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Dear John: 

UNIVERSITY O F  CALIFORNIA 

Mr. John  S .  Kelly, Director 
Division of Peaceful Nuclea Explosives 
U. S.  Atomic Energy Conirnission 
Washington, D .  C .  20545 

Subject:  Transmittal o f  Technical Concept f o r  Post-Pi ledr iver  
Exploratory Program 

In response t o  your PWX o f  20 Ju ly  1967 r e l a t i v e  t o  the post- 
shot explorat ion o f  P i l e  br iver ,  the technical concept f o r  tnis 
prograrn i s  enclosed. 

While our inforilia7 estimates indicated the  cost  ;iiould ix k r e ; i  
u n d e r  $500 K ,  o r  the amount requiring fomial project  s t a t u s ,  ~t i s  
now apparent t h a t  from the formal NVOO cost  e s t i i i i a t e s ,  full D : * o ; ~ c ~  
s t a t u s  will  be required. Your decision not  t o  impede f i e l d  o x r a t ? o n s  
cur ren t ly  underway in Phase I i s  appreciated a n d  i t  i s  hogec triat 
the necessary approval f o r  Phase I 1  wil l  be forthcoining. i t  i s  
our understanding t h a t  NVOO i s  processing a revised cos t  estLmate 
based on t h i s  concept and wil l  be forwarded t o  UPNE i n  a matter o f  
days. I t  i s  our opinion, which has the concurrence of  NVOO, t n a t  
the changes wil l  not be s i g n i f i c a n t .  

1: .-.. . % -- Sincerely , 

GCW: JT: ca 
Enclosure: UOPKC 67-143, Rev. I11 

cc: J .  Reeves, NVOO, w/encl. 
J .  Phi l ip .  SAN, w/encl. 
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TECHNICAL, CONCEPT 

POST-PILEDRIVER EXPLORATORY PROI:fLZ?I 

INTRODUCTION. 

This  i s  t h e  concept f o r  a series o f  post-shot i n v e s t i g a t i o n s  a t  the 

P i l e d r i v e r  s i t e ,  A r e a  15, NTS, t o  g a i n  information on: 

I. chimney geometry and a s s o c i a t e d  w a l l  rock c o n d i t i o n s  r e s u l t i n g  

from a deeply bu r i ed  (1500-ft) n u c l e a r  explosion i n  g r a n i t ? ;  

11. t h e  c h a r a c t e r i s t i c s  and d i s t r i b u t i o n  of r u b b l e  and r a d i o a c t i v i t y  

i n  t h e  chimney; 

111. d a t a  p e r t i n e n t  t o  i n - s i t u  l each ing .  

These c a t e g o r i e s  d e f i n e  t h e  t h r e e  phases of t h i s  p roposa l  i n  ch rono log ica l  

o r d e r .  The t e c h n i c a l  programs under Phases I1 and 111 w i l l  depend on the 

r e s u l t s  o f  Phase I. 

P r e s e n t l y ,  i t  is  n o t  known whether o r  not  t h e r e  has been a c o l l a p s e  

of t h e  P i l e d r i v e r  c a v i t y .  I f  c o l l a p s e  occur red ,  t h e  p r e d i c t e d  dinensions 

o f  t h e  chimney, based on Hardhat experience,  a r e  expected t o  be 250 f t  i n  

d i ame te r  and 560 f t  high.  For t h e  purpose of t h e  fol lowin< dissusslon, i t  

i s  assumed t h i s  c o n d i t i o n  e x i s t s .  

SUMMARY OF PROPOSED WORK 

The DOD r e -en t ry  is  being made through t h e  o r i g i n a l  Hardhat-Pi ledr iver  
a 

s h a f t  and emplacement d r i f t .  Since t h e  P i l e d r i v e r  s t a t i o n  and d r i f t  were 

b a c k f i l l e d  w i t h  sand,  i t  i s  expected t h a t  re-entry w i l l  proceed r a p i d l y  

wi th  l i t t l e  o r  no mining and ground support  r equ i r ed .  The c u r r e n t l y  2sti- 

mated t i m e  of DOD completion is  September 1967. P h n s c  I w i l l  be i n i t i a t e d  

as  soon as p o s s i b l e ,  bu t  Phase I1 w i l l  no t  s3tar t  u n t i l  a f t e r  t h e  DOD has 

completed i t s  post-shot sfudy. 

s” 
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TECHNICAL PROGRA?! 

PFE-PHASE I 

A s  a f i r s t  s t e p ,  i t  i s  proposed t h a t  RI?  'Aii, i . eo logls t  s t u c y  t h e  

c u r r e n t  DOD work as it  p rogres ses  t ak ing  pliotos,  i s s e s s i n g  s h a f t  c!: ?age. 

and e a r t h  movements, and s tudying  t h e  geology and hydrology a s  re lz :?d  t o  

P lowshare ' s  i n t e r e s t  i n  P i l e d r i v e r .  An occas iona l  insDect ion  of  thti Hard- 

h a t  d r i f t  can be  made as t h e  DOD work p rogres ses  downshaft. There i s  no 

d u p l i c a t i o n  of t h e  work h e r e i n  proposed and t h e  DOD re -en t ry  progrhm. 

PHASE I 

1. Determine t h e  p r o p e r t i e s  and geometry of t h e  chimney. Height 

and r a d i u s  w i l l  b e  def ined  by a l i m i t e d  d r i l l i n g  and w r i n g  

program as fol lows:  

One ver t ica l  8-inch I D  d r i l l  i f o l e ,  "A", from t h e  surf: , :e w i l l  

l o c a t e  the chimney apex. Su r face  c o l l a r  and cas ing  a b l e  t o  withst:.ad 40 

p s i g ,  used i n  subsequent  p r e s s u r i z a t i o n  tests, w i L l  be i n s t a l l e d  frsm the  

s u r f a c e  down t o  and i n t o  competent rock. During d r i l l i n g ,  pe rmeab i l i t y  

measurements of  t h e  count ry  w a l l  rock w i l l  be made: a) f o r  t h e  f i r s t  500 

f t  of d r i l l  h o l e ,  a t  approximately each 100-ft  i n t e r v a l ;  b )  from 550 f t  

on down, every  50 f t ,  as expedient  and convenient  t o  t h e  d r i l l i n g  olreration. 

No packe r s  w i l l  be  requi red  f o r  t h i s  p a r t  of t h e  tes ts  on d r i l l  h o l e  "A". 

Inc reased  pe rmeab i l i t y  is  expected t o  occur  a t  a depth of about  500 f t ,  a c d  

c o n t a c t  w i t h  t h e  t o p  of t h e  chimney i s  es t imated  a t  a depth of  about 950 

f t .  I f  t h e  r e s u l t s  of  t h e  above i n t e g r a l  pe rmeab i l i t v  a r e  ambiguous, 

packe r s  w i l l  be  used t o  c o n t r o l  t h e  measurements of pe rmeab i l i t y  of t h e  

h o l e  i n  50-f t  s e c t i o n s .  A s  l a t e  as p o s s i b l e  b e f o r e  t h e  h o l e  p e n e t r a t 2 s  

t h e  chimney, low-level  gamma and temperature  l o g s  w i l l  be run.  Upon com- 

p l e t i o n  of  t h e  h o l e ,  a chimney gas  sample w i l l  btl s ecu red ,  and d e n s i t y ,  

c a l i p e r ,  t empera ture  and downhole seismic l o g s  k r i l l  be taken .  Depending 

on what appea r s  a p p r o p r i a t e ,  Caveman, Lava1 s t e reo -boreho le ,  and /o r  TV 

camera su rveys  w i l l  t hen  be  made, and t h e  dimensions and f r a c t u r e  p a t t e r n  

a t  t h e  t o p  of  t h e  chimney w i l l  be  s t u d i e d .  The chimney vo id  volume and 
9 
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a s s o c i a t e d  f r a c t u r e s  and w a l l  rock voids  w i l l  be w a s u r e d  b:; t h e  i3c r?rdmcin 

p r e s s u r i z a t i o n  technique and t h e  cljimney ~:olumt c a l c u l a t e d  be fo re  t h e  

chimney i s  p e n e t r a t e d  by t h e  exp lo ra t ion  d l i f t .  

PHASE I1 

1. Re-entry Explorat ion D r i f t  an<' D r i l l  H o . l c s  B and C:  

It is  proposed as p a r t  of Phase I1 of this p r o j e c t  t o  esiend 

t h e  DOD P i l e d r i v e r  re-entry d r i f t  h o r i z o n t a l l y  about 150 f t  toward the 

chimney. A d r i l l  a l cove  w i l l  be  l o c a t e d  a t  t h i s  v o i n t .  The e l e v a t i o n  a t  

t h e  d r i f t  is about 100 f t  above t h e  P i l e d r i v e r  z e r o  p o i n t .  Continuation 

of Phase I1 w i l l  depend on confirmation i n  Phase I of t h e  e x i s t e n c e  of a 

chimney. Th i s  d r i f t  w i l l  l a te r  be extended h o r i z o n t a l l y  t o  t h e  c e n t e r  of 

t h e  chimney. 

are complete.  A s  t h i s  exp lo ra t ion  d r i f t  i s  being extended, photographs 

w i l l  be  t aken  of t h e  working face and s i d e  w a l l s  i n  o r d e r  t o  documert the 

f r a c t u r e  p a t t e r n  i n  t h e  country rock n e a r  t h e  ctiirtney and v i s i b l y  o iserve  

t h e  s i z e  d i s t r i b u t i o n  of t h e  rubb le  i n  p l a c e  i n  tke chimney. Samp1lr.s f o r  

r ad iochemica l  a n a l y s i s  w i l l  b e  taken along t h i s  d r i f t  i n  t h e  chimne. a r e a  

i n  o r d e r  t o  e s t a b l i s h  t h a t  t h e  chimney m a t e r i a l  is u n c l a s s i f i e d  and can be 

t r e a t e d  as such. 

Phase I1 can be s t a r t e d  be fo re  DOD P o s t - P i l e d r i v e r  a c t i v i t i e s  

About 200 f t  of t h i s  ex tens ion  d r i f t  would be  i n  competent 

g r a n i t e ,  and about 1 2 5  f t  would be i n  t h e  rubble  i n s i d e  the chimney. AS 

i n  t h e  Hardhat r e -en t ry ,  t h i s  l a t te r  p o r t i o n  of t h e  r e -en t ry  d r i f t  would 

r e q u i r e  s p i l i n g  and f u l l  ground suppor t ;  t h e  f i r s t  200 f t ,  on t h e  o t h e r  

hand, cou ld  probably be unsupported. A s t anda rd  cr ibbed 55O drawpoint 

w i l l  be i n s t a l l e d  a t  o r  n e a r  t h e  c e n t e r  l i n e  of tlie chimney, above ground 

z e r o ,  f o r  t h e  purpose of removing s e v e r a l  hundred tons  of crushed chimney 

rubble .  

s 

The re-entry e x p l o r a t i o n  d r i f t  w i l l  l o c a t e  and e s t a b l i s h  a 

p o i n t  on t h e  chimney edge. Two s h o r t  "NX" h o l e s ,  B A I - I ~  C, both o r i g i n a t i n g  

from t h e  d r i l l i n g  s t a t i o n  i n  t h e  re-entry d r i f t  nea r  the cliimney edge w i l l  

d e f i n e  t h e  c a v i t y  bottom and upper shoulder  of t h c \  ch imncy (see Fig .  1). 



4 

D r i l l  h o l e  B should p e n e t r a t e  t h e  chimney :,ear t h e  L U \ , c i  edge of  t i . r  cavit :  

i n  such a way as t o  sample t h e  region i n s i d e  the  chimney i n  the  pud: . le  

g l a s s .  F u l l  c o r e  recovery is  requested from both h o l e s .  I’drt  o f  F core  

may be c l a s s i f i e d  m a t e r i a l  ( s e e  P a r t  4 t o  follow). Lava1 camera s u r v e y s  

w i l l  be run on h o l e s  B and C t o  determine !iart ing and f r a c t u r e s  i n  :hat  

area. I n  a d d i t i o n ,  t he  o r i e n t a t i o n  of s e l e c t e d  st’ci ions of c o r e s  f r o m  

h o l e  B from t h e  r eg ion  o u t s i d e  t h e  chimney w i l l  bt. determined. During 

d r i l l i n g ,  t hgse  h o l e s  w i l l  be p r e s s u r i z e d ,  and pe rmeab i l i t y  measurements 

w i l l  be  made under c o n t r o l l e d  cond i t ions .  Gamma and temperature  l o g s  f o r  

h o l e s  B and C w i l l  a l s o  be run. Comparison w i l l  be made between tliese 

post-shot  d a t a  and similar pre-shot d a t a  from both Hardhat and P i l e d r i v e r .  

2. Determination of t h e  s i z e  d i s t r i b u t i o n  of t h e  rubble  i n  t h e  

n u c l e a r  chimney i n  t h e  area nea r  t h e  c e n t e r ,  i n  t he  a r e a  near 

t h e  chimney edge, and a t  some po in t  h ighe r  i n  t h e  chimney 

w e l l  above t h e  P i l e d r i v e r  zero p o i n t :  

A t o t a l  of twelve samples would be r e q u i r e d :  fou r  ( A ,  B ,  C 

and D) from each o f  t h e  t h r e e  l o c a t i o n s .  Each s a m p l e  should weigh about 

twenty t o n s .  Two s a m p l e s ,  C and D, from each l o c a t i o n  w i l l  b e  se t  a s i d e  

f o r  t r ea tmen t  as descr ibed under s e c t i o n s  3 and 4 t o  fol low.  

The remaining two samples, A and H ,  from each l o c a t i o n  w i l l  

each b e  sepa ra t ed  i n t o  t h e  1 6  ( o r  fewer,  as deemed reasonab le )  d i f f e r e n t -  

s i z e d  f r a c t i o n s  used by t h e  U. S. Army Corps of Engineers ,  W S ,  i n  t h e i r  

s c r e e n  a n a l y s e s  o f  NTS rubble.  Each of t h e s e  20-ton s a m p l e s  w i l l  be spread 

o u t ,  one a t  a t i m e ,  f o r  photography and l i m i t e d  hand s o r t i n g  i n  a p ro rec t ed ,  

covered area on t h e  s u r f a c e .  The minus-7-inch f r a c t i o n s  vi11 be sepa ra t ed  

by passage  through a p o r t a b l e  sc reen ing  p l a n t  a t  t h e  s u r f a c e ,  w i t h  no mud 

loss  o r  d u s t h g ,  and with communition he ld  t o  a minivum. Each f r a c t i o n  

S 

must be a i r - d r i e d ,  weighed, and t r e a t e d  s e p a r a t e l y  and t h e  s i z e  d i s t r i b u -  

t i o n  determined. 

The sarrples from t h e  a r e a  h igh  i n  t h e  cliimney should be  taken 

on ly  a f t e r  s e v e r a l  hundred tons  of rubb le  have bt.tln w i t h d r m a  from the  

drawpoint--the e x a c t  moment t o  be determined by t-he t-soii r e s p o n s i b l e  f o r  
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t e c b n i c a l  d i r e c t i o n  of t h i s  p r o j e c t .  This  chimnev rubblcl i s  not  e:..pscted 

t o  be S e c u r i t y - c l a s s i f i e d  material ,  nor  shrmlrl ir: b e  s u f f i c i e n t l y  :.adio- 

active t c demand s p e c i a l  haridling. 

Two a d d i t i o n a l  i n t e r m e d i a t e  20-ton samples may be t a k e ?  a t  

40-ft  i n t e r v a l s  as t h e  mining of t h e  d r i f t  progre5seo through t h e  c:.imney 

rubb le .  Likewise, one a d d i t i o n a l  i n t e r m e d i a t e  20-ton sample  will b;. taken 

as t h e  draw-down of rubb le  p rogres ses  i n  t h e  c e n t e r  o f  t h e  chimney. These 

reserve samples w i l l  be  set a s i d e  and p rese rved  f o r  f u t u r e  r e f e r e n c e ,  i f  

needed. 

3 .  Determination of t h e  g r o s s  r a d i o a c t i v i t y  d i s t r i b u t i o n  i n  t h e  

chimney rubb le  : 

One sample, C y  from each l o c a t i o n  w i l l  be d r i e d ,  weighcd and 

t h e  plus-7-inch s i z e s  sepa ra t ed  by hand. The miniis-7-inch f r a c t i o w  will 

be crushed and ground and r e p r e s e n t a t i v e  d u p l i c a t e  100-gram s a m p l s s  p r e -  

pa red  f o r  a n a l y s i s .  

A l l  of t h e  reject w i l l  be  combined wi.th the plus-7-incyL f r ac -  

t i o n  and a g a i n  r e p r e s e n t a t i v e  d u p l i c a t e  100-gram samples prepared f o r  

a n a l y s i s .  

These 1 2  sample  d u p l i c a t e s  f o r  both p l u s -  and minus-7-inch 
90 f r a c t i o n s  from t h e  3 l o c a t i o n s  w i l l  be  analyzed f o r  S r  ,and tritium g a m a  

p u l s e  h e i g h t  s can  w i l l  be used t o  determine o t h e r  prominent r ad ionuc l ides .  

4 .  Determinations of s p e c i f i c  ac t iv i t ies  on s u r f a c e s  of rubble:  

The fourth sample ,  D ,  from each l o c a t i o n  will b e  has& o f f  

and thoroughly washed t o  remove s u r f a c e  s l i m e s  and f i n e s .  The s l imes  and 

f i n e s  and wash water w i l l  be a l l  recovered.  The f i n e l y  d iv ided  p a r t i c u l a t e  

matter w i l l  be sepa ra t ed  from t h e  wash w a t e r ,  d r i e d ,  weighed,  and assayed. 

Th i s  d r i e d  p a r t i c u l a t e  w i l l  be radiochemical ly  analyzcd f u r  s t r o n t  i m :  

p u l s e  h e i g h t  scan of t h i s  material  w i l l  a l s o  be madc for ces ium and o t h ? r  

gamma a c t i v i t i e s .  T h e  s o l u b l e  r a d i o n u c l i d e s  i n  the wash water will 2130 

be determined. 
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5. Determinat icn of t h e  dev ice  y i e l d  by .radiocheo:ical analyses 

of a c o r e  sample from h o l e  B:  

Los Alamos (C.  Brown) h a s  indi-cated t h a t  they  w i l l  do t h e  

a n a l y s i s  provid ing  a p rope r  sample i s  supp l i ed .  A f i s s i o n  product m s l y s i s  

w i l l  be  performed by LRL i n  o r d e r  t h a t  a mater ia l  ba lance  can be a t cenp ted .  

6. Measurement of t h e  pe rmeab i l i t y  o f  tlie count ry  w a l l  rock  as a 

f u n c t i o n  of d i s t a n c e  from ground z e r o  along t h e  re -en t ry  

d r i f t  ad j acen t  t o  t h e  chimney: 

For ty  50-ft-deep, 3-inch-diameter long-holes d r i l l e d  i n  t h e  

s i d e s  of t h e  d r i f t  w i l l  be  packed o f f ,  p r e s s u r i z e d ,  and have flow measure- 

ments made. 

re -en t ry  d r i f t  p rev ious ly  r e p o r t e d  (UCRL-14292, Boardman/Skrove). 

These d a t a  w i l l  be compared w i t h  s imi l a r  d a t a  from t h e  Hardhat 

7. Determinat ion of microf r a c t u r j n g  , derisi t y  , p o r o s i t y ,  a:?d 

pe rmeab i l i t y  of p i e c e s  of  rubb le  and co res  from d i f f e r . : n t  

l o c a t i o n s  and d i s t a n c e s  from z e r o  po in t .  
I 

PHASE 111 

1. A series o f  l abora to ry - sca l e  ba t ch  l each ing  tests on s i l s c t e d  

P i l e d r i v e r  r u b b l e  samples t o  e s t a b l i s h :  

a. 

b. 

C. 

a. 

e. 

2 .  The 

a c i d  consumption 

s o l u b i l i t y  of s e l e c t e d  r a d i o a c t i v e  n u c l i d e s  i n  a c i d  o r  

a c i d  f e r r i c - su lpha t  e l e a c h  

t h e  r e s u l t s  of  f i l m  p e r c o l a t i o n  leaching  ve r sus  f lood  

l each ing  

s o l u b i l i t y  of s e l e c t e d  r ad ionuc l ides  i n  c rude  o i l  

t h e  l e a c h a b i l i t y  of t h e  thorium contuinecl i n  g r a n i t e  .ind 

i f  i t  can be recovered from chimney r u b b l e .  Sy the  d R Y L  

s o l v e n t  e x t r a c t i o n  p rocess .  

des ign  and e s t i m a t i o n  of t h e  c o s t  of  a on tB- t en th  s,:ale 

commercial p i l o t  p l a n t :  

I 
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There w i l l  be a Hazards Con t ro l  s a f e t y  program which w i l l  

i n c l u d e  a cont inuing s u r v e i l l a n c e  f o r  r a d i o l o g i c a l  s a f e t y  on a l l  working 

areas underground. 

tored cont inuously . 
A c t i v i t y  levels of "ores" and s o l u t i o n s  must be noni- 

TIME AND COST ESTIMATE 

The d r i l l i n g  of t h e  ver t ica l  h o l e  A from t h e  s u r f a c e  should s t t r t  as 

soon as p o s s i b l e .  The mining work would start when the DOD r e l i n q u i s h e s  

t h e  re-entry d r i f t  now being planned f o r  t h e  DOD post-shot eva lua t ion  of 

P i l e d r i v e r  b u t  not b e f o r e  d r i l l  h o l e  A and t h e  p r e s s u r i z a t i o n  tests are 

complete. 

On t h e  basis of i n fo rma t ion  c u r r e n t l y  a v a i l a b l e ,  i t  is t h e  opinion 

of LRL t h a t  t h i s  p r o j e c t  as proposed w i l l  provide information on radio-  

a c t i v i t y ,  p e r m e a b i l i t y ,  s i z e  d i s t r i b u t i o n ,  and p recau t iona ry  i n d u s t r i a l  

hygiene necessa ry  f o r  commercial p rocess ing  of r a d i o a c t i v e  rubbie .  

DDR : m c  

f I 
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