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ABSTRACT 

Hole UA-1 was c e n t e r  punched (a small-diameter exp lo ra to ry  ho le  
d r i l l e d  ahead of t he  large-diameter  emplacement ho le )  from 1,524.0 t o  
1,981.2 meters  (5,000 t o  6,500 f e e t )  and h y d r a u l i c a l l y  t e s t e d  t o  d e t e r -  
mine a n  i d e a l  l oca t fon  f o r  mining a chamber. F f f t een  zones were t e s t e d ;  
minor amounts of water  bypassed t h e  packers  during f i v e  of t h e  t e s t s .  
The t e s t e d  i n t e r v a l s  ranged i n  l eng th  from 37.5 meters  (123 f e e t )  t o  
211.5 meters  (694 f e e t ) .  For purposes of comparison r e l a t i v e  s p e c i f i c  
c a p a c i t i e s  were ca l cu la t ed  from comparable 60.4-meter (198-foot) i n t e r -  
v a l e  of t e s t e d  rock ,  and ranged from 0.1162 cubic meters  per  day per  
meter (0,0065 ga l lons  per  minute per  foo t )  of drawdown t o  0.0039 cubic  
meters  per  day per  meter (0.0002 ga l lons  per  minute pe r  f o o t )  of drawdown. 

The i n t e r v a l  1,745.0 t o  1,836.4 meters  (5,725 t o  6,025 f e e t )  appears  
t o  be t h e  b e s t  l o c a t i o n  f o r  mining a chamber ao  f a r  as water inf low i s  
concerned. Th i s  i n t e r v a l ,  91.4 meters  (300 f e e t ) ,  c o n s i s t s  of about  , 

27.4 meters  (90 f e e t )  of breccia and 64.0 metars (210 f e e t )  of b a s a l t .  

The inf low t o  a  s p h e r i c a l  chamber 18.3 meters  (60 feet) i n  diameter 
and placed i n  the cen te r  of the proposed 91.4-meter (300-foot) i n t e r v a l ,  
was ca l cu la t ed  t o  be about  175 cubic  meters  per  day (32 ga l lons  per  
minute) a f t e r  t he  f i r s t  day and would s t a b i l i z e  a t  about  57 cubic  metere 
per  day (10.5 ga l lons  per  minute) a f t e r  about  200 days. 



INTRODUCTION 

Hole UA-1 is be ing  cons t ruc ted  f o r  the purpose of t e s t i n g  a n  under- 

ground nuclear  device.  The des i r ed  depth f o r  t h e  emplacement chamber i s  

between 1,524.0 and 1,981.2 rn (meters) (5,600 and 6,500 St), which i s  

w i t h i n  the  zone of s a t u r a t i o n  i n  vo lcan ic  rocks.  The chamber must be 

e s s e n t i a l l y  dry;  however, during excavat ion  of the  chamber, some i n f l u x  

of water  can be t o l e r a t e d .  

Hole UAe-P was d r i l l e d  about 91.4 rn (300 Tt) southwest of ho le  UA-1. 

The hydrau l i c  t e s t  da t a  obtained from t h e  f i r s t  ho l e  i nd ica t ed  t h a t  t h e  

i n t e r v a l  from 1,524.0 to 1,981.2 m (5,000 t o  6,500 ft) i s  hydro log ica l ly  

s u i t a b l e  f o r  mining a chamber. The hydrau l i c  conduct iv i ty  of t h e  b recc i a  

and b a s a l t ,  which make up n e a r l y  100 percent  of t he  rock  i n  t h i s  i n t e r v a l ,  

9s dependent f o r  t h e  most p a r t  upon f r a c t u r e s  and j o i n t s .  The hydrau l i c  

conduc t iv i ty  of t h e  f r a c t u r e  and j o i n t s  of the  rocks  penet ra ted  v a r i e s  

widely from place  t o  p lace ,  as ind ica t ed  i n  t h e  widespread va lues  of 

t r a n s m i s s i v i t y  f o r  t h e  zones t e s t e d .  

Because of t h e  poss ib l e  v a r i a t i o n s  i n  hydrau l i c  parameters  w i th in  

s h o r t  dfseancee and the lam to l e rance  f o r  water i n f l u x  when mining chambers, 

h ~ f e  UA- P was h y d r a u l i c a l l y  t e s t e d  i n  t he  l a t e  rvaP where t h e  emplacement 

chamber i s  d e s i r e d .  

The ho le  wao c e n t e r  punched (a small-diameter ho le  d r i l l e d  ahead of 

t h e  large-diameter  ho le)  wf t h  21.9-centimeter (88-inch) diameter b i t  from 

1,524,0 t o  1,981.2 m (5,000 t o  6,500 ft), us ing  clear water  a s  t h e  d r i l l i n g  

fluid. I n f l a t a b l e  packera were used t o  i s o l a t e  s p e c i f i c  zones f o r  testing, 

bu t  because a n  eroded borehofe i n  sane i n t e r v a l s  r e s u l t e d  i n  a s c a r c i t y  of 



s u i t a b l e  i n t e r v a l s  f o r  sea t ing  the  packers ,  some of $he t e s t e d  zones 

over lap .  F i f t e e n  zones were t e s t e d ,  bu t  minor amounts of w t e r  bypaeeed 

the  packer during f i v e  of t he  t e s r e .  The zones were t e s t e d  by f i r s t  

i n j e c t i n g  water  and then  swabbing water through tub ing , and  observing 

the  r a t e  of change i n  water l e v e l  fol lowing each. 

Water- level  da t a  from some t e s t a  suggest  t h a t  t h e  r e . l a t i ve  s p e c i f f e  

capac i ty  of t h e  zone was lower dur ing  t h e  i n j e c t i o n  t e s t  than  during t h e  

swabbing t e s t .  T h i s  apparent  discrepancy probably r e s u l t e d  Zrm fine d r i l l  

c u t t i n g s  being washed i n t o  formation openings during d r i l l i n g .  NarmaPPy, 

water i s  pumped or  jetted from t h e  ho le  p r i o r  t o  t e s t i n g  wi th  packers ,  

which removes much of t he  d r i l l  c u t t i n g s  and d r i l l i n g  f l u i d  from the  

formatfon. However, the  UA-1 borehole wal l  was uns tab le  and pumping firm 

t h e  ho le  probably wmld have caused caving of t h e  wa l l s .  

The hydrau l i c  p r o p e r t i e s  of the rocks  i n  the  zenea t e s t e d  were 

determined from the  i n j e c t i o n  t e s t s .  Therefore,  fn thoee cases  where 

the f o m t i o n  was plugged a t  t h e  time of t h e  i n j e c t i o n  t e s t ,  t he  

computed hydrau l i c  conduct iv i ty  va lues  are lower then  true valuee.  

I n  aome caeee t h e  p o r t s  i n  t h e  packer t o o l  became plugged. Th i s  f a  

apparent  when p l o t t e d  da t a  a r e  examined, For t h i s  reaeon, some data 

considered t o  be u n r e l i a b l e  are not included i n  t h e  r e p o r t .  

Th i s  r e p o r t  p re sen t s  a n  a n a l y s i s  of the hydrau l i c  da t a  obtained 

from the  t e s t s .  Table 1 gives  t h e  r e s u l t s  s f  the hydraul ic  t e s t i n g ,  

Lee (1969) has presented a d e t a i l e d  d e s c r i p t i o n  of the geology of the 

hole .  



METHOD OF AMZYSIS OF TEST DATA 

The s p e c i f i c  capac i ty  (y i e ld  per u n i t  of d r a w d m  dur ing  pumping) 

of the e n t i r e  open p e r t  of the  hole, 1,524,O m (5,000 ft) t o  1,981.2 m 

(5,500 ft) was not  obtained.  The borehole w a l l  Plsd been eroded con- 

e idesably ,  so t h a t  pumping might have co l lapsed  the wa l l s .  However, 

the r e l a t i v e  s p e c i f i c  c a p a c i t i e s  of va r ious  zones were obtained by 

using straddle packers and performing i n j e c t i o n  and ewabbing t e s t e .  

Re la t ive  s p e c i f i c  capac i ty  i s  determined by the  volume change of water 

i n  tubing for a 1-minute i n t e r v a l  of t i m e  as r e l a t e d  t o  t h e  depar ture  

from the s t a t i c  condi t ions  of t h e  water l e v e l  durin$ t h i s  time i n t e r v a l .  

A type-curve method for determining t h e  t r anemis s iv i ty  of a n  

aquifer t h a t  i a  a p p l i c a b l e  t o  t e s t i n g  of s e l e c t e d  i n t e r v a l s  i n  deep 

w e l l s  was introduced by Cooper and o t h e r s  (1967). Tha method c o n s i s t s  

of apply ing  a n  ins tan taneous  charge of water t o  a w e l l  and us ing  a s e t  

of type curves computed from a n  a n a l y t i c a l  s o l u t i o n  t o  determine the 

aquifer p r o p e r t i e s .  The type curves (fig. 1) are prepared from pub- 

l ished t a b l e s  by p l o t t i n g  H/B, ve r sus  log 19 = log  yt/rca (a dimension- 

2 leer  tima parameter) for va lues  of or = rs2s/r, , where 

H, = water l e v e l  i n  tub ing  above i n i t i a l  head 9s aquifer a t  t h e  

start o f  i n j e c t i o n ,  ta metere (m) 

H 31 water l e v e l  i n  tubing above t n i t i a l  head i n  a q u i f e r ,  i n  meters, 

a t  time, t, Sn days 

T = trarnemissivfty,  i n  cubic  meters  per  day p e r  meter ( g p d  per m) 

r, = r a d i u s  of i n j e c t i o n  tub ing ,  in meters 

rs = r a d i u s  of open hole ,  i n  meters 

S = storage c o e f f i c i e n t ,  dimensionlese,  





The f i e l d  curve i s  a p l o t ,  on t h e  same scale as t h a t  of t he  type 

curves,  of H/H, against log t .  Th i s  i s  superimposed on t h e  type curves 

t o  o b t a i n  t h e  matching Cu, from which S i s  ca l cu la t ed ,  and a match po in t  

r e l s f . l n g  t t o  8 ,  from which T can b e  computed. 

Once a va lue  of T i s  obtained,  hydrau l i c  conduct iv i ty ,  K, can be 

calculated by t h e  equat ion  

K = ~ / b  

where 'K ie cub ic  meters  per day per square meter (mapd per  ma) and b = 

thickness of the tested i n t e r v a l ,  i n  meters .  Veloc i ty  o f  ground-water 

movement (v) can then  be ca l cu la t ed  by t h e  equation 

v = K I / B  

where v i s  I n  meters  per day (mpd) 

I = ground-water (hydraul io)  g rad ien t ,  i n  meters pe r  meter ,  and 

0 = effective poros i ty ,  expreaeed as a decimal. 

Hydraulic Characteristics 

The arnalyaes of data from i n j e c t i n g  water i n t o  and ewabbfng water  

from i n d i v i d w f ' : z o n e s  i n  ho le  UA-1 a r e  presented in table f and f i g u r e s  3 

thrwugh 36, The fol lowing parametere were constant for a l l  i n t e r v a l s  

t e s t e d  i n  bole UA-1: 

Volume of tub ing  = 0.0030 m3 pea: l i n e a r  rri 

= 0.243 ga l lons  pe t  l i n e a r  T t  

rC - 3.13 crn = 0,0313 m. 

Variable parameters ate shown on the figures, The e f f e c t i v e  rock  

p o r o s i t y  was es t imated  t o  be 1 percent  of the bulk rock porosity. 



RYDRAULIG GRADIENT 

The hydraulic gradient is a characteristic of the ground-water 

circulation pattern which must be known in order to determine the 

velocity of ground-water flow. Water naturally seeks static conditions 

as it flows into streams and thence to the ocean. Some water penetrates 

the rocks to great depths. The water in the deep rocks is also in motion, 

seeking to relieve the hydraulic pressure by seeping through joints and 

fractures to areas of less pressure, in this case to the ocean. 

From UA-1 the nearest point of ocean-land contact is the shore of 

the Bering Sea, about 1,400 m to the north. The maximum average hydraulic 

gradient is obtained by assuming that water in the deep rocks discharges 

into the ocean at this point. The gradient was determined for each of 

the tested zoaes by dividing its hydraulic potential, expressed as 

meters of water above sea level, by the horizontal flow path, 1,400 m. 

Because the range in hydraulic potentials of the tested zones is small, 

the computed gradients were nearly the same, about 0.019 m per m, The 

actual flow paths from the chamber depth would be perhaps twice as long 

as the horizontal projection; consequently, the more probable average 

gradient is about 0.01 m per m. 



GROUND-WATER VELOCITIES 

Ground-water v e l o c i t i e s  w l e u l a t e d  for t h e  va r ious  i n t e r v a l s  t e s t e d  

are r epor t ed  i n  t a b l e  1. The v e l o c i t i e s  a r e  based an the assumptions 

t h a t :  a )  t h e  d ischarge  po in t  i s  a t  t h e  water- land con tac t ,  and b)  t h e  

e n t i r e  s t r a d d l e d  i n t e r v a l  fa r  each zone t e s t e d  c o n t r i b u t e s  water equal ly .  

PEpabably n e i t h e r  of t hese  assumptions l a  e n t i r e l y  c o r r e c t ,  and it i s  

d i f f i c u l t  t o  determine exac t  va lues  f o r  e i t h e r  the grad ien t  o r  hydrau l i c  

conduct iv i ty .  The d i ~ c h a r g e  p o i n t  may be i n  the v i c i n i t y  of the 300- t o  

600-fathom contovr and about  8 t o  12 k i lometers  from hq le  UA-1.  Xn this 

case  t h e  ground-water g rad ien t  would be l e s s  and the v e l o c i t i e s  of ground- 

water flow reported ake probably too  h igh ,  Also,  most of the  water  

con t r ibu ted  duriqg t h e  t e s t i n g  of am i s o l a t e d  zone probably flows through 

fractures. The l eng th  of t h e  f r a c t u r e d  t a t e r v a l  v a r i e s  with each 

i s o l a t e d  zone t e s t e d ,  The va lues  of hydrau l i c  conduct iv i ty  reported are 

the minimum because they  r ep resen t  the e n t i r e  zone tested i n  each t e e t .  

The t r u e  va lue  of hydrau l i c  conduct iv i ty  depende upon t h a t  p a r t  ~f t h e  

ges t ed  zone con t r ibu t ing  wafer ,  If only half of a t e s t e d  zone cont r ibu ted  

water, then t h e  conduc t iv i ty  would be about  double the reported value  

and the v e l o c i t y  of flow would be greater. 

Using a e s m p t i o n s  a and b,  va lues  of ground-water v e l o q i t i e s  were 

c a l c u l a t e d  and reported i n  t a b l e  1. The va lues  of ground-water v e l o c i t i e s  

r epo r t ed  fndicate t h a t  t h e  tiwe r equ i r ed  f o r  ground w ~ t e r  t o  move from 

hole  UA-1 t o  the ocean ranges from more than  a hundred yeare  for t h e  

permeable zonea t o  more than a m i l l i o n  years f o r  the less permeable 

zones. 



HYDRAULIC TESTING OF H O U  UA-1 

Well History 

Hole UA-1 i s  a t  coord ina tes  5,704,185.92 m N . ;  646,321.59  m E., 

Universal  Tranwverse W r c a t o s  Grid,  Z ~ n e  60.  Graphic coord ina tes  are 

lat  51°28'18.68" N.; long 179°06'24.271' E, Ground e l e v a t i o n  a t  the 

hole i s  63.32 rn (207.68 ft) above mean sea l e v e l .  

The ho le  was d r i l l e d  228.6 cm (90 i n . )  i n  diameter to a depth of 

1,52b,0  m (5,000 f t ) .  Casing, diameter 27 .3  crn (10.75 i n . ) ,  was 

i n s t a l l e d  t o  1,524.0 m (5 ,000 ft) with  the lower 30.5 rn (100 ft) 

cemented. The ho le  was than  d r i l l e d  wi th  21.9-cm (#-in.)  b i t  from 

1,524.0 t o  1,981.2 m (5 ,000 t o  6,500 ft). Water was used a s  the 

c i r c u l a t i n g  medium duri.ng:the d r i l l i n g .  

A genera l ized  aununary of hydrology, l i t ho logy ,  and aons t ruc t ion  

a r e  presented I n  f i g u r e  2.  



2.29m 

DEPTH r 

a - Cement. 
SWL - Static water level, meters below lsd 
RSC - Relative specific capacity, $pd per m of drawdown 

e - Estimated 

Figure 2. --Hydrology and lithology from 1,536.2 to 1,968.4 m, hole UA-1, 
Arnchitka Island, Alaska. 



Hydraulic-PotentSal D i s t r i b u t i o n  
P 

The hydrau l i c  p o t e n t i a l  was determined a f t e r  t h e  i n j e c t i o n  test 

and a f t e r  the swabbing test of each zone. Because the  rocks were very 

t i g h t  i n  moat cases and t h e  c o s t  of rig t i m e  was very  high,  t h e  measuxe- 

ment of water l e v e l s  f r equen t ly  had t o  be discont inued befoxe atat ic  

condi t ions  were achieved,  Therefore ,  the hydrau l i c  p o t e n t i a l  was o f t e n  

es t imated  or assumed t o  be the  same as that fo r  t h e  equ iva l en t  zone i n  

ho le  UAe-1. 

The hydrau l i c -po ten t i a l  changes a r e  small  i n  the  4 5 7 , 3  m (9,500 f t )  

of t e s t e d  ho le .  The g r e a t e s t  p o t e n t f a l  i e  i a  the  uppermost zqne t e s t e d ,  

from 1,536.2 t o  1,593.5 m (5,040 t o  5 ,228 3%). The p o t e n t i a l  was 33 m 

(108.3 ft) below land gurface i n  t h i s  zone. The p o t e n t i a l  i n  most 

i n s t ances  decrease8 as ho le  depth inc reases ,  but  become8 approximately 

cons tan t  f o r  a l l  zones below 1,806.3 m (5,926 ft) a t  about  36.4  m 

(119.4 ft) below land su r f ace .  

F igures  3-36 show t h e  a n a l y s i s  of da t a  obtained from the  hydrau l i c  

t e s t s  i n  ho le  UA-1. 
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Figure 4.--swabbing recovery t e s t  of zone 1,536.2 t o  1,593.5 m, 
hole UA-1, Arnchitka Island, Alaska, June 13, 1968. 
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Figure 9.--Analysis of injection t e s t  of zone 1,664.5 to 1,968.4 m, hole UA-1, 
Amchitka Island, Alaska, October 21, 1968. 
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Figure 11.--Analysis of injection test of zone 1,693.5 to 1,753.8 rn, Role UA-1, 
Amchitka Island, Alaska, October 23, 1968. 
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Figure 16.--Analysis of i n j e c t i o n  test of zone 1 , 7 5 5 . 7  t o  1 , 8 0 8 . 1  m, 
hole UA-1, Arnchitka I s l a n d ,  Alaska,  September 2 0 ,  1968. 





t, in minutes 

Figure 18.--Swabbing recovery test of zone 1,756.8 to 1,968.4 m, 
hole UA-1, Amchitka Island, Alaska, October 23, 1968. 









t, in minutes 

Figure 22.--Injection test of zone 1,813.0 to 1,873.3 m, 
hole UA-1, Amchitka Island, Alaska, October 
22, 1968. 









t, in minutes 

Figure 26.--Swabbing recovery t e s t  of zone 1,834.9 to 
1,873.9 m, hole UA-1, Amchitka Island, 
Alaska, October 9, 1968. 
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Figure 29.--Swabbing recovery test of zone 1,834.9 to 
1,895.3 m, hole UA-1, Aachitka Island, 
Alaska, October 22, 1968. 
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Figure 31. --Injection test of zone 1,877.0 t o  1,914.5 m, 
hole UA-1, Amchitka Island, Alaska, October 
8, 1968. 













PROPOSED CHAHBER LOCATION 

The poss ib i l - i tg  of large waiier y i e l d s  from rocks thousands of 

meters beneath the  water table presents  a safety prablern i n  t h e  mining 

of chambers. ~ l s o ,  i n  -tb- detonation of nuclear devices, contaminants 

m e t  be contained i n  the  host  rocks t o  prevent contamination of surface 

water. 

The a n a l y s i s  of d a t a _ f x m  hydraulic t e s t i n g  of hole UA-1 i n  the  

i n t e r v a l  5,536.2 t o  1,868.4 m (5,040 t o  6,458 ft) is presented i n  t a b l e  1. 

The rock between 1,745.0 and 1,836.4 m (5,725 t o  6,025 f t )  below land 

surface was se lec ted  a s  a des i rable  i n t e r v a l  i n  terma of low hydraulic 

conductivity. . The rock i n .  the  i n t e r v a l  co&sists  of about 27.4 m (90 ft) 

of breccia i n  $he upper p a r t  and about 64.0 m (210 f t )  of b a s a l t  i n  the 

1 ower par t .  

The chamber t o  be mimed w i l l  be a epherc 18.3 m (60 f t )  i n  dfameter . 
Calculat ions of water  i n f l m  t o  th& proposed chamber were made f o r  

severa l  locat ions  within the  boundaries set forth above, The chamber 

probably. w i l l  be i n  the  interval 1,781.6 t o  1,799.9 m (5,845 to 5,905 ft). 

A t  t h i s  locat ion the chamber wmld be enti2ely within basalt. 



INFLClW TO AN UNDERGROUND CHAMBER 

I n  the  c a l c u l a t i o n  of  water in f low t o  the  chamber, t he  time- 

dependent d i scharge  t o  a 18sge-diameter w e l l  a t  constang drawdown 

muse be determined. Hantush (1959) derived equat ions  t h a t  can  be 

used f o r  computing inf low t o  underground chambers us ing  hydrau l i c - t e s t  

da t a  from deep wells and Walton (1962) prepared a  set of type  curveB 

t h a t  are gt a convenient s c a l e  f o r  a q u i f e r  a n a l y s i s .  The method can 

be used S f  c e r t a i n  phys ica l  assumptions are made concerning t h e  con- 

s t r u c t i o n  procedure and the hydr su l i c  c h a r a c t e r i s t i c s  of t h e  rocks. 

These assumptions a r e :  1 )  t h a t  p a r t i a l  pene t r a t ion  i n  the  cen te r  of 

a rock u n i t  can be t r e a t e d  as a leaky-aquifer  problem wi th  v e r t i c a l  

leakage from above and below; 2 )  that excavat ion i s  s u f f t c i e n t l y  

r a p i d  t o  s imulate  i n s t a n t  drawdown; and 3) that cons t ruc t ion  inc ludes  

a  s ea l ed  sump t h a t  stores a l l  inf low tb t he  chamber o r  the inf low ie 

removed by pumping, t hus  maintaining cons tan t  drawdown a t  t h e  chamber, 



The formula that describes leaky artesian constant-drawdown 

varLable discharge conditions as presented by ~alton (1962) is: 

u - r , v  1 lcxp (ia) lP 
' 

T - cocfficicnt of tratl6mi$$ivity, in gpd/f t 
S - .mficicnt of storage, fraction 
Q - discharge, in gpm 
re - nominal radius of pumped well, in ft 
s,,, -. drawdown in pumped well, in ft 
t - time after discharge started, in min 

P' - cocfficicnt of vertical hydraulic conductivity of 
confining bed, in gpd/sq ft 

m' .I thickness of confining "bed through which 
Icakagc occurs, in ft 

Kt (r,/B) - first-ordcr modified Bcssel function of the 
second kind 

Ke(rW/B) zero-order modified Bc~scl function of the 
second kind 

'i,(u) - zcm-order Bewl function of the filst kind 
Ye(#)  - r~ro-order Bessel function of the second 

kind 



The proposed chamber i s  t o  be a sphere 18,3 rn (60 f t )  i n  diameter ,  

t h e  cen te r  of which i s  1,790.7 m (5,875 ft) below land s u r f a c e ,  Calcula- 

t i o n s  of t h e  inf low were determined by assuming t he  h o r i z o n t a l  and vertical 

permeabi l i ty  are equ iva l en t .  This assumption c o n f l i c t s  wi th  the  l i m i t a t i o n s  

s t a t e d  by Cooper and o t h e r s  (1967), 'The v e r t i c a l  pe rmeab i l i t i e s  of most 

s t r a t i f i e d  a q u i f e r s  are only small  f r a c t i o n s  of the h o r i z o n t a l  permeabil- 

11 i t i es .  . . . However, by assigt i ing h o r i z o n t a l  permeabi l i ty  va lues  t o  the 

v e r t i c a l  permeabi l i ty ,  t he  computed inf low should be greater than a c t u a l  

inflow. This i s  p re fe r r ed  over i nd ica t ed  inf low being l e s s  than  a c t u a l  

inf low,  Also, as q t a t e d  earlier the permeabi l i ty  of the rocks  i n  hole  UA-P 

are mostly i n  f r a c t u r e s  and a l l  f r a c t u r e s  a r e  not hor i zon ta l .  Possibly 

the  v e r t i c a l  permeabi l i ty  is more than  a emall f r a c t i o n  of t h e  h o r i z o n t a l  

permeabi l i ty  expected i n  s t r a t i f i e d  rocks.  

Calcu la t ion  of t h e  inf low was determined by assuming t h a t  the chamber 

w i l l  appear i n ~ t a n t a n e o u s l y  a t  t h e  beginning of cons t ruc t ion ,  Obviously, 

t h i s  cannot be gccompl i~hed;  t h e r e f o r e ,  t h e  ca l cu la t ed  inf low of water 

is  larger $ha0 the a c t u a l  inf low w i l l  be during cons t ruc t ion .  Figure 37 

shows the  t h e o r e t i c a l  inf low t o  an ins tan taneous ly  cons t ruc ted  chamber. 

The a c t u a l  inf low r e s u l t i n g  from t i m e  l a g  i n  construction wflP be less than 

i nd ioa t ad  a t  e a r l y  t imes and somewhat g r e a t e r  a t  l a t e r  t imes ,  The theo- 

r e t i c a l  inf low is about  175 m3 pd (32 mm) a f t e r  1 day ,  85 I83 pd (15.5 gpm) 

after 10 daye, and 60 mi pd (11 gpm) a f t e r  PO0 days. After about 200 days 





the inflow will stabilize at about 57 m3pd (10.5 gpm) . If 8 days 

were required to mine the chamber to full d;lmensioas, the 1-day 

inflow would be less than  175 $ p d ,  but the 10-day value would be 

greater than 85, perhaps an the order of 100 to 125 ma pd.  The 

100-day in£l,ow would not differ significantly from the theoretical 

value, aa can be seen from the similarity of inflows at 90 and 

100 days os figure 37. 



Table 1.--Smmnarv of hydraul ic  test inR i n  hole UA-1. Amchitka laland.  Alaaka 

Inject ion 0.0542 0.0030 No 6.76 x 10" 2.35 x 10" 1.89 .4.1 x 1 0 ~  1.0 x 4.45 x lo9 1.46 x lod 
1,536.2 - 5,040 - a'33.0 8'108.3 Breccia 

1,593.5 5,228 -- -- -- -- Si l t s tone  
Swabbing .0834 .a047 Yes -- -- -- 

-- -- -- -- 

-- Breccia 

Basalt 
Breccia 

M.thod 
of 

t a s t ing  

S t a t i c  water l eve l  
(depth b e l w  led)  

f t  

In te rva l  t e s t ed  
(depth below lnd) 

In jec t ion  .I845 .0103 No 3.52 x 10" 2.84 x 10' 1.15 x loa 2.82 x lo2 1.04 n 3.42 x 
1.6EA.5 - 5,461 - 

37.8 124.0 -- Breccia 1,968.4 6,458 -- -- -- -- -- -- -- -- Basalt -- -- 
Inject ion .la75 .0105 Yes 5 . 5 3 ~ 1 0 - '  1 .88=10- '  1 . 5 1 x 1 d  3.12 x 1 a 9  7 . 6 4 ~ 1 0 "  3 . 1 7 ~ 1 0 ~  1.04x10- '  

1.693.5 - 5,556 - 
1.753.8 5,754 35.0 114.8 Breccia -- -- -- -- -- -- -- -- -- -- -- * 

m 

-- -- -- Breccia 

f t  

-- -- -- Breccia 
Basalt 

Relat ive spec i f i c  
c a p c i t y  

In jec t ion  .00% .0002 No 1.76 x 104 1.42 x 10-I 3.36 x lod 8.23 x 10" 4.75 x lo4 1.56 x lo3 
1,755.7 - 5,760 - 

1,808.1 5,932 e36.0 e118.1 -- Breccia 

Suebbina -- -- -- -- .- .- 
Basalt 

.M36 .0013 No 

Packer 
bypass mapd per 

m o f d d  

- - -- -- 
In jec t ion  .I269 .OQ71 No 

1,756.8 - 5,764 - 
1,968.4 6.458 e36.0 el18.1 

-- -- -- -- -- -- -- Breccia 

Swabbing 2 6 7 7  .0150 Wc 
Basalt 

gpm per 
f t o f d d  

Inject ion .0363 .OD20 No 5.56 x 3.71 x loa 2.99 6.9 x 10-4 1.69 x 10'~ 8.7 x lo3 2.85 x 
1,806.3 - 5,926 - 36.4 119.4 &malt 

1.859.9 6,102 
Smbbing .0972 .OD54 No -- -- -- -- -- -- -- Breccia 

Storage 
coefficien$' 

~ r a n m i n a i v i t #  Hydraulic conductivit# 

m3 pd spa 
per ma par f t a  

m3 pd 
per m 

md 
per f t  

~ e l o c t t p '  

d f t  pa 

Rock 
type 



Table 1.--Summaw of hydraulic t e s t i n s  i n  hole UA-1. Amchitke Island. Alaska--Continued 

- - 

In jec t ion  .07% .DO42 Yes 6.08 x lo-' 3.13 x lod 2.52 8.0 x lo4 1.96 r loa 1.0 x 3.28 x 
1,834.9 - 6,020 - e36.4 e119.4 

Breccia 
1.873.9 6.148 Baselt 

1,834.9 - 6,020 - 
1.895.3 6,218 

37.7 123.7 

Swabbing 2255  .0126 Yes -- 

In te rva l  t e s t ed  
(depth b e l m  l sd )  

Breccia 
Baealt -- -- 

In fec t ion  0.0459 0.0026 No 5.44 x lo4 5.64 x lo9 4.54 x ID-' 9.3 x lod 2.28 x loJ 1.77 x 10- 5.81 x 10" 
1,813.0 - 5.948 - 38.7 127.0 Baealt 

1.873.3 6,146 Breccta 
Sx-bbiog ,1976 .0111 Yes -- -- . -- -- -- -- -- 

Method 
of 

t e s t ing  m 

In jec t ion  .0352 ,0020 No 6.08 x 10" 3.52 x loa 2.84 9.4 x 2.30 x lod 1.2 x lod 3.94 x lo2 
1,877.0 - 6.158 - e36.4 e119.4 

Breccia 
1,914.5 6,281 Basal t  

Swbbing .0643 .IW36 No -- -- -- -- -- -- -- 

f e  

Breccis 
BaEalt -- 

S t a t i c  m t e r  l eve l  
(depth h e l m  lad)  

f t  

c 
~/Cornputed frmn i n j ec t ion  t e s t s  only. FXPIAWATION: 

~ ' ~ t a t i c  water l eve l  aseumed t o  be the same a s  equivalsnt  zone i n  UAe-1. Isd = land-surface datum ged = gal lons per day 
m = meters 2 = square meters 

i t  = f e e t  f t a  = square f e e t  - cubic meters per day mpd = meters per day 2 g  = dra~down f t  pd = f e a t  per day 
gpu = gel lans per minute e = estimated 

Relative spec i f i c  
capacity Packer 

bypass 
m o f d d  f t o f d d  

Storage 
coeff icienthi  

~ rannmiss iv i t$ l  

mapd 
par m / per gpd f t  

Hydraulic conductivitf 

mJ pa ~d 
per + 1 per f ta  

Rack 
type 

ve loc i t~ f - I  

mpd f t  pd 
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