i a t e s  from 
3  t h e  b o r e h o l e  g r a v i m e t e r  d e n s i t y  by o n l y  4% of t h e  1 .86  Mg/m g r a v i m e t e r  

v a l u e .  Th is  r e s u l t s  i n  a  5% d e v i a t i o n  i n  t h e  p o r o s i t y ,  12% d e v i a t i o n  i n  t h e  

s a t u r a t i o n ,  and 20% i n  t h e  g a s - f i l l e d  p o r o s i t y ;  a l l  c a l c u l a t i o n s  assumed t h e  

same g r a i n  d e n s i t y  and p o r o s i t y .  On t h e  o t h e r  hand,  t h e  d e v i a t i o n  i n  d e n s i t y  

below t h e  w a t e r  t a b l e  i s  9%, g i v i n g  a  21% d e v i a t i o n  i n  p o r o s i t y ,  a 23% 

d e v i a t i o n  i n  s a t u r a t i o n ,  and a  450% d e v i a t i o n  i n  g a s - f i l l e d  p o r o s i t y ;  a l l  

d e v i a t i o n s  r e f e r  t o  t h e  v a l u e  d e r i v e d  from grav imet ry .  Note a l s o  t h a t  t h e  

c a l . c u l a t i o n  below t h e  w a t e r  t a b l e  w i t h  t h e  b o r e h o l e  g r a v i m e t e r  d a t a  l e a d s  

t o  o v e r s a t u r a t i o n  (106%),  which i s  p h y s i c a l l y  i m p o s s i b l e .  

O f  t h e  pa ramete rs  used t o  c a l c u l a t e  p o r o s i t y  and s a t u r a t i o n  ( g r a i n  

d e n s i t y ,  b u l k  d e n s i t y ,  and w a t e r  c o n t e n t ) ,  t h e  one most l i k e l y  t o  b e  i n  e r r o r  

is  w a t e r  c o n t e n t .  Above t h e  wa te r  t a b l e ,  t h e  d r i l l i n g  f l u i d . s a t u r a t e s  t h e  

rock,  immediate ly  s u r r o u n d i n g  t h e  b o r e h o l e .  Use of  s i d e w a l l  samples  f o r  w a t e r  

c o n t e n t  g i v e s  o n l y  a  maximum w a t e r  c o n t e n t  u n l e s s  a  p e r i o d  of months e l a p s e s  

between d r i l l i n g  and sampling.  Below t h e  w a t e r  t a b l e ,  t h e r e  is  a l s o  a 

tendency t o  f o r c e  a d d i t i o n a l  wa te r  i n t o  t h e  sample.  T h i s  r e d u c e s  i t  t o  a  

d i s a g g r e g a t e d  mud. 

It is c l e a r  t h a t  below t h e  w a t e r  t a b l e ,  t h e  b u l k  d e n s i t y  is b e s t  

e s t i m a t e d  by t h e  b o r e h o l e  g rav imete r .  I f  we a c c e p t  t h i s  e s t i m a t e  f o r  t h e  

b u l k  d e n s i t y ,  u s e  t h e  g r a i n  d e n s i t y ,  and assume 100% s a t u r a t i o n  of t h e  rock ,  

t h e n  we can  c a l c u l a t e  w a t e r  c o n t e n t :  15 .2  wt%. T h i s  is  10% less t h a n  t h e  

measured w a t e r  . c o n t e n t ,  16.8%. If  we make t h e  same c a l c u l a t i o n  u s i n g  t h e  

gamma d e n s i t y  v a l u e ,  we o b t a i n  a  w a t e r  c o n t e n t  of 22.8%, which i s  unreasonab ly  

h i g h  f o r  t h e s e  r o c k s .  Use of t h e  15.2% w a t e r  c o n t e n t  l e a d s  i n  t u r n  t o  a  

c a l c u l a t e d  p o r o s i t y  o f  32%, which i s  t h e  recommended v a l u e .  

Very l i t t l e  d a t a  e x i s t  f o r  comparison of t h e  t r u e  i n  s i t u  w a t e r  c o n t e n t  

w i t h  t h a t  measured on s i d e w a l l  c o r e s  from a f l u i d - i n v a d e d  h o l e .  T a b l e  8  

g i v e s  some d a t a  from two h o l e s ,  1 5  m a p a r t .  For  t h e  two 6-m zones f o r  which 

d a t a  on b o t h  a i r - d r i l l e d  c o r e  and s i d e w a l l s  i n  a f l u i d - i n v a d e d  h o l e  were 

a v a i l a b l e ,  t h e  w a t e r  c o n t e n t  i n  t h e  a i r - d r i l l e d  c o r e  is  15% and 22% l e s s  

t h a n  t h a t  i n  t h e  "wet" s i d e w a l l s .  



Table 8.  Comparison of water  conten t  (wt%) of convent iona l  c o r e  ve r sus  t h a t  
of s i dewa l l  c o r e  a t  UlOaq and UIOaq-l.a 

Depth ( f t )  

UlOaq-1 UlOaq 
convent iona l  c o r e  s i d e w a l l  c o r e  

( a i r - d r i l l e d )  (water-fbam d r i l l e d )  

920 

924-924.3 

929-929.4 

930 

938-938.3 

940 

Mean 920-940 

1000 

1000-1000.3 

1009-1009.3 

1010 

1019-1019.3 

1019.3-1019.6 

1020 

Mean 1000-1020 

a These ho l e s  a r e  50 f t  a p a r t .  Data taken A p r i l  1971. 

Table  9 g ives  d a t a  f o r  a sma l l  a r e a  i n  Area 2, Yucca F l a t ,  i n  which 

t h e  geology i s  l a t e r a l l y  uniform. One d r i l l  h o l e ,  Ue2a-1, was sampled nea r ly  

f i v e  yea r s  a f t e r  d r i l l i n g .  Although t h e  d a t a  a r e  no t  conc lus ive ,  t h e r e  is 

a tendency f o r  t h e  " n a t u r a l  s t a t e "  samples t o  g i v e  lower va lues  of water  

con ten t .  This  is  p a r t i c u l a r l y  marked i n  t h e  upper p a r t  of t h e  ho l e ,  where 

compaction has  no t  reduced t h e  pore  s i z e  a s  much a s  i t  has  deeper  i n  t h e  

ho l e .  (With s u f f i c i e n t  compaction and r educ t ion  i n  pore  s i z e ,  water  w i l l  

no t  flow o u t  of t h e  rock under t h e  f o r c e  of g r a v i t y ,  and t h e  rock w i l l  be  

n e a r l y  100% s a t u r a t e d  even though above t h e  water  t a b l e ;  t h i s  i s  t h e  c a s e  

a t  Ra in i e r  Mesa, f o r  example.) 



Table 9. Alluvium water content comparisons - Area 2. 

Water c o n t e n t  ( % ) a  i n  d r i l l  h o l e s  a t  i n d i c a t e d  sampl ing  d e l a y  

~ e 2 a - 1 ,  
Depth 4  y ,  11 m ~ 2 ~ 1 ,  U2DM-1, U2Db1-2, a t  125OC, U2DP, UZDK, 
( f t )  , ( n a t u r a l  s t a t e )  5  d  2  d  34 d  11 d 1 3  d  

100-200 (3 )9 .5  i 1.1 (2)9.6 (4)14.7 + 2.5 

200-300 4.2 (300) ( 4 ) 8 . 0  r 1 . 3  (3 )9 .2  r 1 . 3  (5)10.8 r 4.9 (5 )11 .7  i 3.6 

300-400 5 .0  (375) ( 4 ) 8 . 5  + 2.3 ( 2 ) 7 . 1  (5)9.5 i 1 . 5  (5 )10 .4  + 2.6 

400-500 1 . 5  (400) ( 5 ) l O . l  + 2 .5  ( 5 ) 9 . 2  + 1 . 2  (5)lO.O 2 1 .9  (5 )10 .2  t 2 .0  

500-600 2 . 9  (500) (5 )9 .5  i 1 . 8  ( 5 ) 8 . 1  i 1 . 2  (6)8.6 + 2 .0  (5 )8 .5  i 1 . 2  

600-700 3.8 (GOO) (11)8.6 2 1 . 4  (5 )7 .6  + 1 .4  (6 )8 .9  2 1 . 8  ( 5 ) S . l  i 2 .0  

700-800 4.4 (700) 8 . 2  (750) ( 1 1 ) g . l  r 1 . 7  (5 )9 .5  r 1 . 7  ( 6 ) 9 . 2  i 2.0 (5 )9 .5  r 1 . 2  

800-900 5.3 (800) ( 2 ) 7 . 2  (11)9.3 + 1 .6  ( 5 ) l O . l  f 2.8 (8)10.2 2 2.7 (5 )10 .2  f 1 . 9  

900-1000 (5 )8 .2  f 1 . 2  (4 )10 .8  + 0 . 2  (14)9.4 2 1 . 8  (10)10 .2  + 3 .0  (8)10.2 f 2.7 (11)10.6 2 2 .0  

1000-1100 (17)lO.S i 2 . 3  (15)12 .4  f 1 . 7  ( 1 6 ) l l . l  r 2 .9  (11)12 .2  f 2.6 (17)9 .6  i 1 .6  (17)10 .7  f 2 . 1  

1100-1200 ( 1 2 ) l l . g  f 2.6 (11)13 .4  + 2 .0  (10)10.7 i 3 . 5  (10)11 .8  f 2.5 

a ~ a l u e s  i n  p a r e n t h e s e s  t o  l e f t  a r e  number of samples f o r  a v e r a g e ;  i n  p a r e n t h e s e s  t o  r i g h t ,  t h e  s p e c i f i c  
dep th  of a  s i n g l e  sample.  The i v a l u e s  a r e  one s t a n d a r d  d e v i a t i o n .  

b ~ e 2 a - l  gave two samples (20.9% H20 a t  990 f t  and 30.2% H20 a t  1145 f t )  t h a t  were n o t  i n c l u d e d  i n  t h e  
a v e r a g e s ,  b u t  t h a t  must be  e s s e n t i a l l y  " n a t u r a l "  s t a t e  w a t e r  c o n t e n t .  

C ~ 2 ~ ~  gave two samples  (20.5% H20 a t  1065 f t  and 25.7% Hz0 a t  1145 f t )  t h a t  were n o t  i n c l u d e d  i n  t h e  
a v e r a g e s  b u t  may be r e a l i s t i c  v a l u e s  i n  l i g h t  of  Ue2a-1 e x p e r i e n c e .  

Given the data in Tables 8 and 9, we constructed Table 10 to illustrate 

the effect of various reductions in the water content above the water table 

at Ue5n. After evaluating the data in Tables 8 and 9, we decided that the 

most reasonable reduction in water content is about 15% of the measured 

value, so we transferred the values based 011 10 wt% water back to Table 7 

as recommended values. 

Table 10. Effect of various assumed water contents on calculated properties 
above water table, Ue5n.a 

Water content 
(wt%) 

Porosity 
(~01%) 

Saturation Gas porosity 
(vo 1%) (~01%) 

11.9 (measured) 37.2 

11.0 (- A8%) 36.6 

10.0 (- A16%) 35.9 

9.0 (- A24X) 35.2 

8.0 (- A33%) 34.5 
-- 

a The depth zone 20.0-152.4 m (Table 7) was used for this calculation; the 
grain density is 2.62, and the bulk density 1.86. 



We then  cons t ruc ted  Table 11. The parameters were f i r s t  c a l c u l a t e d  

by us ing  t h e  gravimet r ic  d e n s i t y  and t h e  measured water  con ten t .  Below t h e  

water  t a b l e ,  we assumed a s a t u r a t i o n  of 100% t o  a d j u s t  t h e  water  conten t  and 

po ros i ty ;  t h e  ad jus ted  va lues  a r e  shown i n  b racke t s .  Above t h e  water  

t a b l e ,  we used a  c a l c u l a t i o n  wi th  an  a r b i t r a r y  15% reduc t ion  i n  water  content  

t o  produce t h e  va lues  shown i n  b racke t s .  We recommend t h e  use  of t h e  

va lues  i n  b racke t s  a s  t h e  b e s t  e s t ima te s  a v a i l a b l e .  

Table 11. Phys ica l  p r o p e r t i e s  of depth zones measured by borehole gravimetry,  

Ue5n. 

Depth . Gra in  Gravimeter Water G a s - f i l l e d  
i n t e r v a l  d e n s i t y a  d e n s i t y  c o n t e n t  S a t u r a t i o n  p o r o s i t y  

(m) (Q/m3) (~1g/m3) (wt%)b (vo l%)b  (vo l%)b  

20.0-30.5 2 .59(1)  1 .86  8 .56[7.3]  341331 461411 181201 
30.5-45.7 2.62 ( 2 )  1 . 8 5  12.77[10.8]  38[37] 62[54] 1 5  [17]  
45.7-61.0 2.6.5 (1 )  1 . 9 1  13.67[11.6] 38[36] 69 [61] 12 [14] 
61.0-76.2 2 .61 (2)  1 .85 12.30[10.5]  38[37] 60[53]  1 5  [17]  
76.2-91.5 2 .63(2)  1 .89 12.30[10.5]  37[36]  63[56]  14 [16]  
91.5-106.6 2.60 (2)  1 .86 10.48[8.9]  36 [35]  54 [48]  1 6  [18]  

106.6-121.9 2.60 (2)  1 . 8 6  12.00[10.2] 37[36] 601531 1 5  [17 ]  
121.9-137.2 2 . 6 3 ( 2 )  1 .88  11.91[10.1] 37[36] 60 [53]  1 5  [17]  
137.2-152.4 2.62 (1 )  1 . 8 3  12.43[10.6]  39[38] 59[52]  16 f181 
152.4-167.6 2 .61(5)  1 .86  12 .55  [ l o .  71 .38[36]  62 [55]  141161 . 
167.6-182.9 2 .59(5)  1 .82 12.44[10.6] 38[37]  59[52] 16[18]  
182.9-199.6 2.57(9) 1 .84 11.20[9.5]  36 [35]  57[50]  1 6  [18]. 
199.6-213.4 2.57(5) 1 .87 11.82[10.0]  36[34] 62[54]  14 [16]  

213.4-228.6 2 .57(4)  2.11. 14.93[13.9]  30[29]  104 [ 100 1 -1[ol  
228.6-243.9 2.60(3) 2.04 18.78[17.2]  36[35] 106[100] -2[ol 
243.9-259.1 2 .60(2)  2.10 15.38[14.9]  32[31] 102 [ 100 ]  -1101 
259.1-274.3 2 .61(4)  2.04 13.56[17.4]  32[35] 85[lOOl 5 r 01 
274.3-286.5 2.60 (5)  2.09 18.03[15.3] 34 [32]  110 [ l o o ]  -4[01 
286.5-307.8 2.66 (12) 2.08 19.57[16.8] 37[35] 110[100 ]  -4[01 
307.8-320.0 2.64 (4)  2.11 18.99[15.3]  35[32] 113 [ l o o ]  -5101 
320.0-335.3 2.611 (3 )  2.08 1 5 . 8 3 [ 1 6 , 6 ]  34[341 98[1001 -1TOl 
335.3-350.5 2 .67(2)  2.11 16.99 [15.9]  34 [34]  104 [ l o o ]  -1[ol  
350.5-365.8 2 .64(3)  2 .11 17.71[15.3] 34[32] 109 [ l o o ]  -3[01. 
365.0-381.0 2.66 (2)  2.09 17.47[16.4]  35[3(1] 104 [ 100 ]  -1 [ o  1 
381.0-396.3 2.64(3) 2.14 16.95[14.2]  33[30] 111 [ 100 ]  -4[o] 
396.3-411.5 2 .65(2)  2.15 16.41 [14.1]  32 [30]  110 [ 100 ]  -3101 
411.5-426.8 2 .67(3)  2.16 13.24[14.1]  30[30] 96[100] 1101 
426.8-442.0 2 .64(1)  2.14 12.88[14.2] 29[30] 94[100] 2[OI 
.... ....,. ".-.. . ..... ... . . . ~ ~ 

a Number o f  samples used f o r  g r a i n  d e n s i t y  and w a t e r  c o n t e n t  ave rages  shown i n  paren-  
t h e s e s .  

b ~ h e  v a l u e s  shown i n  b r a c k e t s  a r e  recommended a s  t h e  b e s t  e s t i m a t e s  ( s e e  t e x t ) .  

SUMMARY / 

Exploratory ho le  Ue5n was d r i l l e d  t o  a  depth of 514 m. Because of 

s loughing,  l ogs  and samples were obta ined  only t o  a  depth of 490 m. The ho le  



was cased f o r  borehole gravimetry measurements. It has been p e r f o r a t e d ,  

and t h e  USGS is monitor ing t h e  water  l e v e l  (about 214 m below ground 

s u r f  ace)  . 
I n  a d d i t i o n  t o  s t anda rd  c u t t i n g  and s idewa l l  co re  samples,  t h e r e  were 

fou r  convent ional  core  runs ,  t h r e e  of which obtained core .  One co re  

f o r t u i t o u s l y  contained an a i r - f a l l  t u f f  i n  t h e  al luvium s e c t i o n .  This  may 

al low rad iometr ic  age d a t i n g  of t h i s  horizon.  

Standard son ic  v e l o c i t y ,  dens i ty ,  and e l e c t r i c a l  l ogs  were run. I n  

a d d i t i o n ,  t h e  USGS logged t h e  ho le  wi th  a  borehole grav imeter .  

A t  t h e  t o t a l  depth of 514 m y  t h e  rock m a t e r i a l  was s t i l l  alluvium. 

The dominant a l luvium l i t h o l o g y  is c l a s t s  of T e r t i a r y  t u f f  and r h y o l i t i c  

l ava ,  with r a r e  c l a s t s  of q u a r t z i t e  and b a s a l t .  Although d r i l l  ho l e s  i n  

nor thern  Frenchman F l a t  have pene t r a t ed  b a s a l t  f lows ,  t h e r e  a r e  none i n  

Ue5n. 

There is  a  l i t h o l o g i c  break a t  286 m, wi th  t h e  rock showing increased  

indura t ion ,  conduc t iv i ty ,  C02, z e o l i t i z a t i o n ,  and p ropor t ions  of f i n e  

m a t e r i a l s  below t h e  break.  There i s ,  however, l i t t l e  e f f e c t  on d e n s i t y  o r  

s o n i c  v e l o c i t y .  

An eva lua t ion  of t h e  d a t a  l e a d s  t o  t h e  conclusion t h a t  t h e  dens i ty  

from borehole gravimetry is c o r r e c t .  We then  used t h e  water  con ten t s  calcu- 

l a t e d  from simple assumptions t o  c a l c u l a t e  p o r o s i t y  (and, above t h e  water  

t a b l e ,  s a t u r a t i o n  and g a s - f i l l e d  p o r o s i t y ) .  We recommend use of t h e s e  

ad jus t ed  va lues ,  bu t  we g ive  both measured and ad jus t ed  va lues .  
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APPENDIX A: HISTORY OF HOLE Ue5n 

Spudded: 2-9-76 Completed: 3-1-76 

C i r c u l a t i n g  media: Reverse a i r -water  t o  293.2 m y  air-mud t o  514.2 m 

Pad e l eva t ion :  948.60 m E leva t ion  of t op  of  0.27-m cas ing :  949.63 rn 

Bore ho l e  record  Casing record  , 

D r i l l i n g  l o g  

Moved-in Auger r i g .  

Rig secured from 2-7-76 t o  0800 h ,  2-9-76. D r i l l e d  1.63-m 

h o l e  t o  1.52 m. Set  1.22-m w a l l  c a s ing  a t  152 m y  and cemented 

Depth (m) 
From To S i z e  (m) 

0 1.52 1 .63  

annulus .  

D r i l l e d  0.91-m ho le  from 1.52 t o  25.0 m. Moved-out r i g .  

Moved-in B I R  800 a t  1600 h ,  s t a r t e d  rigging-up. 

Completed rigging-up. Ran 0.51-m 0.d.  c a s ing  t o  24.2 m y  and 

cemented annulus .  Lost  Dyna-Drill i n  h o l e .  

Recovered Dyna-Drill ,  d r i l l e d  mouse h o l e ,  and picked up 0.38-m 

S ize  Weight Depth (m) 
0.d.  (m) kg/m From To 

1.22 580.4 0 1.52 

d r i l l i n g  assembly. 

Dr i l l ed -ou t  cement and 0.38-m h o l e  from 25.0 t o  6 7 . 1  m, us ing 

dua l - s t r i ng  r e v e r s e  c i r c u l a t i o n :  a i r / w a t e r .  

D r i l l e d  0.38-m ho le  from 67.1 t o  191.1 m. 

Cut c o r e  No. 1 from 191.1  t o  197.2 m y  u s ing  0.19-m Chr is tensen  

diamond b i t  and a rubber  s l e e v e  c o r e  b a r r e l ,  recovered ~ 1 . 2  m 

of contaminated and poss ib ly  washed a l luv ium p l u s  z0.6 m of 

a i r - f a l l  t u f f .  

D r i l l e d  0.38-m h o l e  from 210.3 m t o  293.2 m. Tripped i n  ho l e  

w i th  c o r e  b a r r e l ,  c leaned  out  1 . 8  m of  f i l l ,  c u t  c o r e  No. 2 

from 293.2 t o  293.8 m y  plugged b i t  from h o l e  s luughing .  



Tripped back i n  h o l e  f o r  c o r e  No. 3, c i r c u l a t e d  through f i l l  

from 286.5 t o  293.8 m; s t r i n g  p a r t i a l l y  plugged, unable  t o  

c l e a r  c o r e  head. Pu l l ed  ou t  of h o l e  and s t a r t e d  geophys ica l  

logging.  Ca l ipe r  l o g  t o  288.3 m, i nduc t ion  l o g  t o  288.0 m, 

d e n s i t y  l o g  t o  286.8 m. 

Continued logging,  f l u i d  d e n s i t y  l o g  w i th  l e v e l  a t  34.7 m, 

v i b r o s e i s  survey,  s t a r t e d  running three-dimensional  v e l o c i t y  

l o g s  (2- and 4-m spac ings ) .  

2-20-76 Completed logging;  c leaned  f i l l  from 284.4 and 293.8 my and 

d r i l l e d  0.38-m h o l e  from 293.8 t o  381.9 m u s ing  r e v e r s e  

c i r c u l a t i o n  wi th  a i r  and mud. 

2-21-76 D r i l l e d  0.38-m h o l e  from 381.9 t o  398.4 m.  Cut c o r e  No. 4 

from 398.4 t o  401.4 m y  recovered -2.7-m rubber  s l e e v e  co re .  

2-22-76 Cleaned f i l l  from 391.7 t o  398.4 m,  reamed c o r e  h o l e ,  and 

d r i l l e d  0.38-m ho le  from 398.4 t o  451 m. 

2-23-76 D r i l l e d  0.38-m ho le  from 451 t o  464 m. Hole caved. Pu l l ed  

o u t  of ho l e  checking f o r  p i p e  l e a k s ,  r e p a i r e d  swive l ,  and 

cleaned-out f i l l  i n  d r i l l  c o l l a r s .  

2-24-76 Tripped i n  ho l e ,  and cleaned f i l l  from 446 t o  464 m. D r i l l e d  

0.38-m h o l e  from 464 t o  514.2 m. Hole caving on connect ions.  

2-25-7 6 Pulled-up t h e  h o l e ,  and s t u c k  p ipe  a t  503.5 m. Worked f r e e ,  and 

cleaned-out f i l l  t o  508.1 m. Unable t o  main ta in  p r e s s u r e ,  

p u l l e d  o u t  of ho l e ,  checking f o r  d r i l l  p ipe  l e a k s .  Ran 

Birdwell  c a l i p e r  l o g  t o  490.1 m. S t a r t e d  running  2- and 4-m 

spac ing  three-dimensional l o g s ,  which i n d i c a t e d  a f l u i d  l e v e l  

of 214.3 m. 

Completed running three-dimensional l o g s  t o  487.7 m y  e l e c t r i c  

l o g  t o  488.9 m y  d e n s i t y  l o g  t o  470.6 m. Ran 0.38-m b i t  i n  

h o l e ,  and at tempted t o  c lean-out  f i l l  from 476.4 t o  495 m. 

Hn1.e cont inued  t o  cave i n  i n t e r v a l  from 490 t o  495 m. Decis ion 

made t o  complete h o l e  a t  t h i s  depth.  Ran Bi rdwel l  c a l i p e r  t o  

487 m y  d e n s i t y  l o g  t o  469.3 m; a i - l u i d ' d e n s i t y  l u g  gave a 

f l u i d  l e v e l  a t  196.3 m. A 6-m spac ing  three-dimensional  l o g  

was run t o  482.2 m. S t a r t e d  t ak ing  Bunt s i d e w a l l  samples a t  

a maximum depth of 481.6 m. 



2-28-76 and Continued taking sidewall samples from 481.6 to 30.5 m. Ran 
2-29-72 Birdwell fluid density sonde to 464.8 m. Fluid level at 

214.0 m. 

3-1-76 Laid down sampling tools, ran 0.27-m 0.d. casing to 464.3 m. 
3 Cemented lower annulus with 7.08 m of neat cement (annulus 

cemented below about 445-m depth). 



APPENDIX B: GRADATION AND HYDROMETER ANALYSIS FOR 

UESN EMPLACEMENT HOLE. I.D.130003 

I )EPTH G . 0 .  
FT.  M SAM?. TYPE G / C C  

250 76.2 S l n F V A L L  0.00 

275 83.8 S l O F W A L L  0.00 

375 114.3 SIDEWALL  0.C10 

540 164.6 S I P F V A L L  0.00 

560 170.7 SIDEWALL  0.00 

570 173.7 SIDEYWALL 0.00 

610 185.9 SIDEWALL  0.00 

620 103.0 S I Q E ' d A L L  0.00 

PERCFNT P E ~ C E Y T  
S I L T  CLAY 

PERCENT 
PERALES 

PERCFNT 
S4NO 

530 192.0 SIDEWALL  0.00 '00.0 29.0 49.2 14.6 4.3 2.9 

635 193.5 SIDEWALL 0.00 '00.0 13.3 57.5 13.3 5.5 4.1 

680 207.3 STDEWALL 0.00 '00.0 4 9 . 4  37.3 7.1 3.9 2 3 

720 219.5 SIDEWALL  0.00 '00.0 34.6 50.6 9.3 Z . 6  3.2 

840 254.0 SIOEWALL  0.00 '00.0 36.7 44.0 11.1 3.4 4.7 

920 

930 

940 

945 

Y 55 

960 

965 

970 

475 

YAO 

9R5 

990 

1020 

s I r ) E r A L L  

S I D E W A L L  

S I O E V A L L  

S I n E W A L L  

SII.,EWALL 

S1r)FWALL 

SIDEWALL 

S IOEWALL  

SIPF.\. lALL 

S IOEWALL  

S I n F W A L L  

S IDEWALL  

S IDEWALL  

* 
Computer sl~eets provided by H c r 1 . m ~ ~  and Narver, I n c .  



DEPTH G.D. PERCENT PERCENT PERCENT PERCENT PERCEVT P E R C E ~ T  
FT. Y SbMP. TYPE C/CC HZOIORY PEARLES SAND S I L T  C L A Y  COLLOIDS 

1120 341.4 SIDEWALL 0.00 O O O .  O 35.2 42.1 14.4 5.2 3.1 

- 1160 353.6 S I D E M ~ L L  0.00 O00.0 39.9 44.9  9.1 3.1 3.0 

1180 359.7 SIDEWALL 0.00 000.0 .38.7 37.6 11.4 5.3 7.1 
. . 

1200 365 .8 .  S I D E d 4 L L  0.00 * O O . O  31.0 47.4 12.9 4.6 4.0 
\I 

1220 371.9 SIDEWALL 0.00 ~ 0 0 . 0  39.5 42.7 9.0 4.7 5 .0  * 

S I D E V 4 L L  

s I n E 1 A n L L  

SIDEWPLL 

S l D E r 4 L L  

SIDEWALL 

SI1)FWALL 

SIOEWALL 

S I D E N A L L  

SIDEWALL 

SIDEWALL 

S I ~ E W A L L  

SIDEWALL 

G 9 A I N  D E N S I T Y  ( G i l l . )  ON P U L V E R I Z E 0  -200 MATERIAL  BY WATER PYCNOYETER 24 HOUR SOAK YETHOD. 

MOISTUSE CONTENT I N  ACCORDANCE WTTH A S T M  D 2216-71. 

PERCENT PESHLES. SAND* S I L T *  CLAY AND COLLOIDS I N  ACCOROANCE WITH AST'4 D 42?-63 (197Z1 .  
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