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FOREWORD 

The re fe rence design f o r  t h e  underground f a c i l i t i e s  a t  t h e  Waste 

I s o l a t i o n  P i l o t  P lan t  was developed us ing  t h e  b e s t  c r i t e r i a  a v a i l a b l e  

a t  i n i t i a t i o n  o f  t h e  d e t a i l e d  des ign  e f f o r t .  These des ign c r i t e r i a  a r e  

conta ined i n  t h e  U.S. Department o f  Energy document t i t l e d  Desiqn 

C r i t e r i a ,  Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) ,  Revised M iss ion  

Concept-IIA (RHC-IIAL. Rev. 4, dated February 1984. The v a l i d a t i o n  

process descr ibed i n  t h e  Design V a l i d a t i o n  F i n a l  Report has r e s u l t e d  i n  

v a l i d a t i o n  o f  t h e  re fe rence des ign  o f  t h e  underground openings based on 

these c r i t e r i a .  Future changes may necess i ta te  m o d i f i c a t i o n  o f  t h e  

Design C r i t e r i a  document and/or t h e  re fe rence design. V a l i d a t i o n  o f  

t h e  re fe rence design as presented i n  t h i s  r e p o r t  pe rm i t s  t h e  

cons ide ra t i on  o f  f u t u r e  des ign  o r  design' c r i t e r i a  m o d i f i c a t i o n s  

necess i ta ted  by these changes o r  by exper ience gained a t  t h e  W I P P .  Any 

f u t u r e  m o d i f i c a t i o n s  t o  t h e  des ign  c r i t e r i a  and/or t h e  re fe rence des ign  

1 w i l l  be governed by a DOE Standard Operat ion Procedure (SOP) cove r ing  

underground design changes. Th is  procedure w i l l  e x p l a i n  t h e  process t o  

be f o l l o w e d  i n  descr ib ing ,  e v a l u a t i n g  and approving t h e  change. 
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WASTE ISOLATION PILOT PLANT 
DESIGN VALIDATION 
EXECUTIVE SUMNARY 

i : ;  I! 
'\..~. ...., 

INTRODUCTION 

The Waste Isolation Pilot Plant (WIPP) is being developed by the U.S. 

Department of Energy (DOE) as a research and development facility to 
demonstrate the safe disposal of radioactive waste from U.S. defense 
programs. The facility is located in southeastern New Mexico. about 25 
miles east of the city of Carlsbad. Underground development is at a 
depth of  about 2,150 feet i n  thick deposits of bedded salt. The 
facility operation will include in situ experiments addressing 
technical issues for defense waste programs and storage of defense 
related contact-handled (CH) and remote-handled (RH) transuranic (TRU) 
waste. 

- 
In 1979. the DOE established a Site and Preliminary Design Validation 
(SPOV) Program to provide additional confidence in the siting and 
design of the WIPP facility. On July 1. 1981, the DOE entered into an 
agreement with the State of New Mexico whereby the DOE would perform 
certain work t o  validate th. reference design of the WIPP underground 
openings. The results of the site validation portion of the program 
are presented in the report titled Results of Site Validation 
ExDeriments, Volumes I and 11. TME document 3177, dated March 1983. 
The results of the preliminary design validation portion of the program 
are presented in the report titled Waste Isolation Pilot Plant 
Preliminarv Desiqn Validation Report, dated March 30, 1983. 

Design validation of the WIPP is defined as the process by which the 
reference design of the underground openings is confirmed by 
determining the compatibility of the design criteria, design bases and 
reference design configurations using site specific information. The 
design validation process consists of an assessment of the condition 
and behavior of shafts, drifts and a full-sized, four-room test panel 

1 
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excavated d u r i n g  t h e  SPDV Program and f u l l  WIPP cons t ruc t i on .  Based on 

t h i s  assessment o f  these excavat ions.  and on p r e d i c t i o n s  o f  t h e i r  

f u t u r e  behavior.  any m o d i f i c a t i o n s  t o  t h e  des ign  c r i t e r i a ,  des ign bases 

o r  des ign  con f igu ra t i ons  requ i red  t o  ach ieve  a v a l i d a t e d  re fe rence 

des tgn  w i l l  be developed. I n  a d d i t i o n .  t h e  v a l i d a t e d  re fe rence des ign  

may be mod i f i ed  i n  the  f u t u r e  as s t i l l  more da ta  and exper ience a r e  

gained d u r i n g  a 5-year demonstrat ion p e r i o d  ( p e r i o d  d u r i n g  which a l l  
waste must be r e t r i e v a b l e )  and permanent s to rage operat ions.  

1 

The W I P P  P re l im ina rv  Desiqn V a l i d a t i o n  ReDort was an i n t e r i m  r e p o r t  

prepared as p a r t  o f  t h e  o v e r a l l  v a l i d a t i o n  o f  t h e  W I P P  underground 

opening re fe rence design. The W I P P  Desiqn V a l i d a t i o n  F i n a l  ReDort 

con ta ins  a d d i t i o n a l  i n fo rma t ion  gathered a f t e r  complet ion o f  t h e  SPDV 
Program. Th is  i n fo rma t ion  has been analyzed and evaluated t o  complete 

t h e  des ign v a l i d a t i o n  process f o r  t h e  WIPP. 

Four types o f  i n fo rma t ion  were gathered f o r  t h e  W I P P  Desiqn V a l i d a t i o n  

F i n a l  ReDort: 

/&-. , ,>  

1 p. , . $\ 

' (1) observat ions o f  t h e  behav io r  o f  t h e  underground openings; 

( 2 )  d e s c r i p t i o n s  o f  t h e  geo log ic  c o n d i t i o n s  encountered d u r i n g  lC. '. ,j 
\.-. 

underground cons t ruc t i on ;  

(3 )  d e s c r i p t i o n s  o f  core  samples f rom ins t rumen ta t i on  and o t h e r  

,ho les  i n  t h e  roo f  and f l o o r  o f  t h e  underground openings; and 

( 4 )  da ta  f rom i n s t a l l e d  geomechanical ins t rumenta t ion .  

The des ign v a l i d a t i o n  process prov ides  f o r  t h e  c o l l e c t i o n ,  a n a l y s i s  and 

e v a l u a t i o n  o f  i n  s i t u  data.  Th is  process i s  designed t o  pe rm i t  

de te rm ina t ion  o f  t h e  need t o  mod i fy  elements o f  t h e  underground opening 

re fe rence  des ign so t h a t  c o n s t r u c t i o n  and opera t i on  o f  t h e  f u l l  
f a c i l i t y  can proceed i n  a t ime ly ,  safe,  env i ronmenta l l y  acceptable and 
c o s t  e f f e c t i v e  manner. Observat ion and ins t rumen ta t i on  da ta  have been 
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collected and evaluated for each of the underground design elements. 
Tables I through V I  at the end of this sumnary present the evaluation 
results for the design criteria, design bases and design configurations 
of the shafts and horizontal openings. 

,.-~'.. i,,:. 3,': .#, "\i 
BACKGROUND OF UNDERGROUND DESIGN \, .. ,j 

x\./-, 

Geologic characterization of the site began with a literature review 
and continued with the collection of field data. Special emphasis was 
placed on correlating data obtained from seismic reflection and 
resistivity surveys and borehole drilling. Design information 
regarding site'stratigraphy from the ground surface to about 250 feet 
below the underground facility level was developed from geologic data 
obtained from drill holes ERDA-9. WIPP-12 and DOE-I, and from the SPDV 
exploratory and ventilation shafts. 

The engineering designs for the WIPP surface and underground facilities 
began with the conceptual design, initiated i n  1975 and completed i n  
1977. The conceptual design provided the basis for the development of 
the preliminary design of both the surface and underground facilities, 
which was completed in January 1980. The preliminary design 
incorporated the conventional room and pillar method for underground 
development. 

- 

Design of the WIPP provided for the access and storage openings to 
remain stable and provide minimum clearance for equipment during waste 
emplacement and the 5-year demonstration period. even though these 
openings will eventually close due to salt creep. Modeling techniques 
were used to estimate the geomechanical behavior and structural 
stability of the openings. The preliminary design included numerical 
modeling of the selected underground opening configurations. These 
models were used to predict opening closures and augmented other 
conventional mining industry methods of stability evaluation. 

-3- 



UNDERGROUND FACILITIES 

Seven s t r a t i g r a p h i c  ho r i zons  were i d e n t i f i e d  i n  1979 as p o t e n t i a l  

l o c a t i o n s  f o r  t h e  f a c i l i t y  l e v e l .  These hor izons were chosen f rom 

examinations o f  a v a i l a b l e  geotechn ica l  da ta  and on ho r i zon  s e l e c t i o n  

c r i t e r i a  e s t a b l i s h e d  b y  t h e  W I P P  p r o j e c t  p a r t i c i p a n t s .  S e l e c t i o n  o f  

the f i n a l  underground development l e v e l  was made by  t h e  DOE f o l l o w i n g  

t h e  recormnendation o f  WIPP p r o j e c t  p a r t i c i p a n t s .  

The WIPP f a c i l i t y  i s  composed o f  t h r e e  sha f t s  connected t o  a s i n g l e  

underground f a c i l i t y  l e v e l .  The C d SH s h a f t  prov ides t h e  p r i n c i p a l  

means o f  access and a l s o  serves as t h e  pr imary  a i r  i n t a k e  opening. The 

waste s h a f t  i s  des igned t o  pe rm i t  t h e  t r a n s p o r t  o f  r a d i o a c t i v e  waste 

between t h e  su r face  waste-handl ing f a c i l i t i e s  and t h e  underground 

storage area. The exhaust  s h a f t  i s  t h e  pr imary opening f o r  exhaust a i r  

from t h e  underground f a c i l i t y .  A l l  t h r e e  shaf ts  have t h r e e  p r i n c i p l e  
cons t i t uen ts :  a l i n e d  s e c t i o n  p e n e t r a t i n g  t h e  rock overburden; an 
un l i ned  s e c t i o n  p e n e t r a t i n g  t h e  s a l t ;  and a key a t  t h e  r o c k / s a l t  

con tac t  t o  a c t  as a t r a n s i t i o n  f rom t h e  l i n e d  sec t i on  t o  t h e  un l i ned  

sect ion.  

The s torage l e v e l  c o n t a i n s  a l l  o f  t h e  underground f a c i l i t i e s  f o r  waste 

handl ing.  waste s torage.  opera t ions  and maintenance. A l l  o f  t h e  

underground h o r i z o n t a l  openings a r e  rec tangu la r  i n  cross sec t i on .  The 

d r i f t  c o n f i g u r a t i o n s  range f rom 8 f e e t  t o  12  f e e t  h igh  and 12 f e e t  t o  

25 f e e t  wide. 

Underground c o n s t r u c t i o n  was accomplished i n  two phases. The i n i t i a l  

(SPDV) phase was conducted from May 1981 through March 1983. The 

second phase, f u l l  c o n s t r u c t i o n ,  was accomplished f rom October 1983 

through February 1985. Both phases inc luded t h e  excava t ion  and 

o u t f i t t i n g  o f  sha f t s ,  d r i f t s  and rooms. 

1 
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- SUPPORTING VALIDATION DOCUMENTS 

The primary documents suppor t i ng  des ign  v a l i d a t i o n  a r e  t h e  W I p p  

P r e l i m i n a r y  Desiqn V a l i d a t i o n  Report and q u a r t e r l y  geotechn ica l  f i e l d  

da ta  r e p o r t s  (GFDR) . 

The o b j e c t i v e  o f  p r e l i m i n a r y  des ign v a l i d a t i o n  was t o  p rov ide  i n i t i a l  

e v a l u a t i o n  o f  t h e  des ign c r i t e r i a  and des ign bases, and i n i t i a l  

c o n f i r m a t i o n  o f  t h e  underground re fe rence design. Geologic mapping, 

core  d r i  1 l i n g  and logging,  and geomechanical i ns t rumen ta t i on  data were 

a s s i m i l a t e d  t o  p rov ide  an ea r l y ,  shor t - te rm eva lua t i on .  The 

p r e l i m i n a r y  conc lus ions  presented . i n  t h e  WIPP P r e l i m i n a r v  Desiqn 

V a l i d a t i o n  Repor t  s t a t e d  t h a t  t h e  s h a f t s  and underground openings were 

pe r fo rm ing  as expected and were s tab le .  I n  a d d i t i o n ,  gas had n o t  been 

encountered i n  any s i g n i f i c a n t  q u a n t i t y  d u r i n g  excavat ion  and no b r i n e  

pockets  had been encountered. 

1 The GFDRs were i n i t i a t e d  by t h e  DOE t o  p r o v i d e  da ta  f rom t h e  SPDV 

Program and f u l l  c o n s t r u c t i o n  i n  a t i m e l y  manner. The GFDRs were 

in tended t o  p resen t  i n  s i t u  da ta  on t h e  geomechanical behav io r  o f  t h e  

s t r a t a  sur round ing  t h e  underground openings a long w i t h  v i s u a l  

observa t ions  o f  opening behav io r  and analyses o f  se lec ted  underground 

des ign elements. 

METHODOLOGY 

Design v a l i d a t i o n  i s  accomplished by de termin ing  t h e  C o m p a t i b i l i t y  o f  

t h e  des ign  c r i t e r i a .  des ign bases and re fe rence des ign us ing  s i t e  

s p e c i f i c  i n fo rma t ion .  The des ign v a l i d a t i o n  process cons is t s  o f  t h r e e  

major  steps: da ta  c o l l e c t i o n ;  ana lys i s  and eva lua t ion ;  and p r e d i c t i o n  

o f  f u t u r e  behavior .  

The da ta  c o l l e c t i o n  program was designed t o  p r o v i d e  i n f o r m a t i o n  on t h e  

geo log ic  c o n d i t i o n s  encountered throughout  t h e  underground f a c i l i t y  and 

on t h e  s t r u c t u r a l  behav io r  o f  t h e  underground openings. The program 
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i n c l u d e d  geo log ic  mapping, core  d r i l l i n g  and logging,  l a b o r a t o r y  

t e s t i n g ,  v i s u a l  inspec t ions .  and geomechanical i ns t rumen ta t i on  

measurements. The da ta  c o l l e c t e d  f rom these a c t i v i t i e s  were analyzed 

and eva lua ted  t o  determine t h e  behav io r  o f  t h e  var ious  components o f  

t h e  underground f a c i l i t y  and p r e d i c t  t h e i r  f u t u r e  behav io r  by  

p r o j e c t i n g  t h e  r e s u l t s  o f  bo th  f i n i t e  element model and reg ress ion  

analyses. 

The geomechanical i ns t rumen ta t i on  measurements prov ided i n  s i t u  da ta  on 

t h e  behav io r  o f  t h e  underground openings. These da ta  were then used i n  

e m p i r i c a l  equat ions r e l a t i n g  t ime  and c losu re .  Laboratory  t e s t  r e s u l t s  

were used t o  c a l c u l a t e  t h e  s a l t  creep and e l a s t i c  parameters. S a l t  

creep parameters were a l s o  determined by  t h e  regress ion  a n a l y s i s  o f  i n  

s i t u  data.  Long-term behav io r  o f  t h e  underground openings was 

p r e d i c t e d  by e x t r a p o l a t i o n  o f  t h e  r e s u l t s  o f  t h e  regress ion  ana lys i s .  

GEOLOGIC CHARACTERIZATION 

Geologic  c h a r a c t e r i z a t i o n  o f  t h e  W I P P  underground openings began i n  

June 1981. Data c o l l e c t i o n  a c t i v i t i e s  inc luded geo log ic  mapping, core  

d r i l l i n g  and logging. and f l u i d  measurements. The SPDV e x p l o r a t o r y  

s h a f t  was mapped p r i o r  t o  s e l e c t i n g  t h e  s torage hor izon .  The waste 

s h a f t  was mapped, f i r s t  as t h e  SPDV v e n t i l a t i o n  s h a f t  and aga in  a f t e r  

i t  was enlarged t o  i t s  f i n a l  d iameter .  Geologic mapping was a l s o  

conducted i n  t h e  exhaust sha f t .  

Geologic mapping o f  t h e  h o r i z o n t a l  openings was conducted d u r i n g  des ign 

v a l i d a t i o n .  Th is  mapping was performed p r i m a r i l y  t o  determine 

s t r a t i g r a p h i c  c o n t i n u i t y .  Mapping was conducted a long one w a l l  o f  t h e  

d r i f t s  t o  t h e  n o r t h e r n  e x t e n t  o f  t h e  f a c i l i t y  and a long t h e  f u l l  l e n g t h  

o f  t h e  south e x p l o r a t o r y  d r i f t .  Geologic mapping was a l s o  conducted t o  

t h e  e a s t  and west f a c i l i t y  boundaries i n  t h e  exper imental  area and i n  

t h e  t e s t  rooms. 

.- 

A 
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Geologic mapping conf i rmed t h e  c o n t i n u i t y  o f  t h e  s t r a t i g r a p h y  w i t h i n  

t h e  h o r i z o n t a l  openings t o  t h e  f a c i l i t y  boundaries. Core d r i l l i n g  and 

logg ing  conf i rmed t h i s  s t r a t i g r a p h i c  c o n t i n u i t y  f o r  a d i s t a n c e  o f  50 
f e e t  above and below t h e  f a c i l i t y  l e v e l .  The geologic  mapping and co re  

l ogg ing  d i d  n o t  d e t e c t  any s i g n i f i c a n t  geo log ic  s t r u c t u r e s .  Data f rom 

t h e  core holes were a l s o  used t o  e s t a b l i s h  t h e  W I P P  re fe rence  

s t r a t i g r a p h y  . 

F l u i d  i n f l o w  measurements were obta ined by var ious  a c t i v i t i e s  designed 

t o  cha rac te r i ze  t h e  two water-bear ing do lomi te  members o f  t h e  R u s t l e r  

fo rmat ion  and t h e  p o t e n t i a l  f o r  t h e  occurrence o f  gas and b r i n e  a t  t h e  

f a c i l i t y  l e v e l .  Measurements i n  t h e  t h r e e  sha f t s  showed t h a t  water  

i n f l o w  from t h e  R u s t l e r  f o r m a t i o n  i s  e s s e n t i a l l y  n e g l i g i b l e  due t o  
l i n e r  and seal  performance. 

Small amounts o f  p ressu r i zed  gas have been encountered by  some 

underground core holes.  B r i n e  has a l s o  been encountered i n  smal l  

h q u a n t i t i e s  and i s  sometimes assoc ia ted  w i t h  gas occurrences. There has 

been no occurrence o f  gas o r  b r i n e  i n  q u a n t i t i e s  s i g n i f i c a n t  enough t o  

jeopard ize  t h e  s t a b i l i t y  or s a f e t y  o f  t h e  f a c i l i t y .  Two programs, t h e  

b r i n e  t e s t i n g  program and t h e  gas t e s t i n g  program, a r e  be ing  conducted 

t o  f u r t h e r  cha rac te r i ze  these occurrences. N e i t h e r  program i s  
assoc iated w i t h  des ign v a l i d a t i o n .  

Subsidence monuments have been i n s t a l l e d  on t h e  sur face  over  t h e  s h a f t  

p i l l a r  area. The des ign c r i t e r i a  r e q u i r e  t h a t  subsidence due t o  

underground excavat ion n o t  exceed 1 i n c h  w i t h i n  a 500-foot r a d i u s  o f  

t h e  waste shaf t .  It i s  n o t  p o s s i b l e  a t  t h i s  t ime t o  determine a c t u a l  

subsidence; t h i s  w i l l  occur  over  t h e  nex t  25  years.  Subsidence 

c a l c u l a t i o n s  used i n  t h e  re fe rence  des ign  i n d i c a t e  t h a t  t h e  c r i t e r i a  

l i m i t s  w i l l  n o t  be exceeded. 
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C 6 SH SHAFT 

The C 6 SH s h a f t  c o n s i s t s  o f  a l i n e d  sect ion,  d s h a f t  key, an  u n l i n e d  

s e c t i o n  and a s h a f t  s t a t i o n .  The s h a f t  l i n e r  i s  made o f  s t r u c t u r a l  

s t e e l  t h a t  increases i n  t h i c k n e s s  w i th  depth t o  w i ths tand  i n c r e a s i n g  

h y d r o s t a t i c  pressure. The r e i n f o r c e d  concrete s h a f t  key serves as a 

t r a n s i t i o n  between t h e  l i n e d  and u n l i n e d  sec t ions  o f  t h e  s h a f t .  

Chemical water  seals  beh ind  t h e  concre te  key are  designed t o  p reven t  

ground water  f rom f l o w i n g  behind t h e  key, i n t o  t h e  u n l i n e d  s e c t i o n  o f  

t h e  sha f t .  The s h a f t  s t a t i o n  i s  excavated near t h e  bot tom o f  t h e  

un l i ned  sec t ion .  

V a l i d a t i o n  o f  t h e  C 6 SH s h a f t  re fe rence design was accomplished by 

a c q u i r i n g  a v a r i e t y  o f  geo techn ica l  da ta  f o r  ana lys i s .  e v a l u a t i o n  and 

p r e d i c t i o n  o f  f u t u r e  behav io r .  The c o n d i t i o n  o f  t h e  s h a f t  l i n e r  and 

key are  monitored by geomechanical i ns t rumen ta t i on  and v i s u a l  
inspec t ions .  Convergence p o i n t s  measure d iamet r i c  c losure;  p iezometers 

mon i to r  g r o u n d r a t e r  pressures;  s t r a i n  gauges and pressure  c e l l s  

mon i to r  t h e  e f f e c t  o f  s a l t  c reep on t h e  concrete key. T e l l t a l e  p ipes  

i n  t h e  s h a f t  key p r o v i d e  i n f o r m a t i o n  on t h e  e f f e c t i v e n e s s  o f  t h e  

chemical water  seals .  The u n l i n e d  s e c t i o n  o f  t h e  s h a f t  i s  moni tored by 

extensometers and convergence p o i n t s  and i s  v i s u a l l y  inspec ted  f o r  

f r a c t u r i n g  and rock s labb ing .  The s h a f t  s t a t i o n  has an ex tens i ve  

geomechanical i n s t r u m e n t a t i o n  m o n i t o r i n g  system and i s  inspec ted  

regu l  a?: y . 

The des ign bas i s  h y d r o s t a t i c  pressure i s  s u i t a b l e .  Piezometer 

measurements i n d i c a t e  t h a t  t h e  h y d r o s t a t i c  pressure i s  c u r r e n t l y  much 
less  than t h e  des ign pressure.  Ana lys is  o f  t h e  s h a f t  key i n d i c a t e s  

t h a t  l a t e r a l  pressure on t h e  key a t  t h e  end o f  t h e  opera t i ng  p e r i o d  

w i l l  be much less  than t h e  des ign  bas i s  l a t e r a l  pressure requirement.  

Diametr ic  c losu re  o f  t h e  key w i l l  be minimal.  Computational analyses 

o f  s t resses and s t r a i n s  i n d i c a t e  t h a t  t h e  s h a f t  w i l l  be s t a b l e  and 

remain w i t h i n  t h e  r e q u i r e d  s a f e t y  l i m i t s  du r ing  
Ana lys is  o f  computed d i a m e t r i c  c l o s u r e  near t h e  

i t s  o p e r a t i n g  l i f e .  
bot tom o f  t h e  s h a f t  

- 
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i n d i c a t e d  t h a t ,  w h l l e  t h e  c l o s u r e  w i l l  be w i t h i n  t h e  des ign c r i t e r i a  

and des ign b a s i s  l i m i t s ,  t h e  lower  buntons w i l l  be impacted. 

The s h a f t  des ign  compl ies w i t h  the  des ign  c r i t e r i a  requirements f o r  

ground-water c o n t r o l .  Regular i nspec t i ons  o f  s h a f t  c o n d i t i o n s  show no 

s igns  o f  d e t e r i o r a t i o n  o r  i n s t a b i l i t y .  

The C 6 SH s h a f t  s t a t i o n  e x h i b i t s  t h e  h i g h e s t  degree o f  d e t e r i o r a t i o n  

i n  t h e  underground f a c i l i t y .  The f r a c t u r i n g  and separa t i on  observed 

has been s t a b i l i z e d ,  b u t  w i l l  con t inue t o  develop. Closure d u r i n g  t h e  

25-yedr o p e r a t i n g  l i f e  o f  t h e  s t a t i o n  w i l l  be on t h e  o rde r  o f  8 f e e t  

v e r t i c a l l y  and 5 f e e t  h o r i z o n t a l l y .  These c o n d i t i o n s  w i l l  r e q u i r e  

maintenance t o  ensure s a f e t y  and t o  m a i n t a i n  t h e  requ i red  misimum 

clearances f o r  equipment and operat ions.  

WASTE SHAFT 

- The waste s h a f t  a l s o  c o n s i s t s  o f  a l i n e d  sec t i on ,  a key, an un l i ned  

s e c t i o n  and a s h a f t  s t a t i o n .  The s h a f t  i s  l i n e d  w i t h  unre in fo rced 

concrete f rom t h e  sur face  t o  t h e  t o p  o f  t h e  Salado fo rmat ion .  The 

s h a f t  l i n e r  t e rm ina tes  w i t h  a r e i n f o r c e d  concre te  key a t  t h e  
Rust ler /Salado fo rma t ion  contac t .  The s h a f t  i s  un l ined,  except  f o r  

w i r e  mesh, f rom t h e  key t o  t h e  bottom o f  t h e  s h a f t .  

Data c o l l e c t i o n  a c t i v i t i e s  i n  t h e  waste s h a f t  have cons is ted  o f  

geo log ic  mapping, ground-water i n f l o w  measurements, geomechanical 

i n s t r u m e n t a t i o n  measurements and p e r i o d i c  v i s u a l  inspec t ions .  Except 

f o r  convergence p o i n t s ,  t h e  geomechanical ins t ruments  a r e  monitored 

remote ly  b y  t h e  da ta logger .  

The waste s h a f t  da ta  was analyzed w i t h  respec t  t o  des ign parameters f o r  

each component o f  t h e  sha f t .  As p a r t  o f  t h e  eng ineer ing  ana lys is .  

p r e d i c t i o n s  o f  f u t u r e  behav io r  were made f o r  each o f  t h e  components. 
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S t a b i l i t y  o f  t h e  s h a f t  l i n e r  has been conf i rmed. The water  pressure 

exe r ted  on i t  i s  s i g n i f i c a n t l y  below t h e  des ign  h y d r o s t a t i c  pressure. 
I f  t h e  pressure  should reach t h e  des ign  h y d r o s t a t i c  pressure,  t h e  l i n e r  

w i l l  s t i l l  be s tab le .  The shr inkage c racks  i n  t h e  l i n e r  do n o t  p resent  

a s t r u c t u r a l  problem. 

The s h a f t  key was designed t o  w i ths tand  a l a t e r a l  pressure due t o  s a l t  

c reep e q u i v a l e n t  t o  50 percent  o f  t h e  v e r t i c a l  overburden pressure.  A 

numer ica l  a n a l y s i s  was u t i l i z e d  t o  s imu la te  t h e  long-term e f f e c t  of 

a t e r a l  

h i g h e r  

a t e r a l  

s a l t  c reep on t h e  concrete key. It showed t h a t  t h e  computed 

pressure  a t  t h e  end o f  t h e  opera t i ng  p e r i o d  w i l l  be s l i g h t l y  

than t h e  des ign  l a t e r a l  pressure, b u t  w e l l  below t h e  t o t a l  

p ressure  c a p a c i t y  o f  t h e  key. 

Observat ions o f  t h e  waste s h a f t  key have determined t h a t  on l y  one minor  

seep occurs i n  t h e  key and t h a t  no water  seepage i s  occu r r i ng  f rom t h e  

base o f  t h e  key. This  supports t h e  conc lus ion  t h a t  t h e  water  seals a re  

f u n c t i o n i n g ,  t h a t  no water  i s  seeping a long t h e  c o n c r e t e / s a l t  con tac t ,  

and t h a t  s a l t  d i s s o l u t i o n  i s  n o t  o c c u r r i n g  behind t h e  key. 

The des ign  c r i t e r i a  r e q u i r e  t h a t  no u n c o n t r o l l e d  ground water  reach t h e  

f a c i l i t y  l e v e l  through the  shaf ts .  A l though minor  amounts o f  f l y  water  

do reach t h e  f a c i l i t y ,  t h i s  water  has a n e g l i g i b l e  impact on opera t ions  

and does n o t  a f f e c t  v a l i d a t i o n  o f  t h i s  c r i t e r i o n .  

The unl ' ined s e c t i o n  of t h e  s h a f t  was designed t o  be s t a b l e  and ma in ta in  

a d iameter  adequate f o r  t h e  o p e r a t i n g  l i f e  o f  t h e  f a c i l i t y .  The 

s t r u c t u r a l  behav io r  o f  t h i s  s e c t i o n  was analyzed us ing  a f i n i t e  element 
model and creep parameters determined f rom t h e  C h SH s h a f t  i n  s i t u  

data.  The r e s u l t s  i n d i c a t e  t h a t  t h e  maximum s t ress  occurred 

i m n e d i a t e l y  a f t e r  excavat ion and w i l l  decrease w i t h  t ime. S t ress  
behav io r  w i l l  n o t  cause a s t a b i l i t y  problem. D iamet r ic  c losu re  due t o  

s a l t  c reep w i l l  n o t  exceed t h e  des ign l i m i t s .  

_- 
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The design of the waste shaft station is based primarily on operational 
parameters. The closure and stability of the station was evaluated 
using in situ data from the C 6 SH shaft station. The estimated 
vertical closure rate will result in a total closure of over 7 feet 
during the 25 year operating life of the station. Actual closure may 
be less, but remedial work will still be required to maintain the 
proper clearances. 

EXHAUST SHAFT 

The exhaust shaft is constructed similarly to the waste shaft. It 
consists of a concrete lined section, a shaft key and an unlined 
section. The lined section is constructed of unreinforced concrete and 
the shaft key of reinforced concrete. The unlined section contains 
only rock bolts and wire mesh. 

Data collection in the exhaust shaft has been on a much smaller scale - than in the other two shafts. Geomechanical instrumentation was not 
required by the original shaft design because geologic and structural 
conditions were assumed to be similar to the other two nearby shafts. 
However, remotely monitored instrumentation has been installed to 
provide shaft-specific information for use i n  the sealing program. 
Geologic mapping and visual inspections have confirmed that the 
geologic and geohydrologic environment is similar to that o f  the other 
two shafts. Data from these two shafts have been used to predict the 
future Derformance of the exhaust shaft. 

Geohydrologic and geomechanical data from the C h SH shaft and the 
waste shaft have been compared to model simulations for each section of 
the exhaust shaft. These models, field observations and 
instrumentation data confirm that the exhaust shaft reference design is 
suitable for its 25 year operating life. 

The shaft liner is stable and has a water pressure against it that is 
less than the design basis hydrostatic pressure. If the pressure - 
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increases. t h e  l i n e r  w i l l  remain s tab le .  Shrinkage cracks w i l l  n o t  

r e s u l t  i n  s t r u c t u r a l  i n s t a b i l i t y .  

As w i t h  t h e  waste sha f t ,  an a n a l y s i s  o f  t h e  exhaust s h a f t  key i n d i c a t e s  

t h a t  t h e  l a t e r a l  pressure c a l c u l a t e d  f o r  25 years w i l l  s l i g h t l y  exceed 
t h e  des ign l a t e r a l  pressure,  b u t  w i l l  be w e l l  below t h e  maximum 

a l l owab le  l a t e r a l  pressure.  Computational analyses o f  t h e  s t resses  and 

s t r a i n s  i n d i c a t e  t h a t  t h e  u n l i n e d  s e c t i o n  o f  t h e  s h a f t  w i l l  be s t a b l e  

and remain w i t h i n  s a f e t y  l i m i t s  d u r i n g  i t s  ope ra t i ng  l i f e .  The 

computed d iamet r i c  c l o s u r e  w i l l  be w i t h i n  des ign c r i t e r i a  and des ign 

bas i s  l i m i t s .  

Water i s  e n t e r i n g  t h e  exhaust s h a f t  through cracks and c o n s t r u c t i o n  

j o i n t s  i n  t h e  concrete l i n e r .  A smal l  amount o f  water  s t i l l  reaches 

t h e  s h a f t  even a f t e r  a remedia l  g r o u t i n g  program. When t h e  exhaust 

fans are  on, t h i s  water  evaporates be fore  reaching t h e  f a c i l i t y .  The 

water  seals  i n  t h e  key appear t o  be f u n c t i o n i n g  and t h e r e  i s  no 

evidence o f  s a l t  d i s s o l u t i o n  behind t h e  key. 

DRIFTS 

The d iscuss ion  o f  d r i f t s  conta ined i n  t h i s  sec t i on  p e r t a i n s  t o  a l l  

h o r i z o n t a l  underground openings except t h e  s h a f t  s t a t i o n s ,  t e s t  rooms, 

and storage area rooms and t h e i r  assoc iated d r i f t s .  The d r i f t s  were 

designed i n  accordance w i t h  t h e  des ign c r i t e r i a  and des ign bases. The 

l a r g e s t  d r i f t s  were i n i t i a l l y  excavated 8 f e e t  h igh  and 25 f e e t  wide. 

These d r i f t s  have been o r  w i l l  be en larged t o  12 f e e t  h igh .  Th is  d r i f t  

h e i g h t  i s  d i c t a t e d  by t h e  minimum 11- foo t  opera t ing  c learance requ i red  

f o r  t h e  waste storage equipment. 

A v a r i e t y  o f  geotechnica l  a c t i v i t i e s  were conducted t o  eva lua te  t h e  

behav io r  o f  t h e  excavated d r i f t s .  These a c t i v i t i e s  i nc luded  geo log ic  

mapping, core d r i l l i n g  and logging,  v i s u a l  i nspec t i ons ,  and 
geomechanical i ns t rumen ta t i on  measurements. 
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Visual  i n s p e c t i o n s  cons is ted  o f  q u a l i t a t i v e  observa t ions  and 

documentation o f  va r ious  aspects o f  d r i f t  behavior .  These observat ions 

a r e  d i v i d e d  i n t o  f o u r  ca tegor ies :  roo f  and w a l l  s p a l l i n g ;  p i l l a r  

f r a c t u r i n g ;  r o o f  displacements and separat jons;  and f l o o r  f r a c t u r i n g ,  

displacements and separat ions.  

Deformat ional  behav io r  c o n s i s t i n g  o f  s p a l l i n g  f rom t h e  r o o f  and w a l l s  

o f  t h e  d r i f t s  and f r a c t u r i n g -  and s p a l l i n g  a t  p i l l a r  corners has 

occurred. Separat ions and l a t e r a l  d isplacements have been de tec ted  i n  

t h e  h a l i t e  above t h e  roo f ,  p r i m a r i l y  a t  c l a y  seams. These types o f  

behavior  a r e  expected and w i l l  con t inue t o  occur,  b u t  can be c o n t r o l l e d  

by s c a l i n g  and rock  b o l t i n g .  

F r a c t u r i n g  has occur red  i n  marker bed 139 (ME-139) and i n  t h e  o v e r l y i n g  

h a l i t e  beneath t h e  f l o o r  o f  t h e  d r i f t s .  The f r a c t u r i n g  i s  n o t  w e l l  

developed and occurs p r i m a r i l y  beneath l a r g e  i n t e r s e c t i o n s .  Based on 
exper ience i n  l o c a l  potash mines, t h i s  f r a c t u r i n g  i s  n o t  expected t o  

cause s t a b i l i t y  o r  ope ra t i ona l  problems. - 
The comparison o f  measured c l o s u r e  behavior  i n  d r i f t s  w i t h  d i f f e r e n t  

dimensions i n d i c a t e s  t h a t  t h e  maximum c l o s u r e  and c l o s u r e  r a t e  w i l l  

occur i n  12 x 25- foot  d r i f t s .  The c losu re  r a t e s  a r e  a f f e c t e d  by t h e  

presence o f  nearby p a r a l l e l  d r i f t s  and c rosscuts  as w e l l  as d i f f e r e n c e s  

i n  s a l t  p r o p e r t i e s .  Eased on a v a i l a b l e  measurement data and t h e  

r e s u l t s  ,o f  mode l ing  analyses, t h e  c losu re  r a t e  i n  t h e  13 x 25-fOOt 

storage area d r i f t s  may be 30 percent  g r e a t e r  than t h a t  o f  a s i n g l e ,  

i n f i n i t e l y  l o n g  d r i f t  w i th  t h e  same dimensions. 

Analyses o f  s a l t  behav io r  around t h e  25-foot wide d r i f t s  has determined 

both t h e  r e d i s t r i b u t i o n  o f  s t resses due t o  creep and t h e  l o c a t i o n s  o f  

e f f e c t i v e  creep s t r a i n  concent ra t ions .  The s t resses  which develop 

imned ia te ly  a f t e r  excavat ion  r e l a x  w i t h  t ime due t o  creep behavior  and 

w i l l  n o t  cause f u t u r e  s t a b i l i t y  problems. The s t r a i n  w i l l  remain 
w i t h i n  t h e  l i m i t  r equ i red  f o r  s t r u c t u r a l  s t a b i l i t y  w i t h  respect  t o  

ca tas t roph ic  f a i l u r e .  . .  ,' -. 
' . \  



The e v a l u a t i o n  o f  f i e l d  observat ions and a n a l y t i c a l  r e s u l t s  have shown 

t h a t  t h e  des ign  c r i t e r i a  were approp r ia te  f o r  des ign  o f  t h e  h o r i z o n t a l  

openings. The c r i t e r i a  i d e n t i f i e d  as r e q u i r i n g  s p e c i f i c  eva lua t i on  

were determined t o  be s u i t a b l e .  The re fe rence  des ign  f o r  t h e  

h o r i z o n t a l  openings i s  t h e r e f o r e  va l i da ted .  

Based on t h e  r e s u l t s  o f  design v a l i d a t i o n  o f  t h e  d r i f t s ,  i t  i s  

recomnended t h a t  a l l  d r i f t s  be inspected f r e q u e n t l y  f o r  ope ra t i ona l  

c learance and sa fe ty .  I f  t h e  c learance i s  i n s u f f i c i e n t ,  t h e  d r i f t s  

must be t r i m n e d  t o  

should be per formed 

TEST ROOMS 

t h e  requ i red  dimensions. S c a l i n g  and rock b o l t i n g  

where necessary f o r  s a f e t y  purposes. 

The t e s t  rooms comprise a panel o f  f o u r  rooms having a s i m i l a r  

c o n f i g u r a t i o n  as t h e  planned storage rooms. They have been 

inst rumented,  observed and analyzed t o  eva lua te  t h e  behav io r  o f  t h e  

f u t u r e  s to rage  rooms. Data c o l l e c t i o n  a c t i v i t i e s  have cons is ted  o f  

geo log ic  mapping, core  d r i l l i n g  and logging,  v i s u a l  i nspec t i ons  and 

geomechanical i ns t rumen ta t i on  measurements. The ins t rumen ta t i on  

inc ludes  boreho le  extensometers, i nc l i nomete rs .  convergence po in ts .  

convergence meters and r i g i d - i n c l u s i o n ,  v i  b ra t i ng -w i  r e  s t ressmeters.  

Room d e t e r i o r a t i o n  has been minimal and c o n s i s t s  o f  s p a l l i n g  f rom t h e  

roo f  and w a l l s ,  v e r t i c a l  f r a c t u r i n g  i n  t h e  p i l l a r s ,  m inor  displacements 

and separa t ions  above t h e  roo f  and beneath t h e  f l o o r ,  and f r a c t u r i n g  

beneath t h e  f l o o r .  Areas of drumny rock de tec ted  by r o o f  and w a l l  

i nspec t i ons  imned ia te l y  f o l l o w i n g  excavat ion were scaled and rock 

bo l ted .  These areas have n o t  increased n o t i c e a b l y  i n  s i z e  s ince t h e  

t e s t  rooms were excavated, over 3 years ago. 

Subhor izon ta l  f r a c t u r i n g  has developed beneath t h e  t e s t  room f l o o r s .  

Separat ions and f r a c t u r e s  are  on a smal l  sca le  except  f o r  one i s o l a t e d  
l o c a t i o n  beneath Test  Room 3. F r a c t u r i n g  i n  t h i s  area i s  w e l l  

developed and occurs i n  two d i s t i n c t  zones. S tud ies  have n o t  shown 
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.- f r a c t u r i n g  o f  t h i s  magnitude t o  occur  anywhere e l s e  w i t h i n  t h e  

underground W I P P  f a c i l i t y .  

The a n a l y s i s  o f  c losu re  o f  t h e  t e s t  rooms us ing  creep constants  de r i ved  

f rom l a b o r a t o r y  data underest imate a c t u a l  c losure .  The design c r i t e r i a  

c l o s u r e  o f  12 inches i n  5 years has been exceeded w i t h i n  3 years.  

S t r a i n s  measured i n  t h e  t e s t  rooms compare w e l l  w i t h  s t r a i n s  computed 

by  numer ica l  modeling. 

STORAGE AREA 

The s to rage area rooms and d r i f t s  a r e  designed t o  pe rm i t  t h e  permanent 

s to rage o f  defense-related CH and RH TRU waste. The storage area i s  
composed o f  e i g h t  panels c o n s i s t i n g  o f  seven rooms each. Each room i s  

13 f e e t  h igh ,  33 f e e t  wide and 300 f e e t  long. The s torage area, 
i n c l u d i n g  a l l  rooms and d r i f t s ,  i s  designed t o  p rov ide  storage space 

f o r  6,330,000 cubic f e e t  o f  CH TRU waste and 1.000 can is te rs  o f  RH TRU 

waste. 
1 

V a l i d a t i o n  o f  t h e  storage room re fe rence  des ign depends p r i m a r i l y  on 

t h e  a n a l y s i s  o f  data f rom t h e  f o u r  t e s t  rooms. Eva lua t ion  o f  t h e  

s to rage rooms was based on t h e  r e s u l t s  o f  a f i n i t e  element model 

a n a l y s i s  us ing  creep parameters determined from t h e  t e s t  room 

analyses. The r e s u l t s  o f  t h i s  a n a l y s i s  prov ided determinat ions o f  

h o r i z o n t a l  and v e r t i c a l  s t resses ,  e f f e c t i v e  stresses, e f f e c t i v e  creep 
s t r a i n s ,  p r i n c i p a l  stresses, room deformat ion and c losure,  and 

i n t e r s e c t i o n  c losure.  

The analyses show t h a t  t h e  s t r e s s  a r c h  around t h e  opening migrates away 

w i t h  t ime. The maximum s t r e s s  occurs imned ia te l y  a f t e r  excavat ion and 

i s  reduced as t h e  opening deforms over  t ime  due t o  s a l t  creep. These 

s t resses  w i l l  t he re fo re  n o t  cause a s t a b i l i t y  problem i n  t h e  f u t u r e .  

However, HB-139. t h e  anhydr i t e  bed approx imate ly  4 f e e t  below t h e  

c f l o o r ,  i s  expected t o  be sub jec ted  t o  g r a d u a l l y  inc reas ing  s t ress  and 
may e x h i b i t  l o c a l  f a i l u r e .  
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E f f e c t i v e  creep s t r a i n s  w i l l  i n t e n s i f y  and concentrate a t  some 

l o c a t i o n s  around t h e  opening. Whi le  minor  s p a l l s  and f a i l u r e s  a r e  

expected t o  occur on t h e  excava t ion  surfaces, t h e  rooms w i l l  remain 

s t r u c t u r a l l y  s tab le .  

The s to rage room re ference des ign  o f  13 f e e t  h i g h  and 33 f e e t  wide was 

based on c a l c u l a t i o n s  u s i n g  labora tory -der ived  average creep 

parameters. This  des ign a l lowed f o r  12 inches o f  v e r t i c a l  c l o s u r e  and 

9 inches o f  h o r i z o n t a l  c l o s u r e  5 years a f t e r  excavat ion.  Th is  
accomnodates t h e  des ign bases requi rements f o r  a minimum o f  16 inches 

o f  v e n t i l a t i o n  space above t h e  s t o r e d  waste and a 12- foo t  minimum 

h e i g h t  f o r  storage equipment. The c u r r e n t  p red ic ted  v e r t i c a l  c l o s u r e  

a t  5 years i s  about 22 inches. F o r  permanent storage, t h e  a d d i t i o n a l  

10 inches o f  c losu re  can be accomnodated by excavat ing t h e  s to rage 

rooms t o  a he igh t  o f  13 f e e t  10 inches.  

I f  a d e c i s i o n  i s  m d e  t o  r e t r i e v e  t h e  s to red  waste, t h e  des ign  c r i t e r i a  

assumed, us ing  a one-shi f t -per-day bas is .  t h a t  a room may be as much as 

15  years o l d  be fore  removal o f  a l l  o f  t h e  waste i s  completed. A 

15-year o l d  room has a p r e d i c t e d  v e r t i c a l  c losu re  o f  54 inches.  Th is  

c l o s u r e  i s  14 inches g r e a t e r  t han  t h e  maximum acceptable c l o s u r e  and 

would r e s u l t  i n  c rush ing  and p o s s i b l e  breaching o f  t h e  waste 

conta iners .  Because t h i s  i s  n o t  i n  compliance w i t h  t h e  des ign  

c r i t e r i a .  o the r  a l t e r n a t i v e s  must be considered. 

A 10 yea? maximum f o r  r e t r i e v a l  i s  conserva t ive .  I f  t h r e e  s h i f t s  p e r  

day were u t i l i z e d ,  no room would be o l d e r  than 7 years by t h e  t ime i t s  

waste was removed. A 7 year  o l d  room would have 28 inches o f  v e r t i c a l  

c losure .  Add i t i ona l  c losu re  b e n e f i t s  can be gained by excavat ing  a 

room t o  i s  maximum dimensions and then  t r i m n i n g  t h e  room t o  those  

maximum dimensions a f t e r  1 yea r  o f  c losure .  This  w i l l  a l l o w  t h e  room 

t o  c l o s e  a t  t h e  r a t e  determined 

21 inches o f  v e r t i c a l  c l o s u r e  7 

t h e  des ign  c r i t e r i a  requirements.  

by secondary creep and w i l l  r e s u l t  i n  

years a f t e r  t r imn ing .  This  w i l l  meet 

1 
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The design bases p r o v i d e  f o r  9 inches o f  h o r i z o n t a l  c l o s u r e  i n  t h e  

f i r s t  5 years a f t e r  room excavat ion.  The c u r r e n t  p r e d i c t i o n ,  based on 

i n  s i t u  data, i s  15 inches o f  c losure  i n  t h e  33- t o  34-fOOt wide 

rooms. I f  t h e  rooms a r e  excavated 34- feet  wide and b a c k f i l l e d  w i t h  

loose s a l t ,  t h i s  c l o s u r e  w i l l  be s u i t a b l e  f o r  permanent s torage.  

For  r e t r i e v a l ,  t h e  h o r i z o n t a l  c losu re  1 5  years a f t e r  excavat ion  w i l l  be 

approx imate ly  36 inches. Th is  c losu re  w i l l  r e s u l t  i n  some c rush ing  and 

poss ib le  breaching o f  t h e  waste conta iners.  Even i f  r e t r i e v a l  i s  

e f f e c t e d  w i t h i n  7 years, some conta iners  may s t i l l  be crushed and 

breached. 
/' !,. +-' i .. I 

$, 
The t i m i n g  o f  r e t r i e v a l  opera t ions  and two-stage excavat ion  can be used 

t o  reduce wa l l - t o -wa l l  c losure .  Using a th ree-sh i f t -per -day  bas is ,  a 7 
year  o l d  room would c l o s e  approximately 20 inches. I f  a' f i r s t  i n / f i r s t  

ou t  storage and r e t r i e v a l  opera t ions  i s  u t i l i z e d ,  and waste i s  removed 

be fore  a room reaches an age o f  6 years, h o r i z o n t a l  c l o s u r e  w i l l  be 

reduced t o  18 inches.  Both these changes would decrease t h e  p o s s i b l i t y  

o f  crushing o r  b reach ing  t h e  conta iners.  I f  a 34- foo t  wide room i s  

t r imned a f t e r  1 y e a r  t o  i t s  i n i t i a l  f u l l  dimensions, t h e  h o r i z o n t a l  

c losu re  a t  7 years w i l l  be about 1 4  inches. Th is  w i l l  f u r t h e r  min imize 

c rush ing  o r  breaching o f  t h e  conta iners.  The e x t e n t  t o  which c rush ing  

w i l l  be minimized i s  unknown. This  i s  because t h e  space between t h e  

waste c a n i s t e r s  and t h e  room w a l l  w i l l  be f i l l e d  w i t h  loose s a l t .  The 

load t r a n s f e r r i n g  c a p a b i l i t i e s  o f  t h e  b a c k f i l l  i s  n o t  known a t  t h e  

present  t ime. 

The re fe rence des ign  a l s o  prov ides  f o r  permanent waste s to rage i n  a l l  

o f  t h e  s to rage area d r i f t s .  F i f t e e n  years a f t e r  excava t ion  a 13 x 

2 5 - f O O t  d r i f t  i s  p r e d i c t e d  t o  have a v e r t i c a l  c l o s u r e  o f  about 25 
inches and a h o r i z o n t a l  c losu re  o f  about 20 inches.  Th is  i s  s u i t a b l e  

f o r  waste s torage b u t  t r i m n i n g  w i l l  be requ i red  f o r  equipment c learance. 

The s torage area e n t r y  d r i f t s  w i l l  con ta in  p lugs f o r  t h e  i s o l a t i o n  o f  

t h e  storage panels .  The f i n a l  design o f  these plugs i s  n o t  y e t  
- 
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complete. However. t h e  conceptual  des ign e n v i s i o n s  a m u l t i p l e -  

component p l u g  approx imate ly  100 f e e t  long. 

The re fe rence des ign  f o r  t h e  s torage rooms w i l l  be considered t o  be 

v a l i d a t e d  when any o f  t h e  f o l l o w i n g  recommended a l t e r n a t i v e  

mod i f i ca t i ons .  o r  combinat ion o f  these m o d i f i c a t i o n s .  a r e  incorporated:  

(1) M a i n t a i n  t h e  reference des ign s to rage room dimensions o f  13 

t o  14 f e e t  h i g h  and 33 t o  34 f e e t  wide and ma in ta in  t h e  s a l t  

b a c k f i l l ,  b u t  reduce t h e  volume o f  waste t o  be s to red  and 

mod i fy  t h e  con ta ine r  s tack ing  c o n f i g u r a t i o n  f o r  t h e  5-year 

demonstrat ion per iod.  Revise t h e  des ign  c r i t e r i a  t o  r e q u i r e  

t h a t  waste be r e t r i e v e d  be fore  a room exceeds an age o f  7 

years.  Th is  w i l l  meet t h e  c r i t e r i a  t h a t  t h e  waste conta iners  

n o t  be crushed o r  breached, b u t  i t  w i l l  r e q u i r e  a s i g n i f i c a n t  

number o f  a d d i t i o n a l  s torage rooms. 

-- 
/, . '  '\ ' I -7 .. __ '\ 

( 2 )  M a i n t a i n  t h e  reference des ign s to rage room dimensions and 

m a i n t a i n  t h e  planned waste volume. Revise t h e  des ign 

c r i t e r i a  t o  d e l e t e  t h e  requirement f o r  s a l t  b a c k f i l l  and t o  

r e q u i r e  t h a t  waste be r e t r i e v e d  b e f o r e  a room exceeds an age 

o f  7 years. This  w i l l  meet t h e  c r i t e r i a  t h a t  the  waste 

con ta ine rs  n o t  be crushed o r  breached w i t h o u t  r e q u i r i n g  

a d d i t i o n a l  stcr3.Ez rooms. 

( 3 )  M a i n t a i n  t h e  re fe rence des ign s to rage room dimensions. 

planned waste volume, and s a l t  b a c k f i l l  requirement.  Revise 

t h e  s to rage operat ions so t h a t  t h e  f i rs t -emplaced waste i s  

t h e  f i r s t - r e t r i e v e d  waste w i t h  r e t r i e v a l  e f f e c t e d  before t h e  

room exceeds 6 years o f  age. Excavate t h e  room t o  14 x 34 

f e e t ,  then, 1 year l a t e r ,  t r i m  t h e  room t o  i t s  i n i t i a l  14 X 

34 f o o t  dimensions. This  w i l l  m in imize  con ta ine r  c rush ing  

and breaching.  More s torage rooms w i l l  be u t i l i z e d  du r ing  

t h e  5-year demonstrat ion per iod ,  b u t  t h e  t o t a l  number o f  

rooms w i l l  remain t h e  same as p rov ided  by the  reference 
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design. Th is  m o d t f i c a t i o n  w i l l  r e q u i r e  changing t h e  des ign  

c r i t e r i a  t o  a l l o w  c rush ing  and breach ing  o f  t h e  CH waste 

con ta ine rs  p r i o r  t o  r e t r i e v a l  and t o  r e q u i r e  a demonstrat ion 

o f  t h e  r e t r i e v a l  and h a n d l i n g  o f  crushed and breached 

conta iners .  

(4 )  Reduce t h e  re fe rence des ign  s to rage  room w i d t h  from 33 f e e t  

t o  28 f e e t ,  ma in ta in  t h e  room h e i g h t  a t  13 t o  14 f e e t ,  and 

reduce t h e  p i l l a r  w i d t h  t o  84 f e e t .  Ma in ta in  t h e  f i r s t  room 

f o r  RH waste emplacement a t  t h e  o r i g i n a l  re ference des ign  

dimensions. Reduce t h e  planned waste volume and main ta in  t h e  

s a l t  b a c k f i l l  requirement.  Excavate t h e  rooms t o  14 x 28 

f e e t ,  then t r i m  them t o  t h i s  d imension a f t e r  1 year. Use a 

f i r s t - i n / f i r s t - o u t  s to rage opera t i on .  This  w i l l  reduce t h e  

creep t o  approx imate ly  t h a t  o f  a 13 x 25-foot d r i f t .  

S t a b i l i t y  w i l l  be enhanced and c rush ing  and breaching w i l l  be 

minimized. The volume o f  excava t ion  w i l l  be approx imate ly  

t h e  same as f o r  t h e  re fe rence  des ign  s torage rooms, b u t  w i t h  

t h e  advantage o f  a lower  creep r a t e .  I f  t h i s  a l t e r n a t i v e  i s  

se lec ted ,  a d d i t i o n a l  eng inee r ing  e v a l u a t i o n  w i l l  be requ i red .  

(5)  H a i n t a i n  t h e  re fe rence  des ign  s to rage room dimensions, t h e  

planned waste volume, t h e  s a l t  b a c k f i l l  requirement, and t h e  

re fe rence des ign op t im ized excavat ion  and storage p lan .  

Revise t h e  des ign c r i t e r i a ,  as i n  a l t e r n a t i v e  number 3, t o  

a l l o w  c rush ing  and breaching o f  t h e  CH waste conta iners  p r i o r  

t o  t h e i r  r e t r i e v a l .  Requi re a demonstrat ion o f  the  r e t r i e v a l  

and hand l ing  of crushed and breached conta iners  p r i o r  t o  t h e  

r e c e i p t  o f  waste. T h i s  w i l l  n o t  o n l y  demonstrate t h e  sa fe  

r e t r i e v a l  o f  waste d u r i n g  t h e  5-year demonstrat ion per iod .  

b u t  a l s o  du r ing  permanent s to rage.  
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I n  a d d i t i o n  t o  these recomnended a l t e r n a t i v e  mod i f i ca t i ons ,  t h e  

f o l l o w i n g  m o d i f i c a t i o n s  are  recomnended: 

The d r i f t s  used f o r  s t o r a g e  will r e q u i r e  maintenance and 

t r i m n i n g  t o  accomnodate t h e  requ i red  equipment and s to rage  

clearances. T h e i r  c l o s u r e  r a t e s  a r e  n o t  c r i t i c a l  for s to rage  

because they  w i l l  be used o n l y  for  permanent storage near  t h e  

end o f  t h e  permanent s to rage  pe r iod .  

Add a d d i t i o n a l  rooms t o  compensate f o r  t h e  space occupied by 

t h e  p lugs i n  t h e  s to rage a rea  e n t r y  d r i f t s .  

I n s t a l l  i ns t rumen ta t i on  i n  t h e  s torage rooms t o  o b t a i n  i n  

s i t u  data t o  mon i to r  s to rage  room behavior .  

-20- 



Table I 

EVALUATION RESULTS FOR ABRIDGED DESIGN C R I T E R I A  

Paqe 1 o f  7 

RESULT AND 
ELEMENT CHAPTER REFERENCE 

( 1 )  F a c i l i t y  des ign  

a. Designed f o r  an opera t i ng  l i f e  o f  
25 years.  

b.. Underground f a c i l i t i e s  and equip- 
mentsha l l  be designed t o  be com- 
p a t i b l e  w i t h  r e t r i e v a l  opera t ions  
f o r  a l l  contact -handled (CH) and 
remote-handled (RH) TRU waste, 
w i t h  a r e t r i e v a l  d e c i s i o n  t o  be 
made w i t h i n  5 years a f t e r  t h e  
i n t i a l  emplacement o f  each species 

c. The f a c i l i t y  w i l l  be decomnis- 
s ioned a f t e r  i t  has f u l f i l l e d  i t s  
in tended purposes. This  w i l l  
i n c l u d e  b a c k f i l l i n g  t h e  under- 
ground f a c i l i t i e s ,  s e a l i n g  t h e  
sha f t s  and decomnissioning t h e  
sur face  f a c i l i t i e s .  

( 2 )  CH TRU waste ** 
a. Est imated annual volume i s  500,000 

cub ic  f e e t .  

b. Est imated volume a t  t h e  end o f  the  
5 year  r e t r i e v a l  d e c i s i o n  pe r iod  
i s  1,410.000 cub ic  f e e t .  

c. Est imated t o t a l  s to rage capac i t y  
i s  6,330.000 cub ic  f e e t .  

* 

S u i t a b l e  

i,, .._ . ,  i 
/ 

' ..,' 

* 

d. Heat generated f rom t h e  waste i s  
n e g l i g i b l e ;  i t  w i l l  be l ess  than 
10 m i l l i w a t t s  f o r  average drums, 
l ess  than 20 m i l l i w a t t s  f o r  
average boxes, and 10 wa t t s  f o r  
few drums c o n t a i n i n g  heat  source 
plutonium. 

1 

* 

* 

* Ind i ca tes  element f o r  which eva lua t i on  i s  no t  requ i red .  
** See Foreword. 
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Table I (cont inued)  

EVALUATION RESULTS FOR ABRIDGED DESIGN C R I T E R I A  

Pase 2 o f  7 

RESULT AND 
ELEMENT CHAPTER REFERENCE 

e. 

f. 

9. 

(3 )  RH 

a. 

b. 

C. 

d. 

e. 

Est imated annual  q u a n t i t i e s  a r e  
9.616 six-packs and 2.404 modular 
s t e e l  boxes. 

* 

Est imated t o t a l  q u a n t i t i e s  a re  * 
121,700 six-packs and 30,430 
modular s t e e l  boxes. fl' >.i 

\ ' I , . .  ; 
Underground f a c i l i t i e s  and equip- 
ment s h a l l  be designed t o  p rov ide  12.6.1 
f o r  a de te rm ina t ion  t o  e f f e c t  12.6.2 
r e t r i e v a l  o f  waste s to red  f o r  a 
pe r iod  up t o  5 years a f t e r  t h e  
i n i t i a l  emplacement and f o r  a 
t a r g e t  o f  5 t o  10 years t o  reach 
t h e  waste and r e t r i e v e  i t  a f t e r .  
t h e  d e c i s i o n  i s  made. 

'. L .  -.. ' . . ./' '' S u i t a b l e  

TRU waste ** 
Assumed t o t a l  r e c e i p t  o f  1.000 
cans is te rs .  

Assumed maximum r e c e i p t  r a t e  o f  
two c a n i s t e r s  p e r  day and 250 
c a n i s t e r s  p e r  year. 

I f  assumed q u a n t i t i e s  a r e  i n s u f -  
f i c i e n t .  a d d i t i o n a l  RH waste 
s torage w i l l  be accomnodated 
w i t h i n  e x i s t i n g  s to rage rooms. 

Heat generated f rom t h e  waste i s  
on the o r d e r  o f  60 wa t t s  per  
c a n i s t e r .  

Access s h a l l  be a v a i l a b l e  t o  a l l  
emplacement p o s i t i o n s  throughout 
t h e  r e t r i e v a b i l i t y  per iod .  

* 

* 

* 

* 

S u i t a b l e  
12.3.3 
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Table I (con t inued)  

EVALUATION RESULTS FOR ABRIDGED DESIGN C R I T E R I A  

Paae 3 o f  7 

RESULT AND 
ELEMENT CHAPTER REFERENCE 

f .  When bo th  CH and RH waste a r e  * 
scheduled f o r  t h e  same room, t h e  
RH waste s h a l l  be emplaced f i r s t .  
A f t e r  t h e  5 year  r e t r i e v a b i l i t y  

may be ernplaced i n  t h a t  room. 
p e r i o d  has terminated, CH waste 8 j  

\ ,  

(4)  S h a f t  des ign  

a. Sha f t s  s h a l l  be eesigned t o  be 
s t r u c t u r a l l y  s t a b l e  throughout  t h e  
o p e r a t i n g  l i f e  o f  the  underground 
f a c i l i t y  and t h e  decomnissioning 
pe r iod .  

.due t o  s a l t  creep s h a l l  be con- 
s idered .  Shaf ts  s h a l l  be designed 
so t h a t  minimum dimensions re-  
q u i r e d  f o r  s h a f t  f unc t i ons  a r e  
main ta ined du r ing  design l i f e .  

c .  Ground-water f l o w  i n t o  t h e  s h a f t s  
s h a l l  be c o n t r o l l e d  so t h a t  no 
u n c o n t r o l l e d  ground water  reaches 
t h e  s torage hor izon  v i a  t h e  s h a f t s .  

b. Time-dependent c losu re  o f  sha f t s  

( 5 )  S h a f t  l i n e r  design 

a. Help ensure t h a t  dimensions remain 
w i t h i n  l i m i t s  requ i red  f o r  s h a f t  
f u n c t i o n s .  

b. Prevent ground-water f l o w  i n t o  t h e  
s h a f t .  

c. P r o t e c t  w a l l  rock from d e t e r i o r -  
a t i o n .  

S u i t a b l e  
7.4.1 
8.4.1 
9.4.1 

Su i tab le  
7.4.1 
8.4.1 
9.4.1 

Su i tab le  
7.4.1 
8.4.1 
9.4.1 

* 

Su i tab le  
7.4.1 
8.4.1 
9.4.1 

* 
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Table I (con t inued)  

EVALUATION RESULTS FOR ABRIDGED DESIGN C R I T E R I A  

RESULT AND 
ELEUENT CHAPTER REFEREHCE 

d. Prec lude r i s k  o f  rock f a l l  f r o m  * 
s h a f t  w a l l .  

( 6 )  Mine des ign  

a. 

b. 

C. 

d. 

e. 

f .  

9. 

The underground openings s h a l l  be 
designed so t h a t  de format ion  o f  
excavat ions and p i  1 l a r s  w i  11 
remain w i t h i n  l i m i t s  r e q u i r e d  f o r  
s t r u c t u r a l  func t ion ,  v e n t i l a t i o n  
and s a f e t y .  

Rock b o l t s  s h a l l  be used where 
necessary t o  p rov ide  p o s i t i v e  
suppor t  o f  roo f  and w a l l s .  

Sur face subsidence r e s u l t i n g  f rom 
underground excavat ion s h a l l  n o t  
exceed 1 i n c h  w i t h i n  a 500- foot  
r a d i u s  o f  t h e  waste s h a f t .  

Excavat ions and p i l l a r s  s h a l l  be 
l oca ted  and dimensioned t o  a v o i d  
geo log ic  d i s c o n t i n u i t i e s .  I f  d i s -  
c o n t i n u i t i e s  a re  encountered, r e -  
med ia l  a c t i o n  s h a l l  be engineered 
t o  c o r r e c t  the  problem. 

Design s h a l l  be based on estab-  
l i s h e d  min ing procedures. 

P red ic ted  behavior o f  t h e  s a l t  
s h a l l  be v e r i f i e d  by  i n  s i t u  
t e s t i n g  (SPDV)  before  proceeding 
w i th  cons t ruc t i on  o f  t h e  s to rage  
area. 

Designed t o  accomnodate creep 
c l o s u r e  and main ta in  t h e  minimum 
dimensions requ i red  f o r  t h e  oper-  
a t i n g  l i f e  o f  t h e  opening. 

Sui t a b  1 e 
. 7.4.1 

8.4.1 
,.. . 

i ., . '  '.. 10.4.1 
\, .. I 

\~.. ./' 

* 

Su i tab le  
6.5 

S u i t a b l e  
3.4 
6.3.1.2 
6.3.3 

* 

* 

Su i tab le  
10.4.1 
1 2 .6 .. 1 
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Table I (continued) 

EVALUATION RESULTS FOR ABRIDGED DESIGN CRITERIA 

Page 5 of 7 

RESULT AN0 
ELEMENT CHAPTER REFERENCE 

h. 

i. 

j. 

k. 

1. 

m. 

Creep closure rates used for 
design shall be confirmed by in- 
strument observations in the 
excavations. 

Excavation dimensions shall in- 
clude allowance for creep closure 
sufficient.to prevent container 
breaching by creep-induced 
stresses during the retrievability 
period. 

Minimize the potential for reposi- 
tory rock fracturing. 

Underground waste storage pro- 
cedures shall include a designed 
backfill plan for fire protection. 
The backfill thickness shall be 1 
t o  2 feet. 

Permit isolation of panels of 
rooms with plugs after storage and 
backfilling are completed. 

Air locks, dampers, regulators and 
doors shall be designed and in- 
stalled in such a manner that they 
can accomnodate creep without im- 
pairment to their ability to main- 
tain ventilation separation. 

(7) Emplacement criteria 

a. The underground storage rooms and 
access drifts shall be designed to 
be compatible with the waste 
transport vehicle, with waste con- 
tainer sizes, shapes. weights and 
stacking configurations. and with 
waste emplacement equipment. 

Suitable 
11.3.2 
12.3.2 

~.. . /' ~. 

Sui tabl e 
L-,.., -' "- /; 12.6.1 

12.6.2 

I I 1 
. ,  

Suitable 
11.4.1 

Suitable 
12.6.1 

Sui tabl e 
12.6.1 

* 

Sui tabl e 
12.6.1 

- 
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Table I (cont inued)  

EVALUATION RESULTS FOR ABRIDGED DESIGN C R I T E R I A  

RESULT AND 
ELEMENT CHAPTER REFERENCE 

b. Prov is ions  s h a l l  be  made t o  accom- 
modate b a c k f i l l i n g  over  and around 
CH waste con ta ine rs .  

S u i t a b l e  
12.6.1 

c. Each s torage panel  s h a l l  have pro-  , , \  ~... S u i t a b l e  
12.6.1 ,' . \ 

L.- ' _. j i t ' , 

v i s i o n s  f o r  be ing  i s o l a t e d  f rom 
o t h e r  panels upon complet ion o f  
s to rage opera t ions  i n  tha t ' pane l .  ....J' 

(8 )  . R e t r i e v a b i l i t y  

a. A l l  wastes p laced i n t o  t h e  W I P P  
a r e  r e t r i e v a b l e ,  w i t h  r e t r i e v -  
a b i l i t y  t o  be demonstrated. u n t i l  
such t i m e  as t h e  p i l o t  p l a n t  i s  
conver ted t o  an o p e r a t i o n a l  repos- 
i t o r y  f o r  permanent d i sposa l  o f  
wastes. 

b. Each s torage room s h a l l  a l l o w  f o r .  
s a l t  creep and s h a l l  be s i zed  t o  
min imize breaching o f  t h e  CH waste 
conta iners  f o r  a p e r i o d  o f  10 
years. 

( 9 )  Underground excavat ion  and haulage 

a. Min ing s h a l l  be performed w i t h  
cont inuous miners o r  equ iva len t  
machine type  dev ices .  D r i l l  and 
b las t - t ype  m in ing  s h a l l  be pro- 
h i b i t e d  except  where author ized.  

b. Underground des ign  s h a l l  p rov ide  
maximum s t a b i l i t y  f o r  excavated 
rooms and e n t r i e s .  

Sui  t a b l  e 
12.6.1 
12.6.2 

S u i t a b l e  
12.6.1 
12.6.2 

* 

Sui  t a b l  e 
7.4.1 
8.4.1 
10.4.1 
11.4.1 
12.6.1 

-26- 



Table  I (cont inued)  

EVALUATION RESULTS FOR ABRIDGED DESIGN CRITERIA 

Page 1 o f  1 

RESULT AND 
ELEMENT CHAPTER REFERENCE 

c .  Meet o r  exceed t h e  i n t e n t  of t h e  
a p p l i c a b l e  requirements o f  t h e  
MSHA i n  30 CFR 57.9 and the  New 
Mexico Mine S a f e t y  Code f o r  A l l  
H i  nes . 

* 

-27- 



Table I1 

EVALUATION RESULTS FOR C 6 SH SHAFT DESIGN BASES 

RESULT AND 
ELEMENT CHAPTER REFERENCE 

(1) Sha f t  l i n e r  

a. Hydrostat ic  pressure i s  considered 
t o  s t a r t  250 f e e t  below t h e  ground 
surface and extend t o  t h e  t o p  o f  
the  key. 

f l o w i n g  down t h e  unl ined sha f t  
from behind t h e  l i n e r .  

b. Water s h a l l  be prevented from 

(2) Sha f t  key 

a. Key s h a l l  be designed t o  r e s i s t  
the l a t e r a l  pressure from the 
s a l t .  
o f  t h e  overburden pressure.) 

b. Key s h a l l  be designed t o  r e s i s t  

(Assumed t o  be 75 percent 

t h e  hyd ros ta t i c  pressure from 
above the s a l t .  

(3)  Unlined sec t i on  

Provide 11-foot 8-inch diameter t o  
a l l o w  f o r  f u t u r e  s a l t  creep deforma- 
t i o n .  

Sui table 
7.4.1 

Sui t a b l  e 
1.4.1 

Sui tab le 
7.4.1 

Sui t a b l  e 
7.4.1 

Sui table 
7.4.1 
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Table  111 

EVALUATION RESULTS FOR WASTE SHAFT DESIGN BASES 

RESULT AND 
ELEHENT CHAPTER REFERENCE 

( 1 )  S h a f t  liner 

Hydros ta t ic  pressure i s  cons idered  t o  S u i t a b l e  
s tart  250 f e e t  below t h e  ground 
s u r f a c e  and extend t o  t h e  t o p  o f  the  
key. I 

8.4.1 
II '- . .'?, 

I 

( 2 )  S h a f t  key 

Design la te ra l  p r e s s u r e  s h a l l  be 50 
percen t  of the  v e r t i c a l  p r e s s u r e  due 
t o  s o i l .  rock and s a l t  overburden. 

( 3 )  Unlined sec t ion  

S u i t a b l e  
8.4.1 

Provide  20-foot diameter t o  a l low f o r  S u i t a b l e  
f u t u r e  s a l t  creep deformat ion .  8.4.1 

c 
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Table I V  

EVALUATION RESULTS FOR EXHAUST SHAFT DESIGN BASES 

RESULT AND . 
ELEMENT CHAPTER REFERENCE 

(1) S h a f t  l i n e r  

Sui  t a b l  e 
,,--...- Hydros ta t i c  p ressure  i s  cons idered i' .~ ,. I.. . . )  9.4.1 . .  I ' .  I 

t o  s t a r t  250 f e e t  below t h e  ground 
sur face  and extend t o  t h e  t o p  o f  t h e  
key. 

( 2 )  Sha f t  key 

... ...., 

Design l a t e r a l  p ressu re  s h a l l  be 50 
percent  o f  t h e  v e r t i c a l  p ressure  due 
t o  s o i l ,  rock and s a l t  overburden. 

( 3 )  Unl ined sec t i on  

Prov ide 15-fOOt d iameter  t o  a l l o w  f o r  
f u t u r e - s a l t  c reep deformat ion.  

S u i t a b l e  
9.4.1 

Sui  t a b l  e 
9.4.1 
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Table V 

EVALUATION RESULTS FOR STORAGE AREA DESIGN BASES 

RESULT AND 
ELEMENT CHAPTER REFERENCE 

(1) Opera t iona l  requi rements 

a. The s to rage area rooms, d r i f t s  and 
c rosscuts  s h a l l  be designed t o  
a l l o w  f o r  r e t r i e v a l  o f  a l l  CH and 
RH waste s t o r e d  f o r  a pe r iod  o f  up 
t o  5 years a f t e r  t h e  i n i t i a l  em- 
placement o f  each waste species. 

b. Excavat ion dimensions i n  t h e  waste 
s to rage s rea  s h a l l  be t o  a un i fo rm 
h e i g h t  o f  13 f e e t .  

( 2 )  Essen t ia l  f ea tu res  

Prov ide 1 f o o t  v e r t i c a l  and 9 inches 
h o r i z o n t a l  a l lowance f o r  creep c losu re  
t o  m a i n t a i n  t h e  minimum design 
dimensions up t o  5 years a f t e r  i n i t i a l  
emplacement. 

( 3 )  Safe ty  des ign requirements 

A minimum opening o f  16 inches s h a l l  
be l e f t  a t  t h e  t o p  o f  t h e  rooms and 
d r i f t s  f o r  a i r  passage above t h e  waste 
and backf  i 11. 

Sui  t a b l  e 
12.6.1 
12.6.2 

S u i t a b l e  
12.6.1 
12.6.2 

S u i t a b l e  
12.6.1 
12.6 .2  

Sui  t a b l  e 
12.6.1 
12.6.2 

,. \\ 

i ' *  

i i .: ) 
, 

\ ,  . x. 
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Table VI 

EVALUATION RESULTS FOR DESIGN CONFIGURATIONS 

Paqe 1 of 2 

RESULT AND 
ELEMENT CHAPTER REFERENCE 

(1) C & SH shaft 

a. 

b. 

C. 

d. 

Provide 5/8 to 1 1/2-inch thick 
and 10-foot 1.0. stiffened steel 
liner in upper 846 feet. 

Provide 30-inch thick, 10-foot \-. , . - ." 
I.D. and 39-foot long concrete key 
at rockhalt interface. 

Provide 11-foot 10-inch diameter 
unlined shaft below the key. 

/- 
/ .' .'\, 
I 
(\ i ; s  /I 

Provide 17-foot high and 32-foot 
wide station. 

(2) Waste shaft 

a. Provide 10 to 20-inch thick and 
19-foot I.D. concrete liner in 
upper 837 feet. 

1.0. and 63-foot long concrete key 
at rock/salt interface. 

b. Provide 51-inch thick, 19-foot 

c. Provide 20-foot diameter unlined 
shaft below the key. 

d. Provide 17-foot high and 30-foot 
wide station. 

(3) Exhaust shaft 

a. Provide 10 to 16-inch thick and 
14-foot I.D. concrete liner in 
upper 844 feet. 

Suitable 
7.3.2.1 
7.3.3.1 

Suitable 
7.3.2.2 
7.3.3.2 

Suitable 
7.3.2.3 
7.3.3.3 

Suitable 
7.3.2.4 
7.3.3.4 

Sui tab1 e 
. 8.3.2.1 

8.3.3.1 

Suitable 
8.3.2.2 
8.3.3.2 

Suitable 
8.3.2.3 
8.3.3.3 

Suitable 
8.3.2.4 
8.3.3.4 

Suitable 
9.3.2.1 
9.3.3.1 

-. 
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Table V I  ( con t inued)  

EVALUATION RESULTS FOR DESIGN CONFIGURATIONS 

RESULT AND 
ELEMENT CHAPTER REFERENCE 

b. Prov ide 42-inch t h i c k ,  14 - foo t  
I . D .  and 63- foot  long concre te  key 
a t  r o c k / s a l t  i n t e r f a c e .  

c. Provide 15- foot  d iameter  u n l i n e d  
. s h a f t  below t h e  key. 

(4)  Storage area 

a. Provide 13- foot  h i g h  and 25-fOOt 
wide o r  smal le r  d r i f t s .  

b. Provide 13-fOOt h i g h  and 33-fOOt 
wide storage rooms. 

S u i t a b l e  
9.3.2.2 
9.3.3.2 

S u i t a b l e  
9.3.2.3 
9.3.3.3 

Sui tab1 e 
12.6.1 
12.6.2 

S u i t a b l e  
12.6.1 
12.6.2 

.-, 
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CHAPTER 1 
INTRODUCTION 

1.1 PURPOSE 

This report presents the results of validation of the underground 
opening reference design for the Waste Isolation Pilot Plant (WIPP). 
The basis for the report is defined in the Design Validation Plan (ref. 
1-1) which, in part, includes certain data requirements defined in the 
Stipulated Agreement (ref. 1-2) reached between the U.S. Department of 
Energy (DOE) and the State of New Mexico on July 1. 1981. 

Design validation of the WIPP is defined as the process by which the 
reference design of the underground openings is confirmed by 
determining the compatibility of the design criteria. design bases and 
reference design configurations using site specific information. The 
design validation process consists of an assessment of the condition 
and behavior of shafts, drifts and a full-sized, four-room test panel 
excavated during an initial stage known as the Site and Preliminary 
Design Validation (SPDV) Program and during full WIPP construction. 
Eased on this assessment of these excavations, and on predictions of 
their future behavior. any modifications to the design criteria, design 
bases or design configurations required to achieve a validated 
reference design will be developed. In addition, the validated 
reference design may. be modified in the future as still more data and 
experience are gained during a 5-year demonstration period (period 
during which all waste must be retrievable) and permanent storage 
operations. 

1 

In fulfilling the data requirements for design validation. this report 
provides documentation of actual underground conditions encountered as 
they relate to the design criteria, design bases and design 
configurations for the reference design of the underground openings. 
The contents of this report include all relevant data and field 

*- observations acquired for design validation. The underground openings 
excavated to date provide a firm basis for evaluation of the current 
and expected future behavior of the underground development. 

> 
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The purpose o f  des ign  v a l i d a t i o n  i s  t o :  

o v a l i d a t e  t h e  underground re fe rence  design, t h u s  p r o v i d i n g  

conf idence i n  t h e  s a f e t y  and s t a b i l i t y  o f  t h e  W I P P  underground 
openings; 

o c o n f i r m  t h e  s u i t a b i l i t y  o f  t h e  des ign  c r i t e r i a .  des ign  bases 

and des ign c o n f i g u r a t i o n s  e s t a b l i s h e d  s p e c i f i c a l l y  f o r  t h e  

re fe rence des ign  o f  t h e  underground openings; 

o re -conf i rm and expand upon t h e  conclus ions o f  t h e  SPDV Program; 

and 

o comply w i t h  t h e  DOE agreement w i t h  t h e  S t a t e  o f  New Mexico t o  

v a l i d a t e  t h e  re fe rence  des ign o f  t h e  WIPP underground openings. 

Th is  process was i n i t i a l l y  descr ibed i n  t h e  WIPP P r e l i m i n a r y  Desiqn 

V a l i d a t i o n  Report ( r e f .  1-3) issued i n  March 1983. That r e p o r t  

presented t h e  r e s u l t s  o f  a p r e l i m i n a r y  e v a l u a t i o n  o f  t h e  underground 

opening re fe rence des ign  based on a c t i v i t i e s  conducted d u r i n g  t h e  SPDV 

phase of underground development. That i n i t i a l  r e p o r t  was prepared i n  

response t o  c o n d i t i o n s  conta ined i n  t h e  S t i p u l a t e d  Agreement 

(Appendix A )  between t h e  DOE and t h e  S t a t e  o f  New Mexico wh ich  

pe rm i t ted  a p r e l i m i n a r y  e v a l u a t i o n  o f  des ign  cons idera t ions  a t  an e a r l y  

stage i n  underground development and a l l owed  f o r  any re fe rence  des ign  

m o d i f i c a t i o n s  deemed necessary f o r  f u l l  WIPP cons t ruc t i on .  The WIPp 
Desiqn V a l i d a t i o n  F i n a l  Report  ( t h i s  r e p o r t )  i s  an ex tens ion  of t h e  

p r e l i m i n a r y  r e p o r t  and presents  f u r t h e r  con f i rma t ion  o f  t h e  r e f e r e n c e  

des ign based on a d d i t i o n a l  da ta  c o l l e c t e d  s ince  complet ion o f  t h e  SPDV 

Program i n  bo th  o l d  and new areas o f  underground excavat ion.  

The W I P P  Desiqn V a l i d a t i o n  F i n a l  Report presents :  

o a sumnary o f  t h e  background and development o f  t h e  W I P P  

re fe rence design; 

1-2 



o t h e  des ign c r i t e r i a  and des ign  bases used t o  develop t h e  

re fe rence  des ign f o r  t h e  underground openings; 

o geo log ic  c h a r a c t e r i z a t i o n s  of t h e  sha f t s ,  d r i f t s  and t e s t  rooms; 

o t h e  methodology used f o r  da ta  c o l l e c t i o n .  i t s  a n a l y s i s  and 

eva lua t i on ,  and t h e  p r e d i c t i o n s  o f  f u t u r e  behav io r  o f  t h e  

underground openings ; 

o t h e  d e s c r i p t i o n  o f  data c o l l e c t i o n  a c t i v i t i e s  i n  t h e  sha f t s ,  
d r i f t s  and t e s t  rooms; 

o analyses and eva lua t ions  o f  t h e  geo log ic  behav io r  o f  t h e  rock  

s t r a t a  surrounding t h e  sha f t s ,  d r i f t s  and t e s t  rooms based on 

v i s u a l  i nspec t i ons  and geomechanical i ns t rumen ta t i on  

measurements; 

o p r e d i c t i o n s  o f  expected f u t u r e  c o n d i t i o n s  o f  t h e  underground 

openings based on model s i m u l a t i o n s  us ing  i n  s i t u  data;  

o an assessment o f  t h e  s u i t a b i l i t y  o f  t h e  des ign c r i t e r i a  and 

des ign bases and v a l i d a t i o n  o f  t h e  re fe rence des ign 

c o n f i g u r a t i o n s ,  w i t h  recomnendations f o r  des ign mod i f i ca t i ons ,  

i f  any; 

o recomnendations f o r  ope ra t i on  and maintenance o f  t h e  

underground f a c i l i t y  as they  p e r t a i n  t o  des ign v a l i d a t i o n ;  and 

o a l l  data and reference sources t h a t  suppor t  des ign v a l i d a t i o n .  

1.2 SCOPE 

Design v a l i d a t i o n  o f  t h e  W I P P  Underground openings has been 

accomplished through an assessment o f  t h e i r  sa fe ty ,  s t a b i l i t y  and 

p r e d i c t e d  f u t u r e  behavior.  Observat ion and ins t rumen ta t i on  data 

c o n s i s t e n t  w i t h  the  Design V a l i d a t i o n  Plan o b j e c t i v e s  have been 
- 
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c o l l e c t e d  and eva lua ted  f o r  each o f  t h e  major des ign elements: shaf ts ,  

d r i f t s  and t e s t  rooms. 

I n i t i a l  analyses and eva lua t ions  o f  t h e  underground data obta ined f o r  

des ign v a l i d a t i o n  were prov ided i n  the  WIPP P r e l i m i n a r y  Desiqn 

V a l i d a t i o n  Report.  The WIPP Desiqn V a l i d a t i o n  F i n a l  Report presents 

t h e  r e s u l t s  o f  a c t i v i t i e s  whose o b j e c t i v e s  a r e  o u t l i n e d  i n  t h e  Design 

V a l i d a t i o n  Plan. These a c t i v i t i e s  inc luded f i e l d  data c o l l e c t i o n  and 

analyses o f  these data t o  determine the  v a l i d i t y  o f  t h e  reference 

design. 

B a s i c a l l y ,  f o u r  types o f  i n f o r m a t i o n  were gathered f o r  design 

v a l i d a t i o n .  These are: 

( 1 )  observa t ions  o f  t h e  behavior  o f  t he  underground openings; 

(2 )  d e s c r i p t i o n s  o f  t h e  geologic  cond i t ions  encountered du r ing  

underground cons t ruc t ion ;  

( 3 )  d e s c r i p t i o n s  o f  core samples from ins t rumen ta t i on  and o the r  

ho les  i n  t h e  roo f  and f l o o r  o f  t he  underground openings; and 

( 4 )  da ta  f rom i n s t a l l e d  geomechanical i ns t rumen ta t i on  

F i e l d  t a s k s  performed t o  ga ther  t h i s  i n f o r m a t i o n  i nc luded  t h e  f o l l o w i n g :  

o establ ishment  o f  survey c o n t r o l  f o r  underground excavations and 

re fe rence  p o i n t s  f o r  geolog ic  mapping; 

o development o f  procedures and standards f o r  a c t i v i t i e s  such as 

geo log ic  mapping/logging o f  underground excavations; 

o geo log i c  mapping i n  t h e  sha f t s  and h o r i z o n t a l  openings; 
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-. 
o examinat ion and l o g g i n g  o f  rock cores f rom boreholes t o  o b t a i n  

geo log ic  i n f o r m a t i o n ;  

o observa t ion  and measurement o f  ground-water f l o w  i n t o  t h e  

shaf ts ;  

o measurement o f  h y d r o s t a t i c  and l a t e r a l  pressures on t h e  s h a f t  

l i n e r  and s h a f t  key; 

o mon i to r i ng  t h e  f l o o r  h e i g h t  o f  h o r i z o n t a l  openings above t h e  

t o p  o f  marker bed 139 (HB-139) and the  h e i g h t  o f  c l a y  seams 
above t h e  r o o f s  u s i n g  core  h o l e  data; 

o measurement o f  c l o s u r e  i n  t h e  sha f t s  and h o r i z o n t a l  openings; 

o de tenn ina t i on  o f  t h e  presence o f  gases and f l u i d s ;  

o survey o f  s h a f t  v e r t i c a l i t y ;  and 

o examinat ion o f  a l l  sur faces o f  underground openings f o r  

displacement o f  c l a y  seams, f r a c t u r i n g ,  r o o f  sagging, f l o o r  

heaving, o r  o t h e r  occurrences t h a t  may i n d i c a t e  uns tab le  

cond i t i ons .  

1.3 HISTORICAL BACKGROUND 

The WIPP i s  be ing  developed by t h e  DOE as a research and development 

(R 6 D )  f a c i l i t y  t o  demonstrate t h e  safe d isposa l  o f  r a d i o a c t i v e  

waste f rom U.S. defense programs. The f a c i l i t y  i s  l oca ted  i n  

southeastern New Mexico, about  25 m i l e s  east  o f  t h e  c i t y  o f  Car lsbad 

(F igure  1-1). The underground development l e v e l  i s  a t  a depth o f  

approx imate ly  2,150 f e e t  i n  t h i c k  deposi ts  o f  bedded s a l t .  The 

f a c i l i t y  w i l l  i n c l u d e  space f o r  t h e  permanent s to rage o f  defense 

r e l a t e d  t ransu ran ic  (TRU) waste and f o r  i n  s i t u  experiments address ing 

t e c h n i c a l  issues f o r  h i g h - l e v e l  defense waste programs. The W I P P ' s  

phased design and c o n s t r u c t i o n  r e s u l t e d  i n  i n i t i a l  c o n f i r m a t i o n  o f  t h e  

underground opening re fe rence  des ign through t h e  SPDV Program. Design 
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1 
v a l i d a t i o n  w i l l  p rov ide  con f i rma t ion  o f  t h e  d e c i s i o n  t o  cont inue 

f a c i l i t y  c o n s t r u c t i o n  w i t h  subsequent i n  s i t u  exper iments and defense 

TRU waste s torage.  

The WIPP p r o j e c t  i s  t h e  r e s u l t  o f  waste management program e f f o r t s  t h a t  

were s t a r t e d  by  t h e  U.S. government as l o n g  ago as 1955 when t h e  U.S. 

Atomic Energy Comnission (AEC) requested t h a t  t h e  Na t iona l  Academy o f  

Sciences (NAS) eva lua te  methods f o r  d i s p o s i n g  o f  r a d i o a c t i v e  waste i n  

geo log ic  fo rmat ions .  The NAS recomnended bedded s a l t  as t h e  geo log ic  
fo rma t ion  p r o v i d i n g  t h e  h ighes t  conf idence f o r  long- term i s o l a t i o n  o f  

waste f rom t h e  biosphere.  As a r e s u l t  o f  these e f f o r t s ,  t h e  DOE 

( f o r m e r l y  t h e  AEC) i n i t i a t e d  t h e  WIPP program i n  1975. The major  

accomplishments o f  t h e  program are  l i s t e d  i n  Table 1-1. 

Assessments t h a t  p e r t a i n  t o  des ign o f  t h e  WIPP i n c l u d e  ex tens ive  

analyses o f  t h e  impact o f  t h e  f a c i l i t y  on present  and f u t u r e  

environments. A F i n a l  Environmental Impact Statement (FEIS) ( r e f .  1-4) 

1 was prepared which prov ides i n f o r m a t i o n  about  t h e  environmental  and 

s a f e t y  ,consequences o f  t h e  WIPP p r o j e c t .  A S a f e t y  Ana lvs is  Report (SAR), 

( r e f .  1-5) was a l s o  prepared t o  suppor t  c o n s t r u c t i o n  and opera t i on  o f  

t h e  W I P P .  The SAR addresses a l l  aspects  o f  i n d u s t r i a l  and nuc lea r  

s a f e t y  o f  t h e  p r o j e c t  and i s  updated p e r i o d i c a l l y .  

The W I P P  i s  be ing  developed i n  phases. A t  t h e  t i m e  t h i s  r e p o r t  was 

prepared, most o f  t h e  s i t e  c h a r a c t e r i z a t i o n ,  des ign  and suppor t ing  

t e c h n o l o g i c a l  development had been done. The eng ineer ing  des ign o f  t h e  

underground openings began w i t h  a conceptual  des ign  fo l l owed  by a 

p r e l i m i n a r y  des ign  and f i n a l l y  a d e t a i l e d  re fe rence  design. F a c i l i t y  

development a t  t h e  s i t e  began w i t h  t h e  SPDV Program which a l lowed d i r e c t  

obse rva t i on  o f  t h e  underground f a c i l i t y  geology th rough two sha f t s  and 

assoc ia ted  underground d r i f t s .  Th i s  program prov ided data f o r  

p r e l i m i n a r y  e v a l u a t i o n  and con f i rma t ion  o f  t h e  re fe rence des ign o f  t h e  

proposed underground excavat ions.  Design and c o n s t r u c t i o n  o f  t h e  

su r face  f a c i l i t i e s  have proceeded v i r t u a l l y  independent o f  t h e  
underground opening design v a l i d a t i o n  and a r e  n o t  addressed i n  t h i s  

r e p o r t .  

1 
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Table 1-1 

MAJOR ACCOMPLISHMENTS OF THE WIPP PROGRAM 

ITEM 

(1) National Academy of Sciences recomnends 
salt as best geologic formation for 
disposal. of nuclear waste. 

Mexico by U.S. Geological Survey and 
Sandia National Laboratories. 

(2) Salt deposit studies conducted in New 

(3) Conceptual design of the WIPP. 

(4) 

(5) Public law authorizes capital funding 

Characterization of the WIPP site. 

for the WIPP. 

(6) Title I - Preliminary design of the WIPP. 
(7) Safety Analysis Report issued for the WIPP. 

(8) Final Environmental Impact Statement 

(9) 

(10) Detailed design for Site and Preliminary 

(11) SPDV Site Validation Experiments Program. 

(12) Title I1 - Detailed design of the WIPP. 
(13) Construction of SPDV shafts. 

(14) Design validation. 

(15) SPDV shaft outfitting and test room 
development. 

(16) Authorization for f u l l  WIPP construction. 

issued for the WIPP. 

SPDV Preliminary Design Validation Program. 

Design Validation (SPDV). 

DATE 
STARTED 

- 

1972 

1975 

1975 

- 

1 /78 

- 
- 

1/79 

7/79 

8/80 

2/81 

5/81 

4/81 

10/81 

DATE 
COMPLETED 

1957 

1975 

1977 

1983 

1977 

1 /80 

2/80 

10/80 

3/83 

10/80 

3/83 

2/84 

3/82 

10/86 

7/83 

7/83 
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1.4 T M  WIPP MISSION 

The author ized  miss ion  f o r  t h e  WIPP emphasizes i t s  r o l e  as an R & D 

f a c i l i t y  t o  demonstrate sa fe  d i sposa l  o f  r a d i o a c t i v e  waste f rom U.S. 

defense programs. I t s  m i s s i o n  i s  a l s o  t o  p rov ide  i n f o r m a t i o n  f rom s i t e  

c h a r a c t e r i z a t i o n ,  l a b o r a t o r y  experiments, geomechanical i n s t r u m e n t a t i o n  

and i n  s i t u  t e s t s  which can be used t o  develop performance-assessment 

models f o r  t e c h n o l o g i c a l  a p p l i c a t i o n s .  F igure  1-2 shows t h e  

underground l a y o u t  o f  t h e  t h r e e  R h 0 areas a t  t h e  WIPP. 

The W I P P  R 6 D Program c o n s i s t s  o f  t h r e e  major program areas: 

(1) s i t e  c h a r a c t e r i z a t i o n  and eva lua t ion ;  

(2 )  r e p o s i t o r y  development and-operat ion;  and 

( 3 )  waste package i n t e r a c t i o n s .  

I n  a d d i t i o n  t o  p r o v i d i n g  f o r  t h e  permanent storage o f  defense r e l a t e d  

TRU waste, these program areas i n c l u d e  technology development i n  waste 

i s o l a t i o n ,  i n  s i t u  t e s t s  w i t h o u t  r a d i o a c t i v e  m a t e r i a l ,  and i n  s i t u  
t e s t s  w i t h  r a d i o a c t i v e  m a t e r i a l .  The WIPP w i l l  a l s o  serve as a 

l a b o r a t o r y  f o r  exper iments w i t h  h igh- leve l  defense waste. A l l  

h i gh - leve l  wastes w i l l  be removed f rom t h e  WIPP a t  t h e  conc lus ion  o f  

t h e  t e s t i n g  per iod .  These i n  s i t u  waste experiments and assoc ia ted  

a c t i v i t i e s  a r e  n o t  p a r t  o f  des ign  v a l i d a t i o n  and, t he re fo re ,  a r e  n o t  
discussed i n  t h i s  r e p o r t .  An i n i t i a l  d e s c r i p t i o n  o f  t h e  i n  s i t u  

t e s t i n g  p lan  f o r  t h e  W I P P  R & D Program was prov ided i n  Sandia 
Na t iona l  Labora to r ies '  (SNL) Repor t  2628 ( r e f .  1-6). 

- 

1.5 DESIGN VALIDATION PROGRAM 

V a l i d a t i o n  o f  t h e  W I P P  f a c i l i t y  underground reference des ign  is based 

on a s t r a t e g y  c o n s i s t i n g  o f  a d e t a i l e d  p lan  and approach f o r  v a l i d a t i n g  
major  re ference des ign elements. A d e s c r i p t i o n  o f  t h i s  s t r a t e g y  i s  
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contained in the document titled Design Validation Strategy (ref. 
1-7). The elements comprising the strategy for design validation are: 

Identify the design approaches and construction activities 
for the underground openings. 

Identify the design criteria, design bases and design 
configurations to be validated. 

Develop the methodology for validation. 

Acquire data on the underground development level from core 
samples, geologic mapping, laboratory tests, in situ tests, 
visual observations and mines in similar geologic formations. 

Synthesize the data obtained from the activities in element 4 
to define the geologic environment of the facility level. 

Evaluate i n  situ geomechanical instrument measurements and 
visual observations to determine the response of the geologic 
materials to changes resulting from excavation or other 
disturbances. 

Predict the future behavior of the underground openings and 
salt surrounding the openings based on current in situ 
measurements, visual observations and computational analyses. 

Provide for comparisons of predicted and existing conditions 
at regular time intervals. 

Document design validation results and conclusions. 

(10) Provide recomnended design modifications as required. 

( 1 1 )  Provide data and reference sources to support the performance 
of the above activities. 
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Deslgn va l lda t lon  e f f o r t s  f o r  the WIPP began with t h e  SPDV Program. 

This  program i n v o l v e d  t h e  excavat ion  o f  underground openings. sha f t s ,  

d r i f t s  and t e s t  rooms. rep resen ta t i ve  o f  t h e  f u l l  W I P P  f a c i l i t y .  These 

underground openings pe rm i t ted  t h e  d i r e c t  examinat ion o f  geo log ic  

fea tu res  and m a t e r i a l  behav io r  a t  t h e  f a c i l i t y  l e v e l .  A d d i t i o n a l  

Observat ions and geomechanical i ns t rumen ta t i on  measurements were 

obta ined f o l l o w i n g  complet ion o f  t h e  SPDV Program t o  complete t h e  

des ign v a l i d a t i o n  program. A b r i e f  d e s c r i p t i o n  o f  t h e  des ign 
v a l i d a t i o n  program i s  presented i n  t h e  f o l l o w i n g  subsect ions.  

1.5.1 S i t e  and P r e l i m i n a r y  Desiqn V a l i d a t i o n  (SPDV) 

The SPDV Program was designed t o  f u r t h e r  c h a r a c t e r i z e  and v a l i d a t e  t h e  

WIPP s i t e  geology and p r o v i d e  p r e l i m i n a r y  v a l i d a t i o n  o f  t h e  underground 

opening re fe rence  design. The SPDV Program was composed o f  two 
i n t e g r a t e d  p a r t s :  . .  

(1) s i t e  v a l i d a t i o n  ( r e f .  1-8) t o  inc rease conf idence i n  t h e  

process o f  s i t e  c h a r a c t e r i z a t i o n  and q u a l i f i c a t i o n ;  and 

( 2 )  p r e l i m i n a r y  des ign v a l i d a t i o n  t o  assess t h e  c o n d i t i o n  and 

behav io r  o f  excavated s h a f t s ,  d r i f t s  and a f u l l - s i z e d ,  

four-room t e s t  panel s i m i l a r  t o  those planned f o r  t h e  waste 

s to rage area. 

The genera l  SPDV underground l a y o u t  i s  shown on F igu re  1-3. The 

underground development l e v e l  i s  l oca ted  i n  Zone 11. a W I P P  s i t e  

c o n t r o l  zone t h a t  de l i nea tes  t h e  l i m i t s  o f  underground storage.  A 

p r e l i m i n a r y  des ign  v a l i d a t i o n  r e p o r t  was issued on March 30, 1983. 

This r e p o r t  presented t h e  r e s u l t s  of e a r l y  observa t ions  and analyses of 
the  c o n d i t i o n  and behav io r  o f  t h e  SPDV excavat ions and i s  d iscussed i n  

Chapter 4. 
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1.5.2 Desiqn Validation 

Major activities related to design validation are cited in Table 1-2. 
A s  indicated by this table, field data collection activities that began 
with the SPDV Program were continued beyond the end of the program to 
provide additional data for design validation. The design validation 
process includes the evaluation and analysis of data obtained by these 
activities. The results of these evaluations and analyses have been 
presented in quarterly geotechnical field data reports (GFDR), each of 
which presents a discussion of different selected elements of the WIPP 
underground development. These reports provide supporting 
documentation for the WIPP Desiqn Validation Final Report and are 
discussed in Chapter 4. 

Some of the field data collection activities shown i n  Table 1-2 will 
continue after submittal of the WIPP Desiqn Validation Final ReDort and 
beyond the completion of full WIPP construction. Collection of this 
data will provide additional information on the behavior of the 
underground openings through the 5-year demonstration period and 
through permanent storage operations. The data will also permit 
continuous monitoring of the safety of the openings. Underground 
facility reference design modifications will be made as required by an 
evaluation and analysis of these data. The data obtained will be 
periodically distributed to the project participants. the State of New 
Mexico. and will be placed in WIPP public reading rooms. 

I 
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Table 1-2 

DESIGN VALIDATION ACTIVITY SCHEDULE 

ACTIVITY 

(1) 

(2) Field data collection: 

a. Geologic mapping of 

Prepare and issue Design Validation 
Plan 

vertical and horizontal 
underground excavations 

measurements and visual 
observations in shafts, drifts. 
and test rooms 

b. Geomechanical instrumentation 

c. Log core from holes in horizontal 
underground openings 

d. Fluid inflow measurements 

e. Shaft verticality surveys 

(3) Evaluate field data; prepare 
Preliminary Design Validation 
Report 

Validation Report 

an'd (2d) above 

prepare Design Validation Final 
Report 

(4) Issue Preliminary Design 

(5) Continue with (2a). (2b). (2~). 

(6) Evaluate/analyze field data; 

(7) Design Validation Final Report 

(8) Issue Design Validation Final 

review by Peer Review Panel 

Report 

RESPONSIBILITY 

B/DOE 

TSC/B 

TSC/B 

TSC/B 

TSC/B 

DOE/TSC 

B 

DOE 

TSC/B 

8 

B 

DOE 

SCHEDULE 

7/82 - 1/03 

3/82 - 3/03 

4/82 - 3/03 

1O/02 - 3/83 

9/81 - 3/83 

1/82 - 3/83 

10/82 - 3/83 

3/83 

3/03 - 7/86 

3/83 - 5/86 

5/06 - 6/86 

10/86 

B = Bechtel National, Inc.; DOE = U.S. Department of Energy; TSC = - Technical Support Contractor (Westinghouse Electric Corp.) 
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CHAPTER 2 

BACKGROUND OF UNOERGROUNO DESIGN 

2.1 SITE CHARACTERIZATION AND EVALUATION 

W I P P  s i t e  c h a r a c t e r i z a t i o n  programs have cons is ted  o f  geo log ic  and 

h y d r o l o g i c  s tud ies  as w e l l  as b i o l o g i c ,  meteoro log ic  and economic 

studies-.  Geologic and geohydro log ic  c h a r a c t e r i z a t i o n  o f  t h e  s i t e ,  

which s t a r t e d  w i t h  surveys o f  l i t e r a t u r e  and e x i s t i n g  data, con t inued 

w i t h  t h e  c o l l e c t i o n  o f  new d a t a  and had t h e  g rea tes t  degree o f  

i n f l u e n c e  on design o f  t h e  underground f a c i l i t y .  Specia l  emphasis was 

p laced on c o r r e l a t i n g  data ob ta ined  by geophysical  techniques and 

boreho le  d r i l l i n g .  The geophysica l  techniques most w ide ly  used were 

se ismic r e f l e c t i o n  and r e s i s t i v i t y .  Borehole d r i l l i n g  programs 

inc luded  holes d r i l l e d  p r i m a r i l y  f o r  s t r a t i g r a p h i c  i n fo rma t ion  on o r  
near  t h e  s i t e  and holes d r i l l e d  a t  t h e  edge o f ,  o r  away from, t h e  s i t e  

t o  s tudy  s a l t  d i s s o l u t i o n .  Three holes,  WIPP-11, WIPP-12 and DOE-1, 

were d r i l l e d  through t h e  Salado f o r m a t i o n  t o  acqu i re  geolog ic  d a t a  on 

deeper s t r a t a  ou ts ide  t h e  Zone I1 boundar ies o f  t h e  s i t e  ( r e f s .  2-1, 

2-2 and 2-3). Wi th in  Zone 11. t h e  d r i l l i n g  o f  deep exp lo ra to ry  ho les ,  

i.e.. t o  t h e  depth o f  t h e  W I P P  f a c i l i t y  l e v e l ,  was r e s t r i c t e d  by s i t i n g  

c r i t e r i a .  P r i o r  t o  t h e  d r i l l i n g  o f  t h e  SPOV exp lo ra to ry  and 

v e n t i l a t i o n  shaf ts  (subsequent ly  known as t h e  C h SH and waste 

s h a f t s ,  r e s p e c t i v e l y ) ,  EROA-9 was t h e  o n l y  borehole w i t h i n  Zone I 1  t h a t  

extended below t h e  f a c i l i t y  l e v e l .  

A 

The genera l i zed  s t r a t i g r a p h i c  r e l a t i o n s h i p  o f  t h e  geologic  fo rmat ions  

o f  i n t e r e s t  beneath t h e  W I P P  s i t e  i s  shown on F igure  2-1. S i l t s t o n e  

and f i ne -g ra ined  sandstone a r e  t h e  main rock types forming t h e  Dewey 

Lake red  beds. The R u s t l e r  fo rmat ion .  composed p r i m a r i l y  o f  a n h y d r i t e  

and f ine-gra ined sandstone, s i l t s t o n e  and mudstone, conta ins  two 

water-bear ing dolomite beds. S a l i n e  water  i s  found i n  these beds, t h e  

Magenta and Culebra members, and a t  t h e  con tac t  between the  R u s t l e r  and 
Salado format ions.  The Salado f o r m a t i o n  cons is t s  l a r g e l y  o f  h a l i t e  

A c o n t a i n i n g  t h i n  beds o f  a n h y d r i t e  and p o l y h a l i t e  w i t h  occassional  t h i n  
c l a y  seams. The C a s t i l e  i s  a t h i c k  a n h y d r i t e  and h a l i t e  fo rma t ion  
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under l y ing  the Salado. The B e l l  Canyon fo rmat ion  c o n s i s t s  p r i m a r i l y  o f  

sandstone, l imestone and shale.  No a q u i f e r s  a r e  p r e s e n t  i n  t h e  Salado 

o r  C a s t i l e  fo rmat ions  beneath t h e  s i t e .  

I__ 

S i t e  S t r a t i g r a p h y  f rom t h e  ground surface t o  about 250 f e e t  below t h e  

underground f a c i l i t y  l e v e l  is presented i n  Appendix 8. F igu re  B-1. 

Sheets 1 th rough 5. The s t r a t i g r a p h y  shown i s  based on geo log ic  data 

obta ined f rom boreho les  WIPP-12, ERDA-9 and DOE-1, and f rom t h e  

C & SH and waste s h a f t s .  An ana lys i s  o f  these da ta  shows a s t rong  

c o r r e l a t i o n  o f  t h e  s t r a t i g r a p h y  between t h e  boreholes and s h a f t s  f rom 

t h e  ground su r face  t o  below t h e  underground f a c i l i t y  l e v e l .  Th is  
c o r r e l a t i o n  i s  based p r i m a r i l y  on t h e  geophysical  l o g s  because core  

sample l ogg ing  or  “hands-on’ mapping was n o t  always c a r r i e d  o u t  through 

t h e  e n t i r e  i n t e r v a l .  Where poss ib le ,  graphic  l i t h o l o g i c  d e s c r i p t i o n s  

based on l ogg ing  o r  mapping o f  t h e  rock s t r a t a  have been inc luded  on 

F igure  ‘3-1 i n  Appendix 8. T h i s  he lps t o  more f u l l y  d e f i n e  t h e  

s t r a t i g r a p h i c  r e l a t i o n s h i p s  shown by t h e  geophysical  l o g s .  

The a n a l y s i s  between boreho les  WIPP-12 t o  t h e  n o r t h  and DOE-1 t o  t h e  

south r e s u l t e d  i n  c o r r e l a t i o n  o f  t h e  major fo rmat ion  c o n t a c t s  and most 

marker beds i n  t h e  Salado fo rmat ion .  Due t o  a l a c k  o f  d i s t i n c t i v e  

s t r a t i g r a p h i c  changes, t h e  Dewey Lake red beds e x h i b i t  a r e l a t i v e l y  

un i fo rm p r o f i l e  i n  b o t h  t h e  l i t h o l o g i c  and geophys ica l  logs .  The 

R u s t l e r  format ion,  however. e x h i b i t s  a much g rea te r  f l u c t u a t i o n  i n  i t s  

geophysical  p r o f i l e  as a r e s u l t  o f  t h e  anhydr i t e ,  do lomi te  and 

f ine-gra ined c l a s t i c  beds i t  conta ins.  F igure B-1 i n  Appendix B shows 

t h a t  t h e  R u s t l e r  t h i c k e n s  s l i g h t l y  t o  t h e  n o r t h  w i t h  a s l i g h t  r i s e  i n  

fo rmat ion  contac ts  o c c u r r i n g  i n  t h e  area o f  t h e  W I P P  f a c i l i t y .  

- 

C o r r e l a t i o n  o f  t h e  Salado fo rma t ion  s t r a t i g r a p h y  between WIPP-12 and 

DOE-1 v e r i f i e s  t h e  cons is tency  o f  most o f  t h e  marker  beds. The 

geophysical  logs  shows d i s t i n c t  breaks where p o l y h a l i t e  and a n h y d r i t e  

beds occur  i n  t h e  l a r g e l y  h a l i t i c  rock s t r a t a .  The m a j o r  s t r a t i g r a p h i c  

occurrence, i n  t h a t  p o r t i o n  o f  t h e  Salado fo rmat ion  shown on F igu re  B-1 
i n  Appendix B ,  i s  a t h i n n i n g  o f  s t r a t a  t o  t h e  n o r t h .  Th i s  t h i n n i n g  - 
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becomes apparent  below marker bed 124 (MB-124) and i s  r e l a t i v e l y  w e l l  

pronounced i n  t h e  underground f a c i l i t y  hor izon.  The e f f e c t  o f  t h i s  

t h i n n i n g  i s  t o  produce a r e v e r s a l  i n  t h e  d i r e c t i o n  o f  d i p  o f  t h e  s t r a t a  

above and below t4B-124 between WIPP-12 and DOE-1. Above t h i s  marker 

bed t h e  s t r a t a  d i p  t o  t h e  nor th ,  w h i l e  below t h e  marker bed t h e  s t r a t a  

d i p  t o  t h e  south.  T h i s  t h i n n i n g  o f  s t r a t a  c o n t r o l s  t h e  s lope  o f  t h e  

f a c i l i t y  l e v e l  excavat ion  because t h e  excavat ion  must avo id  

encroachment on any s t r a t i g r a p h i c  hor izons  t h a t  cou ld  a f f e c t  t h e  

s t a b i l i t y  o r  s a f e t y  o f  t h e  underground openings. 

The f i g u r e s  i n  Appendix 8 show t h e  c o n t i n u i t y  o f  rock  s t r a t a  across t h e  

W I P P  s i t e  and i n  t h e  area  o f  underground excavat ion.  These f i g u r e s  a r e  

in tended t o  show t h a t  t h e  major  des ign assumptions which were made 

based on da ta  f rom boreholes ERDA-9 and WIPP-12 remain v a l i d ,  based on 

a d d i t i o n a l  da ta  ob ta ined f rom geo log ic  mapping o f  t h e  underground 

openings and l o g g i n g  o f  underground core holes. Therefore,  c o r r e l a t i o n  

o f  t h e  s i t e  s t r a t i g r a p h y  f rom t h e  ground su r face  t o  below t h e  

underground f a c i l i t y  l e v e l  conf i rms t h e  macroscopic c o n t i n u i t y  o f  

s t r a t i g r a p h y  beneath t h e  WIPP s i t e .  Geologic c h a r a c t e r i z a t i o n  a t  t h e  

WIPP underground f a c i l i t y  l e v e l  i s  presented i n  Chapter 6. 

Geohydrologic da ta  p e r t a i n i n g  t o  t h e  s i t e  were ob ta ined f rom 

convent ional  and specia l -purpose t e s t s  i n  many boreholes ( r e f .  1-5).  

Geophysical l o g g i n g  o f  these holes prov ided hydrogeologic  i n f o r m a t i o n  

on t h e  rock s t r a t a  encountered. Pressure measurements. f l u i d  samples 

and ranges o f  rock  p e r m e a b i l i t y  were obtained for se lec ted  fo rmat ions .  

Also, p o t e n t i o m e t r i c  sur faces  o f  major  a q u i f e r  systems were contoured 

by us ing measured water  l e v e l  e leva t i ons  i n  boreholes. 

Eva lua t ion  o f  da ta  ob ta ined  f rom e a r l y  s i t e  s e l e c t i o n  s t u d i e s  i n d i c a t e d  

t h a t  t h e  c u r r e n t  WIPP s i t e  was a s u i t a b l e  cand ida te  f o r  t h e  

establ ishment  o f  a f a c i l i t y  t o  demonstrate t h e  sa fe  d i sposa l  o f  

r a d i o a c t i v e  waste. A d d i t i o n a l  s tud ies  have r e s u l t e d  i n  t h e  issuance o f  

numerous r e p o r t s  rega rd ing  t h e  s u i t a b i l i t y  o f  t h e  W I P P  s i t e ,  i n c l u d i n g  

t h e  Geologica l  C h a r a c t e r i z a t i o n  Report, Waste I s o l a t i o n  P i l o t  P l a n t  
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[WIPP) Site. Southeastern New Mexico (ref. 2-4). Final Environmental 
IrnDact Statement: Waste Isolation Pilot Plant (ref. 1-4). and the 
Waste Isolation Pilot Plant Safetv Analysis Report (ref. 1-5). Final 
site validation was achieved in 1983 by an evaluation of the data 
contained in a report titled Results of Site Validation Experiments, 
Waste Isolation Pilot Plant (WIPP) Project. Southeastern New Mexico 
(ref. 2-5) which presented the results of studies performed to fully 
satisfy all site qualification criteria. This report was followed by a 
confirmation of overall site suitability in a report titled Sumnary 
Evaluation of the Waste Isolation Pilot Plant (WIPP) Site Suitability 
(ref. 2-6). 

2.2 DESIGN CRITERIA 

The Desiqn Criteria. Waste Isolation Pilot Plant (WI.PP). Site and 
Prelirninarv Desiqn Validation (SPDVL (ref. 2-7). and the Desiqn 
Criteria, Waste Isolation Pilot Plant (WIPP). Revised Mission 

- Concept-IIA (RHC-IIAL (ref. 2-8) were used as guides by the 
Architect-Engineer (Bechtel National, Inc.) in developing the reference 
design for the WIPP underground openings. The documents contain 
general requirements which were addressed in the reference design. The 
Design Criteria, RMC-IIA. is the highest level design document for the 
project. All other design documents, such as design bases, drawings 
and specifications, were required to be in compliance with this 
document. 

The design criteria also stipulate the type and estimated o r  assumed 
rate of waste to be received at the WIPP. The majority of the criteria 
presented in the RMC-IIA document are requirements which do not need 
evaluation as to their suitability and have no impact on validation 
considerations for the underground opening reference design. The major 
criteria that governed development of the reference design are 
presented in Table 2-1. Although some of the criteria i n  this table 
are elements which cannot be evaluated, they are included because of 
their influence on the reference design configurations. Those criteria 
that can be evaluated are discussed in later chapters o f  this report as 

- 
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Table 2-1 

ABRIDGED WIPP DESIGN CRITERIA 

Page 1 of 4 

(1) Facility design 

a. Designed for an operating life of 25 years. 

b. Underground facilities and equipment shall be designed to be 
compatible with retrieval operations for all contact-handled 
(CH) and remote-handled (RH) TRU waste, with a retrieval 
decision to be made within 5 years after the initial 
emplacement of each species. (Chapter 12) 

c. The facility will be decomnissioned after it has fulfilled its 
intended purposes. This will include backfilling the 
underground facilities, sealing the shafts and decomnissioning 
the surface facilities. 

(2) CH TRU waste * 
a. Estimated annual volume is 500,000 cubic feet. 

b. Estimated volume at the end of the 5 year retrieval decision 

c. Estimated total storage capacity is 6,330,000 cubic feet. 

d. Heat generated from the waste is negligible; It will be less 
than 10 milliwatts for average drums, less than 20 milliwatts 
for average boxes, and 10 watts for few drums containing heat 
source plutonium. 

e. Estimated annual quantities are 9.616 six-packs and 2.404 
modular steel boxes. 

period i s  1.410.000 cubic feet. 

f. Estimated total quantities are 121,700 six-packs and 30.430 
modular steel boxes. 

g. Underground facilities and equipment shall be designed to 
provide for a determination to effect retrieval of waste 
stored for a period up t o  5 years after the initial 
emplacement and for a target of 5 to 10 years to reach the 
waste and retrieve it after the decision is made. (Chapter 12) 

(3) RH TRU waste * 
a. Assumed total receipt of 1,000 canisters. 

b. Assumed maximum receipt rate of two canisters per day and 250 
canisters per year. 

* See Foreword. 
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Table 2-1 (continued) 

ABRIDGED WIPP DESIGN CRITERIA 

c. If assumed quantities are insufficient, additional RH waste 
storage will be accomnodated within existing storage rooms. 

d. Heat generated from the waste is on the order of 60 watts per 
canister. 

e. Access shall be available to all emplacement positions 
throughout the retrievability period. (Chapter 12) 

f .  When both CH and RH waste are scheduled for the same room, the 
RH waste shall be emplaced first. After the 5 year 
retrievability period has terminated, CH waste may be emplaced 
in that room. 

(4) Shaft design (Chapters 7. 8 and 9) 

a. Shafts shall be designed to be structurally stable throughout 
the operating life of the underground facility and the 
decomnissioning period. 

b. Time-dependent closure of shafts due to salt creep shall be 
considered. Shafts shall be designed so that minimum 
dimensions required for shaft functions are maintained during 
design life. 

c. Ground-water flow into the shafts shall be controlled so that 
no uncontrolled ground water reaches the storage horizon via 
the shafts. 

(5) Shaft liner design 

a. Help ensure that dimensions remain within limits required for 

b. Prevent ground-water flow into the shaft. (Chapters 7. 8 and 9) 

c. Protect wall rock from deterioration. 

d. Preclude risk of rock fall from shaft wall. 

shaft functions. 

(6) Mine design 

a. The underground openings shall be designed so that deformation 
of excavations and pillars will remain within limits required 
for structural function. ventilation and safety. (Chapters 7, 
8 and 10) 
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Tab le  2-1 (cont inued)  

ABRIDGED WIPP DESIGN C R I T E R I A  

-~ 

b. 

C .  

d. 

e. 

f .  

9. 

h. 

i. 

j. 

k .  

1. 

m. 

Rock b o l t s  s h a l l  be used where necessary t o  p r o v i d e  p o s i t i v e  
suppor t  o f  r o o f s  and w a l l s .  

Surface subsidence r e s u l t i n g  f rom underground excavat ion  s h a l l  
n o t  exceed 1 i n c h  w i t h i n  a 500-foot rad ius  o f  t h e  waste s h a f t .  
(Chapter 6 )  

Excavat ions and p i l l a r s  s h a l l  be located and dimensioned t o  
avo id  geo log ic  d i s c o n t i n u i t i e s .  I f  d i s c o n t i n u i t i e s  a r e  
encountered, remed ia l  a c t i o n  s h a l l  be engineered t o  c o r r e c t  
t h e  problem. (Chapters  3 and 6) 

Design s h a l l  be based on es tab l i shed  min ing procedures. 

Pred ic ted  behav io r  o f  t h e  s a l t  s h a l l  be v e r i f i e d  by  i n  s i t u  
t e s t i n g  (SPDV) b e f o r e  proceeding w i t h  c o n s t r u c t i o n  o f  t h e  
s torage area. 

Designed t o  accomnodate creep c losu re  and ma in ta in  t h e  minimum 
dimensions r e q u i r e d  f o r  t h e  opera t ing  l i f e  o f  t h e  opening. 
(Chapters 10 and 12 )  

Creep c l o s u r e  r a t e s  used f o r  design s h a l l  be conf i rmed by 
ins t rument  obse rva t i ons  i n  t h e  excavations. (Chapters 11 and 
12) 

Excavat ion dimensions s h a l l  inc lude allowance f o r  creep 
c losu re  s u f f i c i e n t  t o  prevent  conta iner  breaching by  
creep-induced s t resses  d u r i n g  the  r e t r i e v a b i l i t y  pe r iod .  
(Chapter 12) 

Minimize t h e  p o t e n t i a l  f o r  repos i to ry  rock f r a c t u r i n g .  
(Chapter 11) 

Underground waste s to rage procedures s h a l l  i n c l u d e  a designed 
b a c k f i l l  p l a n  f o r  f i r e  p ro tec t i on .  The b a c k f i l l  t h i ckness  
s h a l l  be 1 t o  2 f e e t .  (Chapter 12) 

Permi t  ' i s o l a t i o n  o f  panels  o f  rooms w i t h  p lugs a f t e r  s to rage 
and b a c k f i l l i n g  a r e  completed. (Chapter 12)  

A i r  l ocks ,  dampers, r e g u l a t o r s  and doors s h a l l  be designed and 
i n s t a l l e d  i n  such a manner t h a t  they can accomnodate creep 
w i t h o u t  impairment t o  t h e i r  a b i l i t y  t o  ma in ta in  v e n t i l a t i o n  
separat ion.  

. .  

rq 
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Table 2-1 (cont inued)  

ABRIDGED W I P P  DESIGN C R I T E R I A  

.- 

(7) Emplacement c r i t e r i a  

a. The underground storage rooms and access d r i f t s  s h a l l  be 
designed t o  be compat ib le  w i t h  t h e  waste t r a n s p o r t  veh ic le .  
w i t h  waste con ta ine r  s izes ,  shapes. we igh ts  and s tack ing  
con f igu ra t i ons .  and w i t h  waste emplacement equipment. (Chapter 
12)  

b. P rov i s ions  s h a l l  be made t o  accomnodate b a c k f i l l i n g  over and 
. around CH waste conta iners .  (Chapter 12) 

c .  Each s to rage panel s h a l l  have p r o v i s i o n s  f o r  be ing i s o l a t e d  
f rom o t h e r  panels upon complet ion o f  s to rage operat ions i n  
t h a t  panel. (Chapter 12) 

(8) R e t r i e v a b i l i t y  

a. A l l  wastes p laced i n t o  t h e  W I P P  a r e  r e t r i e v a b l e ,  w i t h  
r e t r i e v a b i l i t y  t o  be demonstrated, u n t i l  such t ime as t h e  
p i l o t  p l a n t  i s  converted t o  an o p e r a t i o n a l  r e p o s i t o r y  f o r  
permanent d i sposa l  o f  wastes. (Chapter 12) 

b. Each s to rage room s h a l l  a l l o w  f o r  s a l t  creep and s h a l l  be 
s i zed  t o  min imize breaching o f  t h e  CH waste conta iners  f o r  a 
p e r i o d  o f  10 years. (Chapter 12) 

(9) Underground excavat ion and haulage 

a. M in ing  s h a l l  be performed wi th  cont inuous miners o r  equ iva len t  
machine t ype  devices.  D r i l l  and b l a s t - t y p e  min ing  s h a l l  be 
p r o h i b i t e d  except where au thor ized .  

b. Underground des ign s h a l l  p r o v i d e  maximum s t a b i l i t y  f o r  
excavated rooms and e n t r i e s .  (Chapters 7, 8, 10, 11 and 12) 

c. Meet o r  exceed t h e  i n t e n t  o f  t h e  a p p l i c a b l e  requirements o f  
t h e  HSHA i n  30 CFR 57.9 and t h e  New Mexico Mine Safe ty  Code 
f o r  A l l  Mines. 
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i n d i c a t e d  i n  t h e  t a b l e .  

2.3 DESIGN BASES 

The des ign  bases i d e n t i . ]  t h e  d e t a i l e d  des ign  requi rements f o r  t h e  WIPP 

underground f a c i l i t i e s .  They are  de r i ved  from t h e  more genera l  

concepts presented i n  t h e  des ign c r i t e r i a .  The des ign  bases cover  a l l  

aspects o f  t h e  des ign and f a c i l i t y  opera t ions .  Design bases a p p l i c a b l e  
t o  des ign  v a l i d a t i o n  a r e  l i s t e d  i n  re fe rences  2-9 through 2-20. The 

e s s e n t i a l  elements o f  t h e  des ign bases p e r t a i n i n g  t o  des ign v a l i d a t i o n  

o f  t h e  C & SH shaf t ,  waste shaf t ,  exhaust s h a f t ,  d r i f t s  and s torage 

area a r e  d iscussed i n  Chapters 7 through 10 and Chapter 12. The 

d iscuss ions  cover  o n l y  those bases t h a t  r e q u i r e  eva lua t ion .  Al l  o t h e r  
bases a r e  requi rements determined du r ing  des ign  rev iews and need n o t  be 

evaluated f o r  t h e i r  s u i t a b i l i t y .  

2.4 DESIGN CONFIGURATIONS 

The re fe rence  des ign con f igu ra t i ons  a r e  t h e  engineered f a c i l i t i e s  

designed t o  comply w i t h  t h e  des ign c r i t e r i a  and des ign  bases. They a r e  

descr ibed i n  var ious  c o n t r a c t  drawings and s p e c i f i c a t i o n s .  The 

e s s e n t i a l  elements o f  t h e  des ign c o n f i g u r a t i o n s  a r e  discussed i n  

Chapters 3 and 12. 

2.5 DESIGN DEVELOPMENT 

Design o f  ' t h e  WIPF sur face  and underground f a c i l i t i e s  cons is ted  o f  

t h r e e  s tages:  

(1 )  t h e  conceptual  design; 

( 2 )  t h e  p r e l i m i n a r y  design; and 

(3 )  t h e  d e t a i l e d  design, i n c l u d i n g  t h e  underground opening 

re fe rence  design. 

A t  bo th  t h e  conceptual  and p r e l i m i n a r y  des ign stages, an extensive.  

independent rev iew o f  t h e  underground l a y o u t  and des ign  was made by t h e  

-. 
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DOE and its consultants, SNL and Westinghouse Electric Corporation. 
The review included assessment of the underground design concept and 
consultation with Carlsbad area potash mine operators to obtain 
information from their experience. The preliminary design was also 
reviewed by other Federal agencies, the State of New Mexico and the NAS. 

From these reviews and consultations. the DOE concluded that the 
detailed design. based on the current state of the art, was sound. 
However, for further confirmation. it was decided that the impact of 
site-specific geologic conditions on the underground opening reference 
design should be verified by direct observation. Consequently, the DOE 
initiated the SPDV Program described in Chapter 1. The SPDV Program 
provided in situ data on the local geology and on the geomechanical 
response of the strata to the underground openings. 

2.5.1 Conceptual Desiqn 

Design of the WIPP surface and underground facilities began with the 
conceptual design, initiated in 1975 and completed i n  1977 (ref. 
2-21). The conceptual design provided the basis for development of the 
preliminary design of both the surface and underground facilities. 

2.5.2 Preliminary Desiqn 

The WIPP preliminary design was begun i n  1978 and completed i n  1980 
(ref. 2-22). The .preliminary design (Figure 2-2) was based on 
empirical methods and local mining practices, incorporating the 
conventional room and pillar method for underground development. It 
included analytical evaluations of underground openings in bedded salt 
using the finite element method and laboratory test data (refs. 2-23 
and 2-24). The roof and floor of the rooms and entries were checked 
for stability by methods described in the SME Mininq Enqineerinq 
Handbook (ref. 2-25). In addition to Eechtel, SNL performed confirming 
numerical analyses (refs. 2-26 and 2-27). These analyses predicted 
short- and long-term stress distributions around the selected openings 
as well as elastic and creep deformations. 
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2.5.3 D e t a i l e d  Desiqn 

D e t a i l e d  des ign of t h e  WIPP. begun i n  1981 and completed i n  1984. 

i nc luded  des ign of t h e  sur face  and underground f a c i l i t i e s  and t h e  

re fe rence  des ign f o r  t h e  underground openings. Th is  was based on an 

ex tens i ve  amount o f  da ta  der ived  f rom t h e  s i t e  c h a r a c t e r i z a t i o n ,  

i n c l u d i n g  i n f o r m a t i o n  f rom boreholes.  su r face  geophysica l  measurements 

and l a b o r a t o r y  t e s t s .  These data were used t o  e s t a b l i s h  t h e  f a c i l i t y  

l e v e l  and t h e  des ign parameters. The number o f  ho les d r i l l e d  t o  t h e  

proposed f a c i l i t y  l e v e l  was r e s t r i c t e d  i n  o r d e r  t o  r e t a i n  i t s  i s o l a t i o n  

f rom t h e  sur face.  The l a y o u t  and c o n f i g u r a t i o n  o f  t h e  underground 

openings were based ma in l y  on e m p i r i c a l  da ta  which incorpora tes  t h e  

room and p i l l a r  concept u t i l i z e d  i n  e x i s t i n g  potash mines i n  Carlsbad 
and o t h e r  min ing  areas, and on s torage e f f i c i e n c y .  The des ign  was a l s o  

based on min ing  and engineer ing standards u n i v e r s a l l y  app l i ed  t o  

underground p r o j e c t s .  

- 

Analyses were performed t o  evaluate t h e  s t a b i l i t y  o f  underground 

openings us ing  m a t e r i a l  p r o p e r t i e s  ob ta ined f rom l a b o r a t o r y  t e s t s  o f  

core  samples ( r e f .  2-28). V a l i d a t i o n  o f  t h e  underground opening 

re fe rence  des ign w i t h  respect  t o  t h e  a c t u a l  underground environment 
r e q u i r e s  d i r e c t  obse rva t i on  o f  geo log ic  c o n d i t i o n s  a t  t h e  f a c i l i t y  

l e v e l  and t h e  behav io r  o f  t h e  underground openings. This  i n t e r a c t i o n  

between obse rva t i on  o f  underground excavat ion  and development o f  design 

i s  c o n s i s t e n t  w i t h  eng ineer ing  p r a c t i c e  f o r  underground c o n s t r u c t i o n  

and w i th  ach iev ing  t h e  most c o s t - e f f e c t i v e  f a c i l i t y  c o n f i g u r a t i o n .  

- 

D e t a i l e d  des ign o f  t h e  W I P P  had s u f f i c i e n t  f l e x i b i l i t y  t o  a l l o w  t h e  

i n c o r p o r a t i o n  o f  i n i t i a l  i n fo rma t ion  ob ta ined f rom excavat ion  du r ing  
t h e  SPDV Program. Th is  design f l e x i b i l i t y  was necessary f o r  

c o n s t r u c t i o n  o f  t h e  underground f a c i l i t i e s .  C a l c u l a t i o n s  t h a t  app l i ed  

m a t e r i a l  p r o p e r t i e s  and a n a l y t i c a l  models developed f rom labo ra to ry  

t e s t s  were performed t o  eva lua te  t h e  behav io r  o f  t h e  underground 
openings. I n f o r m a t i o n  obta ined from t h e  des ign  v a l i d a t i o n  program was 

used t o  conf i rm.  r e f i n e ,  o r  a l t e r  t h e  underground opening reference 

des ign as requ i red  t o  accommodate i n  s i t u  cond i t i ons .  The d e t a i l e d  
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design i n c l u d e d  t h e  development o f  c o n s t r u c t i o n  d e t a i l s  f o r  t h e  

exper imenta l  areas and t h e  f u l l - s c a l e  waste s t o r a g e  area. I t -  a l s o  

i nc luded  des ign  o f  t h e  su r face  f a c i l i t i e s  b u t  t h i s  i s  n o t  i nc luded  i n  

t h e  des ign v a l i d a t i o n  program. 

2.6 DESIGN METHODS 

P r a c t i c a l  exper ience i n  t h e  sa fe  cons t ruc t i on  o f  s a l t  and potash mines 

extends over  many years.  Empi r i ca l  knowledge on t h e  sa fe  s i z e s  o f  

openings and p i l l a r s  has been documented ( r e f .  2-29) and performance 

records o f  openings i n  s a l t  a r e  ava i l ab le .  D i f f e r e n t  methods o f  

a n a l y s i s  a r e  r e q u i r e d  t o  determine the  s t a b i l i t y  o f  openings i n  s a l t  

f o r  d i f f e r e n t  c o n d i t i o n s  o f  p o t e n t i a l  f a i l u r e .  The normal s a f e t y  

concepts o f  engineer ing,  which r e l a t e  a f a c t o r  o f  s a f e t y  t o  loads o r  

s t resses,  cannot  be t r a n s f e r r e d  d i r e c t l y  t o  t h e  a n a l y s i s  o f  underground - 
openings i n  s a l t .  Therefore,  pos tu la ted  f a i l u r e  c o n d i t i o n s  were 

analyzed by o t h e r  a p p r o p r i a t e  methods. I n  genera l ,  an opening i n  s a l t  

can be considered s t a b l e  when t h e  f o l l o w i n g  two b a s i c  requirements a r e  

s a t i s f i e d :  

(1) t h e  de format ion  o f  t h e  opening conforms t o  t h e  c learance 

envelope a l lowed f o r  safe opera t ion  o f  t h e  workings du r ing  
des ign  l i f e ;  and 

(2 )  t h e  l oad  bear ing  capac i ty  o f  t h e  s a l t  around t h e  opening i s  

adequate t o  p revent  sudden s t r u c t u r a l  f a i l u r e  o f  t h e  opening. 

Subsections 2.6.1 th rough 2.6.3 discuss t h e  e m p i r i c a l  methods, c losed 

form s o l u t i o n s  and model s imu la t ions  used f o r  t h e  re fe rence  des ign o f  
the  WIPP underground openings. 

2.6.1 Emp i r i ca l  Method 

Most o f  t h e  seven potash mines i n  the  Carlsbad area  were v i s i t e d  by 

p r o j e c t  p a r t i c i p a n t s  on severa l  occasions as t h e  des ign  evolved. The 

p r e l i m i n a r y  room and p i l l a r  con f igura t ions ,  i n c l u d i n g  t h e  w i d t h  and 
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spacing o f  t h e  rooms, d r i f t s  and p i l l a r s ,  were based p r i m a r i l y  on 

exper iences gained f rom genera l  m in ing  p r a c t i c e s  i n  those mines i n  

areas w i t h  s i m i l a r  geology. The e x t r a c t i o n  r a t i o  a t  t h e  W I P P  f a c i l i t y  

h o r i z o n  i s  s i g n i f i c a n t l y  l e s s  than t h a t  used i n  potash mines o f  s i m i l a r  

depth  i n  t h e  Car lsbad area and i n  o t h e r  p a r t s  o f  Nor th  America. 

- 

2.b.2 Closed Form S o l u t i o n s  

Closed fo rm s o l u t i o n s  i n  t h e  SME H i n i n q  Enqineer inq Handbook were used 

t o  check t h e  des ign  o f  t h e  room-and-pi l lar  system, i n c l u d i n g  room 

dimensions, room spacing, p i l l a r  s t resses  and p i l l a r  w id th - to -he igh t  

r a t i o s .  These types o f  s o l u t i o n s  were a l s o  used t o  check room 

s t a b i l i t y ,  i n c l u d i n g  t h e  s t resses  on t h e  r o o f  beams, and t o  es t ima te  

su r face  subsidence ( r e f .  2-30). Closed form s o l u t i o n s  f o r  s t e e l  and 

concre te  s t r u c t u r a l  des ign  were used f o r  des ign o f  t h e  s h a f t  l i n e r s  and 

keys. 

2.6.3 Hodel S imu la t ion  

To determine t h e  geomechanical and s t r u c t u r a l  behavior  around t h e  

underground openings. mathematical  models o f  t h e  openings were 

generated and p r e l i m i n a r y  f i n i t e  element analyses were performed t o  

s imu la te  t h i s  behavior .  These analyses used ma te r ia l  p r o p e r t i e s  

ob ta ined from l a b o r a t o r y  t e s t s  o f  d r i l l  core samples t o  e s t i m a t e  

c l o s u r e  o f  the  openings. I n  o rder  t o  ma in ta in  t h e  o p e r a t i o n a l  

c a p a b i l i t y  o f  t h e  cnderground f a c i l i t y  d u r i n g  i t s  des ign l i f e ,  

a l lowances for '  r o o f ,  f l o o r  and w a l l  c losures  were added t o  t h e  

o p e r a t i o n a l  c learance envelope o f  t h e  underground openings. The des ign  

c r i t e r i a  r e q u i r e  c o n f i r m a t i o n  o r  m o d i f i c a t i o n  o f  t h e  est imated c l o s u r e  

based on geomechanical ins t rument  measurements obta ined i n  t h e  

excavat ions.  

rc- 

P r e l i m i n a r y  analyses were o n l y  considered parametr ic  s tud ies  s i n c e  

impor tan t  feedback f rom t h e  des ign  v a l i d a t i o n  program observa t ions  and 
geomechanical ins t rument  measurements was requ i red  t o  complete t h e  

c understanding o f  t h e  mechanism o f  creep deformat ion i n  t h e  s a l t  a t  t h e  

W I P P  s i t e .  

2-1 5 



CHAPTER 3 

UNDERGROUND FACILITIES 

3.1 INTRODUCTION 

Th is  chap te r  presents  a b r i e f  h i s t o r y  o f  t h e  underground development 

l e v e l  s e l e c t i o n  process. It a l s o  descr ibes  t h e  c o n f i g u r a t i o n s  o f  t h e  
WIPP sha f t s ,  d r i f t s  and rooms. and sunmnarizes t h e i r  excavat ion  

h i s t o r y .  The d i scuss ion  o f  excavat ion h i s t o r y  i nc ludes  those d e t a i l s  

p e r t a i n i n g  t o  t h e  ' a s - b u i l t "  openings which a r e  considered s i g n i f i c a n t  

w i t h  respec t  t o  t h e  re fe rence design. The re fe rence  des ign o f  t h e  

underground openings was based on requirements conta ined i n  t h e  Design 

C r i t e r i a  ( r e f s .  2-7 and 2-8) and Design Bases ( r e f s .  2-9 through 2-20) 

documents. 

. .  
The W I P P  underground f a c i l i t y  i s  d i v i d e d  i n t o  t h r e e  general  areas 

(F igu re  3-1). The no r the rn  p o r t i o n  i s  t h e  exper imenta l  area con ta in ing  

t h e  des ign v a l i d a t i o n  t e s t  rooms and technology exper iments.  The 

c e n t r a l  area i s  t h e  s h a f t  p i l l a r .  The number o f  d r i f t s  i n  t h i s  area i s  

r e s t r i c t e d  t o  min imize subsidence around t h e  s h a f t s .  Th is  p o r t i o n  o f  

t h e  f a c i l i t y  w i l l  p r i m a r i l y  con ta in  shops and personnel  areas. The 

southern p o r t i o n  o f  t h e  f a c i l i t y  i s  t h e  waste s to rage area. Al though 

some min ing  has been conducted i n  t h i s  . a r e a .  i t  remains l a r g e l y  

unexcavated a t  t h e  t ime o f  p u b l i c a t i o n  o f  t h i s  r e p o r t .  

3.2 SELECTI'ON OF THE UNDERGROUND DEVELOPMENT LEVEL 

S e l e c t i o n  o f  t h e  WIPP underground development l e v e l  evolved over 

severa l  years and var ious  f a c i l i t y  des ign  concepts. Seven 

s t r a t i g r a p h i c  hor izons  were i d e n t i f i e d  i n  1979 as p o t e n t i a l  l o c a t i o n s  

f o r  t h e  f a c i l i t y  l e v e l  and ranked i n  o rde r  o f  t h e i r  preference.  These 

seven hor izons  were chosen based on an examinat ion o f  a v a i l a b l e  

borehole data,  p r i m a r i l y  geo log ic  and geophysica l  l ogs  f rom borehole 

ERDA-9, and on ho r i zon  s e l e c t i o n  c r i t e r i a  e s t a b l i s h e d  by t h e  W I P P  

p r o j e c t  p a r t i c i p a n t s .  The s e l e c t i o n  c r i t e r i a  cons is ted  o f  recomnended 

d i s tances  between t h e  underground opening sur faces  and t h e  neares t  

o v e r l y i n g  o r  under l y ing  c l a y  seams o r  p a r t i n g s .  

1 
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Geologlc mapping o f  the SPDV e x p l o r a t o r y  s h a f t  i n  A p r i l  and May 1982 

p e r m i t t e d  an assessment o f  t h e  s u i t a b i l i t y  o f  those i n t e r v a l s  i n  t h e  
area o f  MB-139 p r e f e r r e d  f o r  t h e  l o c a t i o n  o f  t h e  f a c i l i t y  l e v e l .  Th i s  

assessment inc luded an e v a l u a t i o n  o f  t h e  i n t e r v a l s  o f  i n t e r e s t  a g a i n s t  

a mod i f i ed  ve rs ion  of t h e  1979 h o r i z o n  s e l e c t i o n  c r i t e r i a .  These 

m o d i f i e d  c r i t e r i a  were a r e s u l t  o f  changes t o  t h e  i n i t i a l  WIPP f a c i l i t y  

concept, c o n s i s t i n g  o f  a r e d u c t i o n  f rom two l e v e l s  t o  one and 

a l t e r a t i o n s  i n  t h e  room s i ze .  The m o d i f i e d  c r i t e r i a  were as f o l l o w s :  

(4 )  

The rock compr is ing t h e  underground f a c i l i t y  ho r i zon  should 

con ta in  no s i g n i f i c a n t  d i s s o l u t i o n  fea tures ,  f a u l t s ,  o r  

f rac tu res .  I f  any such fea tu res  a r e  noted, a d e t a i l e d  

i n v e s t i g a t i o n  must be conducted. (This  element was n o t  
e x p l i c i t l y  s t a t e d  i n  t h e  1979 c r i t e r i a . )  

There should be a minimum 4 - f O O t  th ickness  o f  h a l i t e  between 

t h e  t o p  o f  H8-139 and t h e  f a c i l i t y  f l o o r .  The undu la to ry  

upper con tac t  o f  HB-139 s h a l l  be considered i n  t h e  s e l e c t i o n  

o f  t h e  f a c i l i t y  f l o o r  l e v e l .  (The 1979 c r i t e r i a  r e q u i r e d  a 
5 - foo t  t h i ckness  between t h e  f a c i l i t y  f l o o r  and t h e  f i r s t  

under l y ing  c l a y  seam o r  pa r t i ng . )  

There should be a minimum 14 1 /2- foo t  sec t i on  o f  h a l i t e  f o r  

c o n s t r u c t i o n  o f  nominal 13-fOOt h igh  rooms. H i  n o r  

i m p u r i t i e s ,  such as a r g i l l a c e o u s  h a l i t e  and p o l y h a l i t e ,  may 

be acceptable.  (The f a c i l i t y  des ign i n  1979 c a l l e d  f o r  

12-foot h i g h  rooms.) 

There should be a minimum o f  5 f e e t  o f  h a l i t e  between t h e  

f a c i l i t y  r o o f  and t h e  f i r s t  o v e r l y i n g  c l a y  seam ( d e f i n e d  as 

1/4 i n c h  t h i c k  o r  g r e a t e r )  f o r  purposes o f  roo f  s t a b i l i t y .  
(Th i s  c r i t e r i o n  was ad jus ted  a t  t h e  s i t e  t o  a 5- t o  10 - foo t  

th ickness  a t  t h e  ve rba l  request  o f  SNL personnel.) 

Horizons c o n t a i n i n g  s u b s t a n t i a l  amounts o f  p o l y h a l i t e  should 

be avoided. The minimum th ickness  o f  h a l i t e  de f i ned  i n  t h e  
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t h i r d  c r i t e r i o n  l i s t e d  above was increased from 14 1/2 f e e t  

t o  17 f e e t  o r  more t o  accomnodate t h e  17- foot  h igh  SPDV 

e x p l o r a t o r y  s h a f t  s t a t i o n .  

S e l e c t i o n  o f  t h e  f i n a l  underground development l e v e l  was made f o l l o w i n g  

a s e r i e s  o f  meetings i n  which t h e  i n t e r v a l  ranked f i r s t  was evaluated 

f o r  i t s  a b i l i t y  t o  s a t i s f y  these c r i t e r i a .  The s e l e c t i o n  was based 
p r i m a r i l y  on t h e  r e s u l t s  o f  d e t a i l e d  geo log ic  s h a f t  mapping f rom a 

depth o f  2,080 f e e t  t o  2.185 f e e t .  A meeting, a t tended by 

rep resen ta t i ves  from t h e  DOE, Westinghouse, SNL and Bechtel, was h e l d  

on May 2. 1982. t o  d iscuss t h e  r e s u l t s  o f  t h e  s e l e c t i o n  process and t o  

p resen t  a recomnendation f o r  t h e  f a c i l i t y  l e v e l  l o c a t i o n  t o  t h e  DOE. 

The f i n a l  l e v e l  se lected f o r  t h e  f a c i l i t y  f l o o r  was a t  a p r e l i m i n a r y  

depth o f  2.149 f e e t  (e lev .  1258.4 f e e t ) .  The recomnendation was 

accepted by  t h e  DOE and l a t e r  rev iewed and concurred i n  by  a 

r e p r e s e n t a t i v e  o f  t h e  New Hexico Environmental  Eva lua t i on  Group (EEG). 

Geologic mapping o f  t h e  SPDV e x p l o r a t o r y  s h a f t  and subsequent 

e v a l u a t i o n  by  t h e  p r o j e c t  p a r t i c i p a n t s  showed t h a t ,  as an t i c ipa ted ,  t h e  

geology was s i m i l a r  t o  t h a t  encountered i n  borehole ERDA-9. One 

except ion  was t h e  d iscovery  o f  an a d d i t i o n a l  a n h y d r i t e  bed, a n h y d r i t e  

"b". and i t s  under ly ing  c l a y  seam. F igures  3-2 and 3-3 show t h e  

p r e l i m i n a r y  design (pre-SPDV) o f  t h e  s h a f t  s t a t i o n  and storage rooms. 

Th is  p r e l i m i n a r y  des ign was based on t h e  s t r a t i g r a p h y  a t  t h e  

f i r s t - r a n k e d  a l t e r n a t i v e  hor izon.  F igu res  3-2 and 3-3 show t h a t  o n l y  

one a n h y d r i t e  l a y e r  and c l a y  seam were expected above the  f a c i l i t y  

l e v e l  a t  t h i s  hor izon,  based on t h e  i n t e r p r e t a t i o n  o f  EROA-9 core.  

Th is  would have produced 12 f e e t  o f  u n i n t e r r u p t e d  h a l i t e  above t h e  

s h a f t  s t a t i o n  and 16 f e e t  above t h e  s to rage rooms. However, s h a f t  

mapping revea led  an in te rmed ia te  bed, a n h y d r i t e  "b" ,  approx imate ly  7 

f e e t  below the  known bed, a n h y d r i t e  "a" . This reduced t h e  

u n i n t e r r u p t e d  h a l i t e  th ickness  above t h e  f a c i l i t y  l e v e l  roo f  t o  3.5 t o  

5 f e e t  a t  t h e  s h a f t  s t a t i o n  and 7 t o  8.5 f e e t  i n  the  waste s torage 

area.  Desp i te  t h i s  f i n d i n g ,  t h e  underground f a c i l i t y  hor izon  chosen 
was judged t o  adequately meet a l l  o f  t h e  e s t a b l i s h e d  c r i t e r i a .  
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1 A t  a m e t l n g  h e l d  on February 13. 1986. c o n s i d e r a t i o n  was g i v e n  t o  t h e  

d e s i r a b i l i t y  o f  r e l o c a t i n g  t h e  f a c i l i t y  l e v e l  t o  a d i f f e r e n t  

s t r a t i g r a p h i c  ho r i zon  ( r e f .  3-2) .  The d i scuss ion  was prompted by  t h e  

f o l l o w i n g  observat ions o f  t h e  behav io r  o f  t h e  underground openings: 

(1 )  The e f f e c t  o f  excavat ion  on t h e  s t r a t a  surrounding t h e  

underground openings a r e  be ing  i n v e s t i g a t e d  by gas 

p e r m e a b i l i t y  t e s t i n g .  These t e s t s  i n d i c a t e  t h a t  zones o f  

increased p e r m e a b i l i t y  due t o  f r a c t u r i n g ,  and p r o p o r t i o n a l  t o  

the s i z e  o f  t h e  opening, have developed between t h e  f l o o r  o f  

t h e  openings and t h e  base o f  HB-139 i n  t h e  t e s t  rooms. These 

zones have a l s o  developed a t  i n t e r s e c t i o n s  and o t h e r  

l o c a t i o n s  i n  t h e  N1420 d r i f t .  Increased p e r m e a b i l i t y  has 
a l s o  been de tec ted  w i t h i n  a n h y d r i t e  "b"  above t h e  r o o f  o f  t h e  

t e s t  rooms. ( A d d i t i o n a l  p e r m e a b i l i t y  t e s t i n g  i s  be ing  

conducted by SNL. The f i n a l  r e s u l t s  f rom t h i s  program a r e  

n o t  y e t  ava i l ab le . )  

(2 )  F r a c t u r i n g  has been encountered bo th  w i t h i n  and above 

HB-139. I t  i s  e s p e c i a l l y  w e l l  developed i n  t h e  southern h a l f  

o f  Test Room 3 (Room T ) .  Th i s  f r a c t u r i n g  i s  d iscussed i n  

Chapter 10, subsec t ion  10.3.2.1, and i n  Chapter 11, 

subsect ion 11.3.2.1. 

(3 )  Both h o r i z o n t a l  d isplacements and v e r t i c a l  separat ions have 

been observed above t h e  r o o f  o f  t h e  underground openings. 
These occur  p r i m a r i l y  a t  a n h y d r i t e  "b"  and a r e  assoc ia ted  

w i t h  t h e  under l y ing  c l a y  seam. Th is  i s  discussed i n  Chapter 

10, subsect ion 10.3.2.1, and i n  Chapter 11, subsect ion 

11.3.2.1. 

( 4 )  I n  s i t u  c l o s u r e  r a t e s  a r e  a lmost  t h r e e  t imes g rea te r  t han  t h e  

ra tes  o r i g i n a l l y  p r e d i c t e d  f rom l a b o r a t o r y  t e s t  data.  Th is  

i s  d iscussed i n  Chapters 10, 11 and 12. 
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The underground opening behav io r  o c c u r r i n g  a t  t h e  WIPP i s  s i m i l a r  t o  

t h a t  o f  o t h e r  openings excavated i n  areas w i t h  s i m i l a r  geo log ic  

fo rma t ions .  The c o n d i t i o n s  a r e  understood and any problems encountered 

can be adequate ly  m i t i g a t e d  us ing  s tandard min ing  engineer ing 

procedures.  The behav io r  experienced a t  t h e  p resen t  f a c i l i t y  l e v e l  i s  

l i k e l y  t o  occur  t o  some e x t e n t  a t  any a l t e r n a t e  ho r i zon  se lected.  

These conclusions, and t h e  f a c t  t h a t  t h e  behav io ra l  c h a r a c t e r i s t i c s  and 

geo log ic  environment a t  t h e  e x i s t i n g  l e v e l  a r e  known, resu l ted  i n  a 

d e c i s i o n  by t h e  WIPP p r o j e c t  p a r t i c i p a n t s  t o  keep t h e  f a c i l i t y  l e v e l  a t  

i t s  p resen t  l oca t i on .  S tud ies  o f  t h e  behav io r  o f  t h e  rooms and d r i f t s  

w i l l  con t i nue  beyond des ign v a l i d a t i o n  as d iscussed i n  Chapter 1. 

subsec t i on  1.5.2.  

3.3 DESCRIPTION OF UNDERGROUND FACILITIES 

3.3.1 C & SH Sha f t  

The c o n s t r u c t i o n  and s a l t  hand l ing  ( C  ti SH) s h a f t  i s  t h e  p r i n c i p a l  

means o f  access t o  t h e  underground W I P P  f a c i l i t y  and i s  t h e  pr imary  

f r e s h - a i r  i n t a k e  f o r  t h e  underground v e n t i l a t i o n  system. It was 

o r i g i n a l l y  des ignated t h e  e x p l o r a t o r y  s h a f t  d u r i n g  t h e  SPDV Program. 

The s h a f t  p rov ides  a means of access f o r  personnel  and m a t e r i a l s  t o  and 

f rom t h e  f a c i l i t y .  and f o r  t h e  removal o f  excavated s a l t .  

Geomechanical i ns t rumen ta t i on  i n s t a l l e d  i n  t h e  s h a f t  prov ides impor tan t  

da ta  f o r  mon i to r i ng  t h e  behav io r  o f  t h e  l i n e r  and key. t h e  s a l t  s t r a t a  

sur round ing  t h e  sha f t .  and ground-water  pressures.  ' 

The s h a f t  i s  l i n e d  w i th  s t e e l  cas ing hav ing  a 10- foo t  i n s i d e  d iameter  

f rom t h e  ground sur face  t o  a depth o f  846 f e e t .  The 10- foo t  d iameter  

extends through t h e  concrete s h a f t  key t o  a depth o f  880 fee t .  From 

t h e  key t o  t h e  bot tom o f  t h e  s h a f t  a t  2,298 f e e t  t h e  s h a f t  i s  a nominal 

12 f e e t  i n  d iameter  and i s  un l ined.  

The s t e e l  l i n e r  was designed t o  r e t a i n  t h e  rock format ions above t h e  

s a l t  and t o  prevent  water  seepage i n t o  t h e  s h a f t .  The l i n e r  was 

designed f o r  bo th  c o n s t r u c t i o n  and permanent loads.  The cons t ruc t i on  
l oad  was considered t o  be t h e  h y d r o s t a t i c  p ressure  exer ted  on the  l i n e r  
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by t h e  f l u i d  used t o  U f l o a t "  i t  i n t o  p lace  f o r  i n s t a l l a t i o n .  The 

permanent l oad  i s  t h e  h y d r o s t a t i c  pressure exer ted  on t h e  l i n e r  by 

ground water  under  a r t e s i a n  cond i t i ons  i n  t h e  water-bear ing zones. 

Rock pressure  was n o t  used i n  des ign due t o  t h e  c o n t r o l l i n g  i n f l u e n c e  

o f  t h e  h y d r o s t a t i c  pressure.  Since h y d r o s t a t i c  p ressure  increased w i t h  

depth, t h e  s t e e l  l i n e r  th ickness  was a l s o  increased. The l i n e r  i s  5/8 

i n c h  t h i c k  a t  t h e  t o p  and increases t o  1 1 /2  inches t h i c k  a t  t h e  

bottom. The l i n e r  i s  h e l d  i n  p lace  w i th  cement g rou t .  

The C h SH s h a f t  key i s  a 37 1/2- foot  l ong  re in fo rced-concre te  

s t r u c t u r e  a t  t h e  base o f  t h e  s t e e l  l i n e r .  The key serves two impor tan t  

func t ions .  F i r s t .  i t  prov ides  a t r a n s i t i o n  f rom t h e  l i n e d  t o  t h e  

un l i ned  sec t i ons  of t h e  sha f t .  Second, as an i n t e g r a l  p a r t  o f  t h e  
l i n e r ,  i t  prevents  ground water  f rom t h e  upper water-bear ing members 

f rom d i s s o l v i n g  t h e  s a l t  around and beneath t h e  key. Th is  water  

movement i s  obs t ruc ted  p r i m a r i l y  by two water  seals  i n s t a l l e d  behind 

t h e  concrete.  A t h i r d  seal ,  i n s t a l l e d  a t  t h e  i n t e r f a c e  o f  t h e  s t e e l  

l i n e r  and conc re te  key, prevents  water  f rom f l o w i n g  o u t  a t  t h e  

i n t e r f a c e  and down t h e  i n n e r  sur face  o f  t h e  key. A g r a v e l - f i l l e d  

t r e n c h  was cons t ruc ted  behind t h e  concrete above t h e  l ower  o f  t h e  two 

sea ls  t o  i n t e r c e p t  water  m i g r a t i o n  pas t  t h e  upper sea l .  Th is  water  i s  

d ra ined through f o u r  pipes, c a l l e d  " t e l l t a l e s " .  t o  t h e  key su r face  and 

i n t o  a water  c o l l e c t i o n  r i n g  a t  t h e  base o f  t h e  key. 

c_ 

The s h a f t  i s  u n l i n e d  below t h e  concrete key. Excavat ion by t h e  r o t a r y  

d r i l l i n g  method has r e s u l t e d  i n  s h a f t  w a l l s  t h a t  a r e  smooth and 

undamaged. No suppor t  o r  p r o t e c t i v e  w i r e  mesh was requ i red .  

3.3.2 Waste S h a f t  

The waste s h a f t  serves t o  connect t h e  waste hand l ing  b u i l d i n g  on t h e  

ground su r face  w i t h  t h e  WIPP underground f a c i l i t y .  The s h a f t ' s  p r imary  

f u n c t i o n  i s  t o  p e r m i t  t h e  t r a n s f e r  o f  r a d i o a c t i v e  waste f rom t h e  

sur face  t o  t h e  underground storage area. I t w i l l  a l s o  serve as an 
i n t a k e  s h a f t  f o r  smal l  volumes o f  a i r  du r ing  s torage opera t i ons  and as 
an emergency escape rou te .  The waste s h a f t  was i n i t i a l l y  excavated as 

c 

3 -9 



a 6-foot d iameter  v e n t i l a t i o n  sha f t ,  which was t h e  pr imary  exhaust 

r o u t e  du r ing  the SPOV phase o f  cons t ruc t i on .  As i n  t h e  C & SH s h a f t ,  

geomechanical ins t ruments  i n s t a l l e d  i n  t h e  waste s h a f t  p r o v i d e  

impor tan t  geotechn ica l  da ta  w j th  which t o  mon i to r  t h e  behav io r  o f  t h e  

s h a f t  and i t s  sur round ing  geo log ic  environment. 

The waste s h a f t  i s  l i n e d  w i t h  un re in fo rced  concrete f rom t h e  ground 

sur face  t o  t h e  t o p  o f  t h e  key a t  a depth o f  837 fee t .  The purpose o f  

t h e  l i n e r  i s  t o  r e t a i n  t h e  surrounding rock and t o  prevent ground water  

f rom e n t e r i n g  t h e  s h a f t .  The l i n e d  s e c t i o n  o f  t h e  s h a f t  has a f i n i s h e d  

i n s i d e  diameter o f  1 9  f e e t .  The l i n e r  th ickness  increases w i t h  depth  

f rom 10 inches a t  t h e  su r face  t o  20 inches a t  t h e  key. A wa te r  

c o l l e c t i o n  r i n g  was inco rpo ra ted  i n t o  t h e  l i n e r  inmed ia te ly  beneath 

bo th  t h e  Magenta and Culebra water-bear ing members. These r i n g s  a r e  

connected t o  another  r i n g  a t  t h e  base o f  t h e  key. 

The waste s h a f t  key i s  s i m i l a r  i n  c o n s t r u c t i o n  t o  the  C & SH s h a f t  

key. I t  serves as a t r a n s i t i o n  f rom t h e  concrete- l ined s e c t i o n  t o  t h e  

exposed s a l t  s e c t i o n  o f  t h e  s h a f t  and i t  prevents ground wa te r  f rom 

reach ing  t h e  s a l t  v i a  t h e  s h a f t  opening. The key i s  63 f e e t  long,  4 

1/4 f e e t  t h i c k  and cons t ruc ted  o f  r e i n f o r c e d  concrete.  The bo t tom o f  

t h e  key i s  a t  a depth  o f  900 f e e t .  I n  c o n t r a s t  t o  the  C 6 SH s h a f t  

key, t h e  waste s h a f t  key has o n l y  two water  seals .  

A water  c o l l e c t i o n  r i n g '  a t  t h e  base o f  t h e  key c o l l e c t s  water  t r i c k l i n g  

down t h e  sur face  o f  t h e  key and conducts i t , as w e l l  as water  f rom t h e  

two upper r i n g s ,  t o  t h e  s h a f t  s t a t i o n  v i a  a 2-inch d iameter  PVC p i p e .  

Two guide pipes, c o n s i s t i n g  o f  2- inch d iameter  p o l y v i n y l  c h l o r i d e  ( P V C )  

p ipe ,  were a l s o  i n s t a l l e d  i n  t h e  concre te  key a t  a depth o f  843 f e e t  a t  

t h e  request o f  SNL t o  serve as guides f o r  d r i l l i n g  t e s t  ho les  across 

t h e  con tac t  o f  t h e  R u s t l e r  f o rma t ion  w i t h  t h e  Salado format ion.  

The sec t i on  o f  t h e  s h a f t  below t h e  key i s  20 f e e t  i n  d iameter  and 

cons is t s  of exposed s a l t  l i n e d  w i th  w i r e  mesh anchored by rock b o l t s .  

The 20-foot diameter s h a f t  en larges t o  23 f e e t  j u s t  above t h e  waste 
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s h a f t  s t a t l o n .  This 23-foot d iameter  extends t o  t h e  bottom o f  t h e  

s h a f t ,  approx imate ly  122 f e e t  below t h e  f a c i l i t y  l e v e l .  
I 

3.3.3 Exhaust Sha f t  

The exhaust s h a f t  i s  t h e  p r imary  v e n t i l a t i o n  exhaust f o r  t h e  

underground f a c i l i t i e s .  It i s  designed as a duc t  t o  remove a i r  f rom 

t h e  underground areas up through t h e  exhaust f i l t e r  b u i l d i n g  a t  t h e  
ground sur face.  I n  add i t i on ,  t h e  exhaust s h a f t  w i l l  serve as a backup 

escape r o u t e  d u r i n g  emergencies. Th is  s h a f t  i s  a l s o  used t o  c a r r y  an 

a u x i l i a r y  1 5  kV power cab le  and s i g n a l  cables underground. These 

redundant cables serve as emergen,cy a l t e r n a t e s  should the  pr imary  

cab les  i n  t h e  C 6 SH s h a f t  become i n o p e r a t i v e .  The exhaust sha f t ,  

l i k e  t h e  C 6 SH and waste sha f t s ,  con ta ins  a s u i t e  o f  geomechanical 

ins t ruments .  

The exhaust s h a f t  i s  l i n e d  w i th  un re in fo rced  concrete f rom t h e  ground 

s u r f a c e  t o  t h e  t o p  o f  t h e  s h a f t  key a t  a depth o f  844 f e e t .  The 

purpose o f  t h e  l i n e r  i s  t h e  same as t h a t  i n  t h e  o t h e r  two shaf ts .  The 

l i n e r  has an i n s i d e  diameter o f  14 feet- .  The l i n e r  th ickness  increases 

f rom 10 t o  16 inches w i t h  depth. 

,x. 

The exhaust s h a f t  key serves t h e  same f u n c t i o n  as t h e  keys i n  t h e  o t h e r  

two sha f t s .  It i s  a t r a n s i t i o n  element between t h e  concrete l i n e r  i n  

t h e  upper s e c t i o n  o f  t h e  s h a f t  and t h e  exposed s a l t  i n  t h e  lower  

s e c t i o n .  It i s  a l s o  designed t o  p revent  ground water  i n  t h e  upper 

water-bear ing members f rom reaching t h e  s a l t  sec t i on  o f  t h e  shaf t .  The 

key i s  63 f e e t  long  and 3 1/2 f e e t  t h i c k .  The key conta ins  e i g h t  

t e l l t a l e  d r a i n s  a t  a depth o f  857 f e e t  and n ine  d ra ins  each a t  855 f e e t  
and 870 f t .  The key also  conta ins  two water  seals ,  a water  c o l l e c t i o n  

r i n g ,  and two guide p ipes f o r  d r i l l i n g  t e s t  ho les.  The bottom o f  t h e  

key i s  a t  a depth o f  907 f e e t .  

The exhaust s h a f t  below t h e  key i s  15 f e e t  i n  diameter.  It i s  l i n e d  

w i t h  w i r e  mesh anchored by rock b o l t s .  The exhaust s h a f t  terminates a t  

t h e  f a c i l i t y  l e v e l ;  t he re  i s  no s h a f t  sump. 
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3.3.4 Drifts 

The underground shaft stations and drifts have been designed to 
facilitate the handling and transport of radioactive waste. They also 
provide access for construction operations and experimental 
activities. The drifts are designed to provide adequate ventilation 
supply and exhaust for all areas of the underground facility. 

All drifts are rectangular in cross section with typical dimensions 
that range from about 8 to 12 feet high and 14 t o  25 feet wide. Access 
drifts serve as the main haulageways between the shafts and the 
experimental and waste storage areas. Cross-cut drifts (crosscuts) are 
designed to accomnodate equipment, shops and traffic flow. The 
crosscuts are generally smaller in cross-sectional dimensions than the 
access drifts. The excavated dimensions of major drifts and rooms are 
presented in Table 3-1. The horizontal underground openings are 
oriented either north-south or east-west and are labeled based on a 
grid system having the centerline of the C 6 SH shaft as its origin. 
For example, the EO drift runs north-south in line w3th the C h SH 

shaft and the NllOO drift is an eastrest drift 1100 feet north of the 
C h SH shaft. 

The northern part of the facility contains the experimental areas. 
Four test rooms were excavated west of the EO drift as part of the SPDV 
Program. These rooms are discussed in subsection 3.3.5. The remaining 
experimental areas have been excavated for long-term experimental 
programs 'to be conducted under the direction of SNL. These experiments 
are not part of design validation and are addressed in this report only 
when necessary to clarify the discussion. 

The shaft pillar area (Figure 3-1) is designed to protect the surface 
structures and shafts from settlement resulting from the natural 
closure of underground openings. The shaft pillar dimensions were 
derived in accordance with standard analyses developed by the U.S. 
Bureau of Mines (ref. 2-30). Excavation within the shaft pillar area 
was designed to maintain an extraction ratio of less than 15 percent. 
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Table 3-1 

F A C I L I T Y  LEVEL CONFIGURATIONS 
NOMINAL EXCAVATED DIMENSIONS OF MAJOR DRIFTS AND ROOMS 

Page 1 o f  2 

D r i f t  o r  Room 
Width He igh t  
(ft) ( f t )  

EO 
€140 
E l  40 
€140 
€300 
W30 
W30 
W170 
N140 
N140 
N4b0 
N780 
N1100 
N1100 
N1100 
N1100 
N1420 
N1420 
s90 
s90 
5400 
5400 
5400 
5700 
5700 
5700 
51 000 
51000 
s1000 
51300 
S1300 
51300 
SlbOO 
51600 
51 600 
51 600 
s1950 
51950 
521 80 

- 

From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
From 
F rom 
From 
From 
F rom 
From 
From 
From 
From 
From 

N35 To 
N140 To 
N140 To 
52210 To 
590 To 
590 To 
5700 To 
N140 To 
€0 To 
€0 To 
€0 To 
€0 To 
€0 To 
€0 To 
Wbb7 To 
W1800 To 
E l  40 To 
E l  40 To 
EO To 
€140 To 
EbO To 
€140 To 
€300 To 
w170 To 
W30 To 
€140 To 
w17c To 
W30 To 
€140 To 
w170 To 
W30 To 
E l  40 To 
W170 To 
W30 To 
€140 To 
€300 To 
W30 To 
€140 To 
€140 To 

N1420 25 
N1420 14 
52210 25 
S32b4 (Exp lo ra to ry  D r i f t )  25  
S1980 14 
5700 20 
S1950 14 
S1300 14 
E l  40 12 
W170 12 
€140 (Conference Room) 20 
El40 12 
E l  54b 14 
Wbb7 
Wl800 (Room G E n t r y  
W2990 (Room 6 )  
E l  546 
Wb47 
€140 
€300 
€140 
€300 
€500 
W30 
E l  40 
€300 
W30 
E l  40 
€300 
W3D 
E l  40 
€300 
W30 
E l  40 
€300 
E520 
El 40 
E300 
€300 

20 
D r i f t )  20 

20 
14 
20 
12 
14 
20 

14/18 
20 

20/25 
20 

20/35 
20 
25 
20 
20 
20 
20 
20 
20 
20 
14 
14 
20 
14 

12 
8 

12 
8 

12  
12  
12 
12 

12/19 
12/19 

8 
12 
9 

12 
9 

10 
12 
12 
12 
12 
12 

12/17 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

c 
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Tab le  3-1 (cont inued)  

FACILITY LEVEL CONFIGURATIONS 
NOMINAL EXCAVATED DIMENSIONS OF MAJOR DRIFTS AND ROOMS 

Width H e i g h t  
D r i f t  o r  Room Ift) ( f t l  

Tes t  Rooms 1. 2, 3 6 4 (300 f e e t  long)  
Exper imental  Rooms A l .  A2. A3. 8 h D (306 f e e t  
Alcove 11 (43 f e e t  l ong )  
Alcoves 12, 13, 14. 15, I6 6 17 (33 f e e t  long)  
Rooms C 1  6 C2 (98 and 102 f e e t  long)  
Room J (98 f e e t  long)  
Rooms L1 h L2 (98 f e e t  l ong )  
Room H Ent ry  
Room H (ou ts ide  r a d i u s  = 54 f e e t )  

33 1 3  
1 on9 ) 18 18 

24 12 
33 1 2  
18 18 
33 1 2  
33 1 2  
12 10 
36 10 
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c 
A geomechanical i ns t rumen ta t i on  program was implemented t o  ga the r  

geo techn ica l  da ta  f rom t h e  underground d r i f t s .  The program was 
designed t o  mon i to r  t h e  s t a b i l i t y  o f  t h e  openings. t o  assess 
de fo rma t iona l  c h a r a c t e r i s t i c s  o f  t h e  s a l t ,  and t o  measure c losu re  rates.  

o f  t y p i c a l  d r i f t s .  rooms and i n t e r s e c t i o n s .  I n  a d d i t i o n ,  an ex tens ive  

program o f  geo log ic  mapping, core  d r i l l i n g .  l a b o r a t o r y  t e s t i n g  and 

v i s u a l  observa t ions  has been conducted. The methodology used and t h e  

r e s u l t s  o f  these programs a r e  d iscussed i n  o t h e r  chapters  o f  t h i s  

r e p o r t .  

3.3.5 T e s t  Rooms 

Four  t e s t  rooms were excavated i n  t h e  n o r t h e r n  s e c t i o n  o f  t h e  f a c i l i t y  

d u r i n g  t h e  SPDV phase o f  c o n s t r u c t i o n .  These rooms represent  
f u l l - s c a l e  models o f  t h e  f u t u r e  waste s to rage rooms and have t h e  same 

dimensions. 13 f e e t  high, 33 f e e t  wide and 300 f e e t  long, as t h e  

p lanned s to rage rooms. 

- 
The t e s t  rooms a r e  designed t o  p e r m i t  an assessment o f  deformat ion and 

c l o s u r e  r a t e s  due t o  s a l t  creep as w e l l  as t h e  s t a b i l i t y  o f  t h e  f u t u r e  

s to rage rooms. Th is  has been accomplished by eva lua t i ons  and analyses 

o f  geotechn ica l  data gathered f rom geomechanical inst ruments i n s t a l l e d  

i n  each room and the r e s u l t s  o f  geo log i c  mapping, core d r i l l i n g .  

l a b o r a t o r y  t e s t i n g  of samples f rom t h e  surrounding s t r a t a ,  and 

q u a l i t a t i v e  v i s u a l  observat ions by p r o j e c t  geotechn ica l  personnel .  The 

r e s u l t s  o f  these eva lua t ions  and analyses a r e  presented i n  Chapters 11 

and 12. 

@ 3.3.6 Waste Storaqe Area .__ 
The waste s torage area w i l l  be developed i n  t h e  southern p o r t i o n  o f  t h e  

f a c i l i t y  ( F i g u r e  3-1). The re fe rence  des ign  f o r  t h i s  area inc ludes  a 
s e r i e s  o f  e i g h t  panels w i t h  seven s to rage rooms i n  each panel .  The 

room dimensions a r e  13 f e e t  high, 33 f e e t  wide and 300 f e e t  long.  The 

w i d t h  o f  t h e  p i l l a r s  between rooms i s  100 f e e t .  Th is  c o n f i g u r a t i o n  
- r e s u l t s  i n  a s torage area e x t r a c t i o n  r a t i o  o f  l ess  than 25 percent  

based on a l i n e  100 f e e t  beyond t h e  s to rage area excavat ion neat  l i n e .  
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F u l l  development o f  t h e  waste s torage area w i l l  e v e n t u a l l y  encompass 

about 140 acres.  The re fe rence  des ign i s  based on t h e  assumption t h a t  

t h e  s to rage  rooms and panels  w i l l  be excavated i n  stages coord ina ted  

w i th  t h e  scheduled a r r i v a l  o f  waste. Waste s to rage i s  designed n o t  

o n l y  f o r  t h e  rooms b u t  a l s o  f o r  a l l  d r i f t s  and c rosscut  

s to rage area (south  o f  t h e  S1600 d r i f t ) .  

3.4 UNDERGROUND CONSTRUCTION 

The e x i s t i n g  WIPP underground f a c i l i t y  was cons t ruc ted  

i n  t h e  waste 

n two phases. 

The f i r s t  phase, SPDV ( F i g u r e  3-1). was conducted f rom 1981 t o  1983 and 

cons is ted  o f  t h e  excavat ion  o f  t h e  e x p l o r a t o r y  and v e n t i l a t i o n  sha f t s  

as .wel l  as severa l  d r i f t s  and a panel o f  f o u r  t e s t  rooms. SPDV 

accomplished two o b j e c t i v e s :  (1 )  i t  p e r m i t t e d  t h e  complet ion o f  

exper iments and geotechn ica l  a c t i v i t i e s  r e q u i r e d  f o r  t h e  S i t e  

V a l i d a t i o n  Program ( r e f .  2-5); and ( 2 )  i t  prov ided f o r  t h e  i n i t i a l  i n  

s i t u  c o n f i r m a t i o n  o f  t h e  underground f a c i l i t y  re fe rence design. Th is  

a l lowed c o n s t r u c t i o n  o f  t h e  underground f a c i l i t y  t o  proceed i n  a t i m e l y  

and c o s t - e f f e c t i v e  manner. 

. .  

Excavat ion  assoc ia ted  w i th  t h e  second phase o f  underground c o n s t r u c t i o n  

was accomplished f rom October 1983 through February 1985 and i s  
des ignated as f u l l  c o n s t r u c t i o n  on F igu re  3-1. T h i s  excavat ion 

i nc luded  e n l a r g i n g  t h e  v e n t i l a t i o n  s h a f t  f o r  i t s  convers ion t o  t h e  

waste hand l i ng  s h a f t ,  c o n s t r u c t i n g  t h e  exhaust sha f t ,  and min ing  

a d d i t i o n a l  underground d r i f t s  and t e s t  rooms f o r  conduct ing R h D 
exper iments.  The o p e r a t i o n a l  name o f  t h e  e x p l o r a t o r y  s h a f t  changed t o  

t h e  C h SH s h a f t  d u r i n g  t h i s  per iod .  Design v a l i d a t i o n  has been an ,,”- 
i n t e g r a l  p a r t  o f  t h i s  c o n s t r u c t i o n  a c t i v i t y .  

A t h i r d  phase o f  underground c o n s t r u c t i o n  i s  c u r r e n t l y  i n  progress.  

Th is  i s  t h e  i n i t i a l  opera t ions  phase d u r i n g  which excavat ion  o f  t h e  

s to rage rooms w i l l  occur  concur ren t l y  w i t h  waste emplacement. M in ing  

f o r  t h i s  phase s t a r t e d  i n  June 1985 w i t h  t h e  excavat ion  o f  c rosscuts  

f o r  t h e  i n s t a l l a t i o n  o f  shops i n  t h e  s h a f t  p i l l e r  area.  P a r t i a l  
excavat ion  o f  some storage rooms w i l l  f o l l o w .  However, i n i t i a l  waste I 
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- emplacement is currently not scheduled to begin until late 1988. No 
discussion of the operations phase i s  presented in this report, 
although it will be strongly affected by t h e  design validation results 
presented herein. 

3.4.1 C h SH Shaft 

C h SH shaft construction was performed during 1981 and 1982. 
Construction started in Hay 1981 with the excavation of a 98-foot deep 
pilot hole. The pilot hole was augered using a crane-mounted drilling 
unit. ,Steel surface casing with an interior diameter of 12 feet was 
grouted into place to a depth of 93.4 feet. 

Shaft drilling started on July 4. 1981, and was completed 112 days 
later. The drilling was performed using a jacknife derrick with draw 
works capable of supporting a suspended load of 500 tons. The drilling 
method used consisted of air-lifted reverse circulation performed 
through double-walled drill pipe. The drilling fluid (brine) was 
maintained at a relatively constant level above the drill bit. The 
drill bit consisted of a 142-inch diameter full-face rolling cutter 
head. Shaft drilling was completed to a depth of 2,298 feet on 
October 24, 1981. Table 3-2 contains an abridged history of the 
C h SH shaft drilling program. 

1 

Liner installation began on November 12, 1981, and was completed on 
December 3. 1981. A steel liner was installed in 20- and 40-foot 
sections i n  the Shaft above the salt formation. The steel sections 
were connected during installation using full-penetration bevel welds. 
Nondestructive radiographic examination was performed on each welded 
section. The liner was partially floated into place by filling the 
shaft with brine and adding brine to the inside of the liner to 
overcome the effect of buoyancy. Additional support for installation 
was provided by the drilling derrick and draw works. After the liner 
was in place, the annular space was grouted by the tremnie method. The - grouting was completed on December 8. 1981. 
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Table 3-2 

C 6 SH SHAFT - ABRIDGED DRILLING HISTORY 

Location : 

Elevation: 

Drilling Contractors/Rig Types: 

Drilling Data Augered: 

Spudded: 

Completed: 

Casing: 

Drill Hole: 

Drilling Fluid: 

Di rectjonal Survey Contractor: 

Bottom Hole Coordinates: 

Hori zonta 1 Di s p 1 acement : 

Eddy County, New Mexico; 
New Mexico Grid Coordinates 
X 666894.89, Y 499687.23 

Ground Surface = 3410.5 ft MSL 

Meredith Drilling Company/Auger 
(11.0 ft to 97.5 ft*); 

Challenger Drilling Company/ 
National 125 Jacknife Rotary 
(97.5 ft to 2,298 ft) 

May 18 to June 17. 1981 

July 4. 1981 

October 24. 1981 

180-in. corrugated metal pipe, 
ground surface to 1 1  ft; 

144-in. steel casing, 
ground surface to 93.4 ft; 

120-in. steel liner. ground 
surface to 846 ft 

142411. (nominal) diameter uncased 
borehole to a total depth of 
2.298 ft 

Brine 

Sperry-Sun (Gyroscopic Multishot 

X 666893.45, Y 499686.56 at 

1.59 ft 5 65.03' W at 2.276 ft 

Surveys) 

2,276 ft 
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Table 3-2 (continued) 

C 6 SH SHAFT - ABRlDGED DRILLING HISTORY 

Paqe 2 of  2 

Geophysical Logging Contractors: 

Geophysical Logs: 
Fluid Density (D) 
Fluid Density ( 6 )  

Density ( 6 )  
Caliper (3-diameter/aver.) (6) 

Eplthermal Neutron (6) 
Gamna Ray (6) 

Fluid Density (8) 
Nuclear Cement Top Locator (NCTL) ( 8 )  

Nuclear Annulus Investigation 
Log (NAIL) (6) 

Fluid Density ( D )  

Birdwell(8) and Dresser Atlas(D) 

October 16 to December 17, 1981 
1,200 ft to 550 ft 
750 ft to 20 ft 

2,294 ft to 50 ft 
2,294 f t  to 50 ft 
2,294 ft to 50 ft 
2,300 ft to 0 ft 
400 ft to 100 ft 
827 ft to 0 ft 

839 ft to 0 ft 
2.250 ft to 2.003 ft 

* All depths measured from ground surface. 
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A key was cons t ruc ted  a t  t h e  base o f  t h e  s t e e l  l i n e r  du r ing  March and 

A p r i l  1982. The key i s  37 1/2 f e e t  l ong  and cons t ruc ted  o f  r e i n f o r c e d  

concrete.  Key c o n s t r u c t i o n  requ i red  a d d i t i o n a l  excavat ion  i n  t h e  s a l t  

below t h e  l i n e r  t o  en la rge  t h e  s h a f t  d iameter .  A f t e r  t h e  i n s t a l l a t i o n  

o f  r e i n f o r c i n g  s t e e l ,  d ra ins ,  geomechanical ins t ruments ,  g r o u t  p ipes 

and b lock-outs  f o r  t h e  i n j e c t i o n  o f  chemical seals ,  concre te  was p laced 
i n  seve ra l .  l i f t s  f rom t h e  bottom o f  t h e  key t o  t h e  bot tom o f  t h e  

l i n e r .  F i n a l l y ,  t h e  chemical seals were p laced b y  i n j e c t i o n .  

3.4.2 Waste S h a f t  

D r i l l i n g ’  o f  t h e  SPOV v e n t i l a t i o n  s h a f t  s t a r t e d  on December 24, 1981. 

and was completed t o  a depth o f  2.196 f e e t  on March 10, 1982. The 

d r i l l i n g  o p e r a t i o n  was performed wi th  t h e  same d r i l l  r i g  used t o  d r i l l  
t h e  C & SH s h a f t .  The d r i l l  b i t  was a 72- inch d iameter  f u l l - f a c e  

r o l l i n g  c u t t e r  head. An abr idged h i s t o r y  o f  t h e  s h a f t  d r i l l i n g  i s  
presented i n  Table 3-3. Except f o r  a 97- foo t  l o n g  sur face  casing, t h e  

v e n t i l a t i o n  s h a f t  was un l ined.  The v e n t i l a t i o n  s h a f t ,  and l a t e r  t h e  

waste s h a f t ,  served as t h e  exhaust f o r  t h e  underground f a c i l i t y  u n t i l  

excavat ion o f  t h e  permanent exhaust s h a f t  was completed. 

Enlargement o f  t h e  SPDV v e n t i l a t i o n  s h a f t  t o  become t h e  waste s h a f t  

began i n  October 1983 (Table 3-3). Th is  enlargement was performed f rom 

t h e  t o p  t o  t h e  bot tom o f  t h e  s h a f t  us ing  t h e  smooth-wall d r i l l  and 

b l a s t  method. The b l a s t i n g  was accomplished i n  10- foo t  rounds t h a t  

pe rm i t ted  t h e  muck t o  f a l l  down t h e  6- foo t  d iameter  s h a f t  t o  t h e  

f a c i l i t y  l e v e l .  The muck was removed f rom t h e  waste s h a f t  s t a t i o n  and 

hauled t o  t h e  su r face  v i a  t h e  sa l t -hand l i ng  s k i p  i n  t h e  C & SH s h a f t .  

Cons t ruc t i on  o f  t h e  unre in fo rced concrete l i n e r  c l o s e l y  fo l l owed  t h i s  

excavat ion.  T y p i c a l l y ,  t h e  s h a f t  crew would t a k e  o u t  t h r e e  rounds 

(30 f e e t )  o f  rock be fore  p l a c i n g  one 24- foot  s e c t i o n  of concrete.  This  

arrangement no rma l l y  l e f t  no more than 6 f e e t  o f  un l i ned  s h a f t  below 

t h e  concrete.  
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Table 3-3 

WASTE SHAFT - ABRIDGED CONSTRUCTION HISTORY 

Locat ion  : 

Elevat ion :  

Eddy County, New Mexico; 
New Mexico G r i d  Coordinates 
X 666920.76, Y 499286.92 

Ground Surface = 3407.5 f t  MSL 
S h a f t  C o l l a r  = 3407.9 f t  MSL 

( v e n t i l a t i o n  s h a f t )  
S h a f t  C o l l a r  = 3409.0 f t  MSL 

(waste s h a f t )  

V e n t i l a t i o n  Shaf t  

D r i l l i n s  Contractors /Rig Types: Mered i th  D r i l l i n g  Company/Auger 
(8.0 f t  t o  98.2 f t * ) ;  

Chal lenger D r i l l i n g  Company/ 
Nat iona l  125 Jackn i fe  Rotary  
(98.2 f t  t o  2.196 f t )  

D r i l l i n g  Data Augered: 

Spudded: 

Completed: 

Casing : 

June 13 t o  17. 1981 

December 24, 1981 

March 10, 1982 

108- in.  corrugated meta l  p ipe ,  
ground sur face t o  8 f t ;  

74-in. s t e e l  casing, 0.5 f t  
above ground sur face  t o  96.9 f t  

D r i l l  Hole:  72-in. (nominal)  d iameter  uncased 
borehole t o  a t o t a l  depth o f  
2.196 f t  

D r i l l i n g  f l u i d :  B r i n e  

D i r e c t i o n a l  Survey Con t rac to r :  Sperry-Sun (Gyroscopic M u l t i s h o t  
Surveys ) 

Bottom Hole Coord inates:  X 666918.81. Y 499285.81 a t  
2.177 f t  

Hor izon ta l  D i  splacement: 2.25 f t  S 60.2' W a t  2.177 f t  
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Table 3-3 (continued) 

WASTE SHAFT - ABRIDGED CONSTRUCTION HISTORY 
Paae 2 of 2 

Shaft Survey Contractor: 

Horizontal Displacement: 

Geophysical Logging Contractor: 

Geophysical Logs: 
Caliper (3-diameter/aver.) 

Epithermal Neutron 
Density 

Gamna Ray 
Fluid Density 

Waste Shaft 

Excavation Contractor: 

Excavation Method: 

Finished Shaft Diameter: 

Shaft Collar Excavation Began: 

Liner Plate and Concrete Backfill 
Completed: 

Collar Pads and Sinking Headframe 
Foundations Poured: 

Concrete Liner Constructed: 
(including key) 

Liner Plate at Magenta Dolomite 
Grouted: 

Liner Plate at Culebra Dolomite 
Grouted : 

Salt Section Excavated: 

Sump Excavated: 

Liner Grouted: 

Cementation West. Inc. 

1.37 ft SW at 2.150 ft 

8i rdwell 

March 8 to 10, 1982 
2.190 ft to 0 ft 
2.190 ft to 0 ft 
2,190 ft to 0 ft 
2,100 ft to 0 ft 
2.191 ft to 1,800 ft 

Ohbayashi Corporation 

Smooth-wall drill and blast 

Lined = 19 f t  
Unlined = 20 ft minimum 

October 11. 1983 

November 12. 1983 

November 14, 1983 

November 30, 1983, to April 3, 
1984 

March 8 to 10, 1984 

April 3 to 5, 1984 

Apri 1 7 to June 1 1 ,  1984 

June 20 to August 8, 1984 

August 1 1  to 25, 1984 
~~ ~~ ~ ~~~~ ~ ~ 

* All depths measured from ground surface. 
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As part of the shaft design. both the Magenta and Culebra dolomite 
members of the Rustler formation were overexcavated and covered with 
steel liner plate prior to concrete placement. The space between the 
liner plate and the rock provided room for water from these 
water-bearing zones to accumulate. This allowed the concrete liner to 
reach full strength without damage from hydrostatic pressure buildup. 
After the concrete liner had reached full strength, this annular space 
was grouted with Portland cement grout at a 1: l  cement-to-water ratio. 

Construction of the waste shaft key was nearly identical with that of 
the C h SH shaft key. The key is 63-feet long and composed of 
reinforced concrete. The shaft was overexcavated and the reinforcing 
steel, drainpipes, geomechanical iwtruments and chemical seal 
blockouts were installed. Unlike in the C & SH shaft, the chemical 
seals were placed between lifts of concrete. Concrete was placed from 
the bottom of the key to the top in several lifts, with construction 
joints at the top of each lift and at each chemical seal blockout. At 

A the chemical seal locations the seal material was placed into the 
blockout prior to placing the next lift of concrete. Construction of 
the shaft liner and key was completed on April 3. 1984. 

Excavation of the shaft to its 20-foot finished diameter below the key 
began on April 7 .  1984. This section of the shaft is lined with wire 
mesh anchored by 3-foot long rock bolts. Mesh installation, like liner 
installation, was accomplished concurrently with excavation. The shaft 
enlargement reached the facility level on June 11,  1984. The shaft 
sump was excavated between June 30 and August 8. 1984. The sump 
extends approximately 122 feet below the facility level. 

The concrete liner and grouting at both water-bearing zones did not 
completely prevent water from entering the shaft. Water seeped through 
the liner at construction joints and some cracks from a depth of about 
560 feet to 835 feet. A grouting program was undertaken to seal these 
leaks in August 1984. A total of 628 bags of Portland Type V cement, 
103 bags of MC-500 microfine cement, and 76 gallons of Scotch-brand 



5600 foam chemical grout were injected into 293 drilled holes (ref. 
3-3). The grouting significantly reduced, but did not eliminate. water 
seepage through the concrete liner. 

3.4.3 Exhaust Shaft 

The exhaust shaft was constructed in two phases over a 16 month 
period. The first phase was the excavation of a 6-foot diameter pilot 
shaft using upreaming techniques. The second phase consisted of 
enlargement of this shaft by conventional drill and blast methods and 
lining of the upper 907 feet. The construction history is sumnarized in 
Table 3-4. 

Shaft excavation began on September 22, 1983. with the drilling of a 
pilot hole. The pilot hole was a 7 7/8-inch diameter hole drilled from 
the ground surface t o  intersect with the S400 drift at a depth o f  about 
2,150 feet. Therefore, directional control of the hole was critical. 
The upper 80 feet of  the pilot hole was augered. then lined with a 
surface casing. Drilling progressed to a depth of 744 feet using a 
tri-cone roller bit and compressed air. A "Dynadrill' was then used to 
correct hole alignment from 735 to 1.183 feet based on the results of 
gyroscopic hole surveys. The circulating medium was also changed at 
this time from air to brine. The tri-cone bit was used to complete the 
pilot hole. The hole diameter was then reamed to 11 inches from the 
surface to the facility level, again using a tri-cone roller bit. 
Pilot hole drilling was completed on Oecember 16. 1983. 

Excavation o f  the pilot shaft was performed by reaming the 11-inch 
diameter pilot hole to a diameter of 6 feet. This was accomplished by 
the raise-bore method. Reaming was performed from the facility level 
to the ground surface. The raise-boring operation was conducted from 
December 31, 1983. to February 10, 1984. using a Robbins series 61R1131 
raise-bore machine. This machine utilizes a full-face rolling cutter 
head pulled to the surface with hydraulic jacks. Drill cuttings fell 
to the facility level and were hauled to the surface via the C & SH 

shaft. 

.-. 
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Table 3-4 

EXHAUST SHAFT - ABRIDGED CONSTRUCTION HISTORY 

Loca t ion  : 

E leva t ion :  

Excavat ion  Contractor :  

Excavat ion Method: 

Subcontractors  f o r  Raise-Bore 
Excavat ion:  

F in i shed  Sha f t  Diameter: 

c 

P i l o t  Hole D r i l l e d :  

Raise-Bore Excavation: 

S h a f t  C o l l a r  Excavat ion Began: 

L i n e r  P l a t e  and Concrete 
B a c k f i l l  Completed: 

Concrete L i n e r  Constructed: 
( i n c l u d i n g  key) 

L i n e r  P l a t e  a t  Culebra 
Dolomite Grouted: 

Dolomi te Grouted: 

S a l t  Sec t ion  Excavated: 

L i n e r  P l a t e  a t  Magenta 

L i n e r  Grouted: 

Eddy County, New Mexico; 
New Mexico Gr id  Coordinates 
X 667370.39, Y 499287.23 

S h a f t  C o l l a r  = 3411.5 f t  MSL 
S h a f t  Reference = 3409.0 f t  HSL 

Ohbayashi Corporat ion 

Raise-bore 6 - f t  d iameter p i l o t  
sha f t ;  s m o o t h r a l l  d r i l l  and 
b l a s t  t o  f i n a l  dimensions 

Raisebore. Inc., and 
J. S. Redpath Co. 

L ined = 14 f t  
Un l ined = 1 5  f t  

September 22 t o  December 16, 1983 

Dec-ember 31. 1983. t o  February 10, 
1984 

J u l y  15, 1984 

J u l y  17. 1984 

J u l y  18 t o  November 29. 1984 

December 2 t o  4, 1984 

December 4 t o  5, 1984 

December 7 ,  1984, t o  January 17, 
1985 

June 1 t o  J u l y  31, 1985 

c 
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Enlargement o f  t h e  p i l o t  s h a f t  f rom 6 f e e t  t o  t h e  f i n a l  exhaust s h a f t  

d iameter  o f  15 f e e t  began on J u l y  15, 1984, and was accomplished by A 

d r i l l i n g  and b l a s t i n g  i n  10- foo t  rounds. Excavat ion was performed f rom 

t h e  ground sur face  t o  t h e  f a c i l i t y  l e v e l .  The rock  was b l a s t e d  i n t o  

t h e  open p i l o t  s h a f t  so t h a t  i t  f e l l  t o  t h e  f a c i l i t y  l e v e l  where i t  

c o u l d  be removed and hauled t o  t h e  s u r f a c e  v i a  t h e  C 6 SH sha f t .  

The upper 844 f e e t  o f  t h e  exhaust s h a f t  i s  l i n e d  w i t h  un re in fo rced  

concrete.  As i n  t h e  waste sha f t ,  c o n s t r u c t i o n  o f  t h e  exhaust s h a f t  

l i n e r  occurred concurrent  w i t h  t h e  d r i l l  and b l a s t  excavat ion.  

Concrete placement f o r  t h e  l i n e r  was completed on November 29, 1984. 

The two water-bear ing zones i n  t h e  R u s t l e r  format ion,  t h e  Magenta and 

Culebra dolomites,  rece ived t h e  same spec ia l  t reatment  t h a t  was 

performed i n  t h e  waste shaft.  Each zone was overexcavated and covered 

w i t h  s t e e l  l i n e r  p l a t e  p r i o r  t o  p l a c i n g  t h e  concrete l i n e r .  A f t e r  t h e  

l i n e r  had cured, g r o u t  was i n j e c t e d  behind t h e  l i n e r  p la tes .  

Exhaust s h a f t  key cons t ruc t ion ,  s i m i l a r  t o  t h a t  i n  t h e  waste sha f t ,  was 

performed i n  November 1984. The key cons is t s  o f  r e i n f o r c e d  concre te  

and extends f rom a depth o f  844 t o  907 f e e t .  It i n i t i a l l y  conta ined 2 

chemical  seals ,  8 t e l l t a l e  d ra ins ,  2 guide p ipes f o r  t e s t  ho le  

d r i l l i n g ,  and geomechanical i ns t rumen ta t i on .  Placement o f  t h e  concre te  

and chemical seal  m a t e r i a l  was i d e n t i c a l  t o  t h a t  performed i n  t h e  waste 

s h a f t .  Two a d d i t i o n a l  se ts  o f  t e l l t a l e  d r a i n s  were i n s t a l l e d  i n  t h e  

key by d r i l l i n g  a f t e r  i t 5  c o n s t r u c t i o n .  Each s e t  con ta ins  n ine  

d r a i n s .  One s e t  was i n s t a l l e d  above and one s e t  below t h e  i n i t i a l  

e i g h t - d r a i n  set .  

- 

The exhaust s h a f t  i s  1 5  f e e t  i n  d iameter  f rom t h e  bottom o f  t h e  key t o  

t h e  f a c i l i t y  l e v e l .  For sa fe ty ,  t h e  w a l l s  a re  covered w i t h  w i r e  mesh 

anchored by rock b o l t s .  Excavat ion  o f  t h e  s h a f t  t o  i t s  f i n a l  

dimensions was completed on January 17, 1985. 

As i n  t h e  waste sha f t ,  water  began seeping through t h e  exhaust s h a f t  
l i n e r  a t  cons t ruc t i on  j o i n t s  and smal l  cracks.  To ta l  water i n f l o w  
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through t h e  l i n e r  was measured a t  0.35 g a l l o n s  p e r  minu te  i n  January 

1985. A g r o u t i n g  program, us ing Por t land cement and chemical  g rou t ,  

was conducted f rom June 1 through J u l y  31, 1985, t o  sea l  these leaks 

and t o  ensure t h a t  t h e  i n t e g r i t y  o f  t h e  s h a f t  key was maintained. A 

t o t a l  o f  164 bags o f  Class C cement and 826.9 g a l l o n s  o f  Ter rage l  5531 

chemical g r o u t  were used. The t o t a l  water  i n f l o w  was reduced by  t h i s  

g r o u t i n g  t o  an e s s e n t i a l l y  non-measureable q u a n t i t y .  

- 

3.4.4 D r i f t s  

The e x p l o r a t o r y  ( C  h SH) s h a f t  s t a t i o n  was t h e  f i r s t  underground 

h o r i z o n t a l  opening excavated a f t e r  complet ion o f  t h e  SPDV e x p l o r a t o r y  

and v e n t i l a t i o n  sha f t s .  The i n i t i a l  s h a f t  s t a t i o n  excavat ion  was 

performed f rom May 2 t o  June 3. 1982, us ing  t h e  d r i l l  and b l a s t  
method. The s t a t i o n  was t r imned t o  i t s  f i n a l  dimensions us ing  t h e  

Dosco cont inuous min ing  machine discussed l a t e r  i n  t h i s .  subsect ion.  

The s t a t i o n  area n o r t h  o f  t h e  s h a f t  i s  32 f e e t  long,  32 t o  35 f e e t  wide 

and 12 f e e t  h igh .  South o f  t h e  shaf t ,  t h e  s t a t i o n  i s  90 f e e t  l ong  and 

32 t o  38 f e e t  wide. The h e i g h t  o f  t h e  s t a t i o n  south  o f  t h e  s h a f t  i s  18 

f e e t  f o r  a d i s t a n c e  o f  54 f e e t  and 14 f e e t  f o r  t h e  remain ing 36 fee t .  

Car t r i dge  water-ge l  exp los ives  detonated by e l e c t r i c  de tonators  were 

used f o r  t h e  d r i l l  and b l a s t  excavation. A d e t a i l e d  d e s c r i p t i o n  o f  t h e  

SPDV e x p l o r a t o r y  s h a f t  s t a t i o n  excavat ion i s  presented i n  t h e  wlpp 

Pre l im ina ry  Desiqn V a l i d a t i o n  ReDort ( r e f .  1 -3) .  

- 

Fol lowing  t h e  i n i t i a l  excavat ion  o f  t h i s  s t a t i o n ,  t h e  d r i l l  and b l a s t  

method was used t o  excavate a d r i f t  southward t o  p r o v i d e  a connect ion 

between t h e  two s h a f t s  so v e n t i l a t i o n  cou ld  be es tab l i shed .  This  d r i f t  

was approx imate ly  310 f e e t  long, 18 f e e t  wide and 9 f e e t  h igh.  

Excavat ion o f  t h e  d r i f t  was accomplished f rom June 3 t o  June 13. 1982. 

The o n l y  o t h e r  ma jor  use o f  t h e  d r i l l  and b l a s t  method a t  t h e  f a c i l i t y  

l e v e l  was f o r  c o n s t r u c t i o n  o f  t h e  l oad ing  pocket  i n  t h e  SPDV 

e x p l o r a t o r y  s h a f t .  Th is  pocket  was construc'ted f rom June 1 through 30, 

1982, on t h e  n o r t h  s i d e  o f  t h e  s h a f t  below t h e  f a c i l i t y  f l o o r  l e v e l .  



It was l a t e r  o u t f i t t e d  w i t h  a s t e e l  hopper and o t h e r  equipment 

assoc ia ted 'w i th  t h e  s a l t  hand l ing  system. 

The i n i t i a l  (SPDV) underground c o n s t r u c t i o n  phase was conducted by  

Cementation West, Inc. .  o f  Tucson. Ar izona. A B r i t i sh -made  Dosco LH 

1300. boom-type cont inuous min ing  machine was m o b i l i z e d  underground t o  

t h e  SPDV e x p l o r a t o r y  s h a f t  s t a t i o n  d u r i n g  l a t e  sumner o f  1982. Th is  

machine was used t o  excavate t h e  remaining h o r i z o n t a l  underground 

openings d u r i n g  t h e  SPDV Program. The Dosco was capable o f  excavat ion  

ra tes  o f  1,000 t o  1,200 tons  p e r  24 hours (excava t ion  was conducted on 

a three-sh i f ts -per-day,  seven-days-per-week b a s i s ) .  However, t h e  

excavat ion r a t e  was o f t e n  much less  due t o  numerous c o n s t r u c t i o n  and 

engineer ing r e l a t e d  c o n s t r a i n t s .  The min ing  machine wes demobi l ized i n  

May 1983 a t  t h e  comple t ion  o f  t h e  SPDV Program. 

A second underground c o n s t r u c t i o n  c o n t r a c t  f o r  f u l l  WIPP c o n s t r u c t i o n  

was awarded t o  Ohbayashi Corporat ion o f  South San Franicsco, 
C a l i f o r n i a .  Dur ing  t h i s  phase o f  cons t ruc t i on .  two Japanese H i t s u i  

Mi ike.  boom-type cont inuous min ing  machines were used f o r  excavat ion  o f  

t h e  underground h o r i z o n t a l  openings. Each o f  these machines excavated 
a t  a r a t e  o f  300 t o  400 tons p e r  24 hours. These machines were 

mob i l i zed  t o  t h e  underground f a c i l i t y  i n  October 1983 and demobi l ized 

i n  A p r i l  1985. 

- 

A sunmary o f  t h e  excavat ion  sequence f o r  t h e  underground h o r i z o n t a l  

openings i s  presented on F igure  3-4. Th is  f i g u r e  shows t h e  m in ing  

progress on a d a i l y  bas i s  f rom October 14. 1982, th rough March 31. 

1986. The underground min ing  opera t i on  was per formed i n  t h e  same 

manner du r ing  b o t h  c o n s t r u c t i o n  phases regard less o f  t h e  t y p e  o f  min ing  

machine be ing  used. The r o t a t i n g  head on t h e  boom o f  t h e  min ing  

machine c u t  t h e  s a l t  away from t h e  working face. The "muck" was p u l l e d  

through t h e  machine on a conveyor and deposi ted i n  one o f  severa l  types 

o f  haul veh ic les .  T y p i c a l l y ,  t h e  haul  veh ic les  were underground t r u c k s  

capable o f  c a r r y i n g  about  5 tons  of muck. Other v e h i c l e s  used inc luded 
LHDs (Load-Haul-Dump, a type  o f  f ront -end loader )  and a te lescoping-bed 

haul  t ruck .  The t r u c k s  c a r r i e d  t h e  muck t o  t h e  C h SH s h a f t  s t a t i o n  
1 
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Figure 3-4 
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and dumped i t  i n t o  t h e  l oad ing  pocket .  From there ,  the  muck was 

c a r r i e d  t o  t h e  sur face i n  7- t o  8- ton loads i n  t h e  sk ip .  The s k i p  

dumped t h e  muck a t  the  sur face  i n t o  50-ton C a t e r p i l l a r  o r  E u c l i d  haul  

t r u c k s  which then c a r r i e d  t h e  muck t o  t h e  su r face  s a l t  storage area. 

Dur ing  and imned ia te ly  a f t e r  excavat ion,  a sounding survey o f  t h e  r o o f s  

i n  t h e  h o r i z o n t a l  openings was made us ing  a s c a l i n g  bar  t o  i d e n t i f y  

areas o f  drumny o r  slabby rock which cou ld  pose s a f e t y  o r  s t a b i l i t y  

problems. Remedial work was performed imned ia te l y  a f t e r  sounding i n  

any areas i d e n t i f i e d  as p o t e n t i a l l y  uns tab le .  Th is  work cons is ted  o f  

hand-scal ing t h i n  drumny areas, removing l a r g e r  drumny areas up t o  18 

inches  t h i c k  w i t h  t h e  min ing  machine, o r  rock b o l t i n g .  I n  a d d i t i o n ,  

two fo l low-up surveys were made o f  t h e  r o o f s  i n  a l l  of t h e  h o r i z o n t a l  
openings excavated a t  the  t ime  of t h e  survey. The f i r s t  survey was 

completed i n  J u l y  1983 and t h e  second i n  November 1984. Remedial work 

was performed on problem areas i d e n t i f i e d  d u r i n g  these surveys. Th is  

work cons is ted  o f  sca l ing.  excavat ion,  o r  rock b o l t i n g .  It should be 

1 noted  t h a t  t h e  drumny areas i d e n t i f i e d  d u r i n g  t h e  J u l y  1983 survey were 

sounded aga in  i n  t h e  November 1984 survey and d i d  no t  show any 

n o t i c e a b l e  enlargement. 

Rock b o l t s  a r e  used s e l e c t i v e l y  th roughout  t h e  underground d r i f t s  f o r  

b o t h  remedia l  work and sa fe ty .  The r o o f s  o f  many h i g h - t r a f f i c  
personnel  areas a r e  p a t t e r n  b o l t e d  and covered w i t h  w i r e  mesh as an 

a d d i t i a n a l  s a f e t y  precaut ion.  

The C h SH s h a f t  s t a t i o n  has presented t h e  m a j o r i t y  o f  problems 

assoc ia ted  w i t h  roo f  s t a b i l i t y .  Due t o  i t s  i n i t i a l  excavat ion by t h e  
d r i l l  and b l a s t  method, and t h e  p r o x i m i t y  o f  o v e r l y i n g  c l a y  seams, t h e  

r o o f -  i n  t h e  s t a t i o n  has requ i red  suppor t  by a l a r g e  number o f  rock 
b o l t s .  The method o f  rock b o l t i n g  has evolved through several  phases 

due t o  t h e  e f f e c t  o f  s a l t  creep on r o o f  separa t i on  along t h e  c l a y  seams. 

Rock b o l t s  were i n i t i a l l y  i n s t a l l e d  i n  t h e  C & SH s h a f t  s t a t i o n  r o o f  



from Hay 9 to June 20, 1982. These bolts were 1 inch in diameter, 8, 
10 o r  1 2  feet in length, and made of grade 60 steel. They were 
anchored using resin cartridges. 

These resin-anchor bolts began failing at the head assemblies shortly 
after their installation was completed. The failed bolts were replaced 
with 8-foot long, WE-inch diameter mechanical-anchor bolts with 2 x 12 
x 12-inch wooden blocks installed between the steel head assembly plate 
and the salt. A total of over 400 resin-anchor and mechanical-anchor 
bolts were installed in the shaft station roof through April 1983. 

During December 1983 and January 1984. 146 additional mechanical-anchor 
bolts, 5/8 inch in diameter and 8 feet long, were installed in the 
C & SH shaft station roof. In May 1984, another 91 similar anchor 
bolts were installed. After the mechanical-anchor bolts were 
installed, the nut and head assembly plate were cut off those older 
resin-anchor bolts showing evidence of excessive deformation. This was 
to prevent injury to personnel from falling nuts and plates should 
these resin-anchor bolts fail. 

1 

From mid-April through early August 1985. approximately 133 3/4-inch 
diameter mechanical-anchor bolts, 6 and 8 feet long, were installed in 
the station roof on approximately 3 1/2-foot centers. In addition, 245 
resin-anchor bolts, ? inch in diameter. were anchored above anhydrite 
"b" and across anhydrite ''au . These bolts were 1 2  and 14 feet in 
length, The entire station roof was covered at this time with wire 
mesh secured with 2-foot long, 5/8-inch diameter mechanical-anchor 

/- bolts. Approximately 750 of the 2-foot long bolts were installed. / *  

Although some resin-anchor bolts were used in the SPDV drifts and test 
rooms excavated in 1982 and 1983, mechanical-anchor bolts have been 
used in all subsequently excavated areas. Bolt lengths vary from 2 to 
8 feet in the drifts and rooms. Wire mesh secured by 2-foot long 
mechanical-anchor bolts has been installed on the roofs of all 
high-traffic personnel areas. This includes instrument-shed and 

3-34 



e l e c t r i c a l  alcoves. many o f  t h e  shop areas, and some o f  t h e  brows above 

t h e  e n t r i e s  t o  t h e  waste exper imenta l  rooms. Rock b o l t s  and w i r e  mesh 

have a l s o  been i n s t a l l e d  i n  t h e  r o o f  o f  t h e  N140 c rosscut .  

Rock b o l t s  and w i r e  mesh have been i n s t a l l e d  f o r  r o o f  suppor t  i n  t h e  

waste s h a f t  s t a t i o n  waste t r a n s f e r  area. The b o l t s ,  3/4 i n c h  i n  

d iameter  and 12 f e e t  long, a r e  mechanical-anchor s t e e l  b o l t s  s e t  on 

nominal 4 - foo t  cen ters .  

3.4.5 Test Rooms 

As p a r t  o f  t h e  SPDV Program, f o u r  t e s t  rooms were excavated a t  t h e  

n o r t h  end o f  t h e  underground f a c i l i t y  (F igure  3-4) by Cementation West, 
Inc., us ing  t h e  Dosco m in ing  machine. The t e s t  room excavat ion  was 

conducted f rom March 9 t o  A p r i l  25, 1983. Test  Room 2 was excavated 

f i r s t ,  f o l l owed  by Tes t  Rooms 3, 1 and 4. i n  t h a t  order .  Each room was 

excavated i n  a se r ies  o f  s i x  passes a long i t s  l o n g i t u d u a l  a x i s  ( F i g u r e  

3-5). The f i r s t  pass was t h e  l a r g e s t  i n  cross s e c t i o n  and was 

conducted down t h e  c e n t e r  o f  t h e  planned room a long i t s  r o o f .  Th i s  

pass was approx imate ly  15  f e e t  wide and 8 f e e t  h igh.  The second and 

t h i r d  passes were conducted on e i t h e r  s ide  o f  t h e  f i r s t  pass. Each o f  

these passes were about 9 f e e t  wide and 8 f e e t  h igh.  The l a s t  t h r e e  

passes lowered t h e  f l o o r  5 f e e t  t o  complete t h e  room excava t ion  t o  i t s  
des ign h e i g h t  and w i d t h  o f  13 x 33 f e e t .  

c 
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Fiqure 3-5 

T E S T  ROOM EXCAVATION SEQUENCE 
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CHAPTER 4 

SUPPORTING VALIDATION DOCUMENTS 

4.1 INTRODUCTION 

T h i s  chap te r  discusses t h e  p r i n c i p l e  documents con ta in ing  i n f o r m a t i o n  

used t o  suppor t  design v a l i d a t i o n .  These documents a r e  t h e  Waste 
I s o l a t i o n  P i l o t  P lan t  P r e l i m i n a r v  Desiqn V a l i d a t i o n  Report ( r e f .  1-3) 

and geotechn ica l  f i e l d  data r e p o r t s  ( r e f s .  4-1 t h r u  4-19). These 

documents con ta in  a l l  o f  t h e  da ta  which has been co l l ec ted ,  analyzed 

and evaluated f o r  design v a l i d a t i o n  s ince  s i t e  cons t ruc t i on  a c t i v i t i e s  

began i n  J u l y  1981. Other  documents p e r t a i n i n g  t o  des ign and s i t e  

c h a r a c t e r i z a t i o n  a r e  referenced th roughogt  t h i s  repo r t .  However, t h e y  

a r e  considered pe r iphe ra l  documents n o t  d i r e c t l y  r e l a t e d  t o  t h e  des ign  

v a l i d a t i o n  process and. t he re fo re ,  a r e  n o t  descr ibed i n  t h i s  r e p o r t .  

Because these o the r  repo r t s  a r e  p u b l i c  documents, they  a r e  a v a i l a b l e  t o  

anyone i n t e r e s t e d  i n  o b t a i n i n g  a d d i t i o n a l  background i n f o r m a t i o n  o r  - d e t a i l e d  da ta  on t h e  WIPP p r o j e c t .  

4.2 PRELIMINARY DESIGN VALIDATION REPORT 

The f o l l o w i n g  subsect ions present  a sumnary o f  t h e  W I P P  P r e l i m i n a r v  

Desiqn V a l i d a t i o n  Reoort produced f o r  t h e  SPDV Program descr ibed i n  

Chapter 1. 

4.2.1 Purpose and Object ives 

The purpose o f  t h e  WIPP P r e l i m i n a r v  Desiqn V a l i d a t i o n  Report  was t o  

p r o v i d e  documentation on t h e  behav io r  o f  t h e  i n i t i a l  underground 

openings. Four types o f  i n f o r m a t i o n  were gathered f o r  t h i s  purpose: 

(1) observat ions o f  t h e  behav io r  o f  t h e  underground openings; 

( 2 )  d e s c r i p t i o n s  o f  t h e  geo log ic  cond i t i ons  encountered d u r i n g  

SPDV underground cons t ruc t i on ;  
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( 3 )  d e s c r i p t i o n s  o f  core samples f rom ins t rumenta t ion  and 

e x p l o r a t o r y  holes i n  t h e  r o o f  and f l o o r  o f  t h e  underground 

openings; and 

( 4 )  d a t a  f rom i n s t a l l e d  geomechanical i ns t rumen ta t i on .  

The o b j e c t i v e  o f  t h e  r e p o r t  was t o  p r o v i d e  i n i t i a l  eva lua t ions  o f  t h e  

s u i t a b i l i t y  o f  t h e  design c r i t e r i a  and des ign  bases and i n i t i a l  

c o n f i r m a t i o n  of  t h e  underground opening re fe rence  des ign i n  o rde r  t o  

p e r m i t  f u l l  f a c i l i t y  cons t ruc t ion .  Th is  i n i t i a l  con f i rma t ion  was based 

on d a t a  ob ta ined  from geologic  f i e l d  a c t i v i t i e s  and geomechanical 

i n s t r u m e n t a t i o n  which were sub jec ted  t o  p r e l i m i n a r y  ana lys i s  and 

e v a l u a t i o n .  

4.2.2 Data A c q u i s i t i o n  Proqram 

The p r e l i m i n a r y  design v a l i d a t i o n  da ta  a c q u i s i t i o n  program cons is ted  o f  

geo log i c  f i e l d  a c t i v i t i e s  which p rov ided  i n f o r m a t i o n  f o r  i n i t i a l  

v a l i d a t i o n  o f  t h e  WIPP underground opening re fe rence  design. Data was 

ob ta ined  f r o m  t h r e e  p r i n c i p a l  a c t i v i t i e s :  

(1) geo log ic  mapping; 

( 2 )  v e r t i c a l  core ho le  logging;  and 

( 3 )  geomechanical ins t rument  measurements 

A l l  o f  t h e  da ta  c o l l e c t e d  was v e r i f i e d  a t  t h e  s i t e  f i e l d  o f f i c e ,  then 

sent  t o  t h e  DOE/Technical Support  C o n t r a c t o r  (TSC) o f f i c e s  i n  

Albuquerque, New Mexico, f o r  p r e p a r a t i o n  and i n c l u s i o n  i n t o  t h e  GFDRs 

and o t h e r  r e p o r t s .  Due t o  t h e  q u a l i t a t i v e  na tu re  of t h e  geo log ic  

mapping and core ho le  data, e f f o r t s  f o r  p r e p a r a t i o n  o f  t h i s  m a t e r i a l  

g e n e r a l l y  r e q u i r e d  on ly  l i m i t e d  eva lua t i on ,  e d i t i n g  and d r a f t i n g .  The 
geomechanical ins t rumenta t ion  data,  however, requ i red  more ex tens ive  

p r e p a r a t i o n  and ana lys is  due t o  i t s  a p p l i c a t i o n s  t o  var ious aspects o f  

p r o p e r t i e s .  
underground opening behavior and t h e  c a l c u l a t i o n  o f  i n  s i t u  s a l t  - 



4.2.3 Geomechanlcal I ns t rumen ta t i on  

The SPDV geomechanical i ns t rumen ta t i on  program f o r  t h e  W I P P  was 

designed t o  p r o v i d e  e m p i r i c a l  da ta  on t h e  behav io r  of t h e  s a l t  around 

t h e  underground openings and on t h e  pressure developed behind the  

exp lo ra to ry  s h a f t  l i n e r  and key by ground water  and s a l t  creep. The 

o b j e c t i v e  o f  t h e  geomechanical i ns t rumen ta t i on  program f o r  SPDV was t o  

p rov ide  : 

-_ 

(1)  shor t - te rm i n  s i t u  measurements f o r  assessment o f  the  

p r e l i m i n a r y  des ign  performance o f  t h e  underground openings; 

( 2 )  e a r l y  d e t e c t i o n  o f  cond i t i ons  t h a t  cou ld  a f f e c t  t h e  s a f e t y  o f  

personnel  d u r i n g  cons t ruc t i on ;  and 

( 3 )  data  on adverse ground cond i t i ons  t h a t  may be develop ing,  i n  

o r d e r  t o  i d e n t i f y  p o t e n t i a l  problems and p l a n  and implement 

remedial  measures. - 
Instruments were i n i t i a l l y  i n s t a l l e d  i n  t h e  SPDV e x p l o r a t o r y  shaf t ,  

e x p l o r a t o r y  s h a f t  s t a t i o n .  v e n t i l a t i o n  s h a f t  s t a t i o n .  t h e  EO. €140 and 

NllOO d r i f t s ,  and t h e  S90 crosscut  t o  p rov ide  da ta  i n p u t  f o r  t h e  WIPp 
Pre l im ina ry  D e s i m  V a l i d a t i o n  Report. The e x p l o r a t o r y  d r i f t  extending 

south o f  t h e  v e n t i l a t i o n  s h a f t  was added t o  t h e  SPDV Program t o  p rov ide  

a d d i t i o n a l  i n f o r m a t i o n  on t h e  geology i n  t h e  a rea  proposed f o r  

excavat ion ef t h e  waste s torage rooms. Geomechanical i ns t rumen ts  were 

i n s t a l l e d  a t  severa l  l o c a t i o n s  i n  t h i s  d r i f t .  

For  the  WIPP P r e l i m i n a r v  Desiqn V a l i d a t i o n  Report .  borehole 

extensometer and convergence p o i n t  data f rom t h e  SPDV exp lo ra to ry  

sha f t ,  as w e l l  as da ta  f rom t h e  v e n t i l a t i o n  s h a f t  s t a t i o n  and d r i f t s ,  

were i n s u f f i c i e n t  t o  es t imate  long-term c l o s u r e  r a t e s .  Host d r i f t  

extensometers and convergence po in ts  had been i n s t a l l e d  on ly  a 

r e l a t i v e l y  s h o r t  t i m e  be fo re  t h e  r e p o r t  was prepared. A p e r i o d  o f  1 

year  o r  more was thought  t o  be requ i red  be fo re  a r e l a t i v e l y  steady 

c losu re  r a t e  cou ld  be es tab l i shed.  The data were u s e f u l  i n  
I 
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demonstrat ing shor t - term s t a b i l i t y  o f  t h e  excavat ions and f o r  

develop ing cumulative c l o s u r e  amounts. Instruments w i t h  t h e  most 

ex tens ive  data t y p i c a l l y  showed a maximum of  o n l y  3 o r  4 months o f  

r e g u l a r  mon i to r ing  s ince  i n s t a l l a t i o n .  

4.2.4 Pre l  im inarv  Conclusions 

P re l im ina ry  conclus ions presented i n  t h e  W I P P  P re l im ina ry  Desiqn 

V a l i d a t i o n  ReDOrt were: 

(1) The w a l l s  o f  t h e  f i n i s h e d  shaf ts  are s tab le ,  bo th  i n  t h e  

overburden and s a l t  formations. The mapped s h a f t  

s t r a t i g r a p h y  i s  g e n e r a l l y  comparable t o  t h e  s t r a t i g r a p h y  used 

i n  t h e  design. G r o c n d r a t e r  con t ro l  i s  s a t i s f a c t o r y .  The 

s h a f t  l i n e r  and s h a f t  key are per forming as expected. No 
major r e v i s i o n  o f  des ign  elements or parameters i s  foreseen 

f o r  f u t u r e  WIPP s h a f t s  as a r e s u l t  o f  t h e  f i n d i n g s  o f  

p re l im ina ry  des ign  v a l i d a t i o n .  

( 2 )  The underground h o r i z o n t a l  openings are a l s o  s tab le .  A f t e r  1 

excavation. repeated inspec t ions  o f  t h e  e x p l o r a t o r y  and 

v e n t i l a t i o n  s h a f t  s t a t i o n s .  e n t r y  d r i f t s ,  crosscuts  and t h e  
south exp lo ra to ry  d r i f t  revealed e s s e n t i a l l y  no d e t e r i o r a t i o n  

i n  rock s t a b i l i t y .  The underground d r i f t s  and s h a f t  s t a t i o n s  
a re  s t a b l e  and p r o v i d e  sa fe  working cond i t ions .  

( 3 )  Encounters o f  gas were expected and a r e  t y p i c a l  o f  nearby 

potash mines. The small amount o f  gas encountered i s  w e l l  
below t h e  l i m i t  p e r m i t t e d  i n  the  underground f a c i l i t y  by MSHA 

regu la t ions .  No b r i n e  pockets have been encountered o r  
detected d u r i n g  excavat ion  o f  t he  s h a f t s  and underground 

openings. 

i 
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4.3 GEOTECHNICAL F I E L D  DATA REPORTS 

4.3.1 Background 

The compilation of GFDRs was initiated by the DOE to provide 
geotechnical and related information from the WIPP underground 
activities to interested persons or groups in a timely manner. These 
reports provided data from the two major phases of WIPP development: 
SPDV and full construction. A s  discussed previously, SPDV was 
established as an early construction phase to permit validation of the 
WIPP site and preliminary validation of the reference design of the 
underground openings. The f u l l  construction phase following SPDV was 
utilized to continue visual inspections of the underground openings. 
monitoring and interpretation of data from geomechanical instruments, 
and evaluations and computational analyses of the behavior of the 
underground openings for-design validation. 

The GFDRs were eventually produced on a quarterly basis. These 
quarterly reports contain an evaluation of selected aspects of the WIPP 

underground environment based on preliminary interpretation and 
analyses of data collected from the above activities. The analyses and 
evaluations contained in the GFDRs provide the supporting documentation 
required for design validation. 

- 

4.3.2 Objectives 

As stated in the GFDRs, the geomechanical instrumentation program for 
SPDV and design validation was designed and implemented to provide in 
situ data on the behavior of the rock (primarily salt) around the 
shafts and horizontal underground openings. More specifically, the 
instrumentation program was designed to provide: 

(2) monitoring of  closure rates to allow evaluation of waste 
storage and retrievability; 
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( 3 )  a g r e a t e r  understanding o f  t h e  i n  s i t u  behavior  o f  bedded 

s a l t  by  comparison o f  observed response w i t h  c u r r e n t  f a c i l i t y  

re fe rence  des ign  ca l cu la t i ons ;  and 

(4)  measurements o f  s a l t  deformat ion and s t resses  t o  c o n f i r m  or  
i n d i c a t e  t h e  necess i ty  f o r  r e v i s i o n s  t o  t h e  opening 

c o n f i g u r a t i o n  and t h e  parameters used i n  underground f a c i l i t y  

des ign  based on clearance requirements.  

4.3.3 Geomechanical Ins t rumenta t ion  

An ex tens i ve  geomechanical i ns t rumen ta t i on  program was implemented t o  

p rov ide  i n  s i t u  da ta  on t h e  sha f t s  and h o r i z o n t a l  underground openings 

as p a r t  o f  t h e  i n v e s t i g a t i o n s  performed a t  t h e  WIPP s i t e .  These 

ins t ruments  have been p r o v i d i n g  data on deformat ion,  pressure,  loads 

and s t r e s s  on a r e g u l a r  bas i s  f o r  ana lys i s  and eva lua t i on .  Instruments 
f o r  measur ing t h e  geomechanical response o f  t h e  s h a f t s  ahd ' h o r i z o n t a l  

underground openings i nc lude  convergence p o i n t s ,  convergence meters, 

m u l t i p l e - p o i n t  and s ing le -po in t  borehole extensometers, load  c e l l s ,  

p ressure  c e l l s .  sfressmeters.  s t r a i n  gauges, i nc l i nomete rs ,  piezometers 
and l a t e r a l  movement gauges. 

Data f rom these geomechanical inst ruments a r e  read remote ly  by an 

automat ic  da ta logger  system and/or c o l l e c t e d  manually. A l l  data 

ob ta ined a r e  en tered  on magnetic tape f o r  d a t a  reduc t ion ,  t abu la t i on ,  

a n a l y s i s  and a rch i v ing .  Data c o l l e c t e d  f r o m  t h e  geomechanical 

ins t ruments  have been documented i n  t h e  GFDRs. These da ta  are t h e  

bas i s  f o r  a n a l y s i s  and eva lua t i on  by t h e  p r o j e c t  p a r t i c i p a n t s  and o the r  

i n t e r e s t e d  groups. The geomechanical ins t ruments  p rov ide  da ta  f o r  t h e  

a n a l y s i s  and e v a l u a t i o n  o f  severa l  phenomena a t  var ious l oca t i ons ,  

i n c l u d i n g  s t r a i n '  i n  t h e  C & SH s h a f t  key, water  pressure behind t h e  

C h SH and waste s h a f t  l i n e r s ,  r a d i a l  c l o s u r e  o f  shaf ts ,  pressures 

between s h a f t  keys and w a l l  rock, r o o f - t o - f l o o r  and w a l l - t o - w a l l  

c l o s u r e  i n  t h e  s h a f t  s ta t i ons ,  d r i f t s  and rooms. and displacements a t  

depth i n t o  t h e  wa l l s ,  roo f  and f l o o r  o f  s h a f t  s t a t i o n s ,  d r i f t s  and 

rooms. 
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The frequency of  da ta  c o l l e c t i o n  i s  determined on a p e r  i ns t rumen t  

bas i s  and i s  dependent upon ins t rument  l oca t i on ,  method o f  i ns t rumen t  

read ing  (manual o r  da ta logger ) .  and t h e  number o f  days e lapsed s ince  

excavat ion a t  t h e  i ns t rumen t  l o c a t i o n .  A f t e r  i n s t a l l a t i o n ,  t h e  

ins t rument  i s  read f r e q u e n t l y ,  b u t  w i t h  t ime t h i s  read ing  f requency i s  

decreased s ince  t h e  r a t e  a t  which t h e  s a l t  mass responds f o l l o w i n g  

excavat ion  a l s o  decreases w i th  t ime.  

The geomechanical i n s t r u m e n t a t i o n  data a re  presented g r a p h i c a l l y  i n  t h e  

GFDRs and represent  read ings  c o l l e c t e d  from t h e  WIPP s i t e  s i n c e  A p r i l  

1982. ' The data p l o t s  i n  t h e  repo r t s  a re  grouped by areas w i t h i n  t h e  

underground f a c i l i t y  and a l s o  by inst rument  type. The da ta  p l o t s  a r e  
updated as new d a t a  become a v a i l a b l e .  Sumnary t a b l e s  o f  t h e  

inst ruments,  w i t h  t h e  l a t e s t  readings and t h e  opera t i ng  h i s t o r i e s ,  a r e  

a l s o  presented i n  t h e  r e p o r t s .  

4.3.4 Geoloqic Data 

- Geologic data presented i n  t h e  GFDRs have inc luded  t h e  r e s u l t s  o f  

geo log ic  mapping a c t i v i t i e s ,  core  hole' logging, and obse rva t i ons  o f  t h e  

c o n d i t i o n  and behav io r  o f  underground opening sur faces.  Geologic  maps 

o f  t h e  sha f t s  and r e p r e s e n t a t i v e  h o r i z o n t a l  opening sur faces  have been 

presented p e r i o d i c a l l y  i n  t h e  GFDRs o r  i n  t o p i c a l  r e p o r t s  issued 

separa te ly .  Geologic l ogs  con ta in ing  descr ip t io .ns o f  co re  samples 

obta ined from core  ho les  i n  t h e  underground openings were presented i n  

t h e  5FDRs as they  became a v a i l a b l e .  

Frequent observat ions by  p r o j e c t  geotechnical  personnel  have prov ided 

q u a l i t a t i v e  de terminat ions  o f  t h e  c o n d i t i o n  o f  t h e  underground 

openings. These assessments were presented i n  t h e  GFDRs t o  document 

changes i n  t h e  c o n d i t i o n  o f  t h e  underground openings and i n  s a l t  

behavior  on a r e g u l a r  bas is .  Observations such as t h e  c o n d i t i o n  o f  t h e  

r o o f  and rack b o l t s  i n  s h a f t  s ta t i ons ,  f r a c t u r e s  i n  p i l l a r  corners  a t  
d r i f t  i n t e r s e c t i o n s  and i n  t h e  s a l t  surrounding t h e  d r i f t s  and rooms, 

behav io r  o f  t h e  r o o f  and w a l l s  o f  t h e  d r i f t s  and rooms, and h o r i z o n t a l  

displacements, v e r t i c a l  separat ions and f r a c t u r i n g  de tec ted  i n  open 
c 
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boreholes were documented. This information has provided important 
input for design evaluation and safety assessments. 1 

4.3 .5  Geomechanical/Structural Analyses 

The quarterly GFDRs contain sections on both geotechnical and 
computational analyses. These sections present analyses of various 
elements of the underground excavations. The analyses are updated 
periodically to include the most current data available at the time the 
reports are published. They have provided a significant amount of 
information related to the geomechanical and structural behavior of the 
underground openings. 
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CHAPTER 5 
METHODOLOGY 

5.1 INTRODUCTION 

Design validation of the WIPP underground openings is accomplished by 
determining the compatibility of the design criteria, design bases and 
reference design configurations using site specific information. 
Design validation also allows for the development of recomnendations to 
improve or optimize the reference design. The methods used to validate 
the reference design may also be used to validate any recomnended 
design modifications. Mathematical models containing the modifications 
can be generated and analyses performed to predict the future behavior 
of  the modified reference design. 

The design validation process consists of three major steps: 

(1) data collection; 

(2) analysis and evaluation; and 

(3) prediction of future behavior. 

Sections 5.2 through 5.4 present the methods used for data collection, 
analysis and evaluation. and prediction of future behavior. 

, 5.2 DATA COLLECTION 

One of the principal areas of effort in support of design validation 
was the compilation of geotechnical data. This data formed the basis 
for later analysis and evaluation and for predictive modeling. Data 
collected from geologic mapping, core drilling and logging. laboratory 
testing, geornechanical instrumentation and field observations have 
provided information for validation o f  the underground opening 
reference design. These data can be categorized based on their 
relationship to observations of geologic conditions o r  to structural 
behavior. Geologic observations include an assessment of the rock 
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c h a r a c t e r i s t i c s ;  s t a b i l i t y  o f  t h e  openings i n  rock;  r e a c t i o n  o f  t h e  

rock t o  excavat ion;  and movements a long c l a y  seams. S t r u c t u r a l  

behav io r  i s  t h e  development o r  m o d i f i c a t i o n  o f  s t resses  and s t r a i n s  i n  

t h e  s a l t  c rea ted  by  excavat ion  o f  t h e  underground openings, and t h e  

pressures o c c u r r i n g  a t  r o c k / s t r u c t u r e  i n t e r f a c e s .  

5.2.1 Geoloqic M a w i n q  

Geologic mapping o f  t h e  sha f t s ,  d r i f t s  and t e s t  rooms was conducted by 

s i t e  g e o l o g i s t s .  The o b j e c t i v e s  o f  t h e  mapping were: 

p r o v i d e  c o n f i r m a t i o n  and documentat ion o f  t h e  c o n t i n u i t y  of 
t h e  s t r a t i g r a p h y ,  l i t h o l o g y  and s t r u c t u r e  above and below t h e  

f a c i l i t y  hor izon ;  

eva lua te  any geo log ic  cond i t i ons  which may a f f e c t  t h e  

excavat ion.  s t a b i l i t y .  o r  s a f e t y  o f  t h e  h o r i z o n t a l  openings; 

suppor t  f i e l d  adjustments and m o d i f i c a t i o n s  t o  t h e  re fe rence 

des ign  based on t h e  gea 

f i n a l i z e  geomechanical 

og ic  c o n d i t i o n s  encountered; and 

nstrument l o c a t i o n s .  

5.2.2 Core D r i l l i n q  and Loqsinq 

In fo rma t ion  on s t r a t i g r a p h y  and l i t h o l o g y  was ob ta ined f rom core  holes 

d r i l l e d  i n t o  t h e  f l o o r  and r o o f  o f  t h e  underground openings. The 

o b j e c t i v e s  o f  t h e  co re  d r i l l i n g  program were: 

(1) c o n f i r m  t h e  th ickness ,  l a t e r a l  ex ten t ,  minera logy and 

s t r a t i g r a p h i c  c o n t i n u i t y  o f  t h e  hos t  rock  beyond t h e  l i m i t s  
o f  t h e  excavat ions;  

(2 )  c o n f i r m  t h e  c o n t i n u i t y  o f  t h e  geo log ic  s t r u c t u r e  and t h e  

absence o f  any unusual fea tures  w i t h i n  t h e  imnediate zone o f  

i n f l u e n c e  o f  t h e  excavat ions;  and 

m 
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c 
(3)  o b t a i n  s t r a t i g r a p h i c  i n f o r m a t i o n  i n  o rde r  t o  determine 

extensometer anchor depths.  

D e t a i l s  o f  t h e  core  d r i l l i n g  program a r e  discussed i n  Chapter 6. 

5.2.3 Laboratory  T e s t i n q  

I n i t i a l  l a b o r a t o r y  t e s t s  were performed on core samples o f  e v a p o r i t e  

minera ls  and c l a y  f rom e x p l o r a t o r y  boreholes AEC-7 and ERDA-9. These 

t e s t s  were performed by  RE/SPEC, Inc. ,  o f  Rapid C i t y ,  South Dakota, and 
by  SNL ( r e f s .  5-1 and 5-2).  The evapor i t e  samples were t e s t e d  i n  

t r i a x i a l  vessels  a t  b o t h  room and e leva ted  temperatures. Q u a s i - s t a t i c  

compression t e s t s  were performed under d i f f e r e n t  cons tan t  c o n f i n i n g  

pressures and v a r i a b l e  a x i a l  loads i n  steps, each load s t e p  be ing  

mainta ined f o r  about 10 minutes.  Quas i -s ta t i c  compression t e s t s  were 

considered as cons tan t  s t r e s s - r a t e  t e s t s  f o r  a l l  p r a c t i c a l  purposes. 

D i r e c t  shear t e s t s  were performed on samples o f  c l a y  t o  de termine t h e  

c o e f f i c i e n t  o f  s l i d i n g  f r i c t i o n .  

5.2.4 Geomechanical I ns t rumen ta t i on  

Geomechanical ins t ruments  i n  t h e  W I P P  underground f a c i l i t y  p r o v i d e  data 

on deformat ion,  pressure,  loads and s t ress .  Instruments f o r  measur ing 

t h e  geomechanical response o f  t h e  s h a f t s  and o the r  underground openings 

i n c l u d e  convergence p o i n t s ,  convergence meters, m u l t i p l e - p o i n t  and 

s ing le -po in t  borehole extensometers. load  c e l l s ,  p ressure  c e l l s ,  

stressmeters.  s t r a i n  gauges, inc l inometers .  piezometers and l a t e r a l  

movement gauges. Data f rom t h e  geomechanical inst ruments a r e  c o l l e c t e d  

manual ly as  w e l l  as read remote ly  by an automatic da ta logger  system a t  

t h e  surface. A l l  da ta  a r e  en tered  on magnetic tape f o r  da ta  reduc t i on ,  

t a b u l a t i o n ,  a n a l y s i s  and a r c h i v i n g .  These data a r e  a b a s i s  f o r  t h e  
ana lys i s  and e v a l u a t i o n  o f  underground opening behavior.  

- 

The geomechanical i n s t r u m e n t a t i o n  program f o r  des ign v a l i d a t i o n  was 

designed and implemented t o  p r o v i d e  i n  s i t u  data on t h e  behav io r  o f  t h e  



rock (primarlly salt) around the shafts and underground openings. More 
specifically. the instrumentation program was designed to provide: 

(1) early detection of conditions that could affect construction 
and operational safety; 

(2) closure monitoring for evaluation of the ability of the 
underground openings to permit waste storage and retrieval; 

(3) a greater understanding of the in situ behavior of bedded 
salt by a comparison of the observed responses with 
underground opening reference design calculations; and 

(4) measurements of salt deformation to permit confirmation or 
revision of the opening configurations and the parameters 
used in the underground opening reference design based on 
clearance requirements. 

Tables 5-1 through 5-5 present information on the distribution of 
geomechanical instruments installed at the WIPP. The instruments 
provide data for the evaluation and analyses of several phenomena at 
various locations, including strain in the C h SH shaft key, water 
pressure behind the C h SH and waste shaft liners, radial closure of 
the shafts, pressures between the concrete shaft keys and wall rock, 
roof-to-floor and wall-to-wall closure in the shaft stations, drifts 
and rooms. and displacements at depth into the walls, roof and floor of 
shaft stations, drifts and rooms. 

Data from the geomechanical instruments are collected manually or read 
remotely by an automatic datalogger system. The datalogger is a 

instruments at specified polling times. The signals from the 
instruments are first sent to local termination cabinets (LTC) where 
the signal is digitized and then transmitted to the datalogger for disk 
storage. Manual readings are manually entered into the computer 
system. Changes from initial readings and rates of change are 

computer system that automatically collects and records output from @, 
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_- Table 5-1 

C & SH SHAFT 
INSTRUMENTS 

Locat lon  and Type Purpose 

L ined Sec t ion  

Convergence p o i n t s  

P i  ezome t e r  

!w 
Plezometer 

Pressure c e l l  

Welded s t r a i n  gauge 

Embedment s t r a i n  gauge 

Un l ined Sec t ion  

M u l t i p l e - p o i n t  extensometer 

Convergence p o i n t s  

S t a t i o n  

Convergence p o i n t s  
( i nc ludes  permanent and 
temporary convergence p o i n t s  
and w a l l  sho r ten ing  p o i n t s )  

Extensometer ( s i n g l e - p o i n t  
and m u l t i p l e - p o i n t )  

Rock b o l t  l oad  c e l l  

L a t e r a l  movement gauge 

Measure wa l l - t o -wa l l  c l o s u r e  o f  sha f t  

Measures f l u i d  pressure bu i ldup 
behind l i n e r  due t o  water  accumulation 

Measures f l u i d  pressure bu i ldup 
behind key due t o  water  accumulat ion 

Measures c o n t a c t  p ressure  bu i ldup 
between concre te  key and w a l l  rock 

Measures s t r a i n  i n  r e i n f o r c i n g  s t e e l  
o f  s h a f t  key 

Measures s t r a i n  i n  concre te  o f  s h a f t  
key 

Measures s a l t  creep de format ion  

Measure w a l l - t o - w a l l  c l o s u r e  o f  sha f t  

Measure r o o f - t o - f l o o r  and wa l l - to -wa l l  
c l osu re  o f  openings and p i l l a r  
shor ten ing  

Measures s a l t  creep de format ion  i n  
r o o f ,  f l o o r  and w a l l s  

Measures t e n s i l e  loads on rock b o l t s  

Measures l a t e r a l  movement i n  roo f  
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Table 5-2 

WASTE SHAFT 
INSTRUMENTS 

Location and Type Purpose 

Lined Section 

Piezometer 

w 
Piezometer 

Pressure c e l l  

Unlined Section 

Convergence points 

Multiple-point extensometer 

Station 

Convergence points ' 

(includes permanent and 
temporary poi  n t  s ) 

Multiple-point extensometer 

Measures f l u i d  pressure buildup 
beh ind  l i n e r  due t o  water accumulation 

Measures f l u i d  pressure buildup 
behind key due t o  water accumulation 

Measures contact pressure buildup 
between concrete key and wall rock 

Measure wall-to-wall closure o f  shaf t  

Measures s a l t  creep deformation 

Measure roof-to-floor and wall-to-wall 
closure of openings 

Measures s a l t  creep deformation i n  
roof, f l o o r  and walls 
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Tab le  5-3 

EXHAUST SHAFT 
INSTRUMENTS 

Locat ion  and Type Purpose 

L ined Sect ion  

Piezometer 

Piezometer 

Pressure c e l l  

Measures f l u i d  pressure b u i l d u p  
behind l i n e r  due t o  water  accumula t ion  

Measures f l u i d  pressure b u i l d u p  
behind key due t o  water  accumulat ion 

Measures con tac t  pressure b u i l d u p  
between concre te  key and w a l l  rock  

Unl ined Sect ion  

M u l t i p l e - p o i n t  extensometer Measures s a l t  creep deformat ion 
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Table 5-4 

DRIFTS 
INSTRUMENTS 

Location and Type Purpose 

Convergence points Measure roof-to-floor and wall-to-wall 
(includes permanent and closure of openings and pillar 
temporary convergence points shortening 
and wall shortening points) 

Extensometer (single- and Measures salt creep deformation in 
multiple-point) roof, floor and walls o f  openings 
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Table 5-5 

TEST ROOMS 
INSTRUMENTS 

Location and Type Purpose 

Convergence points Measure roof-to-floor and wall-to-wall 
closure 

Multiple-point extensometer Measures salt creep deformation in 
roof, floor and walls 

Inclinometer Measures direction and amount o f  salt 
movement above the roof, below the 
floor, and in the walls 

Rigid-inclusion stressmeter Honitors changes in stress within 

Convergence meter Measures vertical closure 

anhydri te 
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c a l c u l a t e d  and s to red '  i n  t h e  computer. The da ta  i s  t r a n s f e r r e d  month ly  

t o  magnet ic tapes which a r e  made a v a i l a b l e -  t o  p r o j e c t  p a r t i c i p a n t s .  

Inst ruments connected t o  t h e  data logger  i n c l u d e  extensometers, 

p iezometers,  s t r a i n  gauges, pressure c e l l s ,  convergence meters and 

s t ressmeters.  A l l  convergence po in ts ,  inc l inometers ,  rock  b o l t  l oad  

c e l l s ,  l a t e r a l  movement gauges and some extensometers must be read 

manually. S t r a i n  gauges. piezometers and pressure c e l l s  have been read 

manual ly  a t  t imes.  

The frequency o f  da ta  c o l l e c t i o n  i s  determined on a p e r  ins t rument  

bas i s  and i s  dependent upon ins t rument  l oca t i on ,  method o f  i ns t rumen t  

reading (manual o r  da ta logger ) .  and t h e  number o f  days elapsed s ince  

excavat ion  a t  t h e  i ns t rumen t  l o c a t i o n .  A f t e r  i n s t a l l a t i o n  t h e  

ins t rument  i s  read f r e q u e n t l y ,  b u t  w i t h  t ime t h i s  read ing  f requency i s  

decreased s ince  t h e  r a t e  a t  which t h e  s a l t  mass responds f o l l o w i n g  

excavat ion  a l s o  decreases w i t h  t ime. 

The frequency o f  read ings  has been in f luenced by access l i m i t a t i o n s  

caused by c o n s t r u c t i o n  opera t ions  and by  t h e  volume o f  da ta  t o  be 

c o l l e c t e d .  A t  a few convergence p o i n t  s t a t i o n s  i n  newly excavated 

areas, readings were taken f requen t l y  t o  record  t h e  e a r l y  rock 

response. Mon i to r i ng  p e r i o d s  i n  these instances were t y p i c a l l y  every 4 

t o  12 hours f o r  24 hours, then once d a i l y .  Most manual ly  read 

ins t ruments  were i n i t i a l l y  read weekly, then once every 2 weeks, and 

then once every month. Inst ruments connected t o  t h e  da ta logger  were 

i n i t i a l l y  read a t  24-hour i n t e r v a l s ,  then severa l  t imes p e r  week, and 

then once every 2 weeks. The c u r r e n t  schedule f o r  o b t a i n i n g  readings 

i s  shown i n  Table 5-6. Each ins t rument 's  range, s e n s i t i v i t y ,  

r e s o l u t i o n  and p r e c i s i o n  a r e  a l so  presented i n  t h i s  t a b l e .  These 

parameters a re  i m p o r t a n t  when i n t e r p r e t i n g  and e v a l u a t i n g  t h e  data,  

e s p e c i a l l y  those read ings  which r e f l e c t  changes t h a t  a r e  c l o s e  t o  t h e  

r e s o l u t i o n ,  s e n s i t i v i t y .  o r  p r e c i s i o n  l i m i t s  o f  t h e  ins t rument .  

-. 

h 
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5.2.5 F i e l d  Observations 

The de te rm ina t ion  o f  underground c o n d i t i o n s  inc ludes  a q u a l i t a t i v e  

assessment based on f requent  observa t ions  by WIPP s i t e  geotechnica l  

personnel .  Changes i n  rock c o n d i t i o n s  and i n  t h e  behavior  o f  t h e  

underground openings have been observed and documented on a r e g u l a r  

b a s i s  i n  t h e  GFDRs. I n  a d d i t i o n ,  q u a r t e r l y  i nspec t i ons  have been made 

by Bechte l  home o f f i c e  des ign eng ineer ing  personnel .  These inspec t i ons  

augmented t h e  s i t e  g e o l o g i s t s '  observa t ions  and helped h i g h l i g h t  those 

changes which occurred so s low ly  t h a t  t h e y  were d i f f i c u l t  t o  d e t e c t  on 

a d a i l y  bas is .  

-< 

P e r i o d i c  i nspec t i ons  o f  t h e  C 6 SH s h a f t  have been made s ince  t h e  

s h a f t  was completed. Condi t ions o f  t h e  s h a f t  w a l l s ,  l i n e r  and key have 

been observed i n  a d d i t i o n  t o  any w a t e r  f l o w  i n t o  t h e  shaf t .  S i m i l a r .  

i nspec t i ons  o f  t h e  waste and exhaust s h a f t s  have a l s o  been made b u t  

l ess  f r e q u e n t l y  due t o  l i m i t e d  a c c e s s i b i l i t y .  

I 
Observat ions o f  t h e  h o r i z o n t a l  openings i n c l u d e  such items as t h e  

c o n d i t i o n  of t h e i r  roo fs  and wa l l s ;  f r a c t u r i n g  i n  p i l l a r  corners a t  

d r i f t  and room i n t e r s e c t i o n s  and i n  r o o f s  and f l o o r s ;  and h o r i z o n t a l  

d isplacements and v e r t i c a l  separa t ions  measured i n  open boreholes.  

Th is  i n f o r m a t i o n  has prov ided impor tan t  i n p u t  f o r  design and s a f e t y  

eva lua t ions .  

5.3 ANALYSIS AND EVALUATION 

Data c o l l e c t e d  a t  t h e  WIPP s i t e  have been analyzed and evaluated by 

q u a l i f i e d  engineers and s c i e n t i s t s .  Engineer ing experience and 

judgement were used i n  t h e  e v a l u a t i o n  o f  f i e l d  observed cond i t i ons .  

Labora tory  t e s t s  were performed on core  samples t o  determine t h e  

c o n s t i t u t i v e  equat ions f o r  t h e  hos t  rocks.  Theore t i ca l  and a p p l i e d  

aspects o f  measurements, s t a t i s t i c s  and phys ics  were u t i l i z e d  t o  
analyze and evaluate geomechanical i ns t rumen t  data.  

I-- 

(@ 
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5.3.1 Observat ions 

The observa t ions  o f  geo log ic  cond i t i ons  documented d u r i n g  v i s u a l  

i nspec t i ons  a r e  used t o  eva lua te  t h e  performance o f  t h e  underground 

openings. These eva lua t i ons  a r e  made i n  c o n j u n c t i o n  w i t h  t h e  

a n a l y t i c a l  techniques.  The eva lua t ions  a r e  q u a l i t a t i v e ,  however, and 

a r e  s u b j e c t i v e  assessments of t h e  behav io r  o f  t h e  s a l t  sur round ing  t h e  

excavat ions.  

5.3.2 Labora torv  Tests 

The r e s u l t s  o f  t h e  l a b o r a t o r y  t e s t i n g  descr ibed i n  subsec t ion  5 . 2 . 3  on 

samples o f  h a l i t e ,  a r g i l l a c e o u s  h a l i t e ,  anhydr i t e .  p o l y h a l i t e  and c l a y  

f r o m  t h e  f a c i l i t y  l e v e l  were evaluated and s t a t i s t i c a l l y  analyzed t o  

determine e l a s t i c  and creep constants .  C o n s t i t u t i v e  equat ions f o r  each 

o f  these m a t e r i a l s  were es tab l i shed  and t h e i r  m a t e r i a l  p roper t y  

constants  were determined ( r e f .  5-3). The m a t e r i a l  p r o p e r t y  constants  

based on t h e  l a b o r a t o r y  t e s t  r e s u l t s  a r e  presented i n  Chapter 6. 

- 
5 .3 .3  I n  S i t u  Measurements 

S t a t i s t i c a l  and numer ica l  methods were used t o  analyze i n  s i t u  d a t a  and 

t o  eva lua te  t h e  p h y s i c a l  behavior  o f  s a l t .  Numerical models were used 

t o  compute creep parameters f rom t h e  i n  s i t u  data.  

I n  s i t u  measurement data f rom se lec ted  geomechanical ins t ruments  i n  the  

d r i f t s  and t e s t  rooms were f i t t e d  w i t h  a n a l y t i c a l  equat ions us ing 

regress ion  procedures. Since e a r l y  data a r e  l a c k i n g  f o r  most o f  t h e  

inst ruments,  one approach was t o  c a l c u l a t e  t h e  c l o s u r e  r a t e s  and f i t  an 

equat ion  t o  t h e  c l o s u r e  r a t e  versus elapsed t ime  r e l a t i o n s h i p .  An 

es t imate  o f  t h e  e a r l y  c losu re  n o t  measured by t h e  ins t ruments  was 

independent ly  der ived .  /---., 
@I) 

5.4  PREOICTION OF FUTURE BEHAVIOR 

V a l i d a t i o n  o f  t h e  underground opening re fe rence  des ign  requ i res  

p r e d i c t i n g  t h e  f u t u r e  behav io r  o f  t h e  openings. Th is  was achieved by 

c o l l e c t i n g  i n  s i t u  da ta  c o n s i s t i n g  o f  f i e l d  observa t ions  and 
.c 
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geomechanlcal l ns t rumen t  measurements. S t a t i s t i c a l  methods were then  

used t o  e x t r a p o l a t e  t h e  da ta  ob ta ined f rom t h e  geomechanical 

inst ruments.  Se lec ted  i n  s i t u  da ta  were f i t t e d  t o  a n a l y t i c a l  curves 

and p r e d i c t i o n s  were made based on t h e  ex t rapo la ted  r e s u l t s .  Closed 

fo rm s o l u t i o n s  and eng ineer ing  exper ience were a l s o  u t i l i z e d  t o  

s u b s t a n t i a t e  t h e  adequacy o f  t h e  f a c i l i t y .  A model s i m u l a t i o n  method 
was used ' t o  v e r i f y  t h e  creep model o f  s a l t  based on creep cons tan ts  

d e r i v e d  from data  ob ta ined f rom l a b o r a t o r y  m a t e r i a l  t e s t s .  A f t e r  t h e  

de terminat ion  o f  creep parameters us ing  a s t a t i s t i c a l  technique.  t h e  

numerical  model f o r  s i m u l a t i n g  t h e  f a c i l i t y  was a l s o  u t i l i z e d  t o  

p r e d i c t  ' and eva lua te  f u t u r e  behavior .  T h i s  inc ludes  t h e  c losures ,  

s t r a i n  d i s t r i b u t i o n s  and s t r e s s  d i s t r i b u t i o n s  over  t h e  o p e r a t i n g  l i f e  

o f  t h e  f a c i l i t y .  

Design reviews were performed as r e q u i r e d  du r ing  des ign o f  t h e  WIPP 
underground f a c i l i t y .  Exper ience and judgment were an impor tan t  

a d j u n c t  i n  p r e d i c t i n g  t h e  f u t u r e  behav io r  o f  t h e  underground openings. 

More than 3 years o f  cont inuous da ta  c o l l e c t i o n  and a n a l y s i s  and 

e v a l u a t i o n  have prov ided an adequate da ta  base f o r  p r e d i c t i n g  f u t u r e  

behavior .  

Subsections 5.4.1 through 5.4.3 desc r ibe  t h e  methods used f o r  

p r e d i c t i n g  t h e  f u t u r e  behav io r  o f  t h e  underground openings. 

5.4.1 E x t r a p o l a t i o n  o f  I n  S i t u  Data 

Selected i n  s i t u  c l o s u r e  da ta  were analyzed and f i t t e d  by  a n a l y t i c a l  

curves f o r  e x t r a p o l a t i o n  o f  f u t u r e  responses. Regression analyses by 

t h e  Gauss-Newton o r  Marquardt compromise techniques were performed t o  

determine t h e  reg ress ion  parameters. These regress ion  parameters were 

assumed t o  be v a l i d  f o r  t h e  f u t u r e  behav io r  o f  t h e  opening, and t h e  

equat ions were used t o  p r e d i c t  t h e  f u t u r e  c losu re  ra te .  To es t ima te  

t h e  a d d i t i o n a l  c l o s u r e  t h a t  cou ld  occur, t h e  equat ion was i n t e g r a t e d  

over  t h e  requ i red  t ime  i n t e r v a l .  
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5.4 .2  Closed Form S o l u t i o n s  

Closed fo rm so lu t i ons  p rov ided  i n  t h e  SME Min inq  Enqineer inq Handbook 

( r e f .  2-25) were used t o  eva lua te  t h e  se lec ted  room and p i l l a r  s i zes  

and t h e i r  s t a b i l i t y .  Closed form s o l u t i o n s  f o r  s t e e l  and concrete 

s t r u c t u r a l  des ign were a l s o  used t o  s u b s t a n t i a t e  t h e  adequacy o f  t h e  

s h a f t  l i n e r s  and keys ( r e f s .  5-4 t h r u  5-7).  

5.4.3 Model S imulat ions 

Numerical analyses were performed t o  compute t h e  p red ic ted  responses o f  

t h e  underground openings. The c o n s t i t u t i v e  laws discussed i n  

Appendix C were used i n  these analyses. However, y i e l d  o r  f a i l u r e  
c r l t e r i a  developed f o r  h a l i t e  ead n o n - h a l i t i c  m a t e r i a l s  based on t h e  

r e s u l t s  o f  l abo ra to ry  t e s t s  were n o t  incorpora ted  i n  t h e  numerical  

modeling. Due t o  t h e  i d e a l i z a t i o n  o f  t h e  r e a l  system i n  a mathematical 

model, t h e  u n c e r t a i n t y  o f  i n  s i t u  a u x i l i a r y  cond i t i ons  corresponding t o  

t h e  mathematical model, and d e v i a t i o n s  i n  t h e  m a t e r i a l  p r o p e r t i e s  - obta ined f rom t h e  l a b o r a t o r y  t e s t s ,  analyses us ing  l a b o r a t o r y  t e s t  data 

d i d  n o t  p rov ide  s u i t a b l e  r e s u l t s  f o r  des ign v a l i d a t i o n .  Therefore,  an 

eng ineer ing  approach us ing  curve  f i t t i n g  methods was employed. Creep 

parameters computed by t h e  f o l l o w i n g  procedure were used f o r  t h e  

analyses. Add i t i ona l  i n f o r m a t i o n  p e r t a i n i n g  t o  m a t e r i a l  p roper t y  

d e v i a t i o n s  based on l a b o r a t o r y  t e s t s  i s  presented i n  Chapter 6 .  

Numerical models were generated f o r  t h e  l o c a t i o n s  o f  s p e c i f i c  

inst ruments t o  s imu la te  t h e  i ns t rumen t  response and compute t h e  creep 

parameters. 

A f t e r  genera t ing  t h e  numer ica l  models f o r  these loca t i ons ,  t h e i r  creep 

parameters were computed and t h e  s t r u c t u r a l  behavior  was s imulated by 
per fo rming  an ana lys i s  us ing  t h e  s t a t i s t i c a l  method presented i n  

Appendix C and t h e  fo i :ow ing  procedures:  

.- 
(1) A t  t h e  i n i t i a l  stage, t h e  sur face  o f  t h e  openings were 

res t ra ined  t o  s imu la te  t h e  unexcavated c o n d i t i o n .  



( 2 )  An i n t e r n a l  s t ress  was a p p l i e d  a t  each element t o  represent  

t h e  i n i t i a l  l i t h o s t a t i c  s t r e s s  s t a t e ,  which i s  de f i ned  as: 

where: p i s  t h e  rock mass p e r  u n i t  volume; 

g i s  t h e  g r a v i t a t i o n a l  constant ;  and 
y i s  t h e  depth. 

( 3 )  The overburden and support  pressures a t  t h e  boundaries and 

t h e  we igh t  o f  t h e  rock were a p p l i e d  t o  compute t h e  s t a t i c  

s o l u t i o n .  

( 4 )  The r e s t r a i n t s  a t  t h e  sur face  o f  t h e  openings were then 

removed t o  s imu la te  t h e  excavat ion.  

( 5 )  The s t r u c t u r a l  responses were computed us ing  a t ime s tep  

i n t e g r a t i o n  scheme. Normal ized t i m e  steps were used 

th roughout  t h e  ana lys i s .  A t  t h e  f i r s t  t ime step. t h e  t ime  

increment  was ca l cu la ted  by an i t e r a t i v e  scheme us ing a 
predetermined i n i t i a l  t ime  increment.  

( 6 )  I n  subsequent t ime steps, t h e  t i m e  increment f o r  each t ime  

s tep  was c a l c u l a t e d  based upon t h e  prev ious  t ime steps and 

t h e  spec i f i ' ed  maximum to le rances  o f  s t ress  and s t r a i n  

increments a t  t h e  prev ious and c u r r e n t  t ime  steps. The 

s t r u c t u r a l  responses were computed a t  each normal ized t ime 

step. 

1. 

-. 
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CHAPTER 6 

GEOLOGIC CHARACTERIZATION 

6.1 

Gec 

INTRODUCTION 

og ic  charac ter  z a t i o n  o f  t h e  underground excava 

v a l i d a t i o n  o f  t h e  WIPP began i n  June 1981. I n i t i a l  

ins f o r  des ign 

c h a r a c t e r i z a t i o n  

a c t i v i t i e s  cons is ted  o f  mon i to r i ng  t h e  d r i l l i n g  and geophysica l  l ogg ing  

o f  t h e  SPDV e x p l o r a t o r y  sha f t .  As s h a f t  o u t f i t t i n g  and underground 

excavat ion progressed, t h e  geo log ic  work evolved i n t o  mapping o f  t h e  

sha f t s  and underground h o r i z o n t a l  openings, pe r fo rm ing  ground-water 

i n f l o w  t e s t s ,  mon i to r i ng  geomechanical i ns t rumen ta t i on  i n s t a l l a t i o n s  

and t a k i n g  subsequent readings o r  measurements, l o g g i n g  underground 

core h o l e  samples, and per fo rming  o t h e r  tasks r e l a t e d  t o  d e f i n i n g  t h e  

geo log ic  i n t e g r i t y  o f  t h e  W I P P  s i t e .  Data f rom these a c t i v i t i e s  were 

evaluated i n  c o n j u n c t i o n  w i t h  i n f o r m a t i o n  f rom prev ious  s i t e  s t u d i e s  t o  

more a c c u r a t e l y  d e f i n e  s i t e  geo log ic  c o n d i t i o n s  as they  r e l a t e d  t o  

des ign v a l i d a t i o n  o f  t h e  WIPP underground f a c i l i t y .  
A 

6.2 DATA COLLECTION ACTIVITIES 

6.2.1 Geolos ic  MaDPinq 

An impor tan t  aspect  of v a l i d a t i n g  t h e  WIPP underground opening 

re fe rence des ign  inc luded geo log ic  mapping o f  t h e  s h a f t s  and d r i f t s .  

The o b j e c t i v e s  o f  t h i s  mapping were discussed i n  Chapter 5. 

6.2.1.1 C h SH S h a f t  

Geologic c h a r a c t e r i z a t i o n  o f  t h e  C h SH s h a f t  began i n  l a t e  June 1981 

w i t h  t h e  d r i l l i n g  o f  t h e  SPDV e x p l o r a t o r y  s h a f t  (see Chapter 3. 

subsect ion 3.3.1, f o r  an exp lana t ion  o f  t h e  two s h a f t  names). The 

i n i t i a l  a c t i v i t y  conducted t o  develop t h i s  c h a r a c t e r i z a t i o n  cons is ted  

of l ogg ing  t h e  d r i l l  c u t t i n g s  a t  p e r i o d i c  i n t e r v a l s  t o  pe rm i t  a 

de terminat ion  o f  rock types and t o  p rov ide  a d e s c r i p t i o n  o f  t h e  

geo log ic  fo rmat ions  penetrated (Appendix D .  F igu re  D - 1 ) .  These 

format ions inc luded,  i n  descending order ,  t h e  Dewey Lake red  beds, t h e  

R u s t l e r  f o rma t ion  and t h e  Salado fo rmat ion .  
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- A f t e r  complet ion o f  t h e  d r i l l i n g  opera t ion ,  geophysical  l o g g i n g  was 

performed i n  t h e  s h a f t  t o  determine t h e  c o n d i t i o n  o f  t h e  s h a f t  w a l l  and 

t o  more accu ra te l y  d e f i n e  t h e  s t r a t i g r a p h y  penetrated. These l o g s  were 

t h e  c a l i p e r ,  gamna ray, d e n s i t y  and epi thermal  neutron. The l o g s  were 

analyzed t o  b e t t e r  determine t h e  depths t o  var ious s t r a t i g r a p h i c  

hor izons  and c o r r e l a t e  them w i t h  those found i n  ho les d r i l l e d  d u r i n g  

prev ious  s i t e  i n v e s t i g a t i o n  phases (Appendix 8. Figure  6-1). 

Reconnaissance and d e t a i l e d  geo log ic  mapping o f  t h e  C 6 SH s h a f t  was 

performed between March 31. 1982, and May 2. 1982. f rom a depth o f  

about  846 f e e t  (e lev .  2564 f e e t )  near  t h e  Rust ler /Salado f o r m a t i o n  

con tac t  t o  a depth o f  2.193 f e e t  (e lev .  1217 f e e t ) .  Mapping above t h e  

846-foot depth cou ld  n o t  be performed due t o  t h e  presence o f  t h e  

permanent s t e e l  l i n e r .  w h i l e  d r i l l i n g  f l u i d  and muck prevented mapping' 

below t h e  2.193-foot depth. The r e s u l t s  o f  t h i s  mapping, combined w i th  

c r i t e r i a  es tab l i shed  as a r e s u l t  o f  p rev ious  s i t e  i n v e s t i g a t i o n s ,  were 

used t o  s e l e c t  t h e  f i n a l  depth f o r  t h e  underground development l e v e l  
(Chapter 3, Sec t i on  3.2). The mapping r e s u l t s  a r e  shown i n  Appendix 0. A 

Figures  0-2 th rough D-4. A d e t a i l e d  d iscuss ion  o f  t h e  mapping i s  

conta ined i n  re fe rence  3-1. 

V e r t i c a l  c o n t r o l  f o r  t h e  s h a f t  mapping was es tab l i shed by tape measure 

f rom a known e l e v a t i o n  p rov ided  by t h e  SPDV underground excavat ion  

c o n t r a c t o r  a t  t h e  s h a f t  c o l l a r .  The scope o f  work and methodology f o r  

t h e  s h a f t  geotechn ica l  a c t i v i t i e s  a r e  conta ined i n  re fe rence 6-1. 

Reconnaissance geo log ic  mapping o f  t h e  s h a f t  f rom a depth o f  about  920 

f e e t  (e lev .  2490 f e e t )  t o  2.083 f e e t  (e lev .  1327 f e e t )  was accomplished 

a f t e r  c o n s t r u c t i o n  o f  t h e  s h a f t  key. The mapped area was l i m i t e d  t o  a 

s t r i p  1 t o  5 f e e t  wide a long  t h e  south s i d e  o f  t h e  sha f t .  One i n t e r v a l  

f rom about 1.832 f e e t  ( e l e v .  1578 f e e t )  t o  1,892 f e e t  (e lev .  1518 f e e t )  

was n o t  mapped due t o  t h e  i n t e r f e r e n c e  o f  s h a f t  o u t f i t t i n g  a c t i v i t i e s .  

De ta i l ed  c i r c u m f e r e n t i a l  geo log i c  mapping was performed i n  t h e  key area 

f rom the  base o f  t h e  s t e e l  l i n e r  t o  a depth o f  about 920 f e e t .  
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D e t a i l e d  mapping was a l s o  performed f rom a depth o f  about  2.083 f e e t  t o  

about  2.193 f e e t .  D e t a i l e d  mapping was c a r r i e d  o u t  through t h i s  
i n t e r v a l  t o  o b t a i n  s u f f i c i e n t  geo log ic  i n f o r m a t i o n  f o r  use i n  making 

t h e  f i n a l  f a c i l i t y  l e v e l  s e l e c t i o n .  The f a c i l i t y  l e v e l  s e l e c t i o n  

mapping was performed by severa l  teams of g e o l o g i s t s  work ing over a 

3-day p e r i o d  f rom A p r i l  30 t o  May 2 .  1982. The d e t a i l e d  mapping was 

g e n e r a l l y  performed independent ly  o f  s h a f t  o u t f i t t i n g  a c t i v i t i e s  t o  

p e r m i t  b e t t e r  observa t ion  and i n t e r p r e t a t i o n  o f  t h e  s h a f t  geo log ic  

c h a r a c t e r i s t i c s .  

Representa t ive  samples o f  t h e  geo log ic  s t r a t a  surrounding t h e  s h a f t  

were obta ined d u r i n g  mapping f o r  l a t e r ,  more d e t a i l e d  c l a s s i f i c a t i o n .  

Photographs were taken a t  va r ious  l o c a t i o n s  a long t h e  s h a f t  w a l l  f o r  

v e r i f i c a t i o n  o f  t h e  mapping r e s u l t s  and record-keeping 

mapping progressed, observat ions o f  t h e  s h a f t  w a l l  were 

determine t h e  c o n d i t i o n  o f  t h e  s a l t  as a r e s u l t  o f  

f o l l o w i n g  excavat ion.  - 

purposes. As 

a l s o  made t o  

i t s  behav io r  

Eased on t h e  data obta ined f rom t h e  above a c t i v i t i e s ,  c h a r a c t e r i z a t i o n s  

were made o f  t h e  geo log ic  fo rmat ions  penet ra ted  by t h e  C fi SH sha f t .  

The c h a r a c t e r i z a t i o n s  cons is ted  p r i m a r i l y  o f  d e s c r i p t i o n s  o f  t h e  

s t r a t i g r a p h y ,  l i t h o l o g y  and s t r u c t u r e  o f  t h e  format ions.  Other 

d e t a i l e d  da ta  were inc luded.  where re levan t ,  t o  more accu ra te l y  

c h a r a c t e r i z e  t h e  s a l t  s t r a t a  i n  areas o f  p r imary  concern t o  t h e  des ign 

o f  t h e  WIPP,underground f a c i l i t y .  

The C h SH s h a f t  geo log ic  a c t i v i t i e s  served t o  f u r t h e r  r e f i n e  and 

c o n f i r m  t h e  data obta ined f rom prev ious  s i t e  i n v e s t i g a t i o n s .  The 

geo log ic  condi , t ions observed i n  t h e  C h SH s h a f t  w i t h i n  t h e  mapped 

i n t e r v a l  corresponded t o  t h e  c o n d i t i o n s  expected from prev ious  

i n v e s t i g a t i o n s .  Borehole ERDA-9, i n  p a r t i c u l a r ,  showed cond i t i ons  

s i m i l a r  t o  t h e  C h SH s h a f t .  Al though some v a r i a t i o n  was observed, 

i t  was a t t r i b u t e d  t o  core l oss  i n  ERDA-9 which prevented t h e  e a r l y  

. d e t e c t i o n  o f  these cond i t i ons .  
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Only minor  m o d i f i c a t i o n s  t o  t h e  re fe rence des ign  o f  t h e  C h SH s h a f t  

accomnodate t h e  observed; geology. 

key s t r u c t u r e  and the geornechanical i n s t r u m e n t a t i o n  l e v e l s  were made t o  - 

6.2.1.2 Waste S h a f t  

D r i l l i n g  o f  t h e  i n i t i a l  6 - foo t  d iameter  SPDV v e n t i l a t i o n  s h a f t  ( l a t e r  

t o  be enlarged t o  t h e  waste s h a f t )  was conducted from December 1981 t o  

February 1982. Samples o f  t h e  d r i l l  c u t t i n g s  were obta ined a t  p e r i o d i c  

i n t e r v a l s  f rom t h e  d r i l l i n g  f l u i d  t o  pe rm i t  mon i to r i ng  o f  the  

s t r a t i g r a p h y  be ing  penetrated.  A f t e r  t h e  d r i l l i n g  was completed, a s e t  

o f  geophysica l  l ogs  was run t o  determine t h e  s h a f t  w a l l  c o n d i t i o n s  and 

t o  f u r t h e r  d e f i n e  t h e  boundaries o f  t h e  rock s t r a t a  penetrated.  

Geologic mapping o f  t h e  6-fOOt d iameter  s h a f t  began i n  J u l y  1982 i n  

c o n j u n c t i o n  w i t h  t h e  i n i t i a t i o n  o f  s h a f t  o u t f i t t i n g .  I n i t i a l l y .  f i v e  

areas o f  weaker rock which had been washed ou t  by  t h e  d r i l l i n g  

o p e r a t i o n  were mapped between J u l y  and September 1982 be fo re  s t e e l  

l i n e r  p l a t e  uas p laced over  these areas f o r  s a f e t y  purposes. Geologic - 
mapping o f  t h e  SPDV v e n t i l a t i o n  s h a f t  f rom t h e  bottom o f  t h e  s t e e l  

su r face  cas ing  a t  97 f e e t  (e lev .  3312 f e e t )  t o  t h e  bottom o f  HE-139 was 

conducted d u r i n g  September and October 1982. 

Both reconnaissance and d e t a i l e d  geo log ic  mapping were performed i n  t h e  

6 - foo t  d iameter  sha f t .  The mapping extended from a depth o f  97 f e e t  

below t h e  ground sur face  t o  a depth o f  about  2,170 f e e t  (e lev .  1239 

f e e t ) .  The r e s u l t s  of t h i s  mapping a r e  shown i n  Appendix E, F igures 

E-1 th rough E-6. I n  a d d i t i o n ,  a l i t h o l o g i c  log,  based on t h e  geologic  

mapping. and a geophysical  d e n s i t y  l o g  are  shown i n  Appendix 8,  Figure  

8-1, f o r  c o r r e l a t i o n  w i t h  t h e  C & SH s h a f t  and boreholes WIPP-12, 
ERDA-9 and DOE-]. A d e t a i l e d  d e s c r i p t i o n  o f  t h e  SPDV v e n t i l a t i o n  s h a f t  

geotechn ica l  a c t i v i t i e s  i s  conta ined i n  re fe rence 4-3. 

Happing o f  t h e  SPDV v e n t i l a t i o n  s h a f t  was g e n e r a l l y  performed by a team 

o f  two g e o l o g i s t s .  Depth c o n t r o l  was mainta ined by hanging a tape down 
t h e  s h a f t  w a l l  a t  100- t o  200-foot i n t e r v a l s  from t h e  t o p  o f  the  

1 1  
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sur face  casing. O r i e n t a t i o n  i n  t h e  s h a f t  was main ta ined by f o l l o w i n g  a 

s t e e l  guide i n s t a l l e d  on t h e  southwest w a l l  t o  c o n t r o l  movement o f  t h e  

work p l a t f o r m  used i n  t h e  sha f t .  Most o f  t h e  s h a f t  was mapped i n  a 

s t r i p  about 2 t o  3 f e e t  wide a long t h e  s t e e l  gu ide.  Al though on ly  a 

p o r t i o n  o f  t h e  s h a f t  w a l l  was mapped, v i s u a l  examinat ion was made o f  

t h e  e n t i r e  w a l l  t o  determine i f  any geo log ic  a b n o r m a l i t i e s  ex is ted .  

Below a depth o f  about  1.180 f e e t  (e lev .  2229 f e e t ) ,  mapping was 
performed on a l i m i t e d  bas i s  due t o  s a l t  i n c r u s t a t i o n  on t h e  s h a f t  

w a l l .  This c r u s t  was apparent ly  t h e  r e s u l t  o f  d u s t  f rom t h e  f a c i l i t y  

l e v e l  t h a t  was exhaust ing  through t h e  s h a f t  and d e p o s i t i n g  on t h e  wet 

s h a f t  w a l l .  Representa t ive  samples o f  t h e  rock s t r a t a  were c o l l e c t e d  

t o  pe rm i t  a more d e t a i l e d  d e s c r i p t i o n .  Photographs were taken a t  

var ious  l o c a t i o n s  a l o n g  t h e  s h a f t  w a l l  f o r  v e r i f i c a t i o n  o f  t h e  mapping 

r e s u l t s  and record-keeping purposes. I n  a d d i t i o n  t o  p r o v i d i n g  a 

d e s c r i p t i o n  o f  t h e  rock  s t r a t a ,  observat ions o f  t h e  s h a f t  w a l l  were 

made t o  determine. where poss ib le ,  t h e  r e a c t i o n  o f  t h e  rock t o  

excavat ion.  

De ta i l ed  mapping around t h e  f u l l  c i rcumference o f  the 6-fOOt d iameter  

s h a f t  was performed a t  t h e  f o l l o w i n g  f i v e  i n t e r v a l s :  

(1 )  Magenta do lomi te  member, 

( 2 )  Culebra do lomi te  member, 

(3 )  ' R u s t l e r  f o rma t ion  f r a c t u r e  zone; 

( 4 )  Rus t le r /Sa lado fo rma t ion  contac t ;  and 

(5) ME-139. 

Because o f  s a l t  i n c r u s t a t i o n  on t h e  s h a f t  w a l l  i m n e d i a t e l y  above t h e  

f a c i l i t y  l e v e l ,  d e t a i l e d  c i r c u m f e r e n t i a l  mapping cou ld  n o t  be perfqrmed 

i n  t h i s  area. However, two opposing s t r i p s  about 1 f o o t  wide were c u t  

through t h e  c r u s t  t o  pe rm i t  mapping o f  t h e  s h a f t  w a l l  f o r  a d i s tance  o f  

about 50 f e e t  above t h e  f a c i l i t y  l e v e l .  Depths i n  t h e  f a c i l i t y  l e v e l  

area were v e r i f i e d  by a separate survey u t i l i z i n g  e l e v a t i o n  p o i n t s  

es tab l i shed i n  t h e  C h SH s h a f t  s t a t i o n .  

'4 
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The enlargement of  t h e  SPDV v e n t i l a t i o n  s h a f t  i n t o  t h e  waste s h a f t  

began i n  October 1983 and was completed i n  August 1984. A d d i t i o n a l  

geo log ic  mapping and v i s u a l  i nspec t i ons  were conducted c o n c u r r e n t l y  
w i t h  t h i s  excavat ion.  Mapping was conducted f rom December 9. 1983. t o  

August 10. 1984. V i sua l  i nspec t i ons  o f  t h e  s h a f t  su r face  were 

performed throughout  t h e  s h a f t  enlargement operat ions.  The l i t h o l o g y  
o f  t h e  exposed s h a f t  s t r a t i g r a p h y  was descr ibed and compared w i th  t h e  

d e s c r i p t i o n  o f  t h e  same s t r a t i g r a p h i c  i n t e r v a l  mapped i n  t h e  SPDV 

v e n t i l a t i o n  sha f t .  Any d i f f e r e n c e s  o r  a d d i t i o n a l  d e t a i l  were no ted  and 

t h e  SPDV v e n t i l a t i o n  s h a f t  geo log ic  map was mod i f ied  acco rd ing l y .  

-. 

I n  t h e  l i n e d  s e c t i o n  o f  t h e  waste sha f t ,  t h e  depth t o  t h e  base o f  each 

successive concrete segment was prov ided by the  s h a f t  excavat ion  

con t rac to r .  V e r t i c a l  c o n t r o l  f o r  mapping was then es tab l i shed  f rom t h e  

base o f  t h e  prev ious  segment. Dur ing enlargement o f  t h e  u n l i n e d  

s e c t i o n  o f  t h e  sha f t ,  v e r t i c a l  c o n t r o l  was es tab l i shed f rom occas iona l  

survey c o n t r o l  p o i n t s  i n s t a l l e d  by t h e  c o n t r a c t o r  and f rom t h e  

v e r t i c a l  c o n t r o l  was based on a c o n t r a c t o r  survey p o i n t  i n s t a l l e d  a t  a 

depth of 2,167 f e e t  ( e l e v .  1242 f e e t ) .  

. .  

p r e v i o u s l y  mapped SPDV v e n t i l a t i o n  s h a f t  geology. I n  t h e  s h a f t  sump, - 

Deta i led ,  f u l l  c i rcumference geo log ic  mapping was performed i n  areas o f  

s p e c i f i c  geo log ic  i n t e r e s t .  These areas were se lec ted  because o f  t h e i r  

poor  exposure i n  t h e  SDOV v e n t i l a t i o n  s h a f t ,  t h e  poss ib le  occurrence o f  

d i s s o l u t i o n i n g ,  o r  t h e i r  hyd ro log i c  s i g n i f i c a n c e .  These areas o f  

d e t a i l e d  mapping were: 

( 1 )  t h e  Fo r t y -n ine r  member c laystone;  @ ( 2 )  t h e  Magenta do lomi te  member; 

( 3 )  t h e  Tamarisk member c laystone;  

( 4 )  t h e  Culebra do lomi te  member; 

( 5 )  t h e  upper p o r t i o n  o f  t h e  unnamed lower member o f  t h e  R u s t l e r  

( 6 )  t h e  Rust ler /Salado fo rma t ion  con tac t  and key area. 

format ion;  and 
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The d e t a i l e d  mapping i n  t h e  waste s h a f t  was g e n e r a l l y  conducted as 

o u t l i n e d  i n  re fe rence 6-1. Rapping was conducted by teams o f  f o u r  t o  

s i x  people. Once v e r t i c a l  c o n t r o l  was es tab l i shed  by t h e  c o n t r a c t o r  

f r o m  t h e  base o f  t h e  prev ious concre te  segment, a 5 x 5- foot  g r i d  was 

p a i n t e d  on t h e  s h a f t  sur face  around i t s  c i rcumference t o  pe rm i t  t h e  

a c c u r a t e  l o c a t i o n  o f  any l i t h o l o g i c  con tac ts  and geo log ic  fea tures .  

Reconnaissance geo log ic  mapping was performed i n  t h e  waste s h a f t  sump. 

A v e r t i c a l  s t r i p ,  approx imate ly  5 f e e t  wide, was cleaned and mapped 

a l o n g  t h e  e n t i r e  l e n g t h  o f  t h e  sump. 

A d e t a i l e d  d e s c r i p t i o n  o f  t h e  geotechn ica l  a c t i v i t i e s  conducted i n  t h e  

waste s h a f t  i s  conta ined i n  re fe rence  6-2. The r e s u l t s  o f  t h e  mapping 

a r e  shown i n  Appendix E. F igu re  E - 1 .  

The geo log ic  mapping and v i s u a l  i nspec t i ons  o f  t h e  SPDV 

v e n t i  l a t i on /was te  s h a f t  has p rov ided  a d d i t i o n a l  documentation o f  t h e  

c s t r a t a  above and below t h e  WIPP underground development l e v e l .  Based 

on t h e  da ta  obta ined f rom t h e  s h a f t  mapping a c t i v i t i e s ,  a genera l  

c h a r a c t e r i z a t i o n  o f  t h e  s t r a t i g r a p h y ,  l i t h o l o g y  and s t r u c t u r e  o f  t h e  

g e o l o g i c  fo rmat ions  penetrated by  t h e  waste s h a f t  was made. 

The waste s h a f t  penetrates f i v e  fo rmat ions .  I n  descending order ,  t h e y  

a r e  t h e  Gatuna format ion of Quaternary age. t h e  Santa Rosa sandstone o f  

T r i a s s i c  age. and t h e  Dewey Lake redbeds. R u s t l e r  fo rmat ion  and Salado 

fo rma t ion ,  a l l  o f  Permian age. I n  a d d i t i o n ,  t h e  waste s h a f t  a l s o  

pene t ra tes  t h i n  s u r f i c i a l  Quaternary dune sands and t h e  Mescalero 

c a l i c h e .  I n  t h e  W I P P  s i t e  area, t h e  Santa Rosa sandstone and t h e  

Gatuna fo rma t ion  a r e  represented by  t h i n  l aye rs  o f  sandstone ( r e f .  
6-3). They were n o t  mapped i n  t h e  waste s h a f t  due t o  i n s t a l l a t i o n  o f  

t h e  s h a f t  c o l l a r  f a c i l i t i e s .  

The r e s u l t s  o f  t h e  geologic  mapping o f  t h e  waste s h a f t  c o r r e l a t e  w e l l  

w i t h  t h e  SPDV v e n t i l a t i o n  s h a f t  mapping r e s u l t s .  The s t r a t i g r a p h i c  

u n i t s  penet ra ted  by the waste s h a f t  a r e  t h e  same as those encountered 

by  t h e  C h SH s h a f t .  
/ -~ 



Pos t -Uepos i t i ona l  d i s s o l u t i o n  fea tu res  were n o t  observed i n  any 

i d e n t i f i e d  as con ta in ing  d i s s o l u t i o n  res idues  i n  borehole ERDA-9 a r e  

now considered t o  con ta in  pronounced p r imary  sedimentary fea tures .  

s t r a t i g r a p h i c  hor izons  i n  t h e  waste s h a f t .  Severa l  zones p r e v i o u s l y  -. 

6.2.1.3 Exhaust S h a f t  

The exhaust s h a f t  was enlarged f rom a 6- foo t  d iameter  raise-bored 

s h a f t  t o  i t s  f i n i s h e d  14- t o  15- foo t  d iameter  u s i n g  convent iona l  d r i l l  

and b l a s t  methods f rom J u l y  1984 t o  January 1985. Geologic mapping o f  

t h e  s h a f t  w a l l  was conducted c o n c u r r e n t l y  w i t h  excavat ion and 

c o n s t r u c t i o n  a c t i v i t i e s .  

Reconnaissance geo log ic  mapping was performed a long  t h e  e n t i r e  l eng th  

o f  t h e  s h a f t  w i t h  t h e  except ion  o f  se lec ted  areas where d e t a i l e d  

mapping was performed. A v e r t i c a l  s t r i p ,  approx imate ly  5 f e e t  wide, 

was c leaned and mapped. The procedures used f o r  t h e  reconnaissance 

mapping a r e  conta ined i n  re fe rence 6-1. 

D e t a i l e d  c i r c u m f e r e n t i a l  mapping o f  s p e c i f i c  areas o f  geo log ic  i n t e r e s t  

was a l s o  performed. These areas i nc luded  those p r e v i o u s l y  descr ibed i n  

t h e  C & SH and waste sha f t s  and f o u r  a d d i t i o n a l  areas w i t h i n  t h e  
Dewey Lake redbeds. t h r e e  o f  which c o n t a i n  gypsum f i l l e d  f rac tu res .  

The areas of d e t a i l e d  mapping i n  t h e  exhaust s h a f t  were: 

1 

(1) 

( 2 )  

(3 )  
(4 )  t h e  Dewey Lake/Rust ler  f o rma t ion  c o n t a c t  (546.4 f e e t ) ;  

(5) t h e  Fo r t y -n ine r  member c lays tone  (575.5 t o  586.5 f e e t ) ;  

(6 )  t h e  Magenta dolomi te member (602.5 t o  627.0 f e e t ) ;  

(7 )  t h e  Tamarisk member c lays tone (689.0 t o  695.5 f e e t ) ;  

(8)  t h e  Culebra dolomi te member (713.5 t o  736.0 f e e t ) ;  

( 9 )  t h e  upper p o r t i o n  o f  t h e  unnamed lower  member (736.0 t o  800.0 

gypsum- f i l l ed  f r a c t u r e s  a t  a depth o f  195.0 t o  210.0 fee t ;  

gypsum- f i l l ed  f r a c t u r e s  a t  a depth o f  269.0 t o  280.5 f e e t ;  

gypsum- f i l l ed  f r a c t u r e s  a t  a depth o f  353.5 t o  375.0 f e e t ;  

f e e t ) ;  and 

f e e t ) .  

(10) t h e  Rust ler /Salado fo rma t ion  con tac t  and key (845.0 t o  912.0 I 
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The detailed geologic mapping was performed in a manner similar to that 
i n  the waste shaft, using a 5 x 5-foot grid. Vertical survey control 
was provided by the shaft excavation contractor. As the shaft liner 
was constructed, the depth to the base of each successive concrete 
segment was provided by the contractor. Vertical control for mapping 
was then established from the base of the previous segment. During 
excavation o f  the unlined section of the shaft, vertical control was 
established with survey chains suspended from contractor-installed 
survey control points. 

The results of the exhaust shaft mapping are shown in Appendix F. 

Figure F-1. A detailed description of the geotechnical activities in 
the exhaust shaft are included in the report titled Geotechnical 
Activities in the Exhaust Shaft (ref. 6-4). 

In general, the exhaust shaft mapping results correlate well with the 
results from the waste shaft. Slight lateral variations in the geology 
produce minor exceptions. The exhaust shaft geologic mapping 
activities have produced additional confirmation of data obtained from 
previous site investigations. This mapping confirms the suitability of 
the shaft reference design, with some minor modifications, based on the 
original design parameters. 

6.2.1.4 Drifts and Test Rooms 

Geologic mapping of the drifts and test rooms was performed to 
characterize the facility level geology. demonstrate its continuity, 
and provide permanent documentation of the geology exposed in the 
underground excavations. Those drifts and rooms that were not mapped 
were visually inspected by site geologists to verify that the 
stratigraphy is laterally continuous and similar to that exposed i n  the 
mapped areas of the facility. No unusual geologic features were 
observed. 

Geologic mapping was conducted in accordance with the procedures 
established i n  reference 6-1. A horizontal level-line referenced to 
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t h e  C 6 SH s h a f t  s t a t i b n  f l o o r  e l e v a t i o n  was es tab l i shed  i n  t h e  
d r i f t s  and rooms us ing  an eng ineer 's  t r i p o d  ' l e v e l .  A l l  s t r a t i g r a p h i c  - 
contac ts  and geo log ic  f e a t u r e s  were referenced t o  t h i s  l e v e l - l i n e  

datum. Hor i zon ta l  d is tances  were measured w i t h  an eng ineer ' s  tape 

us ing  t h e  C 6 SH s h a f t  c e n t e r l i n e  as t h e  zero re fe rence p o i n t .  

D e t a i l e d  mapping was performed a t  10- foot  i n t e r v a l s  a long one w a l l  o f  

t h e  d r i f t s .  Between these i n t e r v a l s ,  t h e  c o n t i n u i t y  o f  t h e  

s t r a t i g r a p h i c  contac ts  and t h e  na ture  o f  t h e  i n d i v i d u a l  u n i t s  were 

observed and noted on t h e  map. The mapped d r i f t s  were t h e  E l40  d r i f t ,  

t h e  €0 d r i f t ,  t h e  N l l O O  d r i f t  and t h e  N1420 d r i f t .  Se lec ted  f i g u r e s  

showing t h e  megascopic r e s u l t s  o f  t h i s  mapping a r e  conta ined i n  

Appendix 8. 

Geologic Mapping i n  t h e  t e s t  rooms cons is ted  o f  d e s c r i b i n g  a 6- t o  

10- foo t  wide s t r i p  surrounding t h e  inst rument  a r r a y  i n  t h e  cen te r  o f  

each room. Both w a l l s  and t h e  roo f  i n  each room were mapped. The 

remainder o f  t h e  room was c a r e f u l l y  inspected t o  c o n f i r m  l a t e r a l  

c o n t i n u i t y  o f  t h e  s t r a t i g r a p h i c  u n i t s .  The s t r i p  maps f rom t h e  t e s t  

rooms a r e  presented i n  Appendix 6. F igures 6-1 through 6-4. 

6.2.2 Core D r i l l i nq  

6.2.2.1 Purpose 

V e r t i c a l  core holes were d r i l l e d  i n t o  t h e  f l o o r  and r o o f  o f  t h e  

underground openings t o  p r o v i d e  geo log ic  i n f o r k a t i o n  f o r  des ign  
v a l i d a t i o n .  The o b j e c t i v e s  o f  t h e  v e r t i c a l  core holes a r e  descr ibed i n  

Suppor t ing  Document 3 of  re fe rence  2-5. The purpose o f  t h e  program was 
discussed i n  Chapter 5 o f  t h i s  repo r t .  

6.2.2.2 Surmnary o f  D r i l l i n g  

A t o t a l  o f  124 v e r t i c a l  co re  ho les  have been d r i l l e d  and logged i n  t h e  

underground d r i f t s  and i n  t h e  SPDV t e s t  rooms, exc lud ing  those d r i  l e d  

as p a r t  o f  SNL's i n  s i t u  t e s t s .  This number inc ludes  16 holes d r i  l e d  

t o  rep lace  holes t h a t  had poor  core recovery and f o u r  ho les d r i l l e  t o  

o b t a i n  i n fo rma t ion  on non-cored sec t ions  i n  t h e  o r i g i n a l  ho les.  The 



holes were generally drilled in pairs, one hole drilled vertically into 
the roof and one hole drilled vertically into the floor. Core was 
obtained in each hole to a nominal depth of 50 feet. Table 6-1 
presents a sumnary of the core hole data. A map showing the core hole 
locations is presented on Figure 6-1. Geologic cross sections at 
selected core hole locations in the drifts are contained in 
Appendix H. Geologic drill logs of all of the core holes are contained 
in Appendix I. 

Drilling was performed by the underground excavation contractor. The 
drill rig was set up by the driller and the attitude of the core hole 
was checked by site geotechnical personnel. Logging and handling of 
the core were performed by geotechnical personnel in conformance with 
the procedures outlined in Supporting Document 3 of reference 2-5. 

A l l  core holes were drilled using rotary equipment and compressed air 
or saturated brine as the circulating medium. The holes were drilled 
with a diamond impregnated bit which produced 2-inch or  2 3/8-inch 
diameter core. A 5-fOOt long double-tube or split double-tube core 
barrel was used to retain the core. 

c 

The core was logged underground as it was removed from the core barrel 
or after the drilling of the hole was completed. Logging was generally 
performed by the same gcslogist to maintain consistency in the 
descriptions of the geologic materials. The following data are 
recorded on each log: 

c 

( 1 )  location of core hole and direction of drilling (up or down); 
(2) beginning and completion dates of drilling; 
(3) length and number of core run; 
(4) amount and percentage of core recovery; 
(5) stratigraphic and lithologic descriptions (color descriptions 

are based on the Geological Society of America (GSA) 
Rock-Color Chart); 

(6) graphic lithologic profile; and 

6-1 1 



Tab le  6-1 

S W R Y  OF CORE HOLE OATA 
Page 1 o f  2 - 

- 
Appmx1mate F a c i l i t y  ~~ 

Core H o l e  
No. 

MB-139-1 
116-1 39-2 
M6-139-3 
M6-139-4 

DH-01 
OH-02( 

DH-028 
OH-03 
OH-03A 
OH-04 
OH-04AI ) 
OH-048 
OH-05 
DH-06 
DH-07 
OH48 

OH-OBB 
OH-09 
OH-I0 
OH-1 1 
OH-12 
DH-13 
OH-13A 
OH-1 38 
OH-14 
DH-15 
DH-16 
OH-17 

OH-19 
OH-20 
OH-21 
OH-22 
OH-23 
OH-24 
DH-24A 
OH-25 
OH-26 
OH-27 
O H 4 8  
OH-29 
OH-29A 
OH-30 
OH-31 
OH-31A 
OH-316 
OH-32 
OH-32A 
OH-33 
OH-33A 
DH-34 
OH-34A 
OH-35 
OH-36 
OH-37 
OH-38 
GH-39 
OH-40 
OH-41 
OH-42 
OH-4% 

OH-OZA( 1 ) 

OH-Osn(  1 ) 

on-18 

D i r e c t i o n  

Down 
Oown 
DOWn 
Oown 

UP 
Down 
Down 
Down 
UP 
UP 
Down 
Down 
Down 
UP 
Down 
UP 
noun 
Down 
Down 
UP 
Down 
UP 
D O m  
UP 
UP 
UP 
Down 
UP 
oom 
UP 
Down 
UP 
Down 
UP 
Down 
UP 
Down 
Down 
UP 
Down 
UP 
Down 
UP 
UP 
Down 
UP 
UP 
UP 
Down 
Down 
UP 
UP 
Down 
Down 
UP 
Down 
UP 
Down 
UP 
Down 
UP 
Down 
Down 

L o t i a r  
E l e v a t i o n  
( f t - M L I  

1264.1 
1251.2 
1260.5 
1258.7 

1318.2 

13D6.3 
1318.1 
1317.4 
1309.6 
1309.6 
1309.7 
1329.9 
1317.9 
1326.7 
1318.8 
1318.7 
1318.0 
1324.5 
1312.1 
1320.5 
1311.1 
1311.4 
1311.5 
1311.4 
1299.5 
1308.9 
1300.3 
1316.5 
1305.1 
1314.7 
1306.2 
1331.0 
1318.8 
1328.0 
1319.5 
1319.5 
1318.8 
1307.2 
1300.8 
1289.9 
1298.3 
1298.1 
1289.2 
1298.5 
1298.5 
1 2 9 8 . 5  
1289.6 
1289.5 
1298.6 
1297.4 
1285.4 
1289.2 
1294.4 
1284.6 
1297.4 
1287.0 
1296.0 
1286.1 
1295.8 
1285.9 
1285.7 

~~ 

S t a t i o n  
( f t l  

N1099 
N1099 
N1095 
N1099 
N1102 
N1102 
N l l O l  
N l l O l  
N l l O l  
N l l O l  
N l l O l  
N l l O l  
N l l O l  

111424 E439.5 
N1424 EMU 
N1424 E435 
N1424 E442 
N l l l Z  E 4 M  
111112 E450.5 
N1112.5 E 4 M  
N1113 E446 
N1112 E450.5 
N1463 E972 
N1463 E972 
N1112 E976.5 
N1112 E976.5 
N1112 E975 
N1112 E979.5 
N1432 E l U Z . 5  
N1432 E1332.5 
N1112 E1332.5 
N1112 E1332.5 
N1424 E l 6 9 0  
N1424.5 E l691  
N1425 E l695  
N1425 E l 6 9 5  
W11W E16trS.5 
N1104 E l 6 8 8  
N1427 E l 7 8  
W1429 E l 8 1  
N1107 E206.5 
N l l O 9  E206 
N1421 E786 
N1421.5 E785.5 

N1112 E781 
HI112 E780 
N1422 E l 5 1 0  
N1427 E l 5 1 0  
N1107 Y682 
N1107 Y682 
N1099 Y982 
NlOY9 Y9&7 
N1099 Y982 

N1059 Y1280 
N1099 Y12b1 
N1099 Y1282 
N1099 Y1261 

U1582 
Y1570 
Y1582 
Y1570 

~ 1 1 1 2  ~ 7 n i  

~ 1 0 5 9  u1znz 

Y lea2  
Y1@2 
Y2182 
Y2182 
Y2482 
Y24b2 
Y2782 
YZ782 
Y2789 

C o o r d i n a t e s  
l f + l  

N l l l l  0. Y €7335.5 
Y l i l l U . 9  €7336.06 
N11110.9 E7331.29 
N1 1 I 10.5 €7331.29 
N10799.2 €7355.4 
N10779.2 E7341.92 
N107Y9.2 €7335.4 

N10799.70 E7341.85 
N1114Y. 6 E7Mb5.0 
N11149.7 E7664.9 
N10799.3 E7M70.8 
N10795.4 E7L110.9 

N10799.47 E786b.66 
N l l l W . 7 1  E8Z27.11 
N l l l  Ob.70 €0227.09 
N10799.8 Eb227.3 
N10799.4 E8227.2 
N11112 E85U5 
N l l l l Z  E8586 
N11112.b EM590.1 
N11112.6 E059U.1 
N16793.26 E&5&9.% 
N10792.89 E858Y .39 
N11114.2 E7U71.& 
N11114.2 E7071.b 
N107Y4.2 E7101.7 
N10794.Z E7101.7 
N l l l P 9 . 1  E7680.4 
N11109.2 E7660.9 
N10799.2 E7679.9 
N10799.2 E7679.8 
NlO759.W E7078.5Y 
N11109.7 E8403.& 
N11114.3 E84U3.8 
N10793.7 E621b.4 
N10793.& E621b.3 
N10785.4 E593Z.4 
N1078b.l E5Y27.3 
N10785.5 E5932.2 
N107b4.9 E5b3Z.3 
N10784.8 E5630.5 

N10784.9 E563i.Z 
N10786.7 E5052.2 
N10786.0 E5331.1 
NlO76b.U E5342.0 
N10786.5 E5331.7 
N1078b.8 E5341.9 
N10789.4 E5032.2 
N10769.4 E5U32.2 
N1078b.9 E4732.U 
N107M.6 E4731.9 
Ni0789.2 E443b.7 
N10769.2 E4431.0 
N10789.b E4132.6 
N10789.U E413Z.4 
N10789.2 E4125.5 

N10786.7 E5b5Z.2 

u e p t w  
P e n e t r a t i o n  

l f t )  

10.0 
15.7 
16.U 
lb.2 

50.8 
50.2 
4Y.2 
53.u 
48.8 
49.9 
45.8 
11.2 
51.4 
51.0 
49.75 
49.8 
3b.3 
50.7 
51.4 
51.1 
52.0 
50.9 
51.3 
13.8 
49.0 
21.0 
49.1 
51 .o 
sl.u 
52.0 
50.8 
51.6 
51.1 
50.4 
51.0 
51.0 
49.4 
5u.4 
51.& 
53.0 
56.5 
50.5 
50.4 
35.0 
50.1 
50.5 
49.2 

4.9 
50.0 

5.5 
5u. 5 

4.1 
51.5 
3. b 

52.0 
51.5 
51.5 
47.5 
5u.7 
51.0 
44.9 
51.2 
40.5 

Instrument 
D e s i g n a t i o n  

None 
None 
None 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

None 

7 : ;  Survey g a t a  n o t  a v a i i a b l e .  
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core Hole 

OH-207 UP 
OH-208 Down 
OH-21 1 UP 
DH-212 Down 
DH-215 UP 
DH-216 oom 
OH-21 9 UP 
OH-219A UP 
OH-220 Oown 
DH-223 UP 
DH-224 Down 
OH-227 UP 
DH-228 Oown 
OH-301 UP 
OH-302 Down 
OH-303 UP 
OH-304 Down 
OH-3% O W  
OH-306A Down 
OH-307 UP 
OH-309 UP 
OH-31 1 UP 
DH-313 UP 
OH-31 3A UP 
OH-314 Down 
OH-31 5 UP 
DH-316 Down 
OH-31 7 UP 
DH-317A UP 
OH-31 78 UP 
DH-318 Down 
DH-319 UP 
OH-321 UP 
OH-323 UP 

00-45 UP 
00-46 Down 
00-52 UP 
00-53 Down 
00-56 UP 
00-57 Down 
00-63 UP 
00-64 Down 
DO-67 Down 
00-69 UP 
00-77 Oown 
DO-79 UP 
00-88 UP 
00-90 Down 
00-91 Down 
00-93 UP 
00-201 UP 
DO-202 Down 
00-203 UP 
00-204 Down 
00-205 UP 
00-206 Down 
00-229 UP 

NO. D i r e c t i o n  

OH-9 UP 
OH-11 UP 
OH-1 3 Down 
OH-14 Down 

Co1 lar 
E l e v a t i o n  
I f t - S L )  

1259.8 
1251.6 
1270.5 
1261.7 
1272.0 
1262.6 
1266.3 
1266.1 
1257.4 
1255.1 
1246.6 
1247.0 
1237.8 
1276.9 
1264.9 
1267.2 
1254.3 
1 2 M . 1  
1244.0 
1262.6 
1259.8 
1264.4 
1270.6 
1270.9 
1258.3 
1272.1 
1259.9 
1271.3 
1271.2 
1271.2 
1258.5 
1260.0 
1261.4 
1261.2 

1285.5 
1276.5: 
1280.4 
1266.6 
1296.8 
1288.1 
1310.6 
1301.5 
1296.8 
1310.1 
1294.6 
1307.7 
1305.9 
1292.1 
1292.1 
13C4.9 
1262.2 
1248. b 
1298.2 
1290.5 
131 6.5 
130b.U 
1259.8 

1310 
1308 
1298 
1296 

N254 E l 4 7  N9941 .0 E7041.3 
N254 E l 4 7  N9941 .O E7W1.3 
N146 U4 N5832.5 E6890.5 
N146 Y4 N9832.5 E6ii90.5 
N621 EO N10311.b Eb892.3 
N621 EO N10311.8 Ebh92.4 
N l l l O  EO N10796.G E68Y1.9 
N l l l L  
N1265 
N lZb5  
N1270 
N127C 
N1265 
111265 
N1275 
N1275 
5406 
5400 U l 9  
N624 E l 4 0  
N64b E l 4 0  
N141C FO 
N141C 
5401 

EU 
Y231.5 
Y231.5 
Y3b4.5 
Y364.5 
Y497.5 
Y497.5 
Y630.5 
Y630.5 
Y19 

_ _  
EO 
E l  53 

N107Yb.U 
N10952.1 
N1 05451. 9 
N109b2.5 
N10902.b 
N10952.8 
N10Y52.6 
N10961.5 
NlGY61.1 
N92MU. b 
N92b0.6 
N1030b. b 
N10308.5 
N l lUY5  
N l l U 5 5  
N9287 

EbiiY1.i  
E6662.2 
E6bb2.5 
E6529.6 
E6529.5 
E639b.5 
Eb396.4 
E62b3.9 
f64b3.Y 
€6874.9 
E6h74.Y 
E7041.7 
E7U41.5 
E6892 
EbUY2 
E7049 

N1433 Y231.5 N11125.6 Ebb6Z.9 
N1433 Y364.5 N11125.b Eb529.6 
N1433 Y231.5 N l l l Z 5 . b  E6bb2.9 
N1433 Y364.5 N11125.b E6529.6 

Depth/  
P e n e t r a t i o n  

l f t )  

53.0 
4Y.2 
50.0 
52.1 
52.0 
54.2 
51.0 
11.3 
51.8 
52.6 
52.5 
51.7 
50.4 
50.7) 
50. b 
51.4 
50.5 
5Z.0 
b. 5 

52.0 
52.3 
52.0 
19.b 
50.2 
50.75 
50.3 
50. 1 
50.1 

5.u 
51.0 
50.0 
51.05 
52.0 
52.5 

52.4 
51.5 
51.6 
4g.2 
52.1 
52.1 
5 Z . M  
52.8 
51.7 
51.4 
53.4 
51.8 
52.7 
53.6 
51.8 
52.L; 
51.7 
51.4 
52.0 
51.6 
5u. 7 
50.6 
5U. b 

15.4 
1 Y. 7 

9.5 
9.7 

Page 2 of 2 

I n s t r w n t  
D e s i g n a t i o n  

GE-246 
None 
None 
None 
GE-247 
GE-248 
None 
None 
None 

None 
None 
None 
None 
None 
None 
None 
None 

GE-24Y 

None 
GE-Zb3 
GE-265 
GE-Zb4 
None 
hone 
None 
None 
None 
None 
None 
None 
None 
None 
GE-26b 
GE-267 

GE-230 

GE-22b 

GE-234 

GE-243 
GE-221 
GE-22U 
GE-21b 
GE-21 b 
GE-214 
LE-212 
GE-210 
GE-209 
GE-207 
None 

None 

None 

None 

None 
GE-235 
None 
None 
none 
None 

None 
None 
None 
None 

~~ ~ 
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(7) other pertinent information related to core conditions and 
observations made during drilling. 

Included on the logs of many of the core holes is a core sample 
reference number for each distinguishable stratigraphic unit (except 
anhydrite). This number (in some cases several numbers) is shown in 
brackets at the end of the unit description. The number identifies a 
specific core sample that has undergone a laboratory analysis to 
determine its percentage of insolubles (clay/polyhalite). A listing of 
the reference core samples and their laboratory test results for 
insoluble residues are presented i n  Table 6-2. The reference sample 
system was used to provide uniformity in the logging of the core and to 
facilitate the comparison o f  unit descriptions with samples having a 
known insoluble content. The sample number or numbers which appear on 
the log are those which are visually most similar to the overall unit. 
The crystal size in the reference samples may not be the same as in the 
units with which they are correlated. 

Each box of core was photographed and then stored i n  the WIPP core 
library. After data from several of the core holes was collected, 
correlations between the holes were developed. 

6.2.2.3 Sumnary of Results 

The underground core drilling program has demonstrated the lateral 

continuity . of stratigraphy throughout the underground facility 
horizon. Three anhydrite units were identified in the upholes and two 
anhydrite units were identified i n  the downholes. These units are 
consistently underlain by clay seams. In addition. a clay seam 
designated clay I was found in most o f  the upholes and a clay seam 
designated clay D was found in many of the downholes. Anhydrite is 
comnonly associated with these two seams. The remaining units consist 
of halite with varying amounts of argillaceous material and 
polyhalite. Individual units vary slightly from hole to hole in 
thickness, crystal size. and the percentage of accessory constituents 
such as argillaceous material and polyhalite. The stratigraphy 

*- 

/-7 
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Table 6-2 

INSOLUBLE RESIDUES OF REFERENCE CORE WPLES 
SANDIA NATIONAL LABORATORIES 

CDTA-Insoluble (1) Water - Inso lub le  
Reference Depth Sanple Residue 3anp le  Residue 
Sample Hole I n t e r v a l  Ye igh t  Y e i g m  Percent Ye igh t  Yeight Percent 
Nmber  __ Number ( f e e t 1  lg rams l  (grams1 Yefght (grams) (grams) Ye igh t  

6 
7131 

8 

16 

1713) 

DO-52 9.0 - 9.7 

00-52 39.4 - 40.0 

00-52 14.3 - 15.0 

DO-53 14.1 - 14.5 

00-53 4.0 - 4.3 

00-53 23.7 - 24.1 

DH-48 18.0 - 18.35 

00-52 2.0 - 2.75 

OH-12 28.15- 28.6 

OH-11 46.5 - 46.9 

OH-12 50.05- 50.4 

OH-11 32.8 - 33.35 

00-53 36.1 - 36.7 

00-52 42.6 - 43.5 

DO-52 33.8 - 34.7 

00-52 48.7 - 49.2 

OH-10 43.3 - 43.6 

451.09 

336.10 

415.57 

251.72 

20b.53 

155.36 

436.67 

364.13 

543.62 

538.73 

315.06 

0.03 U.01 . 
0.11 0.03 

2.15 0.52 1.61 0.72 

0.40 0.16 U.36 (1.14 

1.2n 0.62 0.8U 0.28 

1.26 0.81 0.96 0.59 

2.16 0.45 1.32 b. 91 

0.22 

0.75 

3.85 

2.36 

1.89 0.52 1.47 1.17 

17.97 3.31 5.13 4 . s  
20.28 3.76 5.05 3.98 

16.59 5.27 5.31 4.33 

0.52 

44.72 

35.001') 

61.46 

38.851121 

68.94 

57.1 

39.2 

50.0 

79.59 

89.2b 

7b.81 

n1.54 
49.2 

1 

Notes: 

Ill 

- 
For d e s c r i p t i o n  o f  sample p repara t i on  see Resu l t s  of S i t e  V a l i d a t i o n  Experiments. Yaste 

I s o l a t i o n  P i l o t  P lan t  IYIPP) Pro jec t ,  Southeastern New Mexico, Sec t ion  5.4 (ref.  2-51. 

I 2 1  Small s m l e  volume may have produced inaccu ra te  r e s u l t .  

( 3 )  Reference sample used for v i sua l  comparison i s  i d e n t i c a l  t o  the  sample tes ted  I n  t h e  

labora tory .  b u t  i s  from d i f f e r e n t  i n t e r v a l  w i t h i n  the  same unit.  
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encountered i n  t h e  core holes was used t o  p repare  t h e  re fe rence 

s t r a t i g r a p h i c  column d iscussed i n  subsect ion 6.3.1.3. 

The presence o f  any gas o r  b r i n e  detected d u r i n g  d r i l l i n g  i s  recorded 

on t h e  d r i l l  l ogs .  U s u a l l y  w i t h i n  2 weeks o f  comp le t i ng  an a i r - d r i l l e d  

uphole. b r i n e  weeps o r  mo is tu re  ha los appear a t  t h e  c o l l a r  o f  t h e  

hole.  B r i n e  has a l s o  c o l l e c t e d  i n  some downholes which were d r y  du r ing  

d r i l l i n g .  Observat ions o f  gas and b r i n e  occurrences a r e  discussed i n  

t h e  f o l l o w i n g  subsect ion.  

6,2.3 ‘ F l u i d  Measurements 

6.2.3.1 General D e s c r i p t i o n  

Ground-water i n f l o w  measurements were taken i n  b o t h  t h e  SPDV 

e x p l o r a t o r y  and v e n t i l a t i o n  sha f t s  as p a r t  o f  t h e  geo log ic  f i e l d  

a c t i v i t i e s  f o r  t h e  SPDV Program. I n  a d d i t i o n ,  measurements i n  the  

waste s h a f t  and exhaust s h a f t  were taken as p a r t  o f  des ign  v a l i d a t i o n .  

Gas and b r i n e  have been encountered i n  boreho les  and a t  excavat ion 

faces i n  t h e  f a c i l i t y  l e v e l  d r i f t s  and rooms. S tud ies  are  being 

performed by o t h e r  W I P P  p r o j e c t  p a r t i c i p a n t s  t o  f u r t h e r  i n v e s t i g a t e  and 

eva lua te  these occurrences. 

- 

6.2.3.2 C & SH S h a f t  

Measurements o f  f l u i d  i n f l o w  were taken d u r i n g  t h e  SPDV exp lo ra to ry  

s h a f t  d r i l l i n g  o p e r a t i o n  when t h e  d r i l l  t o o l s  were o u t  o f  t h e  h o l e  f o r  

a b i t  change. The measurements were taken by m o n i t o r i n g  changes i n  t h e  

d r i l l i n g  f l u i d  l e v e l  over  a per iod  o f  severa l  hours.  These da ta  were 

then used t o  es t ima te  approximate ground-water f l o w  r a t e s  i n t o  the  

sha f t .  

6.2.3.3 Waste S h a f t  

Ground-water i n f l o w  measurements were taken i n  t h e  6 - foo t  d iameter  SPDV 

v e n t i l a t i o n  s h a f t  d u r i n g  s h a f t  o u t f i t t i n g .  These measurements w e r e  

taken i n  t h e  s h a f t  sump and a t  t h e  base o f  t h e  R u s t l e r  fo rmat ion .  The 

measurements i n  t h e  s h a f t  sump were used t o  determine t o t a l  f l o w  i n t o  
1 

6-1 9 



t h e  s h a f t  f rom a l l  ground-water  sources penetrated.  P e r i o d i c  

measurements t o  determine water  l e v e l  r i s e  w i t h  respec t  t o  a known 

p o i n t  a t  t h e  t o p  o f  t h e  sump were obtained du r ing  t e s t  i n t e r v a l s  

ranging f rom about  1 . 5  t o  90 hours.  The data ob ta ined f rom these 

measurements were used t o  c a l c u l a t e  approximate ground-water f l o w  r a t e s  

i n t o  t h e  s h a f t  rang ing  f r o m  0.3 t o  0.9 ga l lons  per  minute (gpm). The 

average f l o w  r a t e  was determined t o  be about 0.6 gpm. 

An at tempt  t o  measure g r o u n d r a t e r  i n f l o w  from t h e  rock  s t r a t a  above 

t h e  Salado fo rma t ion  was o n l y  p a r t i a l l y  successfu l .  A c o l l e c t i o n  

system t o  r e t a i n  ground-water i n f l o w  was const ructed a t  t h e  base o f  t h e  

R u s t l e r  f o rma t ion  by  p l a c i n g  p l a s t i c  sheet ing across t h e  s h a f t  and 

a t t a c h i n g  i t  t o  t h e  w a l l .  The q u a n t i t y  o f  water  c o l l e c t e d  i n  t h e  

sheet ing and d ra ined  i n t o  a graduated con ta ine r  was c a l c u l a t e d  t o  

accumulate a t  a r a t e  of approx imate ly  0.3 t o  0.4 gpm f rom a l l  sources 

above t h e  Salado fo rmat ion .  

No d i r e c t  i n f l o w  f r o m  t h e  Magenta o r  Culebra do lomi te  members o r  a t  t h e  

Rust ler /Salado f o r m a t i o n  c o n t a c t  was measured. The Magenta do lomi te  

d i d  n o t  e x h i b i t  measurable f low.  Ground water  f rom t h i s  member 

r e s u l t e d  i n  t h e  w e t t i n g  o f  t h e  w a l l  below t h e  do lomi te  f o r  a d i s t a n c e  

o f  about 20 f e e t .  Below t h i s  d is tance t h e  s h a f t  w a l l  was e s s e n t i a l l y  

dry .  Therefore,  i t  was concluded t h a t  the Magenta was making no 

c o n t r i b u t i o n  t o  t h e  c o l l e c t i o n  system a t  t h e  base o f  t h e  R u s t l e r  
format ion.  V i sua l  i n s p e c t i o n  o f  t h e  Rust ler /Salado fo rma t ion  contac t ,  

and s h a f t  w a l l  c o n d i t i o n s  i m e d i a t e l y  above and below t h i s  con tac t ,  

suggested t h a t  t h e  zone was making l i t t l e ,  i f  any, c o n t r i b u t i o n  t o  t h e  

water  accumulat ing i n  t h e  sump. Based on these r e s u l t s ,  i t  was 
concluded t h a t  t h e  Culebra dolomi te member was c o n t r i b u t i n g  t h e  

m a j o r i t y  o f  ground water  reach ing  t h e  SPDV v e n t i l a t i o n  s h a f t  sump. 

- 

The 6- foo t  d iameter  SPDV v e n t i l a t i o n  sha f t  was l a t e r  en la rged t o  become 

t h e  waste s h a f t  f o r  t h e  WIPP f a c i l i t y .  O f  t h e  t h r e e  fo rmat ions  
observed du r ing  geo log ic  mapping a c t i v i t i e s  i n  t h e  enlarged sha f t ,  o n l y  
t h e  Magenta and Culebra do lomi te  members o f  t h e  R u s t l e r  f o rma t ion  were 
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obvious f l u i d - b e a r i n g  zones. The Magenta e x h i b i t e d  on ly  a few weeps 

and g e n e r a l l y  produced very  l i t t l e  water .  The e n t i r e  Culebra sec t i on ,  
however, was wet, bu t  no obvious l o c a l  concent ra t ions  o f  water  i n f l o w  

were observed. Wherever a ledge was present ,  a steady d r i p p i n g  o f  

w a t e r  occurred. The Rust le r /Sa lado fo rma t ion  contact ,  o f t e n  considered 

a f l u id -p roduc ing  zone, d i d  n o t  c o n t a i n  any observable f l u i d  except  f o r  

some dampness around rock b o l t s .  

A f t e r  t h e  waste s h a f t  l i n e r  was cons t ruc ted ,  ground water was observed 

seeping through cracks and c o n s t r u c t i o n  j o i n t s  i n  it. These 

observa t ions  a r e  discussed i n  Chapter 8; subsec t ion  8.3.1.1. 

6.2.3.4 Exhaust Shaf t  

A water  i n f l o w  measurement o f  approx imate ly  0.4 gpm i n t o  t h e  7 7/8- inch 

d iameter  p i l o t  h o l e  f o r  t h e  exhaust  s h a f t  was taken on December 1, 
1983. On December 21, 1983. a wa te r  i n f l o w  o f  0.47 gpm was measured 

a f t e r  t h e  p i l o t  ho le  was enlarged t o  11 inches i n  diameter. 

A f t e r  t h e  s h a f t  was excavated t o  i t s  f i n i s h e d  dimensions, water  i n f l o w  

th rough cracks and c o n s t r u c t i o n  j o i n t s  i n  t h e  l i n e r  was measured. 

Measurement was made from t h e  2- inch d r a i n p i p e  t h a t  connects t h e  t h r e e  
wa te r  c o l l e c t i o n  r i ngs  i n  t h e  s h a f t .  The measured f l o w  was 0.35 gpm i n  

January 1985. A g rou t i ng  program, conducted i n  June and J u l y  1985 

w i t h i n  t h e  l i n e d  sec t i on  o f  t h e  s h a f t ,  reduced t h i s  i n f l o w  t o  a 

non-measurable quan t i t y .  

-. 

6.2.3.5 D r i f t s  and Test  Rooms 

Small amounts o f  gas under p ressure  have been encountered by some 

underground boreholes and a t  t h e  work ing  face  o f  underground h o r i z o n t a l  

excavat ions.  B r ine  i s  observed t o  weep l o c a l l y  from wa l l s  and i n t o  

some boreholes.  The b r i n e  occurrences a r e  v i s i b l e  d u r i n g  o r  

immediate ly  a f t e r  excavat ion o r  d r i l l i n g  and remain mois t  o r  produce 

f l u i d  f o r  a pe r iod  o f  f rom severa l  weeks t o  more than 3 years.  The - format ion  o f  s a l t  b l i s t e r s  on w a l l s  and s a l t  straws and p r e c i p i t a t e  a t  
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h o l e  c o l l a r s  a r e  c o m n .  S a l t  i n c r u s t a t i o n s  forming on t h e  r o o f  a r e  

be ing  mon i to red  a t  t h r e e  l o c a t i o n s :  W30/S1600, E140/S2190 and 

E140/S2740. 

The gas occurrences encounterd by boreho les  are  i n d i c a t e d  on t h e  

geo log ic  d r i l l  logs.  Pressure t r a n s i e n t  t e s t i n g  and gas sampling were 

per formed i n  severa l  ho les i n  t h e  r o o f  and f l o o r  o f  t h e  f a c i l i t y  as 
repo r ted  i n  re fe rence 4-11. Only two occurrences o f  gas a t  the  work ing  

face  were documented p r i o r  t o  t h e  end o f  December 1985. I n  bo th  cases, 

degassing cou ld  be heard a t  t h e  face  f o r  s h o r t  per iods  o f  t ime.  

The l o c a t i o n s  o f  major weeps o c c u r r i n g  on w a l l s  t h a t  were g e o l o g i c a l l y  

mapped a r e  i n d i c a t e d  on t h e  maps and a d i scuss ion  o f  t h e i r  occurrence 

and s t r u c t u r e  i s  presented i n  re fe rence  4-10. Sampling o f  b r i n e  f rom 

weeps f o r  chemical a n a l y s i s  i s  c u r r e n t l y  be ing  conducted. A 

p r e l i m i n a r y  i n v e n t o r y  o f  b r i n e  occurrences a t  access ib le  l o c a t i o n s  i s  

p resented  i n  re fe rence 4-15. 

The f l o w  o f  gas f rom moni tored ho les  has been low and e r r a t i c .  I t  

appears t o  be associated w i th  c l a y  seams o r  a r e s u l t  o f  f r a c t u r e  

p e r m e a b i l i t y  i n  anhydr i t e  beds. The s p a t i a l  d i s t r i b u t i o n  o f  b r i n e  

occurrences i s  a l s o  undef ined. A l though very  few weeps have been 

observed on t h e  roo f  surface, boreholes i n  t h e  r o o f  sometimes weep 

b r i n e .  The amount and d u r a t i o n  o f  f l o w  f rom boreholes and w a l l  areas 

v a r i e s  considerably .  Based on observa t ions  made d u r i n g  p r e l i m i n a r y  gas 

t e s t i n g .  t h e  b r i n e  appears t o  be assoc ia ted  p r i m a r i l y  w i t h  a n h y d r i t e  

beds and t h e i r  under ly ing  c l a y  seams. However, b r i n e  can a l s o  weep 

d i r e c t l y  f rom h a l i t i c  u n i t s ,  as observed on t h e  w a l l s  and r o o f  o f  
d r i f t s  and i n  t h e  drum d u r a b i l i t y  t e s t  p i t  i n  Room J .  

Two program plans have been developed t o  i n v e s t i g a t e  gas and b r i n e  

occurrences i n  t h e  W I P P  underground f a c i l i t y .  The programs w i l l  

i n v e s t i g a t e  t h e  o r i g i n ,  m ig ra t i on ,  volume and composi t ion o f  t h e  

occurrences. Work on t h e  B r i n e  T e s t i n g  Program (BTP) i s  p r e s e n t l y  
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being conducted and will continue through 1987. The Gas Testing 
Program (GTP) is also currently in progress. 

As part of the BTP, 36 accessible boreholes containing brine have been 
monitored. These holes include the shallow holes for the Material 
Interface-Interactions Test (MIIT) in Room J, inclinometer holes in 
Test Rooms 1 and 2 (5lX-IG-00201 and 51X-IG-00202), an abandoned 
stressmeter hole (51X-NG-00252)'in Test Room 2, hole L1-X00 in Room L1. 
nine stratigraphic core holes in Room G (DH-35 through DH-42A). and 
eight stratigraphic core holes in experimental Rooms Al, A2, A3 and B 
(AlXO1. AlX02. A2X01, A2X02. A3X01, A3X02, EX01 and BX02). The static 
level of any brine in the holes i s  measured and recorded on a regular 
basis. The brine is then evacuated from the hole and its volume 
measured. 

The BTP monitoring of brine occurrences in the MIIT holes in Room J was 
suspended a t  the end of April 1985 due to interference with 
experimental activities in the room. Monitoring o f  the remainder of 
the boreholes listed above continues. As new monitoring locations for 
the BTP are identified. they will be added to the program. 

- 

An inventory o f  all boreholes drilled in the underground facility has 
been assembled. Data contained in the inventory include hole location. 
diameter, depth, present status, drilling fluid used, and Siiy 

observations on the occurrence of gas or brine. Over 1400 holes are 
presently listed, most of which contain geomechanical instruments or 
are otherwise inaccessible. The list will be used to locate accessible 
boreholes that may be suitable for use in the gas and brine testing 
programs. 

/''I>, < I  

6.3 DESCRIPTION OF FACILITY GEOLOGY 

6.3.1 Stratiqraphy 

The stratigraphy within the WIPP underground facility horizon has been 
determined through vertical core hole drilling and geologic mapping o f  

- 
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the excavation walls. A description of the generalized stratigraphy 

subsections. Figures showing the stratigraphy within the WIPP 
underground facility horizon are presented in Appendix 6. 

and evidence for stratigraphic continuity is presented in the following -. 

6.3.1.1 Generalized Stratigraphy 

The WIPP underground facility horizon consists primarily of halite 
containing varying amounts of polyhalite and clay. This halite is 
interrupted by 5 anhydrite beds, 12 clay seams and 6 argillaceous 
layers. Figure 6-2 contains a generalized stratigraphic column showing 
the relationship of these materials. Detailed descriptions of the 
individual units (except clay seams) are presented in Table 6-3. 
Figure 6-3 shows the individual clay seams and their descriptions. 

Because of the difference in the behavior of halite and anhydrite, the 
five anhydrite beds represent significant boundaries above and below 
the horizontal underground openings. Three of the beds, abouth 1 1/2 

roof of the storage level drifts and rooms. The remaining two beds 
occur beneath the floor of the drifts and rooms. The most significant 
of these two beds is HB-139 which occurs approximately 3 1/2 t o  4 1/2 
feet below the floor of the storage level and varies from 2.5 to 4 feet 
in thickness. The remaining bed occurs about 32 feet below the storage 
level and is approximately 4 inches thick. Thin clay seams underlie 
all o f  the anhydrite.beds. 

to 12 inches thick. occur approximately 7, 14 and 35 feet above the A 

Fifteen lithologic units have been identified during geologic mapping 
within the facility level drifts, rooms and waste experimental area. 
The majority of  these units are halite containing varying amounts of 
polyhalite and argillaceous material, usually less than 2 percent. The 
remaining units consist of 2 anhydrite beds, 2 argillaceious halite 
units and 1 polyhalitic halite unit. Each of the 15 mapped units has 
been assigned a numerical designation as shown on Figure 6-2 and 
contained in Table 6-3. 
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Table b-3 

DESCRIPTION OF GENEWlLlZEO STRATIGRAPHY 

46.5 t o  55.2 

42.8 t o  46.5 

38.0 t o  42.8 

34.0 t o  38.0 

30.1 t o  34.0 

29.4 t o  30.1 

25.0 t o  29.4 

23.0 t o  25.0 

21.0 t o  23.0 

16.7 t o  21.0 

15.8 t o  16.7 

11.5 t o  15.8 

S t r a t i g r a p h i c  U n i t  

Alrgl l laceous h a l i t e  

Ha1 i t e  

Polyhal  i t l c  ha1 i t e  

A rg i l l aceous  h a l i t e  

H a l i t e  

H a l i t e  

Anhydr i te  IHE-l381 

L r g i l l a c e o u s  h a l i t e  

Hal i r e  

Arg i l l aceous  ha1 i r e  

H a l i t e  [Map U n i t  151 

H a l i t e  inap U n i t  14 )  

H a l i t e  (nap U n i t  131 

D e s c r i p t i o n  

C lea r  t o  moderate brown, medium t o  coarse ly  c r y s t a l l i n e .  
<1 t o  3X brown c lay .  l n t e m r y s t a l l i n e  and d iscont inuous 
breaks. I n  one c o r e  hole. Cons is t s  Of a 1 i n .  t h i c k  c l a y  
seam. Contact w i t h  
lower  U n i t  i f  g r a d a t i o n a l .  

Clear  t o  moderate redd ish  orange and moderate brown, 
coarse ly  c y s t a l l i n e ,  sore medium. <l% brown c lay .  l o c a l l y  
a r g i l l a c e o u s  ( c l a y s  n-1 and H-Zl. STattered anhydr i t e  
s t r i n g e r s  1 oca 1 l y  . 
C lea r  t o  moderate redd ish  orange, sme moderate brown, 
coarse ly  c r y s t a l l i n e .  < I  t o  3% p o l y h a l i t e .  None t o  1% 
brown and s m e  gray c lay .  Scat tered anhydr i t e  l o c a l l y .  
Contact w i t h  u n i t  below i s  f a i r l y  sharp. 

Clear  t o  moderate brown, lnedim t o  Coarsely c r y s t a l l i n e .  
some f i n e .  < 1  t o  55 brown c lay.  L o c a l l y  conta ins la 
c l a y .  I n t e r c r y s t a l l i n e  and sca t te red  breaks. Loca l l y  
con ta ins  P a r t i n g s  and seams. Contact w i t h  lower  U n i t  i s  
g rada t iona l  based on increased c lay  Content. Average range 
of u n i t  i s  38.0 t o  42.8 f t  above c lay  G b u t  does vary f m  
33.8 t o  46 ft. 

Clear  t o  moderate brown, sme moderate reddish brown, 
coarse ly  C r y s t a l l i n e .  s m e  f i n e  and medium. <1% brown 
c lay ,  t r a c e  gray c l a y  l o c a l l y .  Scat tered breaks. LDca l l y  
a rg i l l aceous .  < I %  p a l y h a l i t e .  Contact w i t h  u n i t  belaw i s  
grada t iona l  bared on c l a y  and p o l y h a l i t e  content .  

Clear  t o  moderate reddish orange. coarsely c r y s t a l l i n e .  <1 
t o  3% p o l y h a l i t e .  Cornonly p o l y h a l i t i c .  Scat tered 
anhydr i t e  s t r i n g e r s  w i t h  a n h y d r i t e  l aye rs  up t o  1 / Z  i n .  
t h i c k  l o c a l l y .  Sca t te red  brown c l a y  l o c a l l y .  Contact w i t h  
ME-138 below i s  sharp. 

L i g h t  t o  medim gray,  m i c r o c r y s t a l l i n e .  
Scat tered h a l i t e  growths. 
u n i t .  

C lear  to noderate brown, s m  l i g h t  moderate reddish 
orange. Medium t o  coa rse l y  c r y s t a l l i n e .  < 1  t o  3 brown 
c lay.  s a w  gray. L o c a l l y  UP t o  5% c lay.  c lay  i s  
i n t e r c r y s t a l l i n e  w i t h  sca t te red  breaks and p a r t i n g s  
present. < 112% dispersed p o l y h a l i t e .  Contact w i t h  lower 
u n i t  i s  g rada t iona l  based on c l a y  content. Upper con tac t  
i s  sham w i t h  c l a y  K. 

Clear, some l i g h t  moderate brown. coarsely c r y s t a l l i n e .  
< l tTL  brown c lay .  
sharp t o  g rada t iona l  depending if c lay  J i s  a d i s t i n c t  ream 
o r  lnerely an a r g i l l a c e o u s  zone. 

U n i t  Can vary up t o  4 f t  thickness. 

P a r t l y  laminated. 
Clays seam X found a t  base of 

Contact  w i t h  c l a y  J below va r ies  from 

Usual ly  c o n s i s t s  O f  Scat tered breaks or arg i l l aceous  zone 
con ta in ing  c1 t o  3% brown c l a y .  In C 6 SH shaf t .  i t  i s  a 
I t 2  i n .  t h i c k  brown c l a y  seam. 

Clear, coa rse l y  c r y s t a l l i n e ,  Scat tered medium. None t o  <I% 
dispersed p o l y h a l i t e  and brown c lay.  
Lower c o n t a c t  i s  sharp w i t h  c l a y  1. 

Scat tered anhydr i te .  

Clear  t o  g r a y i s h  orange-pink, coarse ly  c r y s t a l l i n e .  some 
medium. <l/n dispersed p a l y h a l i t e .  Scat tered 
d iscont inuous gray c l a y  s t r i n g e r s .  Clay 1 i s  along upper 
contact .  Contact  w i t h  lower  u n i t  i s  d i f f use .  

Clear  t o  moderate reddish orange and moderate brown. lnedium 
t o  coa rse l y  c v s t a i l i n e .  some f i ne .  <I% brown c lay;  
l o c a l l y  UP t o  3%. Trace o f  gray clay: Scattered 
d i r c m t i n u a u r  breaks. <1% diSoerSed o a l v h a l i t e  and r ~ ~ .  ~~. ,~ ~~~ 

p a l y h a l i t e  blebs: 
based on c l a y  and p o l y h a l i t e  content .  

Contact w i t h  u n i t  below i s  gradat ional  
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l ab le  6-3 Icontinuedl 

DESCRIPTION OF GENERALIZED STRATIGRAPHY 

Page 2 of 3 

Approxislate 
Distance From 
Clay G i F t l  

7.5 t o  11.5 

6.8 t o  7.5 

5.5 t o  6.8 

0.2 t o  5.5 

0.0 t o  0.2 

0.0 t o  -2.2 

-2.2 t o  -1.0 

-7.0 t o  -9.0 

-9.0 t o  -11 4 

-11.4 t o  -13.7 

-13.7 t o  -14.0 

-14.0 to -14.5 

-14.5 to  -22.0 

Strat igraphic Uni t  

Po lyha l i t i c  h a l i t e  
(Map Un i t  121 

Anhydri t e  'a. 
(Map Un i t  111 

Ha l i te  (Map Un i t  101 

Ha l i te  (Hap Un i t  91 

Ainhydrite .b" 
(nap Unit 81 

Ha l i t e  (Map Uni t  71 

Ha l i t e  (Map Unit  6 )  

Hal i te  (Map Unit  5) 

Argil laceous h a l i t e  
(Hap Un i t  4)  

H a l i t e  (Hap Unit  31 

Argillaceous h a l i t e  
(Map Un i t  21 

Ha l i te  (nap Unit  11 

Ha l i t e  (Map Uni t  0) 

. 
Descript ion 

Clear t o  moderate reddish orange, coarsely Crystal l ine.  
<1 to  3 dispersed po lyha l i t e  and polyhal i te blebs. 
k a t t e r e d  anhydrite str ingers.  
below. 

Light t o  medium gray, l i g h t  brownish gray and sametines 
l i g h t  moderate reddish orange. Microcrystal l ine.  Hal i te 
growths within. P a r t l y  laminated. Clear. coarsely 
c rys ta l l i ne  h a l i t e  layer. up to  2 in. r ide.  found w i th in  
exposures i n  waste experinental area. Thin gray clay ream 
H a t  bare of un i t .  

Clear t o  moderate reddish orangelbrown. f ine t o  Coarsely 
c rys ta l l ine .  <12 brown andlor gray c lay and dispersed 
polyhal i te.  Discontinuous clay str ingers loca l l y .  Contact 
wi th lower u n i t  i s  d i f f use  based on crystal  size and 
varying amunts of clay and polyhal i te.  

Clear t o  l i g h t  moderately reddish orange, coarsely 
c rys ta l l ine .  s m  medim. None to< lS  polyhal i te.  Trace 
of gray c lay l oca l l y .  
Contact w i th  u n i t  below i s  sharp. 

L igh t  t o  medim gray. mic rocrys ta l l ine  anhydrite. 
Scattered h a l i t e  growths. Thin gray clay seam G a t  base of 
un i t .  

Clean t o  l i g h t l m d i u m  gray, s m  moderate reddish 
orangelbrown. Coarsely Crystal l ine.  some f i ne  and n e d i u i .  
<1 brown and gray clay. Local ly up t o  2% clay. <I% 
airperred po lyha l i te .  Upper Contact i s  sharp wi th clay G. 
Contact w i t h  lower U n i t  1 s  gradational. 

Clear, sme moderate reddish orange. coarsely Crystal l ine.  
s m  f ine  t o  medim l oca l l y .  < 1 / B  gFay Clay and 
polyhal i te.  Contact w i t h  lover  u n i t  gradational and/or 
diffuse. 

Clear coarsely c rys ta l l i ne .  <l/B gray clay. 
lower u n i t  i s  usual ly sharp w i th  c lay F. 

Clear t o  moderate brown and moderate reddish brown, coarsely 
c rys ta l l ine .  C l Z  po lyha l i te .  c l  t o  5% argil laceous 
w t e r i a l ;  p redminant ly  brown, sane gray, loca l l y .  
i n te rc rys ta l l i ne  and disCOntinUOUs breaks and PdltingS 
c o m n  i n  uppw par t  o f  un i t .  Oecreasing argil laceous 
content downward. Contact w i th  l o m r  un i t  i s  gradational. 

Clear t o  mdera te  reddish arange, coarsely c rys ta l l i r e .  
51% dispersed po lyha l i t e  and po lyha l i te  blebs. Locally 
po lyha l i t i c .  Scattered gray c lay local ly.  Contact wi th 
lower u n i t  i s  sharp. 

Contact i s  sharp with un i t  

Scattered anhydrite Stringers. 

Contact wi th 

noderate reddish brown t o  nedium gray, medium t o  coarsely 
C y s t a i l i n e .  c l  t o  3% argillaCeOUs material. Contact wi th r 
lower u n i t  i s  usually sharp. 

L igh t  reddish orange t o  moderate reddish orange, nediun to 
coarsely c rys ta l l i ne .  c l Z  dispersed polyhalite. Contact 
wi th lower u n i t  i s  sharp. 

Clear to  moderate reddish orangelbrown, wderdte Qmwn and 
grayish brown. Medium t o  coarsely crystal l ine.  c l  t o  3% 
argil laceous mater ia l .  Predn inant ly  brown. sane gray, 
i n t e r c y s t a l l i n e  argi l laceous material and discontinuous 
bTeakS and partings. Upper two feet of un i t  i s  
argil laceous h a l i t e  decreasing i n  argil laceous material 
content downward. Hone t o t i :  polyhal i te.  Contact wi th 
lower u n i t  i s  gradational based On polyhal i te Content. 

-. 
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Table 6-3 icontinuedl 

DESCRIPTION OF GENLPALIHD STRATIGRAPHY 

Page o f  3 

Approximate 
Distance From f 

Clay G (F t )  Strat igraphic Un i t  

-22.0 t o  -25.3 Po lyha l i t i c  h a l i t e  Clear t o  mdera te  redrttsh orange. barrel, c rys ta l l i ne ,  
some medium loca l l y .  c 1  t o  53 polyhal i te.  Scattered 
anhydrite. Scattered gray c lay l oca l l y .  Contact w i th  
lower u n i t  (ME-139) i s  sharp, but c o m o l y  i r r e g u l a r  and 
ucdu la t i q .  Trace of gray l oca l l y  present along t h i s  

Descr ipt ion - 

c 

.- 

-25.3 t o  -28.1 Anhydrite (118-1391 

-28.1 t o  -31.2 H a l i t e  

-31.2 t o  -36.0 P o l y h l i t i c  h a l i t e  

-36.0 t o  -37.8 H a l i t e  

-37.8 t o  -42.7 Polyhali.t ic h a l i t e  

-42.7 t o  -47.3 Ha l i t e  

-47.3 t o  -53.3 Po iyna l i t i c  h a l i t e  

-53.3 t o  -53.5 Anhyayite "c" 

-53.5 t o  -65.7 H a l i t e  

contact. 

Moderate reddish orange/brown.to l i g h t  and medium gray, 
m i c r o c v s t a l l  ine anhvdrite. Svml l o r t a i  1' Dattern. 
consisr ing of ha1itdgro;Chs w i th in  anhydr i ie ,~ i&n i n  
upper par t  of un i t .  Locally. ha i r l ine .  c l y - f i l l e d .  
low-angle fractures found i n  lower p a r t  of u n i t .  
h a l i t e  layer c m n  close t o  lower Contact. C l a y  seam E 

Thin 

found a t  base of uni t .  
undulating and smnetimes contalnsC1/16 in. gray clay. 

Upper contact i s  i r regu lb r ,  

Clear to  mderate reddish orange. and l i g h t  gray. 
c rys ta l l i ne .  s m  f ine  and medium. C 1 Z  po lyha l i t e  and 
in te rc rys ta l l i ne  gray clay. 
gradational based on iwreased po lyha l i te  content. 

Coarsely 

Contact-with lower u n i t  i s  

Clear t o  moderate reddish orange. coarsely Crys ta l l ine .  < 1 
t o  3% polyhal i te.  Contact w i th  lower u n i t  i s  usual ly sharp 
along C l a y  0. 

Clear t o  moderate reddish orange, sane l i g h t  gray. Medim 
t o  coarsely c rys ta l l ine .  cl% polyha l i te  and gray clay. 
Contact w i th  lower un i t  is-gradational based on increased 
po lyha l i te  content. 

Clear t o  moderate reddish orangelbrown, coarsely 
c v s t a l l i n e .  < 1 t o  3% polyhal i te.  Trace o f  c lay  l oca l l y .  
Scattered anhydrite local ly.  
gradational. based on decreased po lyha l i te  content. 

Clear t o  maerate reddish orange. medium t o  coarsely 
Crystal l ine.  c 1% dispersed polyhal i te.  ~ 1 %  brown and/or 
gray clay. Contact wi th lower i n i t  i s  gradational andlor 
diffuse. 

Clear t o  moderate reddish orange. 
w i th  some medium s m t i m e s  present.close t o  lower contact. 
el t o  3% polyhal i te.  Scattered anhydrite especial ly cornon. 
Close t o  anhydrite .c.. 
anhydrite '"c". - 

L igh t  t o  medium gray, microcrystal l ine anhydrite. 
Scattered h a l i t e  grorths. Fa in t l y  laminated l oca l l y .  c lay 
seam B found a t  base o f  uni t .  

Clear to  m d i m  gray and moderate b m m .  Medium t o  
coarsely Crystal l ine,  some f i n e  l oca l l y .  < I %  po lyha l i te ,  
l oca l l y  po l yha l i t i c .  < 1  t o  3% clay, both Frown and gray. 
I n te rc rys ta l l i ne  clay wi th discontinuous breaks and 
partings. 
Seams Of c lay mixed with h a l i t e  c rys ta ls  present loca l l y .  
Upper Contact O f  t h i s  u n i t  i s  sharp w i th  c lay 8. 

Contact w i t h  lowe? u n i t  i s  

Coarsely c r y s t a l l i n e  

Lower contact i s  sharp w i th  

Zones of argil laceous h a l i t e  found w i th in  uni t .  

* Oescriptioni are based on 3xamination of d r i l l  care and exposums o f  un i t s  i n  shafts and Other 
underground openings. 

6 -28 



- Map u n i t s  1 through 6 occur w l t h l n  the storage l e v e l  d r i f t s  and rooms. 

Uni t  1 i s  a d i s t i n c t ,  r e l a t i v e l y  thin, orange-colored u n i t  comnonly 

r e f e r r e d  t o  as t h e  "orange marker bed". Th is  u n i t  i s  con t inuous  

throughout  t h e  f a c i l i t y  l e v e l  excavat ions.  Dur ing excavat ion,  i t  was 

used as a marker t o  h e l p  keep t h e  underground openings w i th in  t h e  

proper  s t ra t i g raphy .  The d e s c r i p t i o n s  f o r  map u n i t s  7 th rough  15  

represent  the  l i t h o l o g y  most f r e q u e n t l y  encountered i n  t h e  d r i f t s  and 

rooms i n  t h e  waste exper imenta l  area. Minor v a r i a t i o n s  i n  these  

l i t h o l o g i e s  occur a t  va r ious  l o c a t i o n s  b u t  they are  n o t  o f  s u f f i c i e n t  
d i f f e r e n c e  t o  j u s t i f y  t h e i r  i n c l u s i o n  i n  t h e  genera l i zed  d e s c r i p t i o n s .  

6.3.1.2 S t r a t i g r a p h i c  C o n t i n u i t y  

The r e s u l t s  o f  geo log ic  mapping and core h o l e  d r i l l i n g  i n  t h e  

underground f a c i l i t y  have conf i rmed the  l a t e r a l  e x t e n t  and 

s t r a t i g r a p h i c  c o n t i n u i t y  o f  t h e  geo log ic  u n i t s  w i t h i n  t h e  underground 
f a c i l i t y  hor izon.  S t r a t a  exposed i n  t h e  d r i f t s  have been t r a c e d  

con t inuous ly  f o r  4.500 f e e t  i n  an east -west  d i r e c t i o n  and more than  

5.000 f e e t  i n  a nor th -south  d i r e c t i o n .  North-south and east-west 

c o r r e l a t i o n s  between t h e  v e r t i c a l  core  holes have a l s o  demonstrated t h e  

c o n t i n u i t y  o f  t h e  s t r a t i g r a p h i c  u n i t s  above and below t h e  f a c i l i t y  

l e v e l .  F igures 8-4 th rough B-9 i n  Appendix B show t h e  c o r r e l a t i o n s  o f  

s t r a t i g r a p h i c  hor izons t h a t  have been made based on co re  h o l e  da ta .  

These f i g u r e s  a l s o  demonstrate t h e  s l i g h t  southern d i p  o f  t h e  u n i t s .  

F igu re  8-5 shows a s l i g h t  t h i n n i n g  o f  u n i t s  t o  t h e  south by about  5 
percent .  Figures B-1 and 8-2 show a l a r g e r  c o r r e l a t i o n  o f  

s t r a t i g r a p h i c  hor izons between boreholes WIPP-12 t o  t h e  n o r t h  and DOE-1 

t o  t h e  south. The f i v e  a n h y d r i t e  beds shown on F igu re  6-2 a r e  

l a t e r a l l y  continuous across t h e  W I P P  s i t e .  

Al though the  general  c h a r a c t e r  o f  each s t r a t i g r a p h i c  u n i t  remains @ 
constant  throughout t h e  underground f a c i l i t y  hor izon, minor  v a r i a t i o n s  

occur. Some t h i n  c l a y  seams a r e  d iscont inuous and some h a l i t e  u n i t s  

t h i n  l o c a l l y  or p inch  ou t .  The d i s r u p t i o n s  o f  some o f  these u n i t s  a r e  
l o c a l i z e d  phenomena thought  t o  r e s u l t  from syndeposi t ional  processes.  
Both l a t e r a l  and v e r t i c a l  v a r i a t i o n s  i n  the  a rg i l l aceous  and p o l y h a l i t e  

- 
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The e v a l u a t i o n  determined t h a t  t h e  s t r a t a  a r e  f a i r l y  h o r i z o n t a l  b u t  d i p  
s l i g h t l y  t o  t h e  south.  Based on a s t a t i s t i . c a 1  ana lys i s ,  t h e  e n t i r e  I 

s t r a t i g r a p h i c  s e c t i o n  was found t o  vary i n  e l e v a t i o n  i n  a r e g u l a r  

manner, b u t  i n d i v i d u a l  u n i t  th icknesses and t h e  r e l a t i v e  separa t ion  

between un i t s  were found t o  have no s t a t i s t i c a l l y  s i g n i f i c a n t  v a r i a t i o n  

between t h e  n o r t h e r n  and southern l i m i t s  o f  t h e  underground f a c i l i t y  

ho r i zon  ( r e f .  5-3). 

F igure  6-4 shows t h e  re fe rence s t r a t i g r a p h y  developed by t h i s  

s t a t i s t i c a l  ana lys i s .  Th is  s t r a t i g r a p h y  c o n s i s t s  o f  1 p o l y h a l i t e  bed, 

2 a r g i l l a c e o u s  h a l i t e  u n i t s ,  7 anhydr i t e  beds, 12 c l a y  seams, and 

h a l i t e  as t h e  remain ing cons t i t uen t .  Th is  re fe rence  s t r a t i g r a p h y  

extends approx imate ly  165 f e e t  above and below t h e  f a c i l i t y  l e v e l .  The 

l o c a t i o n  and th i ckness  o f  t h e  var ious u n i t s  were ad jus ted  by averaging 

values determined f rom t h e  core  holes.  Geologic maps o f  t h e  SPDV 

e x p l o r a t o r y  and v e n t i l a t i o n  sha f t s  and t h e  l o g  o f  borehole ERDA-9 were 

used fqr u n i t s  o u t s i d e  t h e  W I P P  underground f a c i l i t y  hor izon.  The 

u n i f o r m i t y  o f  t h e  rock  i n  t h e  core holes and sha f t s ,  t h e  l ack  o f  a 

s t a t i s t i c a l l y  s i g n i f i c a n t  v a r i a t i o n  i n  u n i t  th icknesses  and e leva t ion ,  

and t h e  expected smal l  i n f l u e n c e  o f  any d i f f e r e n c e s  on s t r u c t u r a l  

behav io r  r e s u l t e d  i n  a dec i s ion  t o  use t h e  same re fe rence s t r a t i g r a p h y  

th roughout  t h e  s i t e .  

I 

Subsequent t o  t h e  development of t h e  September 1983 reference 

s t r a t i g r a p h y ,  a d d i t i o n a l  core holes were d r i l l e d  and logged. t h e  

v e n t i l a t i o n  s h a f t  was enlarged t o  t h e  waste sha f t ,  t h e  exhaust s h a f t  

was completed, and bo th  o f  these sha f t s  were g e o l o g i c a l l y  mapped. 

Based on a d d i t i o n a l  da ta  f rom these a c t i v i t i e s ,  a genera l ized 

s t r a t i g r a p h i c  column o f  t h e  underground f a c i  1 i t y  ho r i zon  was developed 

(F igu re  6-2 and Table 6-3). Th is  s t r a t i g r a p h i c  column does n o t  vary 

s i g n i f i c a n t l y  f rom t h e  e a r l i e r  1983 reference s t r a t i g r a p h y .  Therefore, 

t h e  1983 re fe rence  s t r a t i g r a p h y  cont inued t o  be used f o r  model 

ca 1 c u 1 a t  i ons . 
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6.3.2 LithOlOQy 

The Salado f o m t i o n  is predominantly halite, but other evaporite 
minerals and argillaceous materials are present that may locally 
compose up to' 50 percent of the salt. Anhydrite, an early-precipitated 
evaporite mineral. is found in beds (usually less than 5 feet thick) 
which are typically underlain by a clay seam (1/16 to 3/4 inch thick). 
Polyhalite. a late-forming evaporite mineral, is comnonly found as an 
accessory mineral in the Salado formation. Clay and silt may be found 
disseminated through the halite or in thin seams, partings, or breaks. 
Following is a description of the major lithologies occurring within 
the underground facility horizon. 

Clear Halite. These units consist of halite with only trace amounts of 
impurities. The halite is predominantly medium to coarsely crystalline 
and clear to very light gray or moderate reddish orange. Less 
comnonly. it occurs as finely crystalline, opaque, very light gray 
halite with a sucrose texture. Trace impurities of clay andlor 

gray to white anhydrite or magnesite stringers my be present. 
polyhalite are generally dispersed in the halite. Scattered very light 

I 

Polvhalitic Halite. These units are composed mainly of medium to 
coarsely crystalline halite with accessory amounts of polyhalite. As 
the polyhalite content increases, the color of the rock changes from 
transparent light orange-pink to translurent moderately reddish 
orange/brown or dark .reddish brown. The polyhalite occurs primarily as 
interstitial blebs or patches and, less comnonly, in stringers about 
1/4 to 3/4 inch thick. 

Arqillaceous Halite. Six argillaceous halite units, three above and 
three below clay G, occur within the underground facility horizon. 
Generally, these units consist of medium to coarsely crystalline and 
some finely crystalline halite with from less than 1 to as much as 5 
percent silty clay. The clay is predominantly brown in color with some. 

gray. It is comnonly intercrystalline 
partings. Discontinuous clay seams are 
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of clay i s  a visual estimate; laboratory measurements of insolubles 
(ref. 6-5) were used as a reference. 

The contacts between these units and the surrounding materials vary 
from gradational to distinct. Clays F, K and L occur at the upper 
contact of three of these argillaceous units. The three units below 
clay G are exposed in the underground drifts and rooms. These are 
geologic map units 2 and 4 and the upper portion of map unit 0 (Figure 
6-2). They are exposed continuously throughout the openings except in 
the waste experimental area which is stratigraphically higher. Map 
unit 2 is very thin and absent in places. 

No significant moisture is associated with these argillaceous halite 
layers, Comnonly, they are slightly moist imnediately after excavation 
and locally develop brine blisters on the walls of the underground 
openings. 

- 
Anhydrite. These beds range i n  thickness from a few inches to a few 
feet. Because they are readily identif.ied, the anhydrite beds i n  the 
vicinity of the facility level have served as reference units. 

Three anhydrite beds, 0.15 to 1.05 feet thick, are present above and 
two beds, 0.3 and 2.5 to 4 feet thick, are present below the facility 
level (Figure 6-2). All of the beds are laterally continuous and each 
is underlain by a thin clay seam. Locally, very thin anhydrite seams 
are associated with identified clay seams and scattered anhydrite 
stringers are comnon in several of the halite units. The anhydrite is 
microcrystalline and comnonly ranges from a very light gray to medium 
gray-green color, although it is sometimes a moderate reddish to 
pinkish color. Halite growths are comnon, especially within ME-139. 
Anhydrite "a" comnonly contains a clear halite seam u p  to 1 1/2 inches 
thick. 

1 ME-139 is the thickest anhydrite unit within the underground facility 
horizon and i s  the most variable i n  color and composition. It is 
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descr ibed here  i n  d e t a i l  because o f  i t s  importance i n  t h e  de format iona l  
behav io r  o f  t h e  underground openings, p a r t i c u l a r l y  t h e  t e s t  rooms - 
(Chapter 11). 

FIB-139 ranges f rom 2.5 t o  4 f e e t  t h i c k .  For  mapping purposes, i t  has 

been d i v i d e d  i n t o  two subuni ts  (Appendix 6. F igu res  6-10 through 

6-34). Subun i t  A corresponds t o  Zones I. I 1  and I11 descr ibed i n  

re fe rence 6-6. Th is  subun i t  cons is ts  p redominant ly  o f  redd ish  

p o l y h a l i t i c  a n h y d r i t e  and anhydr i t e  mixed w i t h  l i g h t  t o  medium gray 

anhydr i te .  Pods, lenses and seams o f  l i g h t  t o  very  l i g h t  gray 

anhydr i t e  a r e  comnonly sca t te red  throughout  t h e  subun i t .  I r r e g u l a r  

h a l i t e  growths, rang ing  f rom less  than’  1/16 t o  more than 25 square 

inches, a r e  common. e s p e c i a l l y  i n  t h e  upper h a l f  o f  subun i t  A. 
Comnonly. a 1- t o  2- inch t h i c k  seam of modera te ly  reddish-orange t o  

gray p o l y h a l i t i c  a n h y d r i t e  w i t h  sca t te red  h a l i t e  and p o l y h a l i t i c  h a l i t e  

growths occurs a long  t h e  upper contact .  Th i s  corresponds t o  Zone I 
descr ibed i n  re fe rence  6-6. Swal lowta i l  growth p a t t e r n s  and hopper 

c r y s t a l s  a r e  o c c a s i o n a l l y  p resent  i n  t h e  upper 12 inches o f  subun i t  A. 

comnonly w i t h i n  an upward undu la t ion  o f  t h e  marker  bed. H a l i t e - f i l l e d  

f r a c t u r e s  a r e  found i n  p laces w i t h i n  t h e  undu la t i ons .  Scat te red  w i t h i n  

t h e  redd ish  p o l y h a l i t i c  anhydr i t e  i s  an i r r e g u l a r  and sometimes 

d iscont inuous  l a y e r i n g  o f  l i g h t  gray anhydr i te ,  which va r ies  f rom less  

than 1/8 i n c h  t o  1 / 2  i n c h  t h i c k .  Pods and lenses o f  g ray  anhydr i t e  a re  

o f t e n  f a i n t l y  a l igned.  a l though d iscont inuous ly ,  w i t h  t h e  general  t rend 

o f  t h e  l a y e r i n g .  These pods and lenses are  most p r e v a l e n t  i n  t h e  l ode r  

h a l f  o f  subun i t  A. 

- 

Subuni t  B corresponds t o  Zones I V  and V i n  re fe rence  6-6. I t s  con tac t  

w i t h  subun i t  A i s  d i f f u s e  and based main ly  on a change i n  co lo r .  

Subuni t  B c o n s i s t s  o f  l i g h t  t o  medium gray  a n h y d r i t e .  Some core 

samples e x h i b i t  l a y e r i n g  which f a i n t l y  f o l l o w s  t h e  genera l  t r e n d  o f  the  

l a y e r i n g  i n  subun i t  A.  H a l i t e  growths a r e  present ,  b u t  t o  a much 

l e s s e r  degree than i n  subun i t  A.  Usua l ly  t h e  l ower  4 t o  8 inches o f  

t h e  subun i t  i s  f a i n t l y  laminated and conta ins  a few h a l i t e  growths. A 

subhor izon ta l  h a l i t e  l a y e r ,  usua l l y  l e s s  than 1 / 8  i nch  t h i c k ,  i s  

occass iona l l y  p resent  c l o s e  t o  the  lower contac t .  
, _.-_ 
I ,  
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The upper con tac t  o f  M8-139 i s  undu la to ry .  The lower  c o n t a c t  i s  

u n d e r l a i n  by c l a y  E. Th is  c l a y  ranges f rom 1/4 inch  t o  1 1/2 inches 

t h i c k .  It i s  o f t e n  s l i g h t l y  m o i s t  and sometimes wet. 

Clav Seams. C h a r a c t e r i s t i c s  o f  t h e  c l a y  seams w i t h i n  t h e  underground 

f a c i l i t y  ho r i zon  a r e  shown on F igu re  6-3 and sunmnarized i n  Table 6-4. 

These inc lude  q u a l i t a t i v e  and/or q u a n t i t a t i v e  c h a r a c t e r i z a t i o n s  and 

d e s c r i p t i o n s  o f  t h e  c l a y  seams i n  terms o f  t h e  fo l l ow ing :  

(1 )  c o l o r ;  

(2)  th ickness;  

(3 )  moisture;  

(4 )  g r a i n  s ize ;  

( 5 )  c o n s i s t e n c y / p l a s t i c i t y ;  

(6 )  p l a n a r  t rend ;  and 

( 7 )  c o n t i n u i t y / u n i f o r m i t y .  

A 

This  i n fo rma t ion  has been gathered through a rev iew o f  core h o l e  logs,  

geo log ic  mapping and i n s p e c t i o n  o f  e x i s t i n g  exposures. 

The c l a y  seams u n d e r l y i n g  a n h y d r i t e  beds u s u a l l y  vary f rom l e s s  than 

1 /8  i n c h  t o  3/4 i n c h  i n  th i ckness  b u t  may range up t o  1 1 / 2  inches 

t h i c k ,  as i s  common f o r  c l a y  E. The o ther ,  l e s s  cont inuous seams are  

u s u a l l y  less than 314 i n c h  t h i c k  b u t  may be a s  much as  2 inches t h i c k ,  

as i s  c l a y  L i n  t h e  C d SH s h a f t .  C lay M-1 was a s  much as 3 1/2 

inches t h i c k  i n  one ho le  b u t  i t  cons is ted  o f  a m ix tu re  o f  c l a y  and 

h a l i t e  c r y s t a l s  a t  t h i s  l o c a t i o n .  

Genera l ly ,  t h e  seams c o n s i s t  o f  c l a y  w i t h  some s i l t .  The c l a y  v a r i e s  

f rom gray t o  brown i n  c o l o r .  Only f i e l d  c l a s s i f i c a t i o n s  o f  t h e  c l a y  i n  

core  and underground exposures have been performed. These 

c l a s s i f i c a t i o n s  I n d i c a t e  t h a t  t h e  seams genera l l y  c o n s i s t  o f  s o f t  t o  

hard, medium p l a s t i c  m a t e r i a l .  Loca l l y ,  f i n e  t o  coarse h a l i t e  c r y s t a l s  

a r e  present  i n  some o f  t h e  seams. Clays F and M - 1  commonly con ta in  I 
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Table b-4 

CLAY SEMI CHARACTLRlSllCS 

.- Page I of J - 
~~ 

Consistency/ Planar Continul t y l  __ seam =*'I1 Color Thicknesr Moisture Grain > l i e  P l a s t l c l t y  Trend Unifonnl ty Occurrence 

I Gray < I18 t o  114 in. 

up to 1 I14 I". 
averdge; locally 

<J/4  i n .  1 t imy - 

Ury t o  s l i g h t l y  
nmlst. 

Passes WJ0 
sieve. 

General ly hard. S l i g h t l y  l r r e -  
gular; general ly 
low angle i n  core 
but l o c a l l y  up 
t o  35'. 

11.m t o  Inraturn n e w  h o r i m i t a l  
s o t t ;  lneaium t o  ~n core. 
h ighly p l a s t i c .  

Contlnuous. Present i n  
care holes 

waste shaf t  
mapplng. 

and C h SH and 

ury pxccpt hulr 
00-57 m e r e  clay 
I s  m i s t ;  hole 
d r l l l e d  w l t h  
f l u i d .  

Local ly m i s t  
t o  wet. 

Pbrser XZUU 
sieve. 

Yarler frm 
zone O f  breaks 
t o  sea% 4 t h  
asroclated 
anhydrlte. 

Contlnuous. 

Present I" many 
co re  holes m a  
I n  c 6 sn shaft  
mapping 

Present I n  many 
Core holes and 
I n  C h SH and 
waste shaf t  
mapplng. 

Exposed along 
w a l l s  o f  many 
o f  the f a c l l i t y  
level d r i f t s  
dnd T O W I S .  

1 Gray 114 t o  1 1 / 2  i n .  Passes rZUb 
s l e w .  

Soft  t o  hard; --- 
mealum plastic 

0- 
I 
w 
W 2 Gray, sometimes < I 1 8  10 112 i n .  

brown. 
S l lgh t .  Passes 1200 

si.eve. Lomonly 
mlxed wlth h a l l t e  
crystals.  

Slightly Very I r regu la r ;  
p las t l c .  undulatlons 

Of 2-1". t o  
8-In. amplitude. 

This I s  a t  the 
upper contact 
of  map u n i t  4; 
l o c a l l y  dlscon- 
flnuaus; some- 
times b i f u n a t e r  
I n t o  two seams. 

Contlnuous. I Gray Trace UP t o  318 
I". 

S l l g h t l y  t o  
maerately 
moist; veeps 
along exposures 
I n  underground 
eXCdYdtlO"6. 

Passes #ZOO 
sieve. 

Sof t  t o  hard; Fa1r ly regular; 
meaium plastic. undulatlens 

average c 2 - I n .  
anplltuae. 

Found I n  nmst 
core hales. 
sha f t  mapplng 
and underground 
uasfe exper i -  
mental area 
excavatlon. 

Found I n  most 
care holes. 
shaft  mapplng 
and underground 
Haste exper l -  
mental area 
excavatlon. 

Passes 1200 
sieve. 

nedlum p l a s t l c .  F d l r l y  I r regu la r ;  
Undulat loni of  
I-In,. t o  3-in. 
a w l  i tuae .  

I Gray; brown Averagey114 In. 
In several core but ranger from 
holes. trace up t o  

112 i n .  

S l i g h t l y  t o  
moderately 
11m111. 



Table b-4 (continued1 

CLAY SEAM C H A R A C T t R l S T l C S  

- Page 2 o f  3 
Lorti1 s tency l  PTanar Con t inu i t y /  

s e m  n a t i q ' l '  c o l o r  Thickness ' Mois ture b r a i n  S l z e  P l d s t i c i t y  Trend Un i fo rm l t y  Occurrence 

I I Urawn-brownish < I t 4  t o  5ttl i n .  S l i g h t l y  mois t .  Passes n2UU Hard i n  some Resular; undul.3- F a l r l v  Camnonl" 
gray i n  co re ;  
gray where 
exposed i n  waste 

s l ew;  some core holes.  tiom genera l ly  continuous. found in core 
scat tered h a l l t e  ~ e d l u m  p l a s t i c .  < I - i n .  amplitude. holes, C k SH 
c r y s t a l s  l o c a l l y .  and exhaust 

~ ~ . .... 
experimental sha f t s :  a l s o  
r0011s. 

J 3 Reddish-brown I / ?  in.  i n  _ -  
C 6 SH Shat t  
on ly .  

Passer r2UU .__ 
s i e v e ;  t r ace  
s i l t ,  t r ace  t o  
same h a l i t e  
c r y s t a l s .  

.-- 

exposed i n  
waste exper i -  
mental room 
excavation. 

t ienera l ly  found Found i n  C k SH 
as scat tered Shaft as 112 
breaks or i n .  seam; n o t  
l o c a l i z e d  found i n  o t h e r  
a rg i l l aceous  shaf ts ;  i n  core 
zone. holes, found 

as sca t te red  
breaks o r  
l o c a l i z e d  
a r g i l l a c e o u s  
zone; absent 
i n  many co re  
holes. 

K 1 Brown. sometimes 314 t o  1 I / ?  i n .  Ury t o  mois t ;  Passes #LOU hard t o  medium Genera l ly  low Continuous. Present I n  many 
gray t o  gray- l o c a l l y  wet. sieve; c laystone hard; medium angle contact  i n  core ho les  and 
brown. i n  exhaust shaft.  p l a s t l c .  core; f a i r l y  shaf ts .  

regular .  

i 3 Brown up t o  2 i n .  I" --- 
C k SII shaf t ;  
usua l l y  found 
on ly  as top O t  
a r g i  I laceous 
u n i t .  

Passes 1200 _ _ _  _ _ _  
s ieve: some 
h a l i t e  c rys ta l s .  

N o t  a continuous LXPOSed i n  C k 
seam; i t  i s  SH.shaft a s  
found genera l ly  seam; o the r -  
as the too o f  wise onlv  
a r g i l l a c e h s  noted a d t o p  o f  
zone throughout a r g i  I laceous 
core holes and u n i t .  
shaf ts .  



l a b l e  b-4 Icont inued)  

CLAY SLAM CHAHACTERISIICS 

~ 

Con r i r t ancy l  Planar  Cant inu i  t Y l  
scan ~dting'l' Color  Thlckners Mois ture Gra in Size P l a s t i c i t y  Irend Un i fonn l t y  Occurrence 

M-I 4 Brown < l / l b  to 112 i n .  Ury Passes 12UU -__ _._ Unknown. These two 

core ho les  i n  
N-2 4 Oruun Up t o  3 112 i n ,  Ury L lay mixed w i t h  --- _ _ _  Unknoun. waste exper i -  

mental area; 
n o t  noted I n  
sha f t  mapping. 

sieve. l aye rs  found i n  

ha1 1 t e  c r y  s ta  1 I .  

i lotes: 

(I) Key t o  nRating": I - continuous throughout f a c i l i t y  l e v e l ;  

~ 

2 - genera l l y  continuous. b u t  va r ies  i n  character  and r e g u l a r i t y ;  
3 - d iscont inuous and n o t  always w e l l  developed; 
4 - c o n t i n u i t y  unknown. 

rn 
I 
0 
0 

I21  Clays 0 .  E, 6. H and K are  roinetinler noted as Only d t r ace  o r  riot a t  a l l  on core logs.  
d r i l l i n g  removed evidence o f  c lay.  

( 3 1  Some core  logs note c lay  l aye rs  are mois t .  I n  ho les  drilled w i t h  br ine.  t h i s  may be due to d r i l l i n g  f l u i d .  Elmy laye rs  are dry i n  ho les  d r i l l e d  w i t h  

This i s  usua l l y  because core g r i n d i n g  o r  washing du r ing  

a l r .  These may a c t u a l l y  be r l l g h t l y  mois t  I n  the i n  s l t u  state.  bu t  drled Out by the d r i l l i n g  process. 

1 4 )  

151  

Clays 8. E, G. I1 and K dlvdys underly cant inuour  dnhydr i t e  layers.  

P l a s t i c i t y  and consistency bared on eva lua t l on  o f  i n  r i t u  condi t ion.  

Cldys 1 an0 U a m  cornonly associated w i t h  t h i n  anhydr i t e  l aye rs .  



more h a l i t e  mixed w i t h  t h e  c l a y / s i l t  f r a c t i o n .  Clay F a l s o  appears t o  

be more s i l t y  and l e s s  p l a s t i c  t han  t h e  o t h e r  seams. 
- 

General ly,  t h e  c l a y  seams a r e  s l i g h t l y  m o i s t  i n  t h e i r  i n  s i t u  s t a t e .  

However, some o f  t h e  seams a r e  wet and e x h i b i t  some b r i n e  weeping i n  

p laces.  This  was observed f o r  c l a y s  E. G. H and K i n  some core  holes.  

The c l a y  seams i n  some o f  t h e  ho les  where b r i n e  was used as a d r i l l i n g  

f l u i d  were observed t o  be mois t .  Th is  was probably  due i n  p a r t  t o  t h e  

d r i l l i n g  f l u i d .  I n  con t ras t ,  c l a y  seams were observed t o  be d r y  i n  

many o f  t h e  core  holes d r i l l e d  us ing  a i r  c i r c u l a t i o n .  It i s  expected 

t h a t ,  i n  t h e  i n  s i t u  skate. these seams con ta in  a s l i g h t  amount o f  

mo is tu re  whicti was evaporated as a r e s u l t  o f  t h e  d r i l l i n g  method. Some 

mo is tu re  can be seen a long exposures o f  c l a y  H and c l a y  G i n  t h e  waste 

exper imental  area. More mo is tu re  i s  ev iden t  a long c l a y  G and some s a l t  

b l i s t e r s  have accumulated l o c a l l y  a long t h i s  seam. The c l a y  seams 

exposed i n  t h e  underground openings a r e  g e n e r a l l y  s l i g h t l y  m o i s t  d u r i n g  

and imned ia te ly  a f t e r  excavat ion .  Some seams have cont inued t o  expel  - mois ture  long a f t e r  excavat ion.  Often, however, they d r y  o u t  a t  t h e  

sur face  w i t h i n  a few days a f t e r  t h e i r  exposure. 

Clays G, H and I ,  exposed i n  t h e  waste exper imenta l  area, comnonly 

con ta in  w h i t e  specks which may be s a l t  r e s u l t i n g  f rom t h e  a i r  d r y i n g  o f  

t h e  c lay .  The c l a y  u s u a l l y  has a s l i g h t l y  s a l t y  t a s t e .  These w h i t e  

specks a r e  s o f t ,  can be e a s i l y  crushed between t h e  f i n g e r s ,  and have a 

s l i g h t l y  b i t t e r  t a s t e .  

The consis tency o f  t h e  c l a y  encountered i n  the  core  ho les  and 

excavat ions i s  r e l a t e d  t o  i t s  mo is tu re  content .  When wet o r  mo is t ,  t h e  

c l a y  i s  g e n e r a l l y  s o f t  t o  medium s t i f f  and can be p icked o u t  w i t h  t h e  

f i n g e r s  and molded i n t o  a b a l l  i n  t h e  hand. When t h e  c l a y  i s  o n l y  
s l i g h t l y  mo is t  o r  dry .  i t  i s  s t i f f  t o  hard and i s  d i f f i c u l t  t o  work i n  

t h e  hand. 
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6 . 3 . 3  S t r u c t u r e  

Geologic mapping o f  t h e  underground openings has n o t  i d e n t i f i e d  any 

f a u l t s ,  j o i n t s ,  s i g n i f i c a n t  f o l d s ,  o r  o t h e r  s t r u c t u r a l  d i s r u p t i o n s  t h a t  

c o u l d  a f f e c t  t h e '  s u i t a b i l i t y  o f  t h e  W I P P  f a c i l i t y  f o r  s t o r i n g  

r a d i o a c t i v e  waste. Very smal l  sca le  (approx imate ly  1 f o o t ) ,  l o c a l i z e d  

d i s r u p t i o n s  o f  t h e  bedding have been encountered. These are  a t t r i b u t e d  

t o  penecontemporaneous processes. 

I 

D e t a i l e d  c o r r e l a t i o n s  between v e r t i c a l  core  ho les ,  combined w i t h  t h e  

r e s u l t s  o f  geo log ic  mapping i n  t h e  d r i f t s  and t e s t  rooms, i n d i c a t e  t h a t  

t h e  s t r a t a  w i t h i n  t h e  underground f a c i l i t y  ho r i zon  are deformed 

s l i g h t l y  i n t o  a s inuso ida l  shape. F i g u r e  8-4 i n  Appendix B d e p i c t s  

t h i s  shape, b u t  g r e a t l y  exaggerates t h e  ampl i tude o f  t h e  deformat ion.  

The ampl i tude o f  t h e  f o l d  i s  approx imate ly  10 t o  15 f e e t  and i t s  
wavelength i s  approx imate ly  2.000 t o  3,000 f e e t .  The f o l d  i s  

superimposed on a g e n t l e  southward d i p .  
. .  

The de format ion  o f  t h e  s t r a t a  i s  pos t -depos i t i ona l  i n  o r i g i n .  Whi le I 

undu la t i ons  o f  depos i t i ona l  sur faces a r e  comnon, a l l  o f  the  s t r a t a  i n  

t h e  i n t e r v a l  f rom 50 f e e t  above t o  50 f e e t  below t h e  f a c i l i t y  l e v e l  

e x h i b i t  p a r a l l e l  undulat ions.  T h i s  cons is tency  i n  f o l d i n g  over  a 

r e l a t i v e l y  l a r g e  i n t e r v a l  c o n t a i n i n g  numerous depos i t i ona l  sequences 

suggests t h a t  t h e  beds were deformed a f t e r  d e p o s i t i o n .  The f o l d i n g  i s  

a minor  f e a t u r e  which does n o t  adverse ly  a f f e c t  t h e  s u i t a b i l i t y  o f  t h e  

f a c i l i t y  f o r  waste storage. 

6.4 PROPERTIES OF HOST ROCKS 

As discussed i n  subsect ion 6.3.2, t h e  underground f a c i l i t y  hor izon  i s  

composed o f  h a l i t e  con ta in ing  beds o f  a r g i l l a c e o u s  h a l i t e ,  anhydr i te ,  

p o l y h a l i t e  and t h i n  c l a y  seams. Labora tory  t e s t s  were performed t o  

determine t h e  c o n s t i t u t i v e  equat ions and m a t e r i a l  p roper t y  constants  

fo r  these hos t  rocks ( r e f .  5-3) .  Subsect ions 6.4.1 and 6.4.2 p resent  

t h e  p r o p e r t i e s  o f  t h e  hos t  rocks based on l a b o r a t o r y  and i n  s i t u  data.  
I n  s i t u  c losu re  measurments were a l s o  used t o  "back c a l c u l a t e "  t h e  

creep parameters f o r  h a l i t e .  
1 
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- 6.4.1 Labora to ry  Tests  

Laboratory  t e s t s  were performed on core  samples f rom su r face  boreholes 

a t  t h e  W I P P  s i t e  p r i o r  t o  t h e  i n i t i a t i o n  o f  underground excavat ion 

( r e f .  5-3). M a t e r i a l  p roper t y  cons tan ts  determined f rom t h e  l a b o r a t o r y  

t e s t s  a r e  presented i n  Tables 6-5 through 6-7. Table 6-5 shows the  

e l a s t i c  cons tan ts  f o r  h a l i t e ,  a r g i l l a c e o u s  h a l i t e ,  a n h y d r i t e  and 

p o l y h a l i t e .  

The f a i l u r e  c r i t e r i a  f o r  bo th  a n h y d r i t e  and p o l y h a l i t e  were de f i ned  

based on t h e  r e s u l t s  o f  t h e  l a b o r a t o r y  t e s t s .  One such c r i t e r i o n  i s  

Hohr-Coulomb. which de f i nes  f a i l u r e  i n  terms o f  f r i c t i o n  and cohesion. 
F a i l u r e  means tha t  t h e  m a t e r i a l  i s  unable t o  h o l d  a d e v i a t o r i c  s t ress  

beyond a c e r t a i n  value. Once t h i s  va lue i s  reached, t h e  m a t e r i a l  

s t a r t s  y i e l d i n g .  However, t h e  Mohr-Coulomb c r i t e r i o n  ignores  t h e  

e f f e c t  o f  i n t e r m e d i a t e  p r i n c i p a l  s t r e s s  on f a i l u r e .  I n  terms o f  

p r i n c i p a l  s t resses  a t  f a i l u r e ,  

( 6-1 ) - u ) = 2 8  COSE - (a  + a ) s i n 6  
(a3 1 0 3 1  

where: 8 and E a r e  Hohr-Coulomb parameters; and 
0 

a and a a r e  p r i n c i p a l  s t resses  t h a t  a r e  p o s i t i v e  i n  tens ion .  
1 3 

Because t h e  process o f  y i e l d  must be independent of' t h e  choice o f  axes, 

t h e  f a i l u r e  c r i t e r i o n  m h t  be independent o f  t h e  cho ice  o f  axes and 

should be expressed i n  terms o f  s t r e s s  i n v a r i a n t s .  The Drucker-Prager 

y i e l d  c r i t e r i o n  i s  expressed as f o l l o w s :  

(6-2) 1 
/q = c - aJ  

/J2' i s  t h e  second s t r e s s  i n v a r i a n t  and i s  equal  t o  

J i s  t h e  f i r s t  s t r e s s  i n v a r i a n t :  

- 
where: /:; and 

1 

(6-3) 

( 6 - 4 )  
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Table 6-5 

ELASTIC CONSTANTS DETERMINED FROM LABORATORY TESTS 

E 0 

MATERIAL (ksf) 

H a l i t e  647,450. 0.25 

Arg i l laceous  h a l i t e  647,450: 0.25 
Anhydri t e  1.568.500. 0.35 

Po 1 yhal i t e  1.155,OOO. 0.36 

Mote: 

E = e l a s t i c  modulus 

D = Poisson’s r a t i o  

- 

Table 6-6 

FAILURE CONSTANTS DETERMINED FROM LABORATORY TESTS 

ULTIMATE YIELD 

8 0  0 a C 80 0 a C 

MATERIAL (ksf) ( 0 )  (ksf) (ksf) ( O )  ( k s f )  

Anhydri t e  627. 37.0 0.279 752. 564. 29.0 0.226 689. 
P o l y h a l i t e  395. 51.0 0.395 414. 359. 46.5 0.361 403. 
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Table  6-7 

CREEP CONSTANTS DETERMINED FROM LABORATORY TESTS 

PRIMARY CONSTANTS SECONDARY CONSTANTS 

A B ;* D n O 
MATERIAL (sec-1) (ksf-4.9 sec-1) (kcal /mole)  

H a l i t e  4.56 127 5.39xlO-* 4.96~10-~~ 4.9 12.0 

Standard 
Error 1.05~10-13 0.27 0.65 

Argi l laceous 
H a l l t e  4.56 127 5 . 3 9 ~ 1 0 ~  1 .49x10-I2 4.9 12.0 
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4 
For anhydr i te .  however, t h e  u l t i m a t e  s t r e n g t h  decreases somewhat w i t h  

t h e  change i n  s t r a i n  r a t e .  That  is. a 10 percent  decrease occurs as 

t o  sec . t h e  s t r a i n  r a t e  i s  decreased f rom sec 
For  p o l y h a l i t e .  t h e  u l t i m a t e  s t r e n g t h  i s  assumed t o  be independent o f  

t h e  s t r a i n  r a t e .  Table 6-6 shows t h e  f a i l u r e  constants  f o r  anhydr i t e  

and p o l y h a l i t e .  

-1 -1 

Table 6-7 shows t h e  creep cons tan ts  f o r  h a l i t e  and a r g i l l a c e o u s  

h a l i t e .  Al though t h e  da ta  f o r  most i n d i v i d u a l  creep t e s t s  a r e  

i n t e r n a l l y  cons i s ten t ,  s teady-s ta te  creep r a t e s  obta ined f rom d i f f e r e n t  

specimens t e s t e d  under t h e  nomina l l y  same c o n d i t i o n s  may s c a t t e r  by  an 

o r d e r  o f  magnitude. Nevertheless,  s t a t i s t i c a l  ana lys i s  has r e s u l t e d  i n  

a " b e s t  f i t "  t o  t h e  data.  Table 6-7 a l s o  shows t h e  d e v i a t i o n  o f  t h e  

secondary creep constants  f o r  h a l i t e .  It was concluded t h a t  when such 

l a r g e  d e v i a t i o n s  or u n c e r t a i n t y  e x i s t ,  c a l c u l a t i o n s  us ing  mean values 

a r e  a p t  t o  be meaningless and t h e  des ign process requ i res  cons iderab le  

judgement ( r e f .  6-7). 

Based on l a b o r a t o r y  t e s t s .  t h e  f a i l u r e  c r i t e r i o n  o f  h a l i t e  can be 

descr ibed us ing  a f a i l u r e  f u n c t i o n  0 ,  such t h a t  when 0 becomes 

p o s i t i v e ,  h a l i t e  no longer  suppor ts  any d e v i a t o r i c  s t ress .  The 

f u n c t i o n  0 i s  assumed t o  be: 

0 = - 0.023 - f ( p )  

- 
where: c i s  t h e  e f f e c t i v e  creep s t r a i n  ( s e e  Appendix C )  and t h e  

f u n c t i o n  f ( p )  i s  expressed as: 

0.132 f o r  p 2 125.26 k s f  

f o r  p 5 125.26 k s f  P ( a  - bp) 
f ( P )  = 

0 where: p .  t h e  pressure i n  k s f .  i s  expressed as 
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c 
a + a  + a  

3 
p = -  1 2 3  

and i s  pos i t ive  i n  compression; and 
a and b a r e  equal t o  ~ . ~ Z Z X ~ O - ~  ksf-' and 
8 . 4 8 7 ~ 1 0 - ~  ksf-'. respectively ( r e f .  5-3). 

- 
Equation 6-5 Indica tes  t h a t  i f  c 0.023 + f ( p )  a t  any point in the 
ha l i te .  yielding wi l l  be i n i t i a t e d  a t  that  p o i n t .  For p g rea t e r  than 
120 ksf .  t h e  f a i l u r e  e f fec t ive  s t ra in  i s  about 0.16. 

Laboratory t e s t  r e s u l t s  have a l so  shown tha t  a clay seam wil l  be ac t ive  
f o r  a f r i c t i o n a l  coe f f i c i en t  of 0 .4 ,  a n d  t h a t  clay seam separation i s  
unlikely unless t h e  seam i s  very near t h e  opening. 

The average u n i t  w e i g h t  o f  the s a l t  w i t h i n  the  reference stratigraphy 
interval was determined t o  be 143.6 pounds per cubic foot  (pcf )  ( r e f .  

c 5-3). 

6.4.2 In S i tu  Data 

In s i t u  data  was gathered from geomechanical instruments a t  various 
underground locat ions.  The creep law shown by equation C.4-1 in 
Appendix C was used t o  f i t  the in s i t u  data and t o  determine the creep 
parameters. The MARC General Purpose F in i te  Element Program ( r e f .  6-8) 
was used f o r  the  numerical computation based on the theory discussed i n  
Appendix C .  Table 6-8 shows t h e  primary and secondary creep parameters 
determined from t e s t  room i n  s i t u  da t a .  Chapter 11 presents a more 
detailed discussion of the procedures used for  computing these 
parameters. 

Secondary creep parameters were also computed using in s i t u  data from 
the C h SH sha f t .  The secondary creep parameters computed from 
horizontal deformations in the C & SH shaft  and  in t he  t e s t  rooms are  
reasonably close.  The parameter based on t e s t  room wall-to-wall 
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Table 6-8 

CREEP PARAMETERS DETERMINED FROM IN SITU DATA 

PRIMARY PARAMETERS SECONDARY PARAMETER 

A 2 C 
MATERIAL (sec-1) ( k ~ f - ~ . ~  sec-1) 

Halite 

Roof-to-floor 1 .774  5.573~1 0-8 2 .588~1  0-z1 

Wall -to-Wall 1 .618 4 .7  57 xl 0-8 1 .361 xl 0-21 
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-4.9 -1 
c l o s u r e  i s  1 . 3 6 ~ 1 0 - ~ ~  k s f  sec w h i l e  t h e  parameter based on 

extensometer measurements i n  t h e  C 6 SH s h a f t  i s  

1 . 3 0 ~ 1 0 - ~ ~  k s f  sec . -4.9 -1 

6.5 SURFACE SUBSIDENCE MONITORING 

The des ign  c r i t e r i a  s t a t e  t h a t  subsidence due t o  underground excavat ion  

s h a l l  n o t  exceed 1 Inch  u l t h i n  a 500-foot rad ius  o f  t h e  waste s h a f t .  

The l a y o u t  o f  t h e  underground excavat ion  and t h e  e x t r a c t i o n  r a t i o  

requi rements were es tab l i shed t o  comply w i t h  t h i s  c r i t e r i a .  Subsidence 

monuments have been i n s t a l l e d  on t h e  ground sur face  above t h e  s h a f t  

p l l l a r  area (Chapter 2 .  F igu re  2-2). A d d i t i o n a l  subsidence monuments 

a r e  scheduled t o  be i n s t a l l e d  above t h e  s torage area i n  mid-1986. 

These monuments w i l l  be used t o  determine sur face  subsidence d u r i n g  t h e  

25-year f a c i l i t y  opera t ing  l i f e .  

Because t h e  s torage area has n o t  y e t  been excavated, a c t u a l  subsidence 

.- cannot  be measured. This  subsidence w i l l  occur  over  t h e  nex t  25 
years.  The c a l c u l a t i o n s  used f o r  t h e  re fe rence des ign i n d i c a t e  t h a t  

subsidence i s  n o t  l i k e l y  t o  exceed t h e  c r i t e r i a  l i m i t :  Therefore,  t h e  

re fe rence  des ign subsidence c r i t e r i a  i s  considered v a l i d a t e d  on a 

computat ional  bas is  r a t h e r  than on a c t u a l  measurement data.  A rev iew 

o f  t h i s  conclus ion may be r e q u i r e d  l a t e r  when a h i f t o r y  o f  a c t u a l  

subsidence i s  ava i l ab le .  
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CHAPTER 7 

C 6 SH SHAFT 

7.1 INTRODUCTION 

T h i s  chapter  presents  t h e  r e s u l t s  o f  t h e  des ign v a l i d a t i o n  program f o r  

t h e  C 6 SH sha f t .  Inc luded a r e  d iscuss ions  o f  t h e  des ign c r i t e r i a ,  

des ign  bases and des ign c o n f i g u r a t i o n s  p e r t a i n i n g  t o  t h e  C 6 SH 

s h a f t .  Th is  i s  f o l l owed  by i n f o r m a t i o n  and data f rom t h e  des ign  

v a l i d a t i o n  process i n c l u d i n g  t h e  da ta  c o l l e c t e d ,  i t s  ana lys i s  and 

eva lua t i on .  and p r e d i c t i o n s  rega rd ing  f u t u r e  behavior  o f  t h e  s h a f t  

l i n e r  and key and t h e  rock  s t r a t a  surrounding t h e  sha f t .  Conclusions 

and recomnendations are  presented  based on a comparison o f  t h e  r e s u l t s  

o f  t h e  des ign v a l i d a t i o n  process w i t h  t h e  re fe rence design. 

7.2 DESIGN 

Th is  sec t i on  presents t h e  des ign  c r i t e r i a  and des ign bases used t o  

develop t h e  reference des ign  f o r  the C h SH s h a f t .  The c o n f i g u r a t i o n  

o f  t h e  s h a f t  i s  discussed i n  Chapter 3. subsect ion 3.3.1. 

- 

7.2.1 Desiqn C r i t e r i a  

The Design C r i t e r i a  document ( r e f .  2-8) conta ins  t h e  general. concepts 

t h a t  were used as a guide f o r  des ign  o f  t h e  W I P P  underground openings. 

Table 2-1 sumnarizes those des ign  c r i t e r i a  elements t h a t  27: Lo be 

eva lua ted  by t h e  des ign v a l i d a t i o n  process. The f o l l o w i n g  d i scuss ion  

prov ides  a sumnary o f  t h e  elements t h a t  p e r t a i n  t o  v a l i d a t i o n  o f  t h e  

C 6 SH s h a f t  re fe rence design. 

The des ign c r i t e r i a  s p e c i f y  t h a t  a l l  sha f t s  s h a l l  be designed f o r  

s t r u c t u r a l  s t a b i l i t y  over an o p e r a t i n g  l i f e  o f  25 years. The des ign 

s h a l l  a l s o  consider  t h e  requirements f o r  s h a f t  decommissioning and 

sea l i ng .  Sha f t  design s h a l l  p reven t  w a l l  deformat ions which would 

i n t e r f e r e  w i t h  s h a f t  f u n c t i o n s  o r  a f f e c t  t h e  s a f e t y  o f  opera t ions  

- w i t h i n  t h e  shaf ts .  Rock suppor t  s h a l l  be used as requ i red  t o  l i m i t  

rock deformat ions and t o  p revent  loosen ing  and f a i i o u t  o f  w a l l  rock.  
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The time-dependent d iamet r i c  c losu re  o f  t h e  sha f t s  due t o  creep s h a l l  

be considered i n  t h e i r  des ign.  The s h a f t s  s h a l l  be designed so t h a t  

t h e  minimum dimensions requ i red  f o r  s h a f t  f unc t i ons  a r e  mainta ined 

th roughout  t h e  opera t i ng  l i f e  o f  t h e  f a c i l i t y .  P rov i s ions  f o r  

ins t ruments  t o  measure c l o s u r e  s h a l l  be i n c l u d e d  i n  t h e  design. 

A 

Ground-uater f l o w  i n t o  t h e  sha f t s  s h a l l  be c o n t r o l l e d  so t h a t  no 

u n c o n t r o l l e d  ground water  reaches t h e  f a c i l i t y  l e v e l  v i a  t h e  s h a f t s .  

Ground-water pressures and i n f l o w s  s h a l l  be measured throughout  t h e  

c o n s t r u c t i o n  pe r iod  and opera t i ng  l i f e  o f  t h e  s h a f t .  

S h a f t  des ign  s h a l l  cons ider  t h e  requi rements o f  decomnissioning and 

b a c k f i l l i n g  upon t e r m i n a t i o n  o f  opera t ions .  The des ign s h a l l  

accomnodate t h e  need t o  u l t i m a t e l y  sea l  p o t e n t i a l  pathways between t h e  

s to rage  f a c i l i t y  and t h e  biosphere.  

The s h a f t  l i n e r  s h a l l  be designed t o  h e l p  ensure t h a t  the  s h a f t  

d imensions remain w i t h i n  t h e  l i m i t s  requ i red  f o r  s h a f t  func t ions ,  - 
p r e v e n t  ground-water f l o w  i n t o  t h e  s h a f t ,  p r o t e c t  w a l l  rock f rom 

d e t e r i o r a t i o n ,  and prec lude t h e  r i s k  o f  r o c k f a l l  f rom t h e  s h a f t  w a l l s .  

The s h a f t  s t a t i o n s  s h a l l  be designed t o  p rov ide  s t r u c t u r a l l y  s t a b l e  

excavat ions  and p i l l a r s .  Deformations o f  excavat ions and p i l l a r s  s h a l l  

remain w i t h i n  t h e  l i m i t s  requ i red  f o r  s t r u c t u r a l  func t ions ,  v e n t i l a t i o n  

and sa fe ty .  The excavat ion des ign s h a l l  ma in ta in  t h e  minimum 

dimensions requ i red  f o r  t h e  opera t i ng  l i f e  o f  t h e  opening by  
accomnodating c losure .  Closure r a t e s  used f o r  des ign  s h a l l  be 

conf i rmed o r  mod i f i ed  by inst rument  observat ions i n  t h e  excavat ions.  

Rock b o l t s  s h a l l  be used where necessary t o  p rov ide  suppor t  o f  t h e  roo f  

and w a l l s .  

7 . 2 . 2  Desian Bases 

The Desian Basis. Exp lo ra to ry  Sha f t  ( r e f .  2-10) and t h e  Oesiqn Basis, 

E x p l o r a t o r v  Shaf t  Geomechanical I ns t rumen ta t i on  ( r e f .  2-12) were t h e  

p r imary  documents used as a bas is  f o r  des ign o f  t h e  C h SH s h a f t .  
These documents, descr ibed i n  Chapter 2, prov ided t h e  d e t a i l e d  des ign 
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requirements f o r  t h e  C 6 SH sha f t .  Table 711 s u m r i z e s  those des ign 

bas is  elements wh ich  a r e  t o  be evaluated by  t h e  des ign  v a l i d a t i o n  

process. The f o l l o w i n g  d i scuss ion  prov ides a sumnary o f  t h e  major  

design bases f o r  t h e  C 6 SH s h a f t .  Not a l l  o f  t hese  bases r e q u i r e  

eva lua t i on  as seen by  comparing t h e  d iscuss ion  w i t h  Tab le  7 - 1 .  

The design bases s p e c i f y  t h a t  t h e  C 6 SH s h a f t  sha l l  be designed t o  

p rov ide  access f o r  personnel  and equipment t o  excavate and operate t h e  

underground f a c i l i t y  and t o  p rov ide  a means by which t h e  excavated s a l t  

can be t r a n s p o r t e d  t o  t h e  surface. It s h a l l  a l s o  serve as t h e  

v e n t i l a t i o n  i n t a k e  s h a f t .  

The s h a f t  l i n e r  s h a l l  be made o f  s t r u c t u r a l  s t e e l  and have an i n s i d e  

d iameter  o f  10 f e e t .  The remainder o f  t h e  s h a f t  s h a l l  be u n l i n e d  and - 
have an approximate d iameter  of 11 f e e t  8 inches. The s t e e l  l i n e r  

s h a l l  extend f rom 1 f o o t  above t h e  ground su r face  t o  t h e  t o p  o f  t h e  

s a l t  f o rma t ion  a t  a depth o f  approximately 850 f e e t .  The pr imary  

m a t e r i a l s  used t o  l i n e  t h e  s h a f t  s h a l l  be cement g r o u t ,  s t e e l  casing, 

corrugated meta l  p i p e ,  s t r u c t u r a l  s t e e l  and r e i n f o r c e d  concre te .  

c 

The l i n e r  s h a l l  p r o t e c t  aga ins t  sloughing, f a l l o u t  and d e t e r i o r a t i o n  of 

t h e  rock fo rmat ions  and s h a l l  prevent  water seepage i n t o  t h e  sha f t .  It 

s h a l l  have a smooth i n n e r  sur face  t o  reduce a i r  f r i c t i o n .  The l i n e r  

s h a l l  be designed f o r  temporary i n s t a l l a t i o n  loads  and permanent 
loads. The permanent load s h a l l  c o n s i s t  o f  a h y d r o s t a t i c  l a t e r a l  

pressure s t a r t i n g  250 f e e t  below t h e  ground su r face  and extending t o  

approx imate ly  837 f e e t  below t h e  surface. Rock pressure  s h a l l  n o t  be 

used as a f a c t o r  i n  t h e  des ign ana lys is .  I n s t a l l a t i o n  loads t o  be 

considered s h a l l  be t h e  compressive and t e n s i l e  f o r c e s  r e s u l t i n g  f rom 

l a t e r a l  p ressure  due t o  unequal he ights  o f  d r i l l i n g  f l u i d  du r ing  t h e  

var ious stages o f  i n s t a l l a t i o n .  

During s h a f t  d r i l l i n g ,  ground-water f l ow  i n t o  t h e  s h a f t  s h a l l  be 

determined. I f  t h e  amount o f  ground water  e n t e r i n g  t h e  s h a f t  is  
determined t o  be unacceptable by t h e  DOE Con t rac t i ng  O f f i c e r ,  approved 

c 
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Table 7-1 

VALIDATION ELEMENTS OF C 6 SH SHAFT DESIGN BASES 

(1) Shaft Liner 

a. Hydrostatic pressure is considered to start 250 feet below the 

b. Water shall be prevented from flowing down the unlined shaft 

ground surface and extend to the top of the key. 

from behind the liner. 

(2) Shaft Key 

a. Key shall be designed to resist the lateral pressure from the 
salt. (Assumed to be 75 percent of the overburden pressure.) 

b. Key shall be designed to resist the hydrostatic pressure from 
above the salt. 

(3) Unlined Section 
. .  

Provide 11-foot &inch diameter to allow for future salt creep 
deformation. 
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c o r r e c t i v e  a c t i o n  s h a l l  be taken t o  c o n t r o l  t h e  water  i n f l o w .  The 

b a s i s  f o r  de termin ing  i f  t h e  amount o f  ground water  f l o w i n g  i n t o  t h e  

s h a f t  i s  unacceptable s h a l l  be i f  t h e  i n f l o w  exceeds an amount which 

can be t o l e r a t e d  w i t h o u t  app rec iab l y  a l t e r i n g  t h e  d r i l l i n g  f l u i d  

c h a r a c t e r i s t i c s  as approved by  t h e  DO€ Cont rac t i ng  O f f i c e r .  

The s h a f t . k e y  s h a l l  be co f ls t ruc ted  using r e i n f o r c e d  concrete and w i l l  
se rve  as the t r a n s i t i o n  element between t h e  l i n e d  and the  un l i ned  

sec t i ons  o f  t h e  sha f t .  It s h a l l  r e t a i n  t h e  rock fo rma t ion  and s h a l l  be 

p rov ided  w i t h  chemical water  sea ls  and a water  c o l l e c t i o n  r i n g  w i th  

d r a i n s  t o  p revent  water  f rom f l o w i n g  f rom behind t h e  l i n e r  down t h e  

u n l i n e d  s h a f t .  The key s h a l l  be designed t o  r e s i s t  l a t e r a l  pressure 

generated by  s a l t  creep, rock and s o i l  overburden, and by h y d r o s t a t i c  

p ressure  f rom above t h e  s a l t .  The des ign  l a t e r a l  pressure was se lec ted  

as 7 5  percent  o f  t h e  overburden pressure  based on t h e  c o n f i g u r a t i o n  o f  

mine s h a f t s  i n  t h e  v i c i n i t y  o f  t h e  WIPP.  These s h a f t s  genera l l y  have a 

conc re te  l i n e r  t h a t  i s  t h i n n e r  and t h a t  extends t o  a g rea te r  depth than 

t h e  s h a f t  key a t  t h e  WIPP. Most o f  .these s h a f t s  a r e  a t  l e a s t  25 years 

o l d  and show no s i g n i f i c a n t  d e t e r i o r a t i o n  o r  s t r u c t u r a l  i n s t a b i l i t y .  

- 

No l i n e r  o r  w i r e  mesh i s  planned f o r  t h e  s e c t i o n  o f  t h e  s h a f t  i n  t h e  

Salado fo rmat ion .  However, i f  f i e l d  c o n d i t i o n s  requ i re ,  rock b o l t s  and 

w i r e  mesh may be i n s t a l l e d  i n  zones o f  f r a c t u r e d  s a l t .  

The s h a f t  s t a t i o n  excavat ion s h a l l  be t h e  minimum requ i red  t o  meet t h e  

o p e r a t i o n a l  and s a f e t y  requirements i n  t h e  s h a f t  p i l l a r  area o f  t h e  

waste s to rage l e v e l .  Supports o f  underground workings s h a l l  comply 

w i t h  Federal  and New Mexico codes. The use o f  rock  b o l t s  and w i r e  mesh @ .  i n  s p e c i f i c  areas s h a l l  be determined by excavat ion  cond i t i ons  and code 

requi rements.  The r o o f ,  w a l l s  and f l o o r  s h a l l  be checked p e r i o d i c a l l y  

f o r  loose s a l t  i n  accordance w i t h  a p p l i c a b l e  codes. 

The bot tom o f  the  s h a f t  s h a l l  extend below t h e  f a c i l i t y  l e v e l  t o  

a c c o n o d a t e  t h e  s a l t  handl ing equipment and a sump t o  c o l l e c t  water  
t h a t  migh t  e n t e r  t h e  sha f t .  Should t h e  s t r a t i g r a p h y  o f  the f a c i l i t y  
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level be unsuitable for waste storage, the shaft bottom may be lowered 
to reach a more suitable stratigraphy. 

Geomechanical instruments shall be provided to measure radial 
convergence (closure) of the shaft, water pressure behind the liner, 
salt creep, forces on the concrete key, and the variation of load on 
rock bolts. The type of instruments installed shall be strain gauges, 
pressure cells, piezometers, stressmeters. extensometers. load cells 
and radial convergence points. 

The shaft liner, key, unlined section and furnishings shall be 
inspected at approximately 1 month intervals. or lesser intervals as 
required, to detect cracking, corrosion, deterioration and water 
intrusion. 

7.3 DESIGN VALIDATION PROCESS 

The design validation process for the C h SH shaft consists of data 
collection. analysis and evaluation, and predictions of future 
behavior. The following discussions of each of these activities have 
been divided into four sections: the lined section of the shaft; the 
shaft key; the unlined section; and the shaft station. This division 
is based on the different in situ and design conditions in each of 
these areas. 

7.3.1 .Data Collection 

Data collection in the C 6 SH shaft has consisted of geologic 
mapping, visual inspections and geomechanical instrument measurements. 
The results of shaft mapping have been discussed in Chapter 6. Field 
observations and the geomechanical instrumentation program are 
discussed i n  the following subsections. 

7.3.1.1 Lined Section 

Field Observations. The C h SH shaft has been inspected on a regular 
basis since i t s  construction. During the facility level construction 

&-$J 

-.. 
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phase. the mining contractors conducted weekly shaft inspections for 
safety and shaft maintenance. These weekly inspections are being 
continued by the facility operator. 

Site geologists inspect the shaft at approximately 6-month intervals. 
These inspections provide geotechnical evaluations of the condition o f  

the shaft, and of instrument .conditions and their performance. Shaft 
inspections were performed on the following dates: August 29. October 
1 ,  October 5. October 22, November 19 and December 3. 1983; June 2, 
June 21. October 13 and November 12, 1984; and April 9 and December 9, 
1985. The results of these inspections are presented i n  the GFDRs. 

Geomechanical Instrumentation-. Nine sets of radial convergence points 
were installed in the C & SH shaft between July 7 and 17, 1982. Two 
additional sets were installed on October 8, 1982. Five of these 1 1  
sets were installed in the lined section of the shaft (Figure 7-1). 
Plots of the convergence point data from the lined section are 
presented in Appendix J. Figures 5-205 through 5-209. 

c_ 

Ten piezometers were installed i n  the lined section of the C & SH 

shaft above the shaft key between J u l y  10 and 17. 1982 (Figure 7-1). 
Two piezometers each are at elevations of 2830. 2790, 2719, 2684 and 
2608 feet. All of these piezometers are in the Rustler formation. The 
piezometers at elevbtions of 2790 and 2684 feet are i n  the 
water-bearing dolomite members, the Magenta and Culebra, respectively. 
Graphic plots of piezometer data are presented in Appendix J, Figures 
5-34 through 5-44. The piezometers are dual-component instruments 
containing a vibrating-wire gauge and a pneumatic gauge. The 
vibrating-wire gauge is the principal instrument used t o  measure water 
pressure. The pneumatic gauge is used for initial calibration and 
periodic performance checks on the vibrating-wire units. The 
vibrating-wire piezometers were connected to the datalogger on 
October 30, 1982. The pneumatic units can only be read manually at the 

c instrument location; however, most of the pneumatic units are no longer 
functioning. 
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c The s h a f t  i ns t rumen ta t i on  has had a h i s t o r y  o f  damage. Convergence 

p o i n t s  and e s p e c i a l l y  piezometers a r e  s u s c e p t i b l e  t o  damage from 

f a l l i n g  o b j e c t s  and c o n s t r u c t i o n  a c t i v i t i e s .  Damage i n  t h e  l i n e d  

s e c t i o n  o f  t h e  s h a f t  has g e n e r a l l y  cons i s ted  o f  sheared data cables,  

sheared o r  bent  convergence p o i n t s ,  broken j u n c t i o n  boxes and water  

damage. 

Water i n t r u s i o n  has been a major  problem w i t h  most o f  t h e  s h a f t  

i ns t rumen ts  and c o n t r o l  systems. One wa te r  source has been t h e  holes 

d r i l l e d  i n t o  t h e  s t e e l  l i n e r  f o r  p iezometer  i n s t a l l a t i o n .  The bushing 

i n  t h e  l i n e r  through which t h e  p iezometer  was i n s t a l l e d  d i d  no t  have 

tapered threads,  making i t  d i f f i c u l t  t o  sea l  t h e  h o l e  i n  t h e  l i ne r .  

Leakage th rough these holes has g e n e r a l l y  occur red  a t  some t ime i n  

t h e i r  h i s t o r y .  It was e s p e c i a l l y  d i f f i c u l t  t o  e f f e c t  a seal  when a 

p iezometer  was r e i n s t a l l e d  a f t e r  be ing  r e p a i r e d  due t o  o the r  damage. 

Water t r i c k l i n g  down t h e  l i n e r  f rom around these bushings has sometimes 

en tered  damaged f i b e r g l a s s  j u n c t i o n  boxes and t e r m i n a l  boxes through 

' c racks.  Water has a l s o  seeped i n t o  t h e  c o n d u i t  connect ing piezometers 

w i th  t h e  neares t  j u n c t i o n  box. Th is  w a t e r  has corroded te rm ina l  b locks  

and seeped down cables connect ing lower  t e r m i n a l  boxes. 

A second wa te r  source has been r a i n f a l l .  Dur ing  pe r iods  o f  heavy ra in ,  

water  runs down t h e  s h a f t  a long t h e  su r face  o f  t h e  l i n e r .  This water  

can e n t e r  t e r m i n a l  boxes broken by impact  o r  c o n s t r u c t i o n  a c t i v i t i e s .  

Once i n  t h e  boxes, i t  causes co r ros ion  and cab le  damage. 

A g r e a t  deal  o f  e f f o r t  has been exer ted  c o r r e c t i n g  these problems. 

Sh ie lds  were p laced over boxes, c a b l e s  were rep laced and rerouted,  and 

piezometers were repa i red  and sealed as w e l l  as poss ib le .  These 
measures improved performance somewhat, b u t  problems s t i l l  e x i s t .  The 

da ta  acqu i red  f rom the  inst ruments i s  cons idered v a l i d ,  b u t  must be 

i n t e r p r e t e d  i n  l i g h t  o f  t h e  var ious  i n t e r r u p t i o n s  i n  data mon i to r ing .  

The s p e c i f i c  d e t a i l s  o f  ins t rument  damage a r e  updated i n  every GFDR, 
c 

p a r t i c u l a r l y  i n  t h e  tab les  o f  ope ra t i ng  h i s t o r i e s .  -- 

I f  

'. .../ 
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7.3.1.2 Shaft Key 

Field Observations. The shaft inspections conducted on October 1 and 
November 19. 1983. June 2 and October 13. 1984, and April 3 and 
December 9. 1985. paid particular attention to the shaft key. The 
design o f  the key provides a means to determine if any water from the 
water-bearing zones in the Rustler forination is flowing behind the 
key. This situation. if it existed, could cause dissolution of the 
salt around the key resulting in eventual structural instability. 

During inspection of the shaft key. the condition of four telltale 
drains that connect to a French drain behind the key is observed. Any 
moisture in the drains is noted. Similarly. other capped pipes (those 
for' possible future injection of grout and those originally used for 
chemical seal injection) are checked for accumulated water. The 
interface between the salt and the bottom of the key receives 
particular attention. 

The latest geotechnical inspection of the shaft key was made on - 
December 9. 1985. The four telltale drains at the key were inspected 
and cleaned. Only the hole on the northwest side of the shaft was 
weeping, resulting in salt accumulation on the terminal box below. 
After chipping off this salt, a small amount of liquified chemical seal 
material began oozing out o f  the telltale. Inspection of the bottom of 
the key showed no evirjonce of seepage below the concrete. 

Geomechanical Instrumentation. Twenty-four embedment strain gauges, 16 
spot-welded strain gauges. and 4 pressure cells were installed in the 
C h SH shaft key from April 1 1  to 17, 1982. Two piezometers were 
installed in the shaft key on July 10, 1982. The locations of these 
instruments are shown on Figure 7-2. All instruments were read 
manually until they were connected to the datalogger system on 
October 30, 1982. Appendix 5 contains plots of the data from these 
instruments. Piezometer data are presented on Figures 5-44 and 5-45. 
Figures 5-54 through 5-57 present pressure cell data. The strain gauge 
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The instruments for monitoring the shaft key, and especially their 
electrical boxes and cables, have had the same performance problems as - 
the piezometers and convergence points i n  the lined section above. The 
two key piezometers have been damaged and repaired repeatedly. 

The major problem in the key has been water damage inside the various 
electrical boxes. The worst damage was in termination cabinet LTC-1. 
Water seeping down inside cables connected to water-damaged boxes in 
the lined section of the shaft corroded the terminals in the LTC. 
LTC-1 links the piezometers. strain gauges and pressure cells to the 
surface datalogger. Several attempts were made to repair the LTC 
components. The components were permanently removed in October 1984 in 
order to avoid further damage. The shaft instrumentation system is 
schedulpd for an overhaul during a future construction contract. 
Meanwhile. all LTC-1-controlled instruments are read manually during 
shaft inspections. 

The terminal boxes for the pressure cells and strain gauges have also 
been damaged. Initial damage was to the fiberglass boxes and data 
cables as they were struck by falling objects and construction 
materials traveling on the shaft conveyance. Subsequent damage was by 
water seeping into the boxes. The boxes and cables have been repaired 
numerous times. 

Detailed accounts of instrument damage are presented in the GFORs, 
particularly in the tables of operating histories. The GFORs also 
discuss data collection, data plots and interpretative problems with 
the C h SH shaft key instruments. 

7-3.1.3 Unlined Section 

Field Observations. Shaft inspections include observations of the 
unlined section of the C h SH shaft. This section of the shaft 
consists of exposed salt forming a smooth wall. The inspections 
consist primarily of determining i f  any spalling or fracturing of the 
salt is occurring 
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The u n l i n e d  s e c t i o n  was inspected t o  a depth  o f  2,057 f e e t  (e lev .  1353 

f e e t )  on December 9. 1985. One n e a r - v e r t i c a l  f r a c t u r e  was observed on 

t h e  west s i d e  o f  t h e  s h a f t  between a depth o f  1,021 f e e t  and 1.043 f e e t  

(e lev .  2389 f e e t  and 2367 f e e t ) .  It ranged f rom c losed t o  l ess  than 

1/4- inch wide a t  t h e  w a l l  su r face  and extended about 10 f e e t  i n  

length .  It d i d  n o t  appear on t h e  e a s t  s i d e  o f  t h e  sha f t .  Previous 

s h a f t  mapping showed t h e  presence o f  h a l i t e - f i l l e d  v e r t i c a l  f r a c t u r e s  

i n  a n h y d r i t e  f rom a depth o f  approx imate ly  1,023 f e e t  t o  1,038 f e e t  

(e lev .  2387 f e e t  t o  2372 f e e t ) .  The f r a c t u r e  observed appears t o  be 

one o f  those p r e v i o u s l y  mapped. S a l t  b l i s t e r s  and p r e c i p i t a t e  were 

noted i n  va r ious  areas commonly assoc ia ted  w i t h  c l a y  l aye rs .  The most 

n o t a b l e  area was a 4-fOOt zone around t h e  e n t i r e  s h a f t  c i rcumference 

from a depth of approximately 1,038 f e e t  t o  1,042 f e e t  (e lev .  2372 f e e t  

t o  2368 f e e t ) .  

Geomechanical Inst rumentat ion.  Nine boreho le  extensometers were 

i n s t a l l e d  i n  t h e  un l i ned  sec t i on  o f  t h e  C & SH s h a f t  between J u l y  6 

c and 8. 1982. These extensometers a r e  ar ranged i n  three- inst rument  

a r rays  a t  e l e v a t i o n s  o f  2337 f e e t ,  1846 f e e t  and 1353 f e e t  (F igu re  

7-3). Readings were taken manual ly  u n t i l  t h e  extensometers were 

connected t o  t h e  data logger  system i n  October 1982. 

The extensometers a r e  t h e  m u l t i p l e - p o i n t .  sonic-probe t ype  c o n s i s t i n g  

o f  f o u r  anchors. The anchors f o r  each extensometer were s e t  a t  depths 

of  4. 9. 18 and 36 f e e t .  The c o l l a r  o f  t h e  extensometers was recessed 

1 f o o t  i n t o  t h e  s a l t .  Data p l o t s  f o r  t h e  extensometers a r e  presented 

i n  Appendix 3. F igures  3-116 through 3-124. 

The extensometers have n o t  been damaged as much as t h e  o the r  

ins t ruments  i n  t h e  s h a f t .  The i r  o p e r a t i n g  h i s t o r i e s  r a r e l y  show any 

i n t e r r u p t i o n  i n  the  data.  This  l a c k  o f  damage i s  a r e s u l t  o f  severa l  

f a c t o r s .  The d iameter  o f  t h e  un l i ned  s h a f t  i s  2 f e e t  g rea te r  than t h a t  
o f  t h e  key o r  l i n e d  sect ion.  The ins t rumen ts  a r e  recessed and 

t h e r e f o r e  n o t  suscept ib le  t o  damage f rom f a l l i n g  ob jec ts .  The 
extensometers a r e  connected t o  LTC-2 and LTC-3, which a r e  n o t  d i r e c t l y  

h 

/--. 
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l i n k e d  t o  LTC-1 and t h e  piezometers.  Thus, water  damage has n o t  been a 

problem. 

S i x  se ts  o f  r a d i a l  convergence p o i n t s  a r e  l oca ted  i n  t h e  u n l i n e d  

s e c t i o n  o f  t h e  sha f t .  These p o i n t s  have a h i s t o r y  o f  damage and 

replacement s i m i l a r  t o  t h a t  o f  t h e  o the r  convergence p o i n t s .  Th is  

h i s t o r y  i s  discussed i n  t h e  GFDRs. P l o t s  o f  t h e  convergence p o i n t  da ta  

f rom t h e  un l i ned  s e c t i o n  a r e  presented i n  Appendix J, F igu res  5-210 

th rough 5-214. Only f i v e  p l o t s  a r e  presented s ince  damage t o  t h e  s e t  

o f  p o i n t s  a t  e l e v a t i o n  1595 f e e t  prevented t h e  o b t a i n i n g  o f  r e l i a b l e  

readings. 

7.3.1.4 Sha f t  S t a t i o n  

F i e l d  Observations. S i t e  g e o l o g i s t s  mon i to r  t h e  de format iona l  behav io r  

o f  t h e  C h SH s h a f t  s t a t i o n  on a r e g u l a r  bas is .  P a r t i c u l a r  a t t e n t i o n  

i s  g i ven  t o  f o u r  aspects o f  movement o r  f a i l u r e :  r o o f  and w a l l  - s p a l l i n g ;  f r a c t u r i n g  a t  p i l l a r  corners;  r o o f  d isplacements and 

separat ions;  and f l o o r  d isp lacements,  separat ions and f r a c t u r i n g .  The 

observat ions are  recorded a t  l e a s t  every 3 months and have been 

pub l ished i n  each GFDR s i n c e  t h e  February 1984 issue. 

A d e s c r i p t i o n  o f  t h e  C 6 SH s h a f t  s t a t i o n  excavat ion and r o o f  suppor t  

methods were presented i n  Chapter 3. The f a i l u r e  o f  res in-anchored 

rock b o l t s  i n s t a l l e r !  i n i t i a l l y  i n  t h e  s h a f t  s t a t i o n  r o o f  has been 

a t t r i b u t e d  t o  a combinat ion o f  t h e  f o l l o w i n g  f a c t o r s :  

(1) t h e  r e s i n  f i r m l y  h e l d  t h e  b o l t  shank i n  p lace  and s a l t  c reep 

caused f a i l u r e  a t  t h e  f i r s t  weak p o i n t ;  ,- -- 
( 2 )  improper b o l t  i n s t a l l a t i o n  r e s u l t e d  i n  damage t o  t h e  th readed 

sec t i on  o f  t h e  b o l t  ( improper  torque and lack  o f  beveled or 
spher i ca l  washers); and 

/ 
/ 

1 \) 

( 3 )  c o n t r i b u t i n g  f a c t o r s  such as co r ros ion  and hydrogen 

embri t t l  emen t . 
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Rock b o l t s  i n s t a l l b d  t o  rep lace  t h e  f a i l e d  b o l t s ,  and subsequent b o l t  

i n s t a l l a t i o n s ,  used mechanical anchors.  As t h e  load on these b o l t s  

inc reases  due t o  s a l t  creep, t h e  anchor y i e l d s  by s l i p p i n g  i n  t h e  

ho le .  Al though t h i s  s l i p p i n g  i s  n o t  d e s i r a b l e  f o r  the  roo f  suppor t  o f  

underground openings i n  hard rock ,  i t  prov ides  more c o n t r o l  than r i g i d  

anchors t h a t  do n o t  y i e l d  bu t  i n s t e a d  produce sudden b o l t  f a i l u r e  as a 

r e s u l t  o f  t h e  s t ress  created by  c r e e p i n g  s a l t .  The s l i p p i n g  reduces 

t h e  load on t h e  b o l t ,  thus reduc ing  t h e  p o t e n t i a l  f o r  b o l t  f a i l u r e ,  b u t  

a l l ows  cont inued roo f  suppor t  and prevents  sudden roo f  f a l l s .  Each 

mechanical-anchor rock b o l t  suppor ts  a load t h a t  i s  less than i t s  

capac i ty ,  b u t  t h e  aggregate suppor t  p rov ided  by  a l l  o f  t h e  rock b o l t s  

i n  a p a t t e r n  i s  more than adequate f o r  p o s i t i v e  ground c o n t r o l .  The 

exper ience a t  W I P P  shows t h a t  t h e  mechanical-anchor rock b o l t s  per fo rm 

w e l l  i n  creeping s a l t  i f  p e r i o d i c a l l y  inspec ted  gnd maintained. 

- 

The s t a t i o n  roo f  and w a l l s  have e x h i b i t e d  cont inual '  s labb ing  and 

s p a l l i n g  which has requ i red  p e r i o d i c  sca l ing .  Wire mesh has been 

fragments. 

i n s t a l l e d  over  t h e  e n t i r e  s t a t i o n  r o o f  t o  con ta in  any small, loose s a l t  - 

V e r t i c a l  f r a c t u r e s  have developed i n  t h e  p i l l a r  corners a t  t h e  S90 

crosscut .  The c o n d i t i o n  o f  these f r a c t u r e s  has been monitored and t h e  

r e s u l t s  repor ted  on a r e g u l a r  bas i s  i n  t h e  GFDRs. A d iscuss ion  o f  

f r a c t u r i n g  a t  p i l l a r  corners i s  p resented  i n  Chapters 10 and 11. 

Displacements, separat ions and f r a c t u r e s  have been detected i n  

boreholes d r i l l e d  i n t o  t h e  s t a t i o n  r o o f  and minor  separat ions have been 

de tec ted  i n  some holes d r i l l e d  i n t o  t h e  s t a t i o n  f l o o r .  Separat ions and 

f r a c t u r i n g  a t  c l a y  G and i n  t h e  u n d e r l y i n g  h a l i t e  were detected s h o r t l y  

a f t e r  t h e  i n i t i a l  s t a t i o n  excavat ion .  Hor i zon ta l  displacements have 

been observed i n  var ious boreholes d u r i n g  t h e  pas t  2 years. 

I n  May and June 1986, 20 boreholes were d r i l l e d  i n  f o u r  a r rays  i n  t h e  

s h a f t  s t a t i o n  t o  f u r t h e r  i n v e s t i g a t e  t h e  ex ten t  of separat ions and 
' f r a c t u r i n g  i n  t h e  roof  and f l o o r .  Th is  d r i l l i n g  was conducted as p a r t  - 



of a program t o  character ize  excavation e f f ec t s  in  the s a l t  surrounding 
the openings and par t icu lar ly  i n  MB-139. T h i s  program i s  discussed 
more f u l l y  i n  Chapters 10 and 11. 

The new boreholes were inspected f o r  the exis tence of separations and 

f rac tures .  Existing holes were inspected f o r  horizontal 
displacements. The probe used f o r  t h i s  inspection consisted of an 
aluminum rod w i t h  a 1/16-inch thick nail  at tached perpendicular t o  one 
end. When applying moderate pressure, the na i l  snags on the borehole 
wall i f  a separat ion,  f r ac tu re ,  or c l ay  seam i s  encountered. The 
separation i s  considered t o  be less t h a n  1/16 inch wide i f  t h e  nail 
catches on, b u t  does not penetrate t h e  hole wal l .  If the  separation a t  
the wall sur face  i s  a t  l e a s t  the nai l  w i d t h  (approximately 1/16 inch) 
there wi l l  be a s l i g h t  penetration, If t h e  separat ion i s  larger ,  the 
nai l  penetrates  i t s  e n t i r e  1/2-inch length i n t o  the wall. When the 
probe catches on the  hole wall ,  the fea ture  i s  probed on a l l  sides of 
the  hole. T h i s  ensures t h a t  i t  i s  a continuous fea ture  and not a clay 
pocket or  an imperfection caused by the  d r i l l i n g .  

- 
Fracture zones, anhydrite beds. or  clay seams were sometimes ident i f ied 
by picking o u t  pieces o f  t h e  material w i t h  the probe n a i l .  An estimate 
of t h e i r  ve r t i ca l  dimension was made by moving the probe rod u p  and 

down within the  l imi t s  of the  feature .  0cca.ssionally a s l i gh t  
penetration occurred a t  the clay seams due  t o  a very small separation 
o r  penetration i n t o  the  s o f t e r  clay.  

In the a r r ay  of holes d r i l l e d  n o r t h  o f  the s h a f t ,  no separations o r  
f rac tures  were detected in the roof. In the t w o  arrays d r i l l ed  south 
of the  sha f t ,  multiple separations and f r a c t u r e s ,  ranging from 
approximately 1/16 inch t o  4 inches wide, were found in most of the 
roof holes within the h a l i t e  below clay G .  Many of the  f ractures  occur  
within 3 fee t  of the roof. Some separation and f rac tur ing  appears t o  
be associated with clay G based on data from o t h e r  holes in the s ta t ion  

I area and from the central  roof holes in the  two arrays,  b u t  no 
s ign i f i can t  occurrence appears t o  have developed in the holes c loses t  
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t o  t h e  s t a t i o n  w a l l s .  A separat ion,  l ess  than 1/16 i n c h  wide was 
detected i n  o n l y  one r o o f  h o l e  beyond a depth o f  4 f e e t .  

Only a few separa t i ons  o r  f rac tu res ,  l ess  than 1/8 i n c h  wide, were 

detected i n  t h e  c e n t r a l  f l o o r  ho le o f  the  ho le  a r r a y  d r i l l e d  n o r t h  o f  

t h e  sha f t .  Some separa t ions  and f rac tu res ,  l e s s  than  1/16 i n c h  t o  1 

i n c h  wide, were de tec ted  i n  t h e  two f l o o r  ho le  a r r a y s  d r i l l e d  south o f  

t h e  sha f t .  These occurrences were i n  WE-139 and t h e  o v e r l y i n g  h a l i t e .  

E s s e n t i a l l y  no separa t i on  uas encountered a t  c l a y  E a t  t h e  base o f  

H8-139. Holes d r i l l e d  around t h e  edge o f  t h e  e l e c t r i c a l  subs ta t i on  

concrete base s l a b  foundat ion  t o  i n v e s t i g a t e  a p o t e n t i a l  source o f  i t s  
t i l t i n g  encountered o n l y  smal l  sca t te red  separa t ions .  The t o t a l  

accumulatad v e r t i c a l  separa t ion  i s  est imated t o  be l e s s  than  1/2 inch .  

Geomechanical Ins t rumenta t ion .  As i n  o the r  areas o f  t h e  underground 

f a c i l i t y ,  a s u i t e  o f  geomechanical inst ruments was i n s t a l l e d  i n  t h e  

C 6 SH s h a f t  s t a t i o n  (F igu re  7-4). The o r i g i n a l  i ns t rumen ta t i on  

des ign cons is ted  o f  6 rock  b o l t  load c e l l s ,  3 boreho le  extensometers, 

and 2 se ts  o f  convergence po in ts .  These ins t ruments  were i n s t a l l e d  

between June 30 and November 16. 1982. Subsequently, 4 extensometers, 

4 l a t e r a l  movement gauges, 3 convergence p o i n t  se ts ,  and 1 s e t  o f  w a l l  

shor ten ing  p o i n t s  were i n s t a l l e d  between January 8 and February 3, 

1983. The purpose o f  t h i s  second s u i t e  o f  ins t ruments  was p r i m a r i l y  t o  

mon i to r  any v e r t i c a l  o r  l a t e r a l  movement o f  t h e  imned ia te  r o o f  i n  t h e  

C 6 SH s h a f t  s t a t i o n .  The imnediate s t a t i o n  r o o f  c o n s i s t s  o f  a 

"beam" o f  s a l t  r e s u l t i n g  from separat ion a long t h e  t h i n  c l a y  seam 

beneath a n h y d r i t e  "a"  . South o f  the  sha f t  t h i s  beam i s  about 3 t o  4 

1 /2 f e e t  t h i c k ,  w h i l e  n o r t h  o f  the  s h a f t  it i s  about  7 f e e t  t h i c k .  

Chapter 3. Sec t i on  3.2, presents  a b r i e f  d iscuss ion  o f  t h e  underground 

f a c i l i t y  h o r i z o n  s e l e c t i o n  and t h e  r e s u l t i n g  l o c a t i o n  o f  t h e  s t a t i o n  

w i t h  respect  t o  o v e r l y i n g  and under ly ing  c l a y  seams and anhydr i t e  

l aye rs .  

The data p l o t s  f o r  t h e  C 6 SH s h a f t  s t a t i o n  a r e  presented i n  
Appendix J. F igures  3-146, 5-147, 5-163, and 5-170 th rough 5-173 show - 
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t h e  extensometer data. Convergence p o i n t  da ta  a r e  presented on F igu res  

J-188 th rough 5-194 and rock b o l t  l oad  c e l l  da ta  a r e  shown on F igu res  

3-192 th rough 5-197. 

I 

Four l a t e r a l  movement gauges were i n s t a l l e d  i n  t h e  roo f  o f  t h e  

s t a t i o n .  These were in tended t o  measure l a t e r a l  d isplacement o f  t h e  

s a l t . a b o v e  anhydr i t e  “b’. However, t h e  l a t e r a l  movement measurements 

were d i s t o r t e d  by t h e  v e r t i c a l  movement of t h e  roo f  and a meaningfu l  

t r e n d  o r  p a t t e r n  i n  t h e  r e l a t i v e  d i r e c t i o n  o f  h o r i z o n t a l  movement d i d  

n o t  develop. Therefore,  read ing  o f  t h e  l a t e r a l  movement gauges was 

d i scon t inued  and the  data a r e  n o t  presented i n  t h i s  repo r t .  

7.3.2 Ana lvs is  and Eva lua t ion  

The da ta  c o l l e c t e d  f rom t h e  C h SH s h a f t  have been reviewed and 

sub jec ted  t o  s t a t i s t i c a l  ana lys i s ,  c losed form s o l u t i o n  and model 

s i m u l a t i o n  techniques f o r  e v a l u a t i o n  aga ins t  t h e  reference des ign  

parameters. The f o l l o w i n g  subsect ions present  d iscuss ions o f  these 

analyses and eva lua t ions  f o r  t h e  f o u r  sec t i ons  o f  t h e  shaf t .  

7.3.2.1 L ined Sect ion 

Observed Condi t ions.  Observat ions o f  t h e  s t e e l  l i n e r  du r ing  s h a f t  

i nspec t i ons  have detected no s igns  o f  d e t e r i o r a t i o n .  There i s  no 

i n d i c a t i o n  o f  any l i n e r  i n s t a b i l i t y  due t o  s h a f t .  deformat ion.  Water 

seepage has occurred o n l y  through t h e  p r e v i o u s l y  discussed p iezometer  

bushings. 

S t r u c t u r a l  Ana lys is .  As  a r e s u l t  o f  i nc reas ing  h y d r o s t a t i c  p ressure  

w i t h  depth, t h e  th ickness  o f  t h e  C 6 SH s h a f t  s t e e l  l i n e r  and t h e  

s i z e  and spacing o f  i t s  s t i f f e n e r  r i n g s  vary  accord ing ly .  The 

s t i f f e n e r  r i n g s  are  3- inch t h i c k  s t e e l  r i n g s  welded t o  the  o u t e r  f ace  

o f  t h e  l i n e r .  The th ickness  o f  t h e  l i n e r  and t h e  w id th  and spacing o f  

t h e  s t i f f e n e r  r i n g s  f o r  var ious  depths are :  
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Depth 
(feet) 

0.00 to 182.45 
182.45 to 362.45 
362.45 to 542.45 
542.45 to 642.45 
642.45 to 742.45 
742.45 to 842.45 

Plate 
Thickness 
{inches) 

5/8 

1 
1 
1-1 /4 
1 -3/8 
1-1 /2 

Stiffener 
Width 

jinches) 
1-1 / 2  

12 
1 1  
10-1 /2 

9 

10-1 /2 

Stiffener 
Spacing 
(feet) 

10 

10 

5 
5 
4 
4 

A structural analysis was performed for the shaft liner based on these 
depths and dimensions. The liner and stiffeners were made of A-441 
steel fabricated into 20-foot sections by f u l l  penetration bevel welds 
between the liner sections and by fillet welds between the liner and 
the stiffeners. Radiographic acceptance examinations were performed on 
all welds in accordance with the American Welding Society (AWS) (ref. 
7-1) and the ASHE Boiler and Pressure Vessel Code, Sections VIII and IX 
(ref. 7-2). 

h 

. A computer program was used to design the steel liner against elastic 
buckling between the stiffeners, elastic buckling of the combined liner 
and stiffener, and the yielding of the liner. This program was 
developed jointly by Fenix 6 Scisson and Southwest Research Institute 
and was based on Theory of Plates and Shells by 5. P. Timoshenko and 
S. Woinowsky-Krieger (ref. 7-3). 

The computational results o f  the analysis of the liner, based on the 
depths and dimensions presented above, show that the external pressure 
capacities and corresponding closure limits (maximum diametric changes) 
at the midpoint of a stiffener and at the midpoint between stiffeners 
are: 
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Depth 
(feet) 

0.00 to 182.45 
182.45 to 362.45 
362.45 to 542.45 
542.45 to 642.45 
642.45 to 742.45 
742.45 to 842.45 

Pressure 
Capacity 

( P s i )  

139 
281 
434 
518 
595 
684 

Closure Limit 
at Stiffener 

(inches) 
0.007 
0.010 
0.019 
0.030 
0.043 
0.043 

Closure Limit 

( inches 1 
0.054 
0.069 
0.108 
0.104 
0.112 
0.118 

Between Stiffeners I 

In situ hydrostatic pressures determined from piezometer readings at 
elevations of 2830. 2790, 2719. 2684 and 2608 feet (Figure 7-1) were 
compared with design pressures and the pressure capacity of the liner 
as'discussed below. 

Measured Water Pressure. Piezometers are used to monitor the 
hydrostatic pressure exerted on the steel liner by water from the two 
water-bearing zones in  the Rustler formation. Selected water pressure 
measurements are presented in Table 7-2. Because of  the piezometer - 
history of damage and leakage, the data must be used with caution. 
However, as expected, the data show a general trend of increasing 
pressure (Figure 7-5). The exceptions, 37X-PE-00211 and 37X-PE-00212, 
are discussed in the next subsection. 

As indicated in Table 7-1, the design basis hydrostatic prezsure is 
assumed to begin at. a depth of 250 feet below ground level. This 
corresponds to the potentiometric surface of the water-bearing members 
i n  the Rustler formation. The hydrostatic design pressure gradient of 
the liner in the Rustler formation is shown on Figure 7-5. Piezometer 
reading data from June 1986 indicate pressures significantly less than 
the design hydrostatic pressure. This can be explained by a 
combination of the following conditions: 

( 1 )  drawdown o f  the potentiometric surface in the vicinity of the 
shafts; 
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Table 7-2 

C & SH SHAFT LINER AND KEY 
SUMMARY OF MEASURED WATER PRESSURES ( p s i )  

PIEZOMETER NO. 37X-PE-00 

Date 201 202 203 204 205 206 207 208 209 210 211 212 
of ' Elev. Elev. Elev. Elev. Elev. Elev. 

Readinq 2830 2790 2719 2684 2608 2560 

Pressure 51 8 51 8 595 595 684 
capacity of  
liner 

Jun. 20.'83 
Dec. 3.'83 
Jun. 5,'84 
Dec. 27.'84 
Feb. 8.'85 
May 2 1 . ' 8 5  

Dee. 9.'85 
Mar. 24, '86 
Jun. 02, '86 

- Jun. 29.'85 

112 1 1 1  108 108 
96 96 100 101 
90 93 
93 95 119 119 
98 100 131 130 
90 93 84 81 
89 92 91 -** 
90 91 108 104 
101 102 - 134 
89 91 104 - 

- -  

86 86 110 104 
84 84 98 100 
79 - 90 96 
102 100 105 116 
109 105 107 117 
61 44* 105 -** 
97 -** 104 -** 
100 -** 108 -** 
107 -** 104 -** 
I00 -** 108 -** 

140 142 
137 139 
127 129 
- 152 
- 157 

146*137* 
-** -** 
-** -** 
-** -** 
-** -** 

6 12 
13 9 
5 1  
3 0  

10 7 
5 6  
4 7  

-1 -1 
-2 -4 
- -2 

- NOTE: All piezometers have leaked or suffered damage at one time or 
another. 

* Piezometer leaking. 
** Piezometer removed for repair. 
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(2) incomplete hydraulic continuity behind the liner; 

(3) water leakage through the piezometer bushings and telltales; 
and 

(4) partial plugging of the piezometer filters. 

Lowering of the potentiometric surface is primarily the result of water 
flowing into the unlined SPDV ventilation shaft and later through 
cracks i n  both the waste and exhaust shaft liners. Hydrologic testing 
at the site by SNL has also contributed to lowering the potentiometric 
surf ace. 

The annular space between the steel liner and the rock was filled with 
grout during liner installation (Chapter 3). In addition to supporting 
the liner, the grout was intended to help prevent water in the 
water-bearing zones from contacting the salt in the key area. The 
variations in water pressure at the different piezometer elevations, 
and especially the lack of a linear increase with depth, suggests that 
this objective has been at least partially achieved. The absence of 
hydraulic continuity along the rock/liner interface could prevent the 
water at individual piezometer elevations from achieving the 
anticipated pressures. 

- 

Most of the piezometers have developed leaks 'at some time in their 
history. This leakage would result i n  a drop in water pressure at the 
affected piezometer. The piezometer would then measure a water 
pressure that is lower than anticipated. The influence of the leaks on 
piezometer readings is considered to be minor because, as individual 
piezometers are repaired or bushings are sealed, the data plots do not 
show a significant change from the normal variation within the data. 

The fourth cause of variation in the pressure readings could be a ~- result of partially-plugged filters. Each piezometer contains a 
stainless steel, porous stone filter. It has been noted during their 



r e p a i r  t h a t  some f i l t e r s  a r e  p a r t i a l l y  covered w i t h  s a l t  depos i t s  and 

cor ros ion .  It i s  n o t  c l e a r  how much o f  an e f f e c t  t h i s  may have on t h e  

piezometer readings. It i s  p o s s i b l e  t h a t  t he re  i s  no e f f e c t  i f  t h e  

co r ros ion  and s a l t  d e p o s i t i o n  occur red  a f t e r  t h e  f i l t e r  was exposed t o  

t h e  atmosphere d u r i n g  p iezometer  removal. 

Closure. Closure da ta  show t h e  i n  s i t u  d iamet r i c  changes i n  t h e  l i n e r  

based on r a d i a l  convergence p o i n t  measurements a t  e l e v a t i o n s  o f  3114. 

2956. 2826 and 2680 f e e t  ( F i g u r e  7-1). These da ta  a r e  considered a 

lower  bound because t h e  i n  s i t u  readings represent  o n l y  r e l a t i v e  

c losures  s ince  t h e  f i r s t  readings were taken 329 days a f t e r  

excavat ion.  I n  a d d i t i o n  t o  t h e  e f f e c t  o f  h y d r o s t a t i c  pressure,  t h e  

c losu re  data a r e  a l s o  a f f e c t e d  by va r iab les  such as temperature and 

l i t h o s t a t i c  pressure.  

Radia l  convergence p o i n t  measurements i n  t h e  l i n e d  s e c t i o n  o f  t h e  s h a f t  

i n d i c a t e  t h a t  t h e  maximum d i a m e t r i c  c losu re  i s  less than  0.10 inch .  

Since t h e  s h a f t  i s  used f o r  v e n t i l a t i o n  purposes and i s  open t o  t h e  

atmosphere. changes i n  ambient temperature f rom around O'F i n  t h e  

w i n t e r  t o  over  1OO'F i -n t h e  sumner may a f f e c t  t h e  d i a m e t r i c  c l o s u r e  by 

approx imate ly  0.075 inch .  Consequently, on l y  c losu re  da ta  recorded a t  

approx imate ly  t h e  same temperature should be used f o r  ana lys i s .  

7.3.2.2 Sha f t  Key 

Observed Condi t ions.  S h a f t  key i nspec t i ons  i n d i c a t e  t h a t  t h e  key i s  

s tab le .  C e r t a i n  observa t ions ,  however, d i c t a t e  t h a t  cont inuous 

mon i to r i ng  o f  t h e  key w i l l  be requ i red .  The t e l l t a l e  d ra ins ,  connected 

t o  a French d r a i n  behind t h e  key. d r i p  i n t e r m i t t e n t l y .  Severa l  o t h e r  

capped p ipes t y p i c a l l y  produce smal l  amounts o f  water  when opened a f t e r  

be ing c losed f o r  severa l  weeks. 

No water  has been observed bypassing the  lower chemical water  sea l .  

Dur ing t h e  June 2, 1984. i nspec t i on ,  l i q u i f i e d  chemical seal  m a t e r i a l  

was observed i n  two chemical  sea l  i n j e c t i o n  pipes. I t  i s  l i k e l y  t h a t  

chemical seal  m a t e r i a l  i s  m i g r a t i n g  behind t h e  key s ince  smal l  amounts 
- 
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,- were observed dripping from the northwest telltale drain and from 
piezometer 37X-PE-00211. These fluid observations do not present any 
immediate cause for concern. However, the key should be monitored on a 
regular basis and appropriate actions taken if required to mitigate any 
significant increase i n  fluid discharge. 

Inspection of the bottom of the key has revealed no evidence of seepage 
below the concrete. Some salt stalactites have been observed hanging 
from the concrete but these originate from brine dripping from the 
leaking piezometers or telltale drains above. 

Model Simulation. The long-term impact of C h SH shaft salt creep on 
the concrete key was evaluated by a nonlinear computational analysis 
using the finite element method (ref. 7-4). The objective of the 
analysis was to determine the structural adequacy of the shaft key 
based on the appropriate ACI Codes (ref. 7-5). Site stratigraphy was 
considered i n  the analysis. The creep behavior of the salt was 
Incorporated Into the material properties used i n  the finite element 
model. The shrinkage o f  the concrete during initial curing was also 
simulated in the computation (ref. 7-b). 

- 

From the shaft geologic mapping, it was determined that the 
stratigraphy in the shaft key area consists of horizontal layers of 
halite, argillaceous halite, anhydrite and siltstone, with clay seams 
between some'of these layers (Figure 7-6). This stratigraphy was used 
as the basis in modeling. 

The properties for the host rock are based on laboratory test results 
(refs. 5-3 and 7-7) as described in Appendix C. Because the analysis 
was performed early i n  design validation, before the methods o f  

computing primary creep and using i n  situ material properties were 
developed (ref. 5-1). the analysis included only the secondary creep of 
salt based on laboratory test data. 

.- 
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The r e l a t i o n s h i p  f o r  concre te  shr inkage ( r e f .  7-8) can be expressed as: 

c c c c  c (7-1) 
L - 

‘sh - 35 + t ‘shu t h e  h s cem f a  

f o r  t i n  days, o r :  

c c c c  t - 
‘sh - 3,024,000 + t ‘shu t h e  h s cem ‘fa (7-2) 

where: t i s  t h e  shr inkage t ime i n  seconds; 

c i s  t h e  u l t i m a t e  shr inkage s t r a i n ,  taken t o  be 0.0008; shu 

‘ the 
C h 
C 

C 

i s  t h e  c o r r e c t i o n  f a c t o r  f o r  th ickness  (1.17 - 0.029T); 

i s  t h e  c o r r e c t i o n  f a c t o r  f o r  humid i t y  (1.40 - 0.010H); 
i s  t h e  c o r r e c t i o n  fac- to r  f o r  slump (0.89 + 0.0415); 

S 
i s  t h e  c o r r e c t i o n  f a c t o r  f o r  cement con ten t  

(0.75 + 0.0348); and 
c em 

i s  t h e  c o r r e c t i o n  f a c t o r  f o r  percent  f i n e s  and a i r  

content ,  taken t o  be 1.0. 
‘fa 

c The th ickness  T o f  t h e  key w a l l  i s  30 inches; t h e  h u m i d i t y  H i s  very  

low i n  t h e  reg ion  o f  t h e  key and i s  assumed t o  be 50 percent ;  t h e  

slump S o f  4 inches i s  taken as t h e  average va lue f o r  5,000 p s i  

concrete; and 8 i s  t h e  number o f  sacks o f  cement p e r  cub ic  ya rd  o f  

concrete, considered t o  be equal t o  seven. The va lues o f  t h e  

as c a l c u l a t e d  f rom c o r r e c t i o n  f a c t o r s  

t h e  equat ions above, a r e  0.3, 0.90, 1.05 and 0.99, r e s p e c t i v e l y .  
‘cem* and ‘the’ ‘h’ ‘s 

F igure  7-7 shows t h e  f i n i t e  element model f o r  t h e  creep a n a l y s i s .  

Since t h e  s t r u c t u r e  i s  s y m e t r i c a l  about t h e  c e n t e r l i n e  o f  t h e  s h a f t ,  

t h e  s h a f t  key and t h e  area around i t  were modeled us ing  196 

q u a d r i l a t e r a l  r i n g  f i n i t e  elements represent ing  18 d i s t i n c t  geo log i c  

layers .  The MARC General Purpose. F i n i t e  Element Ana lys is  Program ( r e f .  

6-8) was used f o r  t h e  ana lys i s .  To reduce t h e  computat ion t ime,  t h e  

s t ress  and s t r a i n  were computed a t  t h e  c e n t r o i d  o f  each element. Four 

c l a y  seams, a t  depths o f  848.9, 857.9, 866.2 and 900.9 f e e t ,  were 

considered as a c t i v e  s l i p  planes, represented by 25 f r i c t i o n  and gap 

l i n k  elements w i t h  a c o e f f i c i e n t  o f  f r i c t i o n  equal t o  0.4. The o u t s i d e  
c 
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vertical boundary had zero horizontal displacement and the bottom 
boundary had zero vertical displacement. The boundary conditions at 
the top of the model were uniform calculated pressures based on the 
mass density of the geologic formation from the ground surface to the 
elevation of the boundaries. The lithostatic stress state was defined 
as described in Chapter 5. equation 5-1. 

Creep analysis was performed on the mathematical model by using the 
procedures described in Chapter 5. The analysis was carried out for a 
5-year interval without the key and a comparison was made of the 
corresponding radial deformations to determine the time when creeping 
salt would come into contact with the shrinking concrete key. The 
times computed for various layers behind the key were between 1.6 and 
3.9 years with an average value o f  2.7 years after excavation of the 
shaft ( o r  2 years after construction of the shaft key). To simulate 
contact of the shaft wall with the concrete key, the elements o f  the 
key were tied to the proper. locations on the shaft wall and the 
analysis was continued for a total of 21 years (refs. 7-4 and 7-6). - 
Deformation. Readings from the strain gauges embedded in the concrete 
key show a range of strains from approximately 0.00014 in compression 
t o  0.00021 in tension with an average compressive strain of 0.00004 
through December 9. 1985. The readings from the strain gauges welded 
to the reinforcing steel show a range of approximately 0.00031 in 
conpression to 0.00054 in tension with an average tensile strain o f  

0.00006. 

Table 7-3 sumnarizes the changes in readings of the embedment and 
welded gauges at a depth of 856 feet (elev. 2554 feet) since April 22, 
1982, imnediately after concrete was placed for the shaft key. The 
trend of the change i n  strain readings indicates that the salt had not 
made contact with the key by June 1985. 

Water Pressure. Figure 7-5 shows water pressure readings 
piezometers 37X-PE-00211 and 37X-PE-00212. These piezometers 

- f rom 
have 



Table 7-3 

C 6 SH SHAFT KEY 
SUMMARY OF STRAIN GAUGE READINGS AT ELEVATION 2554 FEET 

Change i n  s t r a i n  x 10-6 
s ince  A p r i l  22. 1982 

S t r a i n  Gauge Jun. 5. Feb. 8, Jun. 29. Dec. 9. 

37X-ZE-209 -63 -59 -81 -9.5 Embedment 

No. 1984 1985 1985 1985 Remarks 

21 1 -23 -1 6 -34 -51 s t r a i n  gauges 
21 3 -1 33 -1 04 -1 39 -144 14.5 inches 
21 5 -82 -67 -99 - 1 1 1  f rom i n n e r  

sur face  

235 -1 2 16 -23 -4 7 Embedment 
236 56 88 31 16 s t r a i n  gauges 
237 -1 8 35 -23 -8 9 inches from 
238 -63 -2 3 -81 -99 i n n e r  sur face 

21 0 -110 -7 1 -1 23 -1 54 Embedment 
21 2 178 212 201 21 5 s t r a i n  gauges 
21 4 58 128 65 79 3.5 inches 
21 6 -53* -7 -61 -7 6 f rom i n n e r  

-. 

sur face  

201 -9 3 -1 00 -1 02 -1 38 S t r a i n  gauges 
203 - - 444* - welded t o  t h e  
205 -235 -286 -352 -371 o u t e r  r e i n -  
207 -1 02 -1 27 -1 42 -9 5 f o r c i n g  bar  

202 -4 3 - 
204 443 2066 
206 -1 93 -1 47 
208 - - 

-61 -58 S t r a i n  gauges 
1056 541 welded t o  t h e  
-230 -246 i n n e r  r e i n -  
-1 659** - f o r c i n g  bar  

NOTE: Negat ive  s t r a i n  change i n d i c a t e s  compression 

Reading taken on May 3, 1984. 
** Reading taken on Dec 30, 1982. 
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.- shown a range o f  readings f rom a maximum o f  30 p s i  i n  1982 t o  a c u r r e n t  

reading o f  2 p s i .  As shown on t h e  f i g u r e  and i n  Table 7-2. t h e  readings 

o f  these two piezometers a r e  c o n s i s t e n t l y  lower than t h e  readings f rom 

t h e  upper piezometers. These lower piezometers a re  a t  a depth o f  850 

f e e t  (e lev .  o f  2560 f e e t ) ,  j u s t  above t h e  chemical water  sea l  a t  a depth 

o f  851 f e e t  (e lev .  2559 f e e t ) .  It appears t h a t  t h i s  sea l  may be 

breached and t h a t  water  i s  a b l e  t o  bypass i t  and e x i t  th rough t h e  French 

d r a i n  and t e l l t a l e s .  Piezometers 37X-PE-00211 and 37X-PE-00212 may a l s o  

be i s o l a t e d  from t h e  upper piezometers by t h e  g rou t  t h a t  was i n j e c t e d  

behind t h e  s t e e l  l i n e r  a t  a depth o f  843 f e e t  (e lev .  2567 f e e t ) .  

The assumption t h a t  t h e  chemical  water  seal  j u s t  below t h e  piezometers 

may be breached i s  based on observat ions o f  p iezometer behav io r  d u r i n g  

t h e  October 1983 inspec t i on .  As d iscussed i n  subsec t ion  7.3.1.2, 

severa l  capped p ipes  i n  t h e  key were found t o  con ta in  smal l  amounts o f  

water  d u r i n g  t h i s  i n s p e c t i o n  and were drained. P r i o r  t o  t h i s ,  

piezometers 37X-PE-00211 and 37X-PE-00212 ind i ca ted .p ressu res  o f  around 

6 t o  8 p s i .  A f t e r  d r a i n i n g  t h e  pipes, bo th  piezometers showed a drop t o  

2 p s i  w i t h i n  2 days. Th is  i n d i c a t e s  a h y d r a u l i c  connect ion across t h e  

water  sea l .  

r̂ . 

It i s  u n l i k e l y  t h a t  wa te r  i n  t h e  key o r i g i n a t e s  f rom h i g h e r  i n  t h e  

s h a f t .  De ta i l ed  mapping i n  t h e  s h a f t  key noted weeps f rom c lays tone  and 

s i l t s t o n e  beds a t  depths o f  842. 846 and 858 f e e t .  Th is  i s  p robab ly  t h e  

source o f  t h e  water  seen i n  t h e  French d r a i n  t e l l t a l e s  and o t h e r  p ipes  

i n  t h e  key. The f a c t  t h a t  t h e  key piezometers have had c o n s i s t e n t l y  

lower readings than t h e  upper piezometers i n d i c a t e s  t h a t  t h e r e  i s  

probably  no h y d r a u l i c  connect ion w i t h  t h e  water-bear ing members h i g h e r  

i n  t h e  s h a f t .  The d r a i n i n g  o f  water  f rom the  g rou t  p ipes  i n f l u e n c e d  

o n l y  those piezometers i n  t h e  key; none o f  the  upper piezometers showed 

any pressure drop. The ex i s tence  of a source o f  w a t e r  i n  t h e  key area 

prov ides a b e t t e r  exp lana t ion  o f  the  d r i p p i n g  f rom the  t e l l t a l e s  and t h e  

performance o f  t h e  key piezometers than does t h e  m i g r a t i o n  o f  water  

f rom t h e  water-bear ing members h ighe r  i n  t h e  s h a f t .  - 
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Salt Pressure. The four earth pressure cells installed between the 
concrete of  the shaft key and the salt have a combined average reading 
of less than 10 psi in compression. These four cells, located 
90 degrees apart at elevation 2550 feet (Figure 7-2). are intended to 
register changes in lateral pressures on the shaft key exerted by the 
creeping salt. Table 7-4 shows that the pressure cells have not 
registered any significant change in readings for a period of over 3 
years since construction o f  the concrete key. 

- 

If we assume that the pressure cells are functioning properly, then the 
halite between a depth of 858 feet and 863 feet (elev. 2552 feet and 
2547 feet) had not made contact with the pressure cell diaphragms as of 
December 9, 1985. According to the results of computational analyses. 
the contact between the salt and concrete will be I 

different elevations at different times between 1984 and 

7.3.2.3 Unlined Section 

Observed .Conditions. The unlined section o f  the shaft 

!established at 
986. 

appears to be 
stable with no evidence of rock spalling, wall deterioration, or 
dissolution by water. 

Closure. Figure 7-8 compares average diametric closure readings at six 
elevations on December 9, 1985. The readings reflect only relative 
closure since the initial readings were taken nearly 1 year after 
completion of shaft efcavation. Thus, the maximum diametric closure at 
a depth of 2.057 feet (elev. 1353 feet), near the bottom of the shaft, 
will be more than 1.0 inch. At higher elevations in the shaft, the 
actual diametric closure over  the same period will, likewise. be higher 
than those shown on the figure. 

Oeformation. The radial deformation of salt behind an opening can be 
determined from the measurements of movements of borehole extensometers 
with multiple anchor points. 

-. 
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Table 7-4 

C 6 SH SHAFT KEY 
PERFORMANCE HISTORY OF PRESSURE CELLS 

D e s c r i p t i o n  

I n i t i a l  I r a d  Gage Co 
C a l i  b r a t i o n  

I n i t i a l  S R I  
c a l i b r a t i o n  

S i t e  received.  
i n s p e c t i o n  

P r e - i n s t a l l a t i o n .  
su r face  

P t e - i n s t a l l a t i o n .  
i n  s h a f t  

A f t e r  p l a s t e r  o f  p a r i s  

A f t e r  concre te  
placement 

I n i t i a l  i n s t a l l e d  
read ing  

Time a f t e r  i n s t a l l a t i o n :  
7 days 

101 days 

529 days 

530 days 

544 days 

597 days 

797 days 

938 days 

1030 days 

1140 days 

1119 days 

1342 days 

Pressure C e l l  Readinq ( p s i )  Date o f  
WE-201 WE-202 WE-203 WE-204 Reading 

+1 +2 +b +13 . Feb. 3. '82 

+8 +7 +8 +8 Feb. 1b, '82 

-1 4.1 0 -2 Mar. 30,'82 

-1 +1 -5 -2 Apr. 4. '82 

0 -1 -2 -2 Apr. 15,'82 

-2 -2 0 -2 Apr. 15, '82 

0 0 0 0 Apr. 15, '82 

0 0 0 0 Apr. 1b.'82 

+2 

-1 

-2 
+l 

-4 

-4 

-1 

-1 2 

-1 2 

-6 

-6 

-1 4 

-1 

-3 

-5 
-3 

-8 

-1 

-1 -1 1 

-1 -30 0 

-1 1 

-1 0 

+2 

-2 

-31 

0 

-32 

-38 

-21 

-25 

-25 

-2 5 

+11 

0 

+I 
-2 
-3 

0 

0 

0 
-2 

c3 
+5 
-2 

Apr. 22,'82 

J u l .  31.'82 

Sep. 2b.'83 

Sep. 21.'83 

Oct. 11, '83 

Oec. 3 . ' 8 3  

Jun. 20,'84 

Nov. 8.'84 

Feb. 8.'85 
May 21, '85 

Jun. 29,'85 

Dec. 9,'85 

- NOTE: Negat ive s ign  i n d i c a t e s  tens ion .  
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- According to extensometer readings on September 16, 1985, the total 
average collar displacements at elevations 3846 Fee.t and 1353 feet 
(Figure 7-3) were 0.19 inches and 0.235 inches, respectively. However, 
the extensometers were installed m a r l y  7 1/2 months after the 
completion of shaft excavation. 

Figure 7-9 shows the collar movement time histories for multiple-point 
borehole extensometers 37X-GE-00202. 37X-GE-00205 and 37X-GE-00208 
relative to their deepest anchor. The undulating shape of the curves 
appears ta reflect the influence of seasonal temperature changes on the 
extensometers. The effect of temperature changes is more pronounced on 
the instrument behavior than on the salt surrounding the instrument. 
Figure 7-10 shows the change in calculated rates of collar movement 
with time for the extensometer time histories on Figure 7-9. The 
maximum rates coincide with the hottest months while during mid-winter 
the rates are close to, o r  slightly less than, zero.  Because the time 
interval chosen for calculating the rate of collar movement is much 
less than the total observation period of 2 years, these rates are 
probably very close to the actual rates. 

- 

Comparison of the extensometer collar movements with convergence point 
readings suggests that the salt in the vicinity of the deepest anchor 
may also be moving. Thus collar movement does not reflect the true 
radial closure of the shaft. The amount of movement of the deepest 
anchor for any extensometer of given length can be estimated so that 
the collar displacement provides absolute radial closure. The 
diametric closure can be computed by model simulation as described 
below, by curve fitting as described i n  reference 4-19, o r  by closed 
form solution, also described in reference 4-19. Based on this 
analysis, the absolute movements of the collar and intermediate anchors 
for the 36-foot long shaft extensometers will deviate from the measured 
values by only 0.03 inch. 

Model Simulation. The structural behavior of the unlined section of 
the C & SH shaft was analyzed by a nonlinear creep analysis u s i n g  the 

.- 
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MARC General Purpose Finite Element Program (ref. 6-8). The objective 
of the analysis was to compute actual structural behavior by utilizing 
available in situ data, thereby verifying the design adequacy of the 
unlined section of the shaft. 

The finite element model used far the analysis utilizes a single 
horizontal plane of quadrilateral ring elements with the upper and 
lower horizontal boundaries restrained against vertical displacement. 
This model is shown on Figure 7-11. The outside vertical boundary was 
given a constant uniform pressure based upon the lithostatic stress 
state defined in Chapter 5, equation 5-1. The inside boundary was also 
given a uniform pressure based upon the same lithostatic stress 
assumption; however, the pressure was removed in a step-wise fashion 
over a period of approximately 1 day. This was done to simulate the 
excavation of the drilled shaft, which results in a gradual relief of 
overburden pressure on the shaft interior and affects structural 
behavior in the early stage of excavation. 

- 
The secondary creep parameter C in Chapter 6 .  Table 6-8. was determined 
based on extensometer data at a depth of 2,057 feet (elev. 1353 feet). 
The value of C can be computed for each extensometer location using the 
analytical results and in situ data from the extensometer. Because C. 
determined from each extensometer. may vary, predicted diametric 
closures along each extensometer will vary accordingly. Using the 
diametric closures predicted at different directions on the horizontal 
plane, the principal directions of the strain o'n the horizontal plane 
can be determined. Consequently, closure along two horizontal 
principal directions can be predicted. Based on the predicted 
diametric closures at a depth of 2,057 feet in the N15'W, S75"E and 
S45'W directions, the major axis was found to be N17"40'W and the minor 
axis N72"20'E. 

Closure predictions were made for two principal directions on the 
horizontal plane. Because the stress and strain distributions are not 
sensitive to the value o f  the secondary creep parameter, except during 
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the i n i t i a l  stages of creep, the stress and s t r a i n  d is t r ibu t ions  were 
computed based on the average values of t h e  creep parameter C 

determined from three d i f f e ren t  d i rec t ions .  

- 

1.3.2.4 Shaft  Station 

Observed Conditions. The C 6 SH s h a f t  s t a t ion  exhibj ts  spal l ing from 
both the roof and wall surfaces t h a t  requires  continual routine 
maintenance. Displacements, separations and f rac tur ing  occuring above 
the roof a t  clay G and i n  the underlying h a l i t e  were expected. 

Data from the Excavation Effects Program indica te  t h a t  the ha l i t e  from 
4 t o  10 f e e t  above the roof contains e s sen t i a l ly  no separations o r  
f rac tur ing .  Floor heave i s  evident a t  t h e  e l e c t r i c a l  substation where 
the concrete base s lab has t i l t e d  several  degrees, b u t  holes d r i l l e d  
in to  the s ta t ion  f loo r  encountered only minor  sqparations and 
f rac tur ing .  Extensometer 51X-GE-00253, i n  the  s t a t ion  f loor ,  does not 
show any s igni f icant  increase in c o l l a r  movement t h a t  would be expected 
i f  f l oo r  heave . a n d  f r a c t u r i n g  i s  occurring. Although the C h SH 1 

shaf t  s t a t ion  i s  the oldest  and l a rges t  horizontal opening, the extent  
of separations and f ractur ing beneath the  f loo r  i s  very small r e l a t ive  
t o  the  fractur ing found i n  the  f loo r  beneath Test Room 3 (Chapter l l ) . ,  

The observed behavior in t h e  s ta t ion  i s  apparently due in large p a r t  t o  
i t s  i n i t i a l  excavation by blast ing.  No other  underground area has 
exhibited t h e  degree of spal l ing t h a t  has occurred in the s ta t ion .  The 
blast ing i s  thought t o  have accelerated separations a t  clay G and i n  
the  underlying ha l i t e  i n  the  main s t a t ion  area south of the shaf t .  
However, the extensive rock  bolt ing in  the roof appears t o  have 
e f f ec t ive ly  controlled these separat ions.  

Fracturing in the p i l l a r  corners a t  the 5.90 crosscut has continued t o  
evolve as  the s a l t  responds t o  s t r e s ses  produced by the s t a t ion  
excavation. Changes in the f rac tur ing  a re  exhibited primarily by the 
appearance o f  new vert ical  f rac tures  and by the elongation a n d  widening 
o f  exis t ing fractures .  Minor spal l ing has a l so  occurred, par t icu lar ly  - 
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L at the roof and wall intersection in the upper portion of geologic map 
unit 4. 

Closure. Figure 7-12 shows closure rates calculated from the readings 
of roof-to-floor convergence points. The maximum rate appears to have 
occurred during the early part of August 1984. 

The closure rates shown on Figure 7-12 cannot be directly compared 
without considering the differences in dimensions at the locations 
shown, ,as well as differences in the thickness of the roof beam below 
clay 6. and the number of rock bolts in the vicinity of the respective 
convergence measurement stations. 

Figure 7-13 compares the central vertical closure readings at stations 
S18.5 and N39. Although the closure measurements are very close at 
both statlons, actual total closure at the 518.5 station will be 
greater since the initial reading at this station was taken nearly 261 
days after the completion of excavation, compared to only 35 days at 
the N39 station. In addition, the larger opening dimensions at the 
518.5 station will also result i n  more rapid closure. Even though the 
density of rock bolts is greater south of the C 6 SH shaft than north 
of it. the roof-to-floor closure is greater to the south. This is 
probably because the roof beam below clay G is thinner and longer to 
the south. 

c 

Figure 7-14 shows the collar movements of multiple-point borehole 
extensometers 51X-GE-00227 and 51X-GE-00228 i n  the station roof, 35 
f e e t  north and 65 feet south of the C 6 SH shaft, respectively. The 
average collar movement rate of 51X-GE-00228 is higher than that of 

51X-GE-00227, as determined from Figure 7-14. The roof closure rate 
south of the shaft is currently more than the rate north of the shaft. 

A double-point borehole extensometer (51X-GE-00253) was installed in 
the floor o f  the C & SH shaft station. The initial reading from this 
extensometer was taken nearly 238 days after the completion o f  

c 
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excavatton at the instrument location (Appendix J. Figure 5-172). The 
measured collar movement relative to the deepest anchor was 3.26 inches 
on December 20, 1985. Actual floor heave will be higher as a result of 
the time-lag between the end of excavation and the initial reading 
date. There was a slight increase i n  the collar movement rate due to 
excavation of the nearby W170 drift, but the rate has since become 
steady. 

Roof Stability. Figure 7-15 shows the distribution of measured 
movements along roof extensometer 51X-GE-00251, 18 1/2 feet south of 
the C & SH shaft, for the readings taken on September 18, 1985. The 
magnitudes shown are cumulative between the initial reading date of 
January 1 1 ,  1983, and September 18, 1985. The movements are also 
expressed as percentages of the collar reading. Sixty-one percent of 
the relative movement has taken place between the collar and anchor A. 
This has remained practically constant since December 1983 and is an 
indirect indication that there is no accelerating trend in the rate of 
opening at clay G in the vicinity of this extensometer. For 
comparison, the distribution of measured movement along roof 
extensometer 51X-GE-00227. 35 feet north of the C & SH shaft, i s  

shown on Figure 7-16. The relative movement between the collar and 
anchor A has remained constant at 52 percent through December 1985. 
Based on these measurements, there is no indication that clay G is 
parting at an accelerating rate either north or south of the shaft. 

- 

7.3.3 Prediction of  Future Behavior 

This subsection presents the results of the analysis and evaluation of 
the finite element modeling and the data collected in the C 6 SH 

shaft. These results are presented in the form of predictions for 
future behavior of the constructed shaft elements (liner and key) and 
of  the salt surrounding the unlined section of the shaft and the shaft 
station. 
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7.3.3.1 L ined Sec t ion  

The wa te r  pressure on t h e  s h a f t  l i n e r  t o  d a t e  has been l e s s  than t h e  

h y d r o s t a t i c  des ign pressure.  The p r e d i c t i o n  o f  f u t u r e  water  pressures 

beh ind  t h e  l i n e r  i s  d i f f i c u l t  due t o  t h e  reasons discussed i n  

subsec t i on  7.3.2.1. The lower p o t e n t i o m e t r i c  sur face  and l a c k  o f  

h y d r a u l i c  c o n t i n u i t y  a long the  r o c k / l i n e r  i n t e r f a c e  may prevent  t h e  

ground wa te r  f rom reaching t h e  des ign h y d r o s t a t i c  head.. I n  add i t i on ,  

l eaks  around t h e  piezometers and p o s s i b l y  obs t ruc ted  f i l t e r s  may cause 

t h e  measurements t o  be somewhat l e s s  than t h e  a c t u a l  pressure 

c o n d i t i o n s .  

F i g u r e  7-17 shows t h a t  i f  t h e  water  p ressure  does reach t h e  des ign 

h y d r o s t a t i c  pressure,  t h e  l i n e r  w i l l  remain s t a b l e  based on i t s  des ign 

f a c t o r  o f  sa fe ty .  The f i g u r e  shows t h a t  t h e  pressure capac i t y  o f  t h e  

l i n e r  f a r  exceeds t h e  des ign h y d r o s t a t i c  pressure.  This  pressure was 

determined based on water  l e v e l  da ta  ob ta ined a t  the  s i t e  du r ing  

p r e l i m i n a r y  des ign a c t i v i t i e s .  The d a t a  i n d i c a t e d  t h a t  the  h i g h e s t .  

p o t e n t i o m e t r i c  sur face  i n  t h e  R u s t l e r  f o rma t ion  beneath t h e  s i t e  

occur red  a t  a depth o f  approx imate ly  250 f e e t  below t h e  ground 

sur face .  Th is  da ta  was l a t e r  conf i rmed by  i n v e s t i g a t i o n s  conducted i n  

t h e  s i t e  v i c i n i t y  by  t h e  U.S. Geologica l  Survey (USGS) ( r e f .  7-9). It 

i s  n o t  expected t h a t  t h i s  p o t e n t i o m e t r i c  su r face  w i l l  be exceeded 

d u r i n g  t h e  25-year opera t ing  l i f e  o f  t h e  f a c i l i t y .  i f  any e x t e r n a l  

wa te r  were t o  i n f i l t r a t e  along t h e  r o c k / l i n e r  i n t e r f a c e  t o  form a 

column o f  water  t h a t  would exceed t h e  h y d r o s t a t i c  head contained i n  t h e  

des ign  bases, t h e  s t a b i l i t y  and s a f e t y  o f  t h e  s t e e l  l i n e r  would s t i l l  

n o t  be compromised based on t h e  des ign f a c t o r  o f  sa fe ty .  

7.3.3.2 S h a f t  Key 

The r e s u l t s  o f  t h e  s h a f t  key ana lys i s  i n d i c a t e  t h a t  a f t e r  concrete i s  

p laced a g a i n s t  t h e  s h a f t  w a l l  i t  s h r i n k s  away f rom t h e  w a l l  a t  a r a t e  

g r e a t e r  t han  t h e  r a t e  o f  s a l t  creep, r e s u l t i n g  i n  a separa t ion  between 

t h e  conc re te  and t h e  s a l t .  The r a t e  o f  concre te  shr inkage decreases 

w i t h  t i m e  and cont inuous s a l t  creep e v e n t u a l l y  r e s u l t s  i n  t h e  s a l t  

,--. 
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con tac t i ng  t h e  concre te  aga in .  The i n t e r a c t i v e  pressure between t h e  

concrete and t h e  s a l t  w i l l  t hen  g r a d u a l l y  increase due t o  cont inuous 

s a l t  creep. 

- 

I n  t h e  key area, t h e  s h a f t  w a l l  r a d i a l  and t a n g e n t i a l  s t resses  (F igu res  

7-18 and 7-19, r e s p e c t i v e l y )  were p l o t t e d  as a f u n c t i o n  o f  d i s t a n c e  

f rom t h e  c e n t e r l i n e  o f  t h e  s h a f t  f o r  a t y p i c a l  s e c t i o n  i n m e d i a t e l y  

a f t e r  excavat ion o f  t h e  s h a f t  and f o r  1 year  and 25 years a f t e r  

concrete placement. As expected, t h e  r a d i a l  s t resses i n  t h e  s a l t  a r e  

i n i t i a l l y  r e l i e v e d  near  t h e  opening b u t  begin i nc reas ing  a f t e r  t h e  s a l t  

comes i n  contac t  w i t h  t h e  concrete.  Fu r the r  away f rom t h e  opening, t h e  

s t resses t rend  toward t h e  overburden pressure. 

The t a n g e n t i a l  s t resses  i n  t h e  s a l t  3 days a f t e r  excavat ion  show an 

e l a s t i c  response which g i v e s  very  h i g h  values near t h e  opening. The 

s t resses are  r e l i e v e d  near  t h e  opening from the  t ime  t h e  s a l t  s t a r t s  t o  

creep u n t i l  i t  con tac ts  t h e  concrete.  A f t e r  c o n t a c t  i s  made, and f o r  

t h e  remainder o f  t h e  25 y e a r  a n a l y s i s  per iod,  t h e  s t resses  i n  t h e  s a l t  

and concrete key inc rease.  There e x i s t s  a d i s c o n t i n u i t y  o f  s t r e s s  a t  

t h e  conc re te /sa l t  i n t e r f a c e  which i s  p r i m a r i l y  due t o  d i f f e r e n c e s  i n  

t h e i r  ma te r ia l  p r o p e r t i e s .  L i k e  t h e  r a d i a l  s t resses,  t h e  t a n g e n t i a l  

s t resses approach t h e  overburden pressure w i t h  i nc reas ing  d i s t a n c e  f rom 

t h e  opening. 

- 

A t  25 years, t h e  r a d i a l  s t resses,  which are  equal t o  t h e  l a t e r a l  

pressures on t h e  s a l t  f a c e  o f  t h e  key. w i l l  i nc rease t o  an average 

va lue o f  275 p s i .  A t  t h e  same t ime, t h e  maximum hoop s t r e s s  a t  t h e  

i n s i d e  face o f  t h e  concre te  key  has an approximate va lue o f  1,000 p s i ,  

w i t h  an average va lue  across  t h e  key o f  about 825 p s i .  F igures  7-20 

and 7-21 show the  p r e d i c t i o n s  f o r  average l a t e r a l  pressures and average 

hoop stresses, r e s p e c t i v e l y .  A l a t e r a l  pressure capac i t y  i n  t h e  key o f  

833 p s i ,  based on an a l l o w a b l e  hoop s t ress  c o n t r o l l e d  by  a concre te  

compression o f  3,000 p s i ,  r e s u l t s  i n  a f a c t o r  o f  s a f e t y  o f  

approximately t h r e e .  
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The average diametric closure of the key at 27 years is expected to be 
about 0.1 inch with a maximum value of 0.175 inch, or about half the 
predicted value for the salt in the unlined section immediately below 
the key (Figure 7-22). The average diametric closure of the unlined 
section immediately below the key at 27 years varies fr'om 0.03 inch for 
the anhydrite bed to 0.38 inch for the argillaceous halite layer. 
Figure 7-23 shows the diametric closure predictions for both the 
concrete key and the salt in the adjacent shaft wall. 

7.3.3.3 Unlined Section 

SXtraDOlatlOn Of In Situ ResDonses. Convergence point measurements are 
too few to be used for the extrapolation of future in situ responses in 
the unlined section of the shaft. Thus. the readings of collar 
movements of multiple-point borehole extensometers must be used for 
this extrapolation. Because the extensometer collars are recessed 
1 foot into the wall, and the readings are referenced to the deepest 

- anchor which is also moving, extrapolation of collar movement will not 
produce an exact estimate of the movement of the shaft surface. 

The maximum collar movement occurs at multiple-point borehole 
extensometer 37X-GE-00208 at a depth of 2,057 feet (elev. 1353 feet) 
(Figure 7 - 3 ) .  As discussed earlier, and as shown on Figure 7-9, the 
collar movement is affected by seasonal temperature fluctuations. 
However, if we consi'der only the late.? purtion of the curve, its slope 
is approximately 0.125 inch/year between June 1984 and June 1985. 
Assuming this rate to be constant for another 22 years, the additional 
radial movement of the collar will be nearly 3 inches. Thus, the 
effective diameter of the unlined shaft will be reduced by nearly 6 
inches. 

ReDllcation of In Situ ReSDOnSeS. Figures 7-24 and 7-25 show the 
radial and tapgential stress distributions relative to the overburden 
stress at different times. Figure 7-24 indicates that the zone where 

,- radial stresses are affected increases in size with time while Figure 
7-25 indicates that tangential stresses are only affected within an 
approximately constant radius of 60 feet. /--.* / ; . ~ , ,  
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F igu re  7-26 shows t h e  r a t i o  o f  r a d i a l  d isplacements a t  var ious  

d is tances  f rom t h e  s h a f t  c e n t e r l i n e  r e l a t i v e  t o  t h e  r a d i a l  d isp lacement  

o f  t h e  s h a f t  w a l l  a t  d i f f e r e n t  t imes.  Based on t h i s  f i g u r e .  t h e  r a t i o  

o f  t h e  displacements between each extensometer anchor p o i n t  and t h e  

s h a f t  w a l l  can be determined. Th is  f i g u r e  i n d i c a t e s  t h a t  t h e  

extensometer c o l l a r  readings r e l a t i v e  t o  t h e  deepest anchor w i l l  reach 

about 84 pe rcen t  o f  t h e  a c t u a l  r a d i a l  d isp lacement  o f  t h e  s h a f t  w a l l  1 5  

years a f t e r  excavat ion.  

- 

Figure  7-27 i l l u s t r a t e s  t h e  e f f e c t i v e  creep s t r a i n  d i s t r i b u t i o n  i n  t h e  

s h a f t  a t  a depth o f  2.057 f e e t  (e lev .  1353 f e e t )  a t  se lec ted  t imes 

a f t e r  excavat ion.  The magnitude o f  e f f e c t i v e  s t r a i n  a t  t h e  s h a f t  w a l l  

a t  15 years approaches a value o f  approx imate ly  0.03. 

F igure  7-28 shows d i a m e t r i c  c l o s u r e  versus dep th  a t  d i f f e r e n t  t imes.  

The response curves a r e  drawn r e l a t i v e  t o  t h e  t ime t h e  i n i t i a l  

ins t rument  readings were made. The response i n d i c a t e d  by t h e  curve t o  

which took p l a c e  between excavat ion  and t h e  i n i t i a l  ins t rument  

reading.  The r e l a t i v e  response between October 1982 and June 1984 i s  

c o r r e c t  regard less  o f  t h e  t ime  o f f s e t .  Vary ing  t h e  t i m e  o f f s e t  i n  

e f f e c t  s h i f t s  t h e  p o s i t i o n  o f  a l l  o t h e r  response curves r e l a t i v e  t o  t h e  

v e r t i c a l  ax i s .  The d iamet r i c  c l o s u r e  p r e d i c t i o n  a t  a depth o f  2.057 

f e e t  i s  shown on F igu re  7-29. 

t h e  l e f t  o f  t h e  v e r t i c a l  a x i s  corresponds t o  t h e  computed response - 

7.3.3.4 ' S h a f t  S t a t i o n  

F igure  7-15 shows t h a t ,  f o r  r o o f  extensometer 51X-GE-00251 i n  t h e  

C 6 SH s h a f t  s t a t i o n ,  t h e  r e l a t i v e  movement between t h e  c o l l a r  and 

anchor A. expressed as a percentage o f  t h e  c o l l a r  reading,  has remained 

p r a c t i c a l l y  cons tan t  f o r  the  l a s t  2 years. Thus, p rov ided t h a t  no 
f a i l u r e  o f  t h e  mechanical-anchor rock  b o l t s  occurs,  t h e  c l o s u r e  r a t e  o f  

t h e  roo f  i s  expected t o  s t a b i l i z e .  It i s  assumed t h a t  no new 

excavat ion w i l l  occur  c l o s e  t o  t h e  s t a t i o n .  I f  a d d i t i o n a l  excavat ion 

i s  performed, t h e  r a t e  o f  c l o s u r e  between t h e  r o o f  and f l o o r  and 
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The rock bolts and wire mesh In the station roof will control spalling 
and stabilize the roof to provide a safe working environment but will 
not control salt creep. Although separations and fracturing have 
developed in the salt surrounding the shaft station, they exist on a 
much smaller scale than those observed in Test Room 3. They are 
expected to continue to develop throughout the operating life of the 
f aci 1 i ty . 

The total measured roof-to-floor closure in the C 6 SH shaft station 
was approximately 10 inches on September 16.  1985, nearly 3 1/4 years 
after the completion o f  excavation. The measured wall-to-wall closure 
over the same period was about b inches. Actual closure values are 
higher because the initial readings were taken nearly 2bO days after 
the station was excavated. The average rate of roof-to-floor closure 
over the measurement period is approximately 3.89 inches/year. 
Assuming this rate will be constant throughout the operating life of 25 
years, an additional roof-to-floor closure of about 8 feet is 
expected. Since the wall-to-wall closure is approximately 60 percent 
of the roof-to-floor closure, the additional wall-to-wall closure is 
expected to be nearly 5 feet. 

,- 

7.4 CONCLUSIONS AND RECOMMENDATIONS 

Design validation requires a determination of the compatibility of the 
design criteria. design bases and design configuratisns used in the 
reference design. Therefore, the following conclusions and 
recornendations address those criteria identified as applicable to the 
C b SH shaft in Chapter 2.-Table 2-1. and the design basis elements 
presented in this chapter, Table 7-1. Other conclusions and 
recornendations that are a product o f  the design validation process are 
also oresented. 

7.4.1 Conclusions 

Validation of the C 6 SH shaft reference design is based on a 
comparison o f  the applicable elements contained in the Design Criteria 



and Design Bases documents wi th  i n  s i t u  cond i t i ons .  These documents 

c o n t a i n  t h e  requirements t h a t  t h e  C h SH s h a f t  must meet i n  terms o f  

s h a f t  s t a b i l i t y ,  deformation, water  p ressure ,  water  c o n t r o l ,  and s h a f t  

s t a t i o n  s t a b i l i t y  and deformat ion.  

- 

Observat ions made du r ing  s h a f t  i n s p e c t i o n s  have n o t  detected any s igns 

o f  d e t e r i o r a t i o n  o r  i n s t a b i l i t y .  Due t o  i t s  des ign  pressure capaci ty ,  

t h e  l i n e r  i s  expected t o  remain s t a b l e  even i f  t h e  water  pressure 

exceeds t h e  des ign  h y d r o s t a t i c  pressure.  

The des ign  bas i s  assumption t h a t  t h e  h y d r o s t a t i c  pressure begins 250 

f e e t  below t h e  ground sur face  i s  s u i t a b l e .  Piezometer measurements 

i n d i c a t e  t h a t  t h e  h y d r o s t a t i c  p ressure  i s  c u r r e n t l y  much less  than t h e  

des ign  b a s i s  pressure.  These measurements a r e  o f  s u f f i c i e n t  accuracy 

t o  i n d i c a t e  t h a t  an anomalously h i g h  h y d r o s t a t i c  c o n d i t i o n  does n o t  

e x i s t .  

The des ign  bas i s  requirement t h a t  t h e  key  be designed t o  r e s i s t  l a t e r a l  6 

pressure  f rom t h e  s a l t  equal t o  7 5  p e r c e n t  o f  t h e  overburden pressure, 

approx imate ly  640 p s i ,  i s  s u i t a b l e .  The s h a f t  key ana lys i s  i n d i c a t e s  

t h a t  t h e  l a t e r a l  pressure on t h e  key a t  t h e  end o f  25 years w i l l  be 

approx imate ly  275 p s i .  The l a t e r a l  p ressure  capac i t y  o f  t h e  key i s  833 

p s i .  Th i s  p rov ides  f o r  a f a c t o r  o f  s a f e t y  o f  about three.  The 

a n a l y s i s  f u r t h e r  shows t h a t  t h e  maximum d i a m e t r i c  c l o s u r e  expected f o r  

t h e  key a t  t h e  end o f  t h e  opera t i ng  p e r i o d  i s  o n l y  0.175 inch.  I f  t h e  

p l a s t i c  f l o w  o r  creep p r o p e r t i e s  o f  t h e  concre te  were inc luded i n  t h e  

ana lys i s .  t h e  r e s u l t s  would i n d i c a t e  t h a t  t h e  des ign pressure would n o t  

be reached u n t i l  a f t e r  t h e  25-year o p e r a t i n g  l i f e  o f  t h e  f a c i l i t y .  

Based on t h e  computed v e r t i c a l .  h o r i z o n t a l  and e f f e c t i v e  stresses i n  

t h e  u n l i n e d  sec t ion ,  t h e  magnitude o f  s t resses  imned ia te ly  ad jacent  t o  

t h e  opening decreases w i t h  t ime as t h e  s t r e s s  arch  around t h e  opening 

m ig ra tes  away. The maximum s t r e s s  occurs  imned ia te l y  a f t e r  excavat ion 

and i s  f o l l owed  by r e l a x a t i o n  due t o  creep behavior .  The s t resses 

w i l l ,  t h e r e f o r e ,  n o t  cause a f u t u r e  s t a b i l i t y  problem i n  the  un l i ned  

s e c t i o n  o f  t h e  C 6 SH sha f t .  ,- 



.- The analyses show the locations of effective creep strain 
concentratlons In the unlined section o f  the shaft at different times. 
It is predicted that the maximum effective creep strain will not exceed 
0.05 at the end of the operating life of the shaft. Based on the 
effective creep strain limit discussed in Chapter 6. the structural 
stability of the C 6 SH shaft will remain within required safety 
limits during its operating life. 

The analyses also predict that the diametric closure near the bottom of 

the shaft at the end of its operating life will be approximately 
10 inches along the major axis o f  principal strain, approximately 1 8  
degrees from the longitudinal direction of the shaft tubular steel 
supports (buntons). Based on the predicted deformations and closures, 
the unlined section of the shaft will meet the requirements stated i n  
the design criteria. The diameter of approximately 12 feet in the 
unlined section will allow for salt creep over the operating life, as 
required by the design bases. However, based on the design 
configuration of the C 6 SH shaft, the connections at both ends of 
some buntons do not provide sufficient allowance for longitudinal 
adjustment. 

- 

The C h SH shaft reference design complies with the criteria that 
require control of ground-water flow. This conclusion is made despite 
the fact that considerable instrumentation damage has been caused by 

water flow. This water has seeped into the shaft through holes cut in 
the liner for piezometer installation or is a result of direct 
rainfall. The piezometer leakage problem has been addressed and will 
receive additional corrective attention during a future shaft 
renovation. The rainwater does not reach the facility level in any 
significant or measureable quantity. 

The chemical water seal just below the key piezometers is probably 
breached. The lowest water seal in the key i s  functioning properly. 
The water draining from the telltale drains has a local source. 
Therefore, it i s  concluded that there i s  no solutioning of the salt 
behind the key. 

c 



The C 6 SH s h a f t  s t a t i o n  e x h i b i t s  t h e  h ighes t  degree o f  d e t e r i o r a t i o n  

i n  t h e  underground f a c i l i t y .  Th is  i s  considered t o  be t h e  r e s u l t  o f  

t h e  e f f e c t s  o f  b l a s t i n g  f o r  i n i t i a l  excavat ion o f  t h e  s t a t i o n .  The 

s t a t i o n  roo f  has been s t a b i l i z e d  by rock b o l t i n g  and no f u r t h e r  

s i g n i f i c a n t  d e t e r i o r a t i o n  i s  expected. However, removal o f  t h e  3- foo t  

t h i c k  s a l t  beam between t h e  r o o f  and c l a y  G may be requ i red  f o r  s a f e t y  

reasons i n  t h e  f u t u r e .  Closure w i l l  con t inue a t  a r a t e  o f  

3.89 inches/year  v e r t i c a l l y  and 2.33 inches/year h o r i z o n t a l l y .  T o t a l  

c losu re  a f t e r  25 years w i l l  be on t h e  order  o f  8 f e e t  v e r t i c a l l y  and 5 

f e e t  h o r i z o n t a l l y .  Th is  c l o s u r e  w i l l  r e q u i r e  t h a t  t h e  s t a t i o n  r o o f  o r  

f l o o r , ,  and w a l l s  be t r imned  p e r i o d i c a l l y  t o  ma in ta in  t h e  des ign 

dimensions. 

- 

Separat ion and f r a c t u r i n g  i n  t h e  s a l t  i s  expected t o  con t inue  i n  t h e  

s t a t i o n  r o o f  and beneath t h e  f l o o r .  Both c losure  and f r a c t u r i n g  i n  t h e  

s t a t i o n  w i l l  n e c e s s i t a t e  p e r i o d i c  maintenance du r ing  i t s  o p e r a t i n g  l i f e  

i n  o rde r  t o  m a i n t a i n  s a f e t y  as w e l l  as t h e  r e q u i r e d ' c l e a r a n c e s  f o r  

equipment and opera t ions .  

The re fe rence des ign  f o r  t h e  C 6 SH s h a f t  i s  v a l i d a t e d  based on t h e  

preceding d iscuss ions .  The re fe rence design complies w i t h  t h e  des ign 

c r i t e r i a  and des ign bases. Except f o r  inst rument  r e p a i r  and 
maintenance, no m o d i f i c a t i o n s  a r e  requ i red  t o  t h e  s h a f t  re fe rence 

design. The C 6 SH s h a f t  w i l l  per fo rm i t s  f u n c t i o n s  as requ i red  

du r ing  t h e  opera t i ng  l i f e  o f  t h e  f a c i l i t y .  

7.4.2 Recomnendations 

Based on t h e  r e s u l t s  o f  des ign v a l i d a t i o n ,  t h e  f o l l o w i n g  

recomnendations a r e  made w i t h  respec t  t o  t h e  C 6 SH sha f t :  

(1 )  Water behind t h e  s h a f t  key i s  undesi rab le and should be 

moni tored c a r e f u l l y .  I f  t h e  volume o f  water behind t h e  key 

increases,  o r  i f  water  s t a r t s  f l ow ing  from beneath t h e  key, 

pas t  t h e  lower  water  seal .  i t  may become necessary t o  i n j e c t  

g r o u t  above t h e  t o p  water  seal  i n  t h e  key. Grout should n o t  
- 
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.- 

be p laced behind t h e  key (below t h e  t o p  seal )  un less 

a b s o l u t e l y  necessary. I f  t h i s  cannot be avoided, t h e  g r o u t  

must be a chemical g e l  ( o r  o t h e r  non - r i g id  g rou t )  and must be 

compat ib le  w i t h  b o t h  t h e  e x i s t i n g  water  sea l  m a t e r i a l  and 

w i th  t h e  Plugging and Sea l i ng  Program requirements.  

( 2 )  Based on t h e  r e s u l t s  o f  des ign  v a l i d a t i o n  o f  t h e  C h SH 

sha f t ,  i t  i s  recornended t h a t ,  d u r i n g  i n s p e c t i o n  of t h e  s h a f t  

f u rn i sh ings ,  t h e  bunton connect ions should be inspected f o r  

c l o s u r e  allowance. I f  t h e  al lowance i s  i n s u f f i c i e n t ,  

c o r r e c t i v e  a c t i o n  should be taken t o  p rov ide  f o r  a d d i t i o n a l  

c losu re .  

( 3 )  The observa t ion  holes d r i l l e d  i n  t h e  roof of  t h e  s h a f t  

s t a t i o n  t o  mon i to r  displacements and separat ions,  and i n  t h e  

f l o o r  t o  mon i to r  f r a c t u r i n g .  should be maintained. Continued 

observat ions o f  c o n d i t i o n s  i n  these ho les  w i l l  be va luab le  i n  

assessing t h e  s a f e t y  and s t a b i l i t y  o f  t h e  s t a t i o n .  
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CHAPTER 8 

WASTE SHAFT 

8.1 INTRODUCTION 

The waste s h a f t  prov ides t h e  connect ion  between t h e  su r face  waste 

hand l i ng  f a c i l i t i e s  and t h e  underground storage l e v e l .  A d i s c u s s i o n  o f  

s h a f t  cons t ruc t i on  was presented i n  Chapter 3 and geo log ic  

c h a r a c t e r i z a t i o n  o f  t h e  s h a f t  s t r a t i g r a p h y  was presented i n  Chapter 6. 

Th is  chapter  presents d i scuss ions  o f  t h e  design c r i t e r i a  and des ign  

bases p e r t a i n i n g  t o  t h e  waste s h a f t .  It documents t h e  c o l l e c t i o n  o f  

waste s h a f t  geotechnica l  data.  i t s  ana lys i s  and eva lua t i on ,  and 

presents  p r e d i c t i o n s  o f  f u t u r e  s h a f t  behavior .  Conclus ions and 

reconenda t ions  are  presented based on a comparison o f  t h e  r e s u l t s  o f  

t h e  des ign v a l i d a t i o n  process w i t h  t h e  s h a f t  re ference des ign.  

8.2 DESIGN 

Th is  sec t i on  presents t h e  des ign  c r i t e r i a  and design bases used t o  

develop t h e  re fe rence des ign  f o r  t h e  waste sha f t .  The des ign  

c o n f i g u r a t i o n  o f  t h e  s h a f t  i s  d iscussed i n  Chapter 3, subsec t ion  3.3.2. 

- 

8.2.1 Desiqn C r i t e r i a  

The design c r i t e r i a  f o r  t h e  waste s h a f t  a re  the  same as those f o r  t h e  

C 6 SH sha f t .  The c r i t e r i a  r e q u i r i n g  v a l i d a t i o n  are i n d i c a t e d  i n  t h e  

l i s t i n g  o f  abr idged c r i t e r i a  presented i n  Chapter 2, Table 2-1. and a r e  

discussed i n  Chapter 7 .  

The design c r i t e r i a  r e q u i r i n g  e v a l u a t i o n  f o r  design v a l i d a t i o n  o f  t h e  

waste s h a f t  are:  

r-., 

I .  \I 
( 1 )  sha f t  s h a l l  be designed t o  be s t r u c t u r a l l y  s tab le ;  

( 2 )  s h a f t  s h a l l  be designed t o  accomnodate s a l t  creep; 

I '  

( 3 )  ground-water f l o w  i n t o  t h e  s h a f t  s h a l l  be c o n t r o l l e d ;  
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(4 )  underground openings ( i . e .  waste ' s h a f t  s t a t i o n )  s h a l l  be 

designed t o  accomnodate deformat ion;  and 

( 5 )  underground openings s h a l l  be s t a b l e .  

8.2.2 Desiqn Bases 

The Desiqn Basis.  Waste S h a f t  ( r e f .  2-15) was t h e  pr imary  document used 

as a gu ide  f o r  waste s h a f t  design. The major  elements o f  t h i s  bas i s  

a r e  sumnarized i n  t h i s  subsect ion.  Only a few o f  these elements must 

be eva lua ted  or have a d i r e c t  impact on des ign v a l i d a t i o n .  These 

p a r t i c u l a r  elements a r e  presented i n  Table 8-1. 

The des ign  bases s p e c i f y  t h a t  t h e  waste s h a f t  s h a l l  be designed t o  

t r a n s p o r t  personnel ,  m a t e r i a l s  and r a d i o a c t i v e  waste. It s h a l l  a lso,  . 
serve as an i n t a k e  s h a f t  f o r  a smal l  volume o f  a i r  d u r i n g  normal 

ope ra t i ons  and as an escape r o u t e  d u r i n g  emergency opera t ions .  

The s h a f t  s h a l l  be l i n e d  w i t h  un re in fo rced  concre te  f rom t h e  bot tom o f  

i t s  c o l l a r  i n  t h e  waste hand l i ng  b u i l d i n g  t o  t h e  t o p  o f  t h e  shaff. key 

a t  t h e  r o c k / s a l t  i n t e r f a c e .  The l i n e r  s h a l l  be permanent and s h a l l  

p r o t e c t  a g a i n s t  s p a l l i n g .  f a l l o u t  and d e t e r i o r a t i o n  o f  t h e  rock i n  t h e  

s h a f t  w a l l .  It s h a l l  a l s o  prevent  water  seepage i n t o  t h e  s h a f t .  

- 

The s h a f t  l i n e r  s h a l l  be designed i n  compliance w i t h  a p p l i c a b l e  A C I  

Codes. A load  f a c t s r  o f  1.4 s h a l l  be used f o r  des ign ing  t h e  concre te  
l i n e r .  ' The s p e c i f i e d  concrete compressive s t r e n g t h  s h a l l  be 

5,000 p s i .  No l a t e r a l  rock pressure s h a l l  be assumed f o r  des ign  o f  t h e  

s h a f t  l i n e r .  Hyd ros ta t i c  pressure s h a l l  be considered t o  s t a r t  a t  250 

f e e t  below t h e  ground su r face  and extend t o  t h e  r o c k / s a l t  i n t e r f a c e  a t  

t h e  t o p  o f  t h e  key. The water  pressure s h a l l  be considered 

0.437 pounds per  square i n c h  ( p s i )  f o r  each f o o t  o f  depth. 

A t  water-bear ing zones, t h e  s h a f t  s h a l l  be enlarged and 

i n s t a l l e d  t o  p rov ide  pressure r e l i e f  and dra inage space 

l i n e r  d u r i n g  concrete placement and cu r ing .  Drainage 

t o  inc rease 

l i n e r  p l a t e  

behind t h e  

p ipes and .I 
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Table 8-1 

VALIDATION ELEMENTS OF XASTE SHAFT DESIGN BASES 

( 1 )  Shaft  l i n e r  

Hydrostatic pressure i s  considered t o  s t a r t  a t  250 f e e t  below the 
ground surface and extend t o  the top of t h e  key. 

(2 )  Shaft  key 

Design l a t e r a l  pressure shal l  be 50 percent of the ver t ical  
pressure due t o  s o i l .  rock and s a l t  overburden. 

(3) Unlined sect ion 

Provide 20-foot diameter t o  allow f o r  fu tu re  s a l t  creep 
deformation. 
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temporary hoses shall be installed to control water inflow prior to 
placement of the concrete liner. When the concrete liner has attained 
adequate strength, the area behind the liner plate shall be grouted to 
preclude deterioration of the dolomite and mudstone i n  the 
water-bearing zones. 

The shaft key at the bottom of the concrete liner shall be constructed 
of reinforced concrete keyed into the rock and salt strata. A chemical 
water seal shall be placed behind the top and bottom of the key to 
prevent the migration of water. After the completion of shaft 
excavation and construction of the concrete liner and key, permanent 
piping from water collection rings to the shaft station shall be 
installed. Water from the collection rings shall be piped to a tank in 
the shaft station and then transported to the surface. The piping 
shall include inspection and clean-out fittings. Inspection and 
cleaning of  the water collection rings and drainage piping shall be 
performed as necessary. 

A load factor of 1.7 shall be applied to the design loading used for 
the concrete in the -shaft key. The key shall be designed to resist 
lateral pressure generated by salt creep. The design lateral pressure 
shall be 50 percent of the total vertical pressure due to the soil, 
rock and salt overburden. 

- 

Below the key, the shaft shall be excavated 20 feet i n  diameter t o  
allow for future salt creep deformation. Rock bolts and wire mesh 
shall be installed i n  this unlined section of the shaft in order to 
provide a structurally stable salt surface. 

A shaft station shall be excavated at the storage level. The shaft 
shall extend below the storage level to such a depth as required by the 
hoisting equipment and sump. The use of rock bolts and wire mesh shall 
be dictated by the condition of excavated surfaces as well as code 
requirements. The roof, walls and floor shall be checked periodically 
for loose salt in  accordance rith applicable codes. The tolerance for - 
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excavation of roof, floor and wall surfaces shall be no greater than 
plus 6 inches. In no case shall the finished cross section dimensions 
be less than the design dimensions. 

Geomechanical instruments shall be installed to measure water pressure 
behind the shaft liner, salt creep pressure behind the key, and radial 
convergence in the unlined section of the shaft. The types of 
instruments installed shall be piezometers. pressure cells, radial 
convergence points and extensometers. 

The shaft, including the liner, key, unlined section, station and 
furnishings. shall be inspected at 1 month intervals. or as required by 
applicable ccdes. to detect cracking, corrosion, deterioration and 
water intrusion. 

8.3 DESIGN VALIDATION PROCESS 

The design validation process for the waste shaft consists of 
analytical calculations, finite element modeling, and the analysis of 
data collected from geomechanical instruments installed in the C & SH 

and waste shafts. The in situ material parameters of salt determined 
from C & SH shaft instrumentation data were used t o  analyze the 
closure behavior of the waste shaft. F o r  the shaft station, the in 
situ measurement data obtained from the C & SH shaft station were 
used to predict future closure behavior. The following subsections 
present infGrmation pertaining to validation o f  the waste shaft 
reference design. 

8.3.1 Data Collection 

Data collection in the waste shaft has consisted of geologic mapping, 
visual observations and geomechanical instrumentation measurements. 
Data cbtained from the geologic mapping were presented in Chapter 6. 
The following subsections discuss the field observations and the 
geomechanical instrumentation i n  the shaft. 
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8.3.1.1 F i e l d  Observat ions 

Waste s h a f t  i n s p e c t i o n s  have been concerned p r i m a r i l y  w i t h  water  

seepage th rough t h e  concre te  l i n e r ,  s a l t  i n c r u s t a t i o n  on t h e  sur face  o f  

t h e  l i n e r ,  d i s s o l u t i o n  i n  t h e  s h a f t  sump and t h e  r e s u l t s  o f  t h e  l i n e r  

g r o u t i n g  program. 

Water seepage th rough t h e  waste s h a f t  l i n e r  has occur red  s ince  

cons t ruc t i on .  As d iscussed i n  Chapter 3 ,  subsect ion 3.4.2, g r o u t i n g  

du r ing  c o n s t r u c t i o n  behind t h e  s t e e l  l i n e r  p l a t e  a t  b o t h  t h e  Magenta 

and Culebra members d i d  n o t  completely p revent  water  f rom e n t e r i n g  t h e  

sha f t .  It was es t imated t h a t  t h e  t o t a l  water  seepage th rough t h e  l i n e r  

was approx imate ly  0.5 g a l l o n s  p e r  minute (gpm). A remedia l  g r o u t i n g  

program ( r e f .  3-3) .  conducted f rom August 11 th rough August 25, 1984. 

reduced t h e  seepage t o  about 0.015 gpm as measured i n  October 1984. 

Subsequent i n s p e c t i o n s  i n  February and June 1985 determined t h a t  f r e s h  

water  had begun seeping through cracks and c o n s t r u c t i o n  j o i n t s  i n  t h e  

l i n e r  f rom zones w i t h i n  and above t h e  grouted area. The h i g h e s t  l e v e l  

o f  water  seepage was occu r r i ng  a t  a depth o f  o n l y  60 f e e t  below t h e  

s h a f t  c o l l a r .  Because t h i s  i s  h ighe r  than t h e  p o t e n t i o m e t r i c  su r face  

o f  ground water  i n  t h e  Magenta and Culebra members, t h e  source o f  t h e  

seepage was p robab ly  ra inwa te r  and c o n s t r u c t i o n  water  conta ined i n  t h e  

b a c k f i l l  around t h e  s h a f t  c o l l a r  and i n  t h e  under l y ing  Gatuna 

sandstone. T h i s  i s  based on t h e  f a c t  t h a t  heavy r a i n s  i n  t h e  l a t e  

sumner o f  1984 l e f t  s u b s t a n t i a l  q u a n t i t i e s  o f  water  ponded i n  t h e  
waste-handling b u i l d i n g  excavat ions and i n  t h e  remnant o f  t h e  SPDV 

v e n t i l a t i o n  s h a f t  d r i l l i n g  f l u i d  reserve p i t .  

The i n i t i a l  r a t e  o f  t h i s  renewed seepage cou ld  n o t  be measured because 

t h e  PVC d r a i n p i p e  had been broken i n  severa l  p laces.  Subsequent r e p a i r  

o f  t h e  d r a i n p i p e  has pe rm i t ted  t h e  r a t e  o f  water  i n f l o w  t o  be measured 

on a r e g u l a r  bas i s .  The measurements a r e  obta ined by t i m i n g  t h e  f l o w  

o f  water f rom t h e  d ra inp ipe  i n t o  a c a l i b r a t e d  bucket.  These 

measurements do n o t  cons ider  t h e  smal l  amount o f  u n c o n t r o l l e d  " f l y  

water"  t h a t  f a l l s  down t h e  i n s i d e  o f  t h e  s h a f t .  The i n i t i a l  

measurement, i n  January 1986, was 0.47 gpm. The measurements, a r e  
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plotted on Figure 8-1 and show a generally decreasing trend in the flow 
rate. This trend may be influenced by three factors. First, the water 
contained in the backfill and sandstone has slowly drained into the 
shaft. Second, the rate of evaporation increases as the outside air 
temperature increases, thus reducing the amount of water reaching the 
drains. Both of these conditions are temporary. A series of 
rainstorms could recharge the backfill and sandstone. and evaporation 
will decrease with cooler winter temperatures. Heavy rains in June 
1986 may have been responsible for the increased flow detected by the 
late June reading. The third factor influencing the flow trend is the 
possibility that the water collection rings and the drainpipe may be 
partially blocked by debris. This would result in reduced water flow 
through the drainpipe and an increase in the amount of unmeasureable 
fly water. 

Although tbere has been limited access to the waste shaft since 
August 1984. several inspections of the shaft and sump have been made. 

- One inspection was made on February 21, 1985, at which time some 
instrumentation damage was observed. In addition, the PVC drainpipe 
was observed to have been broken in several locations. Appreciable 
salt incrustation was noted on the surface of the concrete liner and on 
many of the instrumentation boxes and cables. This incrustation was 
primarily attributed to salt dust from the underground excavation 
adhering to the damp shaft walls during the period since September 1984 
when the waste shaft was used as an exhaust shaft. A small percentage 
of this salt incrustation was also attributed t o  water seepage through 
the liner. 

,- 

On June 16. 1985. another inspection of the waste shaft was made to 
within 60 feet of the shaft station. The shaft ventilation had been 
changed from upcast to downcast after the February inspection. Very 
little salt incrustation was present on the concrete liner and only a 
small amount was present in places on the wire mesh. Fresh water 
entering the shaft through the liner, from approximately 60 feet below 
the collar, was running down the liner. Although much of the liner was 
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- observed t o  be wet, t h e  water  r i n g s  were rrot f u l l .  This water  appeared 

t o  have d i sso l ved  t h e  s a l t  i n c r u s t a t i o n  observed i n  t h e  February 1985 

i n s p e c t i o n .  Cracks were c o m n  in the l i n e r  t o  u i th in  60 f e e t  o f  t h e  

c o l l a r .  The PVC d ra inp ipe  damage had n o t  been repa i red .  No water  was 

seen d r a i n i n g  from below t h e  conc re te  key. The s h a f t  sump conta ined 

wa te r  t o  w i t h i n  60 f e e t  o f  t h e  s h a f t  s t a t i o n  f l o o r .  This water  was a 

combinat ion o f  ra inwater ,  c o n s t r u c t i o n  water  and ground water. It was 
pumped o u t  i n  September 1985. 

On December 1, 1985, another  i n s p e c t i o n  o f  t h e  waste s h a f t  was made. 

The PVC d ra inp ipe  was s t i l l  broken o r  d isconnected a t  several  l e v e l s .  

The wa te r  r i n g s  were plugged and ove r f l ow ing .  There appeared t o  be an 

i nc rease  i n  water  f l o w  i n t o  t h e  s h a f t ,  most n o t i c e a b l y  a t  t h e  Culebra 

member. An approximately 1/8- t o  l / r l - inch  th ickness  o f  s a l t  had been 

depos i ted  on t h e  l i n e r  below t h e  Culebra.  

On December 11, 1985. an i n s p e c t i o n  o f  t h e  waste s h a f t  sump was made. 

Dur ing  t h i s  inspect ion.  and a subsequent i n s p e c t i o n  on December 12. 

1985. HE-139 was observed c l o s e l y .  The c l a y  along t h e  lower c o n t a c t  

was d i s t i n c t  and no separat ions were noted. Al though the  upper c o n t a c t  

cou ld  n o t  be d i s t i n g u i s h e d  behind a cove r ing  o f  w i r e  mesh, HE-139 c o u l d  

be seen q u i t e  w e l l  and appeared t o  be i n t a c t  and undisturbed. One 

smal l  f r a c t u r e ,  approx imate ly  2 f e e t  l ong  and 1/2 inch  wide was 

observed on t h e  west s ide  o f  t h e  sha f t  approx imate ly  1 f o o t  above t h e  

lower  contac t .  

P 

' An a n h y d r i t e  bed 61 t o  66 f e e t  below t h e  s t a t i o n  f l o o r  was a l s o  

observed du r ing  t h i s  i nspec t i on .  A zone o f  d i s s o l u t i o n  was p resen t  

a long t h e  upper contac t  o f  t h i s  l a y e r  i n  t h e  northwest t o  southeast  

h a l f  o f  t h e  sha f t .  The d i s s o l u t i o n  occurred p a r t i a l l y  w i t h i n  t h e  

a n h y d r i t e  bed. The maximum v o i d  w i d t h  o f  approximately 0.7 f o o t  

occurrea on the  south-southwest s i d e  o f  t h e  s h a f t  and extended 

approx imate ly  18 f e e t  south i n t o  t h e  s a l t .  The zone of d i s s o l u t i o n  

pinched ou t  going around t h e  s h a f t  i n  e i t h e r  d i r e c t i o n  away f r o m  t h e  

area o f  maximum opening. There d i d  n o t  appear t o  be any d is tu rbance o f  
- 



t h e  s t r a t a  o v e r l y i n g  o r  under l y ing  t h i s  zone anywhere around t h e  s h a f t  - 
and no vo ids o r  d i s tu rbance  o f  t h e  anhydr i t e  e x i s t e d  on t h e  oppos i te  

s ide  o f  t h e  s h a f t .  The upper con tac t  o f  t h e  a n h y d r i t e  w i t h  t h e  

o v e r l y i n g  h a l i t e  d i d  n o t  e x h i b i t  any i r r e g u l a r i t i e s .  From t h e  p h y s i c a l  

evidence a v a i l a b l e ,  i t  appeared t h a t  t h i s  f e a t u r e  was t h e  r e s u l t  o f  

l o c a l i z e d  d i s s o l u t i o n .  No d i s s o l u t i o n  o f  t h e  a n h y d r i t e  was observed. 

The d i sso l ved  m a t e r i a l  was probab ly  a s o l u b l e  e v a p o r i t e  m ine ra l  

represent ing  a f a c i e s  change w i t h i n  the  Salado fo rmat ion .  The 

d i s s o l u t i o n  appeared t o  have r e s u l t e d  f rom t h e  p r e v i o u s l y  d iscussed 

water which had been s tand ing  i n  t h e  sump. The l e v e l  o f  t h i s  water  was 

measured a t  60 f e e t  f rom t h e  s h a f t  s t a t i o n  f l o o r  p r i o r  t o  i t s  be ing  

pumped ou t  i n  September 1985. The s h a f t  w a l l  below t h e  wa te r  l i n e  

e x h i b i t e d  no s i g n i f i c a n t  d e t e r i o r a t i o n  due t o  t h e  s tand ing  water .  

However, some s lough ing  o f  an anhydr i t e  l a y e r  71 t o  7 5  f e e t  below t h e  
s h a f t  s t a t i o n  f l o o r  and widening o f  t h e  s h a f t  near t h e  bot tom o f  t h e  

sump was ev ident .  The shaft w a l l  e x h i b i t e d  a g lazed su r face  which 

probably r e s u l t e d  f rom minor  d i s s o l u t i o n  o f  t h e  s a l t  sur face.  

A s h a f t  i n s p e c t i o n  was conducted on J u l y  24. 1986. The i n s p e c t i o n  team 

mapped t h e  l o c a t i o n  o f  cracks i n  t h e  concrete l i n e r  and any assoc ia ted  

seepage. They a l s o  mapped t h e  l o c a t i o n  o f  l e a k i n g  c o n s t r u c t i o n  

j o i n t s .  Th is  mapping i n d i c a t e s  t h a t  a d d i t i o n a l  cracks have developed 

i n  the  l i n e r  s ince  mapping was conducted p r i o r  t o  t h e  August 1984 

g rou t i ng  prograrr;. The s h a f t  was found t o  be cons iderab ly  d r i e r  t han  

du r ing  t h e  1984 mapping program. Many o f  t h e  new cracks mapped may 

have e x i s t e d  i n  1984 b u t  were masked by t h e  water  on t h e  s h a f t  w a l l s .  

Also, s a l t  p r e c i p i t a t e s  now enhance t h e  o u t l i n e  o f  t h e  cracks.  The 

inspec t i on  a l s o  revea led  t h a t  recen t  c o n s t r u c t i o n  work i n s i d e  t h e  s h a f t  

has r e s u l t e d  i n  some ins t rument  cab le  and j u n c t i o n  box damage and i n  

breakage o f  t h e  p r e v i o u s l y  repa i red  PVC d ra inp ipe .  

- 

The waste s h a f t  s t a t i o n  has shown l i t t l e  d e t e r i o r a t i o n  s ince  i t  was 

enlarged f rom t h e  SPOV v e n t i l a t i o n  s h a f t  s t a t i o n  dimensions. V isua l  

surveys a r e  performed approx imate ly  every 3 months by s i t e  g e o l o g i s t s .  
The r e s u l t s  o f  these inspec t i ons  a r e  documented i n  t h e  G F D R s .  Only 
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minor spalling along the station walls has occurred. Vertical 
fractures similar to those found in the drifts and test rooms have 
developed at intersection corners. The roof, although showing no 
visible evidence of deterioration, has been covered by wire mesh and 
rock bolts for safety purposes. During the July 1986 shaft inspection. 
some separation at clay G was observed on the east and west sides of 
the shaft. The separation was a maximum of 3/4 inch wide at the shaft 
surface and decreased away from the shaft. No separation was observed 
at clay H. 

Minor separations and fracturing in HB-139 and in the overlying halite 
have been observed in the station floor. A dish-like fracture zone 
similar to that found in Test Room 2 is present, but has developed on a 
much smaller scale. Inspection of M8-139 i n  the shaft sump, and 
evidence from boreholes drilled in the station floor, show that the 
marker bed and the overlying halite are. for the most part. intact. 

A 8.3.1.2 Geomechanical Instrumentation 

The waste shaft geomechanical instrumentation is similar in design to 
that of the C 6 SH shaft. The shaft contains 12 vibrating-wire 
piezometers, 4 pressure cells, 9 multiple-point borehole extensometers, 
and 3 sets of radial convergence points. Figure 8-2 shows the 
instrument locations in the waste shaft and Figure 8-3 shows details of 
the key instrumentation. 

A s  in the C 6 SH shaft. all of the geomechanical instruments, except 
the convergence points. are monitored remotely. The instruments are 
connected to the surface datalogger that polls all of the remotely-read 

b\i 1 underground instruments on a scheduled basis. 
L-1 

The 12 oiezometers were installed on September 7 and 8, 1984, after the 
6-foot diameter SPDV ventilation shaft had been enlarged to become the 
20-foot to &foot diameter waste shaft. The water that could exert - pressure on the liner is expected to come from the two water-bearing 
members i n  the Rustler formation. The Magenta dolomite member occurs 

P 
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- from a depth o f  596 f e e t  t o  621 f e e t  (e lev .  2813 t o  2788 f e e t )  and t h e  

Culebra do lomi te  member f rom a depth o f  706.5 f e e t  t o  728.5 f e e t  

(e lev .  2702.5 t o  2680.5 f e e t ) .  Two piezometers a r e  a t  each o f  t h e  

f o l l o w i n g  e leva t i ons :  2877, 2798, 2740. 2692, 2651 and 2564 f e e t  

(F lgures 8-2 and 8-3). The piezometers a re  l oca ted  on oppos i te  s ides  

o f  t h e  shaf t ,  one a t  N60'E and t h e  o t h e r  a t  S6O"W. Piezometer readings 

a r e  shown on t h e  da ta  p l o t s  i n  Appendix J .  

The f o u r  pressure c e l l s  a r e  l oca ted  i n  t h e  waste s h a f t  key between t h e  

s a l t  o f  t h e  s h a f t  w a l l  and t h e  concrete compr is ing t h e  key. The 

pressure c e l l s  were i n s t a l l e d  a t  a depth o f  866 f e e t  (e lev .  2543 

f e e t ) .  The f o u r  c e l l s  a r e  spaced 90 degrees a p a r t  around t h e  s h a f t  a t  

t h e  nor th ,  east ,  south, and west p o s i t i o n s  (F igu re  8-3). I n i t i a l  

pressure c e l l  read ings  were taken on A p r i l  6, 1984. The waste s h a f t  

key concrete was p laced  between March 23 and A p r i l  3, 1984. Pressure 
c e l l  data p l o t s  a r e  a l s o  presented i n  Appendix J .  

The extensometers and convergence p o i n t s  were i n s t a l l e d  o n l y  i n  t h e  - 
unl ined  s e c t l o n  o f  t h e  shaf t  below t h e  key. These ins t ruments ,  whose 

loca t i ons  are  shown on F igu re  8-2. were i n s t a l l e d  a f t e r  enlargement of 
t h e  s h a f t  t o  i t s  f i n a l  dimensions. 

The n lne  m u l t i p l e - p o i n t  borehole extensometers were i n s t a l l e d  between 

August 31 and September 5, 1984, 3 t o  5 months a f t e r  t h e  comp:etion o f  

s h a f t  enlargement. Three extensometers each a r e  l o c a t e d  a t  t h r e e  

e leva t ions  i n  t h e  u n l i n e d  s e c t i o n  o f  t h e  sha f t :  2338, 1843 and 1350 

f e e t  (F igure  8-2). The extensometers are spaced 120 degrees a p a r t  

around t h e  sha f t .  P l o t s  o f  t h e  readings are presented i n  Appendix J. 

A s e t  o f  r a d i a l  convergence po in ts ,  cons i s t i ng  o f  f o u r  p o i n t s  each, i s  0 
l oca ted  a t  each o f  t h e  same e leva t i ons  as t h e  extensometers. The W 
convergence p o i n t s  were i n s t a l l e d  imned ia te ly  a f t e r  enlargement o f  t h e  

sha f t .  Due t o  i n t e r f e r e n c e  by s h a f t  f u rn i sh ings ,  i t  was n o t  poss ib le  

t o  s e t  the convergence p o i n t s  a t  90 degrees from each o t h e r .  The s e t  

o f  convergence p o i n t s  a t  a depth o f  1,071 f e e t  c:onsists o f  two p o i n t s  
1 
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on each s ide  o f  t h e  s h a f t  conveyance fu rn i sh ings .  The two p o i n t s  were 

s e t  44 degrees apar t .  A t  t h e  o t h e r  two depths t h e  two p o i n t s  on each 

s i d e  o f  t h e  s h a f t  a r e  s e t  53 degrees apar t .  Convergence p o i n t  readings 

were obta ined f rom A p r i l  th rough June -1984 and a r e  p l o t t e d  i n  

Appendix J. However, t h e i r  performance i s  cons idered poor  and 

e r r a t i c .  The readings have been a f f e c t e d  by s a l t  i n c r u s t a t i o n  on t h e  

convergence p o i n t  eyebo l t s  and extens ions.  Convergence p o i n t  readings 

were d iscont inued when t h e  temporary waste s h a f t  h o i s t  was 

decomnissioned on September 12. 1984. The convergence p o i n t s  w i l l  be 

i naccess ib le  u n t i l  approx imate ly  December 1986, when t h e  permanent 

waste s h a f t  h o i s t  i s  i n s t a l l e d .  

Geomechanical ins t ruments  were i n s t a l l e d  i n  t h e  SPDV v e n t i l a t i o n  s h a f t  

s t a t i o n  i n  l a t e  1982. The ins t rumenta t ion  cons is ted  o f  t h r e e  

m u l t i p l e - p o i n t  boreho le  extensometers and two se ts  o f  convergence 

p o i n t s  as shown on F igu re  8-4. When t h e  s h a f t  was en la rged t o  become 

t h e  waste sha f t ,  t h e  s t a t i o n  was a l s o  enlarged and t h e  o r i g i n a l  

inst ruments were dest royed.  Two extensometers were then i n s t a l l e d  i n  

t h e  enlarged s h a f t  s t a t i o n .  Both o f  these extensometers a r e  i n  t h e  

r o o f ,  one on e i t h e r  s i d e  o f  t h e  waste s h a f t  (F igu re  8-5). 

8.3.2 Analys is  and Eva lua t i on  

Ana lys is  of t h e  waste s h a f t  da ta  and i t s  eva lua t i on  a g a i n s t  re fe rence  

des ign parameters has been d i v i d e d  i n t o  f o u r  elements: t h e  

concre te- l ined  s e c t i o n  o f  t h e  shaf t ;  the s h a f t  key; t h e  u n l i n e d  

sect ion;  and t h e  s h a f t  s t a t i o n .  This  d i v i s i o n  i s  based on t h e  

d i f f e r e n t  i n  s i t u  and des ign  c o n d i t i o n s  i n  each of these areas.  (p 
.. 8.3.2.1 Lined Sect ion  

Engineer ing mechanics p r i n c i p l e s  were used t o  des ign t h e  concre te  l i n e r  

aga ins t  e l a s t i c  buck l i ng .  80 th  a x i a l  and f l e x u r a l  s t resses  were 

considered i n  t h e  des ign.  Permiss ib le  s t ress  values were those used 

f o r  s t r u c t u r a l  p l a i n  concre te  ( r e f .  8-1) u t i l i z i n g  t h e  u l t i m a t e  

s t r e n g t h  des ign method. S ince  t h e r e  are no s i g n i f i c a n t  s a l t  s t r a t a  i n  
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t h e  rock surrounding t h e  l i n e r ,  rock creep and t h e  r e s u l t i n g  rock 

pressure a c t i n g  f rom a dep th  o f  250 t o  844 f e e t  was used i n  t h e  des ign  

based on t h e  a p p l i c a b l e  des ign  b a s i s  element (Table 8-1). 

pressure aga ins t  t h e  l i n e r  were assumed t o  be n e g l i g i b l e .  H y d r o s t a t i c  - 

A d d i t i o n a l  s t resses i n  t h e  l i n e r  due t o  i n i t i a l  i m p e r f e c t i o n s  i n  

roundness and g r o u t i n g  pressures  were a l so  considered. F o r  s t r e s s  

c a l c u l a t i o n s ,  an i n i t i a l  i m p e r f e c t i o n  o f  1 i nch  was assumed i n  t h e  

roundness o f  t h e  l i n e r .  I n  p l a c e  o f  the  l o c a l  wa te r  pressures,  

g r o u t i n g  pressures 1.3 t imes  t h e  g r o u n d r a t e r  pressure were assumed t o  

a c t  over one-s ix th  o f  t h e  c i rcumference o f  the  l i n e r .  Due t o  l o c a l i z e d  

e f f e c t s ,  a 20 percent  i nc rease  i n  t h e  a l lowab le  concre te  s t r e s s  was 

assumed due t o  t h e  sho r t - te rm l o a d i n g  o f  t h e  g rou t i ng  pressure.  

The ex terna l  pressure c a p a c i t i e s  and corresponding c l o s u r e  l i m i t s  

(maximum d iamet r ic  changes) f o r  d i f f e r e n t  th icknesses o f  t h e  l i n e r '  are: 

L i n e r .  Pressure C losure  
Depth Thickness Capacity L i m i t  

( f e e t )  l i n c h e s )  ( p s i )  f i nches )  

2 1  t o  462 10 
462 t o  580 14 
580 t o  762 18 

21 6 
370 
523 

0.165 
0.215 
0.251 

762 t o  83.7 20 598 0.266 

The i n t e n t  o f  t h e  s h a f t  p iezometers i s  t o  moni tor  t h e  pressure  exer ted  

on t h e  l i n e r  by water  f rom t h e  R u s t l e r  format ion.  These d a t a  would 
i n d i c a t e  i f  t h e  des ign  h y d r o s t a t i c  pressure from t h e  des ign  bas i s  was 

s u i t a b l e .  

Table 8-2 sumnarizes t h e  v a r i a t i o n  i n  measured water p ressures  behind 

t h e  l i n e r  a t  d i f f e r e n t  t imes.  F igu re  8-6 shows the  average read ing  on 

September 18, 1985. f o r  each piezometer p a i r  p l o t t e d  a g a i n s t  s h a f t  

depth. For comparison, t h e  h y d r o s t a t i c  design pressure f o r  t h e  l i n e r  

through t h i s  i n t e r v a l  i s  a l s o  shown. 

The measured pressures a t  t h i s  t ime  are  lower than t h e  des ign  pressure - 
f o r  two apparent reasons. F i r s t ,  water  seepage th rough c racks  and 
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Table 8-2 

WASTE SHAFT LINER AND KEY 
SUMMARY OF MEASURED WATER PRESSURES ( p s i )  

PIEZOMETER NO. 31X-PE-00 

Date 201 202 203 204 205 206 207 208 209 210 211 212 
o f  Elev. E lev .  Elev. Elev. E lev.  E lev.  

Readinq 2879 2798 2740 2692 2651 2564 

Dec. 26, 1984 - I  0 16 20 -i -8 77 93 65 76 13 11 

May 16, 1985 -2 0 11 16 12 -15 79 95 58 84 8 10 

June 27. 1985 * 0 13 19 * -16 78 95 * 91 11 12 

Sep. 18, 1985 * 1 17 26 * -14 99 115 * 107 19 22 

Dec. 18. 1985 * -3 -3 -2 * -3 47 51 * 27 4 8  

Mar. 16. 1986 * -3 2 6  * -13 * 63 * 47 5 12 

June 13. 1986 * 0 1 0  15 * -20 * 85 * 74 18 19 

* Piezometer n o t  f u n c t i o n i n g .  
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- construction joints in the liner has not allowed the water to build up 
t o  its full hydrostatic head. This means that the piezometers are not 
measuring the full pressure that might be expected against the liner if 
the leaks were sealed. Second, the \aw pressure readings, and 
especially the variation in readings. suggest that hydraulic continuity 
is incomplete along the rock/liner interface. It is possible that 
water from the Cu'lebra has been isolated, or at least restricted, in 
its vertical extent. This is suggested by the distribution of 
pressures shown on Figure 8-6. 

The pressure distribution of the piezometers is also shown on Figure 
8-7. These readings, however, are the maximum pressure values measured 
for each piezometer elevation. The figure also shows the design 
hydrostatic pressure distribution for the entire liner and its pressure 
capacity. The pressure capacity provides a significant factor of 
safety over the design hydrostatic pressure. 

8.3.2.2 Shaft Key 

Due to lithostatic pressure, the salt formation behind the shaft key 
tends to creep over time. The result is a buildup of inward pressure 
against the concrete key. The concrete key was designed to withstand a 
lateral pressure equal to 50 percent of the vertical overburden 
pressure (approximately 60 ksf) for at least '25 years after its 
construction. This reduction i n  lateral pressure from 75 percent of 
the overburden pressure for the C & SH shaft to 50 percent for the 
waste shaft was based on the results of the analysis of data obtained 
from the C & SH shaft (Chapter 7). 

A nonlinear finite element analysis was utilized to simulate the 
long-term creep interaction of the salt and the concrete key. The 
analysis was performed using the MARC Finite Element Program discussed 
in Chapter 6. The material properties of the finite element model 
simulated the creep behavior of the salt via a power law (equation 

,~... C.4-6 in  Appendix C) provided i n  the analysis. ,' -... 
c 

,' , . ,, 
1 I 1 

t 
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Model Simulation. Unlike the m r e  sophisticated analysis of the 

element model), the finite element model for the waste shaft key and 
surrounding salt consists of a single layer of quadrilateral, 
axisymnetric ring elements as shown on Figure 8-8. Because only the 
lateral flexural stiffness of the shaft key was considered in the 
finite element model, and not its longitudinal flexural stiffness, the 
analysis provides conservative results. A l s o  for conservatism, the 
shrinkage effect of the concrete was not taken into account in this 
analysis. 

C & SH shaft key (which employed a multi-layered, axisymnetric finite - 

An inner element of the model, shown on Figure 8-8. represents a 
segment of the concrete key. In order to simulate the time interval 
between shaft excavation and concrete placement for the key. this 
element was not tied to the surrounding salt deposits. All 
depth-dependent input values, such as overburden stresses, were 
computed for a depth of 892 feet, low i n  the key, where such values are 
at a maximum. Because halite is the most dominant material in the rock 
around the shaft key, its properties were used f o r  the model elements. 
Halite i s  also the material at the base of the shaft key where lateral 
pressure is at a maximum. 

- 

The following analytical procedure was used to perform a creep analysis 
of the waste shaft key: 

(1) Initially, lateral forces were applied outwardly against the 
inside surface of the shaft. This simulates the condition 
prior to excavation o f  the original 6-foot diameter shaft. 

(2) Lateral forces were applied inwardly against the outer 
vertical boundary of the model. The magnitude of these 
forces were based on the lateral earth pressure, equal to 892 
feet of overburden, computed for the key elevation of 2517 
feet. 
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( 3 )  Internal  stres'ses were applied in each element t o  represent 

t he  i n i t i a l  l i t h o s t a t i c  s t r e s s  s t a t e .  

( 4 )  All nodes o f  the  model were restrained against  ver t ica l  
displacement. 

(5 )  Subsequently, outward l a t e ra l  forces against  t he  inside 

surface of the sha f t  were removed t o  simulate excavation of 
t he  or ig ina l  6-foot diameter shaf t .  

( 6 )  A creep analysis  was performed on the  s a l t  deposits 
surrounding the 6-foot diameter sha f t  un t i l  t h a t  time when 
t h e  s h a f t  diameter was enlarged and t he  concrete f o r  t he  key 
was placed (795 days). 

(7 )  The three innermost r ing  elements were detached ( t i e  
constraints removed) from the model t o  represent the 
enlargement of t h e  shaf t .  A concrete ring element ( t i e  
constraints  added t o  the mode.1) then replaced the th ree  s a l t  
elements j u s t  removed t o  model the concrete key. 

( 8 )  A second creep analysis was performed u s i n g  t h i s  new model 
and a creep time representing 28 years a f t e r  placement of the 
concrete key. 

The s t ra t igraphy in the upper section of the waste s h a f t  i s  similar t o  
t h a t  in  the C 6 SH shaf t .  The creep parameters determined from in 
s i t u  s a l t  behavior in the C fi SH sha f t  were, therefore .  assumed t o  be 
valid f o r  correlat ing analyt ical  resu l t s  of t he  waste s h a f t  from 
normalized time t o  real  time. The secondary creep parameter C was 

found t o  equal 5 . 7 0 ~ 1 0 - ~ ~  ksf sec . Because ear ly  in s i t u  
measurements were riot avai lable  f o r  the C 6 SH sha f t ,  the  primary 
creep parameters A and z were determined from i n  s i t u  data from the 
horizontal d r i f t s  and were f o u n d  t o  be 3.2 and l . l ~ l O - ~  sec , 
respectively.  

-4.9 -1 

-1 
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Seeoaae Eva lua t ion .  The s t r u c t u r a l  i n t e g r i t y  o f  t h e  s h a f t  key i s  n o t  

t o t a l l y  dependent upon s a l t  c reep.  The s t a b i l i t y  o f  t h e  key, and 

consequent ly t h e  sha f t  l i n e r ,  can be compromised by water  d i s s o l v i n g  

t h e  s a l t  surrounding t h e  key. Water i s  prevented from seeping f rom t h e  

upper water-bear ing zones down i n t o  t h e  s a l t  around t h e  key p r i m a r i l y  

by two chemical water seals .  The key con f igu ra t i on ,  i n c l u d i n g  t h e  

seals,  i s  descr ibed i n  Chapter 3.  

The number o f  piezometers i n  t h e  key a r e  n o t  s u f f i c i e n t  t o  c o n c l u s i v e l y  

suppor t  an eva lua t i on  o f  seepage. However, t h e  d i s t r i b u t i o n  o f  w a t e r  

pressure behind the  . l i n e r  and key  p rov ides  an i n d i c a t i o n  t h a t  t h e r e  i s  

p robab ly  no hyd rau l i c  c o n t i n u i t y  a long  t h e  r o c k / l i n e r  i n t e r f a c e .  Th is  

i s  e s p e c i a l l y  ev iden t  a t  t h e  lowermost water-bear ing zone a t  a depth o f  

717 f e e t  (e lev .  2692 f e e t ) .  Here, water  pressures are  over 100 p s i .  

The nex t  lower  l e v e l  o f  p iezometers,  a t  a depth o f  758 f e e t  ( e l e v .  

2651 f e e t ) ,  a l s o  i n d i c a t e  p ressures  o f  about 100 p s i .  However, t h e  

lowest  l e v e l  o f  piezometers. i n  t h e  s h a f t  key, r e f l e c t  pressures o f  

l e s s  than 25 p s i .  

The t e l l t a l e  d ra ins  i n  t h e  waste s h a f t  key cou ld  n o t  be loca ted  d u r i n g  

t h e  J u l y  1986 inspec t ion .  Assuming t h e y  were const ructed as designed, 

they  may be covered by a t h i n  veneer of concrete formed du r ing  concre te  

placement. A seep was noted on one s ide  o f  the  s h a f t  a t  t h e  

approximate des ign l e v e l  o f  t h e  t e l l t a l e s .  Inspec t ion  o f  t h e  base o f  

t h e  key determined t h a t  no water  was seeping from behind the  key. Th is  

I n d i c a t e s  t h a t  ground water  i s  n o t  bypassing t h e  lower water  sea l  

between t h e  key and t h e  sur round ing  h a l i t e .  

8.3.2.3 Un l ined Sect ion 

The s t r u c t u r a l  behavior o f  t h e  u n l i n e d  sec t i on  o f  t h e  waste s h a f t  was 

a l s o  computed by a n o n l i n e a r  creep ana lys i s  us ing t h e  MARC F i n i t e  

E.lement Program ( r e f .  6-8). The o b j e c t i v e  o f  t h e  ana lys i s  was t o  

compute t h e  ac tua l  s t r u c t u r a l  behav io r  by u t i l i z i n g  app l i cab le  i n  s i t u  

data f rom t h e  C 6 SH s h a f t  and t h e  h o r i z o n t a l  d r i f t s ,  and t o  v e r i f y  - 
t h e  design adequacy o f  t h e  u n l i n e d  s e c t i o n  o f  t h e  sha f t .  , 
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Model S imu la t ion .  The f i n i t e  element model used f o r  t h e  u n l i n e d  

sec t i on  o f  t h e  waste s h a f t  u t i l i z e s  a s i n g l e  h o r i z o n t a l  row o f  70 

q u a d r i l a t e r a l  ax i symne t r i c  r i n g  elements. The model, shown on F igu re  

8-9, has i t s  upper and lower  h o r i z o n t a l  boundar ies r e s t r a i n e d  a g a i n s t  

v e r t i c a l  movement and a cons tan t  un i fo rm l i t h o s t a t i c  pressure,  equal  t o  

2,059 f e e t  o f  overburden, a p p l i e d  t o  i t s  ou ts ide  v e r t i c a l  boundary. 

The same l i t h o s t a t i c  p ressure  was i n i t i a l l y  a p p l i e d  to t h e  i n s i d e  

v e r t i c a l  boundary as w e l l ;  however, t h a t  p ressure  was l a t e r  removed 

from t h e  i n s i d e  boundary t o  s imu la te  t h e  d r i l l i n g  o f  t h e  o r i g i n a l  

6 - foo t  d iameter  s h a f t .  

The a n a l y s i s  s imu la tes  t h e  s a l t  creep u n t i l  t h a t  t i m e  when t h e  6- foo t  

diameter s h a f t  was en la rged t o  i t s  present  20- foot  diameter.  The s h a f t  

enlargement was s imu la ted  i n  t h e  model by removing those r i n g  elements 

t h a t  were l oca ted  w i t h i n  t h e  20-foot diameter s h a f t  opening. Wi th  t h e  

enlarged s h a f t  c o n f i g u r a t i o n ,  s imulated s a l t  creep f o r  another  28 years 

was analyzed. 

Determinat ion o f  Creep Parameters. Because t h e  s t r a t i g r a p h y  beneath 

t h e  W I P P  s i t e  i s  f a i r l y  un i form,  t h e  values o f  t h e  creep parameters f o r  

t h e  un l i ned  s e c t i o n  o f  t h e  waste s h a f t  were assumed t o  be i d e n t i c a l  t o  

those values c a l c u l a t e d  a t  t h e  corresponding e l e v a t i o n s  o f  t h e  C & SH 

sha f t .  I n  a d d i t i o n ,  t h e  C & SH s h a f t  was d r i l l e d  a t  a much e a r l i e r  

date than was t h e  waste sha f t ;  t he re fo re ,  more i n  s i t u  geomechanical 

inst rument  measurements were a v a i l a b l e  f o r  t h e  C & SH s h a f t .  The 

values o f  t h e  creep parameters f o r  t h e  C & SH shaf t  were determined 

by c o r r e l a t i n g  a n a l y t i c a l  r e s u l t s  w i t h  extensometer readings obta ined 

f rom a depth o f  2,057 f e e t  ( e l e v .  1353 f e e t )  i n  t h e  s h a f t .  The creep 

parameters C, A and z f o r  t h e  C & SH s h a f t  were found t o  be 

1 . 3 0 ~ 1 0 - ~ ~  k s f  sec , 3.2 and 1 . 1 ~ 1 0  sec . r e s p e c t i v e l y .  Chapter 

7 presents  s p e c i f i c  d e t a i l s  on how t h e  creep parameters were evaluated 

f o r  t h e  C & SH s h a f t .  

- 

-4.9 -1 -7 -1 
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8.3.2.4 S h a f t  S t a t i o n  

The a n a l y s i s  of c l o s u r e  and s t a b i l i t y  o f  the waste s h a f t  s t a t i o n  i s  
based upon c l o s u r e  measurements i n  t h e  C h SH s h a f t  s t a t i o n .  Th is  i s  

due t o  t h e  l i m i t e d  amount o f  geomechanical i n s t r u m e n t a t i o n  da ta  

a v a i l a b l e  f rom the  waste s h a f t  s t a t i o n  f o r  t h e  reasons d iscussed i n  

subsec t ion  8.3.1. The f o l l o w i n g  d i scuss ion  presents  a b r i e f  comparison 

o f  t h e  two s h a f t  s t a t i o n s .  

The waste s h a f t  s t a t i o n  c ross-sec t ion  dimensions a r e  1 5  f e e t  h i g h  and 

30 f e e t  wide. These dimensions a r e  comparable t o  those o f  t h e  C h SH 

s h a f t  s t a t i o n .  However, t h e  C 6 SH s h a f t  s t a t i o n  was excavated by 

d r i l l i n g  and b l a s t i n g  w h i l e  t h e  waste s h a f t  s t a t i o n  was excavated us ing  

a m in ing  machine. The d e n s i t y  o f  rock b o l t s  i n  t h e  r o o f  o f  t h e  

C 6 SH s h a f t  s t a t i o n  i s  much g r e a t e r  than t h a t  i n  t h e  waste s h a f t  

s t a t i o n .  A lso,  t h e  roo f  o f  t h e  C 6 SH s h a f t  s t a t i o n  c l o s e  t o  t h e  

s h a f t  i s  approx imate ly  3 f e e t  below c l a y  G, w h i l e  c l a y  G a t  t h e  waste 

s h a f t  s t a t i o n  i s  n e a r l y  8 f e e t  above t h e  r o o f .  Thus, c l o s u r e  a n a l y s i s  

o f  t h e  waste s h a f t  s t a t i o n  us ing  measurement da ta  f rom t h e  C h SH 

s h a f t  s t a t i o n  w i l l  be conserva t ive .  

,F 

The dimensions o f  t h e  waste s h a f t  s t a t i o n  a r e  a l s o  comparable t o  those 

o f  t h e  t e s t  rooms and s torage rooms. Computational a n a l y s i s  o f  t h e  
s to rage rooms (Chapter 12) p r e d i c t s  t h a t  f a i l u r e  w i l l  occur  i n  HB-139. 

below t h e  f l o o r ,  due t o  gradual  s t ress  bu i l dup .  S i m i l a r  behav io r  i s  

expected t o ' o c c u r  i n  MB-139 beneath t h e  waste s h a f t  s t a t i o n .  

8.3.3 P r e d i c t i o n  o f  Fu ture  Behavior 

Th is  subsec t ion  presents  p r e d i c t i o n s  o f  f u t u r e  behav io r  f o r  t h e  var ious  

elements o f  t h e  waste s h a f t  i n c l u d i n g  t h e  l ined ,sec t ion ,  t h e  s h a f t  key, 

t h e  u n l i n e d  s e c t i o n  and t h e  s h a f t  s t a t i o n .  
I ,  '> i' + i ,,; 

-./. 

8.3.3.1 L ined  Sect ion  

.The cracks i n  t h e  concre te- l ined  s e c t i o n  o f  t h e  s h a f t  a r e  p r i m a r i l y  t h e  

r e s u l t  o f  normal t ens ion  c rack ing  occu r r i ng  d u r i n g  t h e  r e s t r a i n e d  
c 
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shr inkage o f  p l a i n  concrete.  The c racks  a r e  n o t  de t r imenta l  t o  t h e  

t o  meet t h e  des ign c r i t e r i a  rega rd ing  ground-water c o n t r o l .  
l i n e r ' s  s t r u c t u r a l  i n t e g r i t y  b u t  s e a l i n g  by g r o u t i n g  w i l l  be requ i red  -. 

A l though t h e  r a t e  o f  water  f l o w i n g  i n t o  t h e  waste s h a f t  has been minor, 

t h e  t o t a l  volume o f  f l o w  has r e s u l t e d  i n  t h e  lower ing  o f  t h e  

p o t e n t i o m e t r i c  sur face  around t h e  s h a f t .  Other a c t i v i t i e s  have a l s o  

a f f e c t e d  t h e  p o t e n t i o m e t i i c  l e v e l  i n  t h e  v i c i n i t y  o f  t h e  shaf ts .  Most 

no tab ly ,  SNL pumping t e s t s  i n  boreho le  H-3 i n  l a t e  1985 lowered t h e  

p o t e n t i o m e t r i c  sur face approx imate ly  40 f e e t  (A.R.  Lappin, SNL. 

personal  comnunication). Due t o  t h e  unknown e f f e c t  o f  c u r r e n t  and 

f u t u r e  hyd ro log i c  s tud ies  a t  t h e  WIPP. i t  i s  d i f f i c u l t  t o  p r e d i c t  t h e  

magnitude o f  f u t u r e  water  p ressure  on t h e  l i n e r .  However, two 

statements can be made concern ing t h i s  water  pressure:  

The piezometer da ta  p resent  a v a l i d  i n d i c a t i o n  o f  water  

pressures behind t h e  l i n e r .  .A l though  t h i s  data cannot be 

used f o r  p r e d i c t i n g  f u t u r e  pressures,  cont inuous mon i to r i ng  

o f  these inst ruments w i l l  r e f l e c t  c u r r e n t  pressures and 

i n d i c a t e  shor t - term t rends .  T h i s  i n f o r m a t i o n  can be compared 

w i t h  the  des ign bas i s  p ressure  d i s t r i b u t i o n '  (F igures 8-6 and 

8-7) t o  eva lua te  l i n e r  s t a b i l i t y .  

- 

Fol lowing  t h e  n e x t  g r o u t i n g  program i n  t h e  waste s h a f t ,  i f  

a l l  water seepage th rough t h e  l i n e r  has been stopped, i t  i s  

p o s s i b l e  t h a t  t h e  p o t e n t i o m e t r i c  sur face  cou ld  r e t u r n  t o  i t s  

h ighes t  l e v e l  determined du r ing  p r e l i m i n a r y  des ign  

a c t i v i t i e s .  Assuming complete h y d r a u l i c  c o n t i n u i t y  behind 
t h e  l i n e r ,  t h i s  c o n d i t i o n  would r e s u l t  in a pressure 

d i s t r i b u t i o n  equal  t o  t h a t  o f  t h e  h y d r o s t a t i c  pressure used 
f o r  l i n e r  design. Th is  c o n d i t i o n  would be w i t h i n  the  des ign 

l i m i t s .  
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1 
8.3.3.2 S h a f t  Key 

F igu re  8-10 shows t h e  p r e d i c t e d  l a t e r a l  pressure curve f o r  t h e  concre te  

key based on t h e  f l n i t e  element ana lys i s .  The key was designed as a 

compression c y l i n d e r  i n  accordance w i t h  the s t r e n g t h  des ign  method f o r  

r e i n f o r c e d  concre te  ( r e f .  7-5) us ing  an u l t i m a t e  hoop s t r e s s  o f  4.25 

k s i  (0.85 f a c ) .  Us ing  t h e  des ign bas is  load f a c t o r  o f  1.7 f o r  
l a t e r a l  loads, t h e  maximum a l l owab le  hoop s t ress  in t h e  conc re te  key i s  

2.50 k s i .  which r e s u l t s  i n  an a l l owab le  l a t e r a l  rock pressure  o f  148 

k s f  based on t h e  d iameter  o f  t h e  key. The des ign bas i s  l a t e r a l  

pressure des ign requi rement  i s  approximately 60 k s f .  F igu re  8-10 shows 

a l a t e r a l  pressure on t h e  s h a f t  key o f  approximately 72 k s f  a t  t h e  end 

o f  t h e  25-year s h a f t  ope ra t i ng  l i f e .  I f  t h e  shr inkage and creep 

p r o p e r t i e s  o f  t h e  conc re te  were taken i n t o  account i n  t h e  f i n i t e  

element ana lys is ,  t h e  l a t e r a l  pressure would a c t u a l l y  be l e s s  than 72 

k s f  a t  25 years.  . .  

The r e i n f o r c e d  conc re te  o f  t h e  s h a f t  key i s  expected t o  e x h i b i t  c racks 

due t o  shr inkage. These a r e  t e n s i l e  cracks due t o  t h e  re in fo rcement  

r e s t r a i n i n g  t h e  concre te  f rom sh r ink ing .  The cracks a r e  n o t  cons idered 

s i g n i f i c a n t  because t h e y  a r e  comnon t o  most r e i n f o r c e d  concre te  

s t r u c t u r e s .  

- 

8.3.3.3 Unl ined Sec t ion  

F igures 8-11 and 8-12 show t h e  r a d i a l  and t a n g e n t i a l  (hoop) s t r e s s  

d i s t r i b u t i o n s  r e l a t i v e  t o  t h e  overburden s t ress  f o r  d i f f e r e n t  t imes i n  

t h e  un l i ned  s e c t i o n  o f  t h e  waste sha f t .  F igure 8-11 shows t h e  zone 

around t h e  s h a f t  opening where r a d i a l  s t resses a r e  a f f e c t e d  and 

i n d i c a t e s  a decrease i n  magnitude over t ime. The computat ional  r e s u l t s  

dep ic ted  on F igu re  8-12 i n d i c a t e  t h a t  t angen t ia l  s t resses  a r e  o n l y  

a f f e c t e d  w i t h i n  a r a d i u s  o f  approx imate ly  120 f e e t .  

f i g u r e s  8-13 and 8-14 show t h e  e f f e c t i v e  s t ress  and e f f e c t i v e  creep 

s t r a i n  d i s t r i b u t i o n s  i n  t h e  un l i ned  sec t ion  o f  t h e  waste s h a f t .  The 
e f f e c t i v e  s t r e s s  i n  t h e  s h a f t  w a l l  a t  25 y e a r s  i s  approx imate ly  140 k s f  
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while the effective creep strain in the shaft wall at 25 years reaches 
a value of approximately 0.037. 1 

Figure 8-15 contains the prediction of diametric closure for the 
unlined section of the waste shaft at a depth of 2,059 feet (elev. 
1350 feet). This figure shows a diametric closure of approximately 7 
1/2 inches over the 25-year operating life of the shaft. 

8.3.3.4 Shaft Station 

Closure in the waste shaft station is predicted using measurement data 
from the C h SH shaft station. The measured roof-to-floor closure in 
the C h SH shaft station was approximately 10 inches on September 16, 

1985, over 3 years after the completion of excavation. The measured 
wall-to-wall closure is greater than 6 inches over the same time 
period. However, the initial readings were taken nearly 260 days after 
the station was excavated; therefore, the actual closure magnitudes 
will be higher. The average rate of roof-to-floor closure over the 
measurement period was approximately 3.89 inches/year. Using this 
value as a constant closure rate over the plant operating life of 25 
years, an additional roof-to-floor closure o f  about 8 feet is expected 
to occur. The wall-to-wall closure over the same period is expected to 
be approximately 60 percent o f  the roof-to-floor closure, or about 5 
feet. Actual closure may be lower as discussed i n  subsection 8.3.2.4. 

8.4 CONCLUSIONS AND RECOMMENDATIONS 

Design validation requires an assessment of the compatibility of the 
design criteria, design bases and design configurations used for the 
reference design. The following conclusions 
address those design elements identified in 
conclusions and recomnendations resulting from 
process are also presented. 

8.4.1 Conclusions 

and recomnendations 
Section 8.2. Other 
the design validation 

/ -  - \ .  

1 
The design criteria require that all o f  the shafts are to be stable. 
Shaft stability has been evaluated using analytical calculations, 
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f i n i t e  element modeling and i n  s i t u  da ta  a n a l y s i s .  The s h a f t  l i n e r  i s  

cons idered s t a b l e  because t h e  water  p ressure  exer ted  on i t  has remained 

s i g n i f i c a n t l y  below the  des ign h y d r o s t a t i c  pressure.  I f  t h e  water  

p ressure  inc reases  t o  t h e  des ign h y d r o s t a t i c  pressure, as may be 

expected i f  t h e  leaks a r e  sealed by  a d d i t i o n a l  g rou t ing .  l i n e r  

s t a b i l i t y  w i l l  n o t  be compromised. The pressure  capac i t y  o f  t h e  l i n e r  

s u f f i c i e n t l y  exceeds t h e  design h y d r o s t a t i c  pressure.  

Based on e x i s t i n g  evidence, t h e  c racks  i n  t h e  l i n e r  and key do n o t  

p resen t  a s t r u c t u r a l  problem. The u n r e i n f o r c e d  concrete l i n e r  i s  

expected t o  f u n c t i o n  as intended, p rov ided  t h a t  t h e  e x i s t i n g  cracks and 

c o n s t r u c t i o n  j o i n t s  a re  grouted and c o n t a c t  g r o u t i n g  i s  performed a t  

t h e  r o c k / l i n e r  i n t e r f a c e .  Conso l i da t i on  g r o u t i n g  o f  t h e  surrounding 

rock may a l s o  be necessary t o  achieve a ' d r y  sha f t .  

The s h a f t  key was designed t o  w i ths tand  a des ign  bas is  l a t e r a l  pressure 

- equal  t o  50 percent  o f  t h e  overburden pressure  (approx imate ly  60 k s f ) .  

The f i n i t e  element ana lys i s  determined t h a t  t h e  l a t e r a l  pressure on t h e  

key  a t  t h e  end o f  t h e  f a c i l i t y  o p e r a t i n g  l i f e  w i l l  be approx imate ly  7 2  

k s f .  A l though t h i s  value i s  h i g h e r  t h a n  t h e  des ign l a t e r a l  pressure. 

t h e  key i s  expected t o  remain s t a b l e  th roughout  i t s  opera t ing  l i f e  

because t h e  a l l owab le  l a t e r a l  rock pressure  i s  148 k s f .  This i s  tw i ce  

t h e  l a t e r a l  pressure p red ic ted  and p rov ides  a s u f f i c i e n t  margin o f  

s a f e t y .  Furthermore, i f  t h e  shr inkage and creep p r o p e r t i e s  o f  t h e  

conc re te  were taken i n t o  account i n  t h e  a n a l y s i s ,  t h e  l a t e r a l  pressure 

would be l e s s  than 7 2  ks f .  

The a n a l y t i c a l  r e s u l t s  f o r  t h e  waste s h a f t ,  presented i n  Sect ion 8.3, 

show t h e  c a l c u l a t e d  r e d i s t r i b u t i o n  o f  s t resses  around t h e  s h a f t  due t o  

t h e  e f f e c t s  o f  creep. Based on t h e  computed v e r t i c a l ,  h o r i z o n t a l  and 

e f f e c t i v e  s t resses i n  the  un l i ned  sec t i on ,  t h e  magnitude o f  s t resses 

i m n e d i a t e l y  ad jacent  t o  t h e  opening decreases w i t h  t ime  as t h e  s t r e s s  

a r c h  around t h e  opening migra tes  away. The maximum s t ress  occurs 

I i m n e d i a t e l y  a f t e r  excavat ion and i s  f o l l o w e d  by r e l a x a t i o n  due t o  creep 
behav io r .  Therefore,  the  s t resses w i l l  n o t  cause a f u t u r e  s t a b i l i t y  
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problem i n  t h e  waste s h a f t  except i n  t h e  anhydr i t e  bed (WE-139) below 

t h e  f l o o r  o f  t h e  s h a f t  s t a t i o n .  Gradual bu i l dup  o f  s t r e s s  i n  t h i s  bed 

may r e s u l t  i n  f l o o r  heave and f r a c t u r i n g .  

The a n a l y s i s  shows t h e  l o c a t i o n s  o f  e f f e c t i v e  creep s t r a i n  

concent ra t ions  f o r  se lec ted  t imes i n  t h e  un l i ned  sec t ion .  Eased on 

these p r e d i c t e d  va lues o f  e f f e c t i v e  creep s t r a i n  and t h e  s t r a i n  l i m i t  
d iscussed i n  Chapter 6. t h e  waste s h a f t  w i l l  remain s t r u c t u r a l l y  s t a b l e  

over  i t s  planned 25-year ope ra t i ng  l i f e .  

The ana lys i s  p r e d i c t s  t h a t  d i a m e t r i c  c losu re  i n  t h e  un l i ned  s e c t i o n  o f  

t h e  waste s h a f t  w i l l  be approx imate ly  7 1/2 inches over  i t s  25-year 

ope ra t i ng  l i f e .  Eased on t h e  p r e d i c t e d  deformat ions and c losures ,  t h e  

waste s h a f t  w i l l  meet t h e  requirements s ta ted  i n  t h e  des ign  c r i t e r i a  

and t h e  20-foot d iameter  u n l i n e d  s e c t i o n  w i l l  p rov ide  s u f f i c i e n t  

ope ra t i ng  c learance t o  a l l o w  f o r  s a l t  creep. 

The des ign c r i t e r i a  r e q u i r e s  t h a t  no uncon t ro l l ed  ground wa te r  reach 

t h e  f a c i l i t y  l e v e l  v i a  t h e  sha f t s .  The m a j o r i t y  o f  wa te r  seeping 

through cracks and c o n s t r u c t i o n  j o i n t s -  i n  t h e  l i n e r  i s  c o l l e c t e d  i n  

t h r e e  w a t e r - c o l l e c t i o n  r i n g s  and d i r e c t e d  t o  t h e  underground f a c i l i t y  
where i t  i s  disposed. Only minor  amounts o f  u n c o n t r o l l e d  f l y  wa te r  

reach t h e  f a c i l i t y  l e v e l .  Th is  water  has a n e g l i g i b l e  impact  and does 

n o t  a f f e c t  v a l i d a t i o n  o f  t h e  c r i t e r i o n  regard ing ground water  reach ing  

t h e  f a c i l i t y  l e v e l .  

I 

S h a f t  i nspec t i ons  have determined t h a t  o n l y  one minor  seep occurs i n  

t h e  key and t h a t  no wa te r  seepage occur rs  f rom t h e  base o f  t h e  key. 

Th is  suppor ts  t h e  conc lus ion  t h a t  t h e  water  seals a r e  f u n c t i o n i n g ,  t h a t  

no water  i s  seeping a long  t h e  c o n c r e t e / s a l t  i n t e r f a c e ,  and t h a t  no s a l t  

d i s s o l u t i o n  i s  o c c u r r i n g  behind t h e  concrete key. The i n s t a l l a t i o n  

technique f o r  t h e  waste s h a f t  water  seals was improved over  t h a t  used 

f o r  t h e  C 6 SH s h a f t  water  sea ls  (Chapter 3) .  

The zone o f  d i s s o l u t i o n  observed i n  the  s h a f t  sump w a l l  is n o t  

considered t o  be d e t r i m e n t a l  t o  t h e  opera t ion  o f  t h e  f a c i l i t y .  The 
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m a t e r i a l  was d i s s o l v e d  d i f f e r e n t i a l l y  by s tanding water  i n  t h e  sump 

r e s u l t i n g  from c o n s t r u c t i o n  a c t i v i t i e s .  It i s  n o t  t h e  r e s u l t  o f  any 

geo log ic  d i s c o n t i n u i t y  o r  process. Th is  zone w i l l  n o t  produce any 

s t r u c t u r a l  problems i n  c o n s t r u c t i o n  o f  t h e  waste s h a f t  f a c i l i t i e s .  

The waste s h a f t  s t a t i o n  i s  expected t o  undergo r o o f - t o - f l o o r  c l o s u r e  a t  

a r a t e  o f  3.89 inches/year .  However, t h i s  r a t e  has been ob ta ined  by 
us ing  t h e  C h SH s h a f t  s t a t i o n  inst rument  data. The a c t u a l  c l o s u r e  

r a t e  may be lower.  A d d i t i o n a l  heave and f r a c t u r i n g  i n  t h e  s a l t  beneath 

t h e  f l o o r ,  as w e l l  as i n  HE-139, i s  expected t o  occur. Some remedia l  

work w i l l  be r e q u i r e d  t o  m a i n t a i n  t h e  requ i red  r o o f - t o - f l o o r  c learance 

f o r  opera t iona l  equipment and a c t i v i t i e s .  

The reference des ign  f o r  t h e  waste s h a f t  i s  considered t o  be v a l i d a t e d  
i n  accordance w i t h  t h e  o b j e c t i v e s  o f  t h e  des ign v a l i d a t i o n  program 

based on the  analyses, e v a l u a t i o n s  and p r e d i c t i o n s  o f  f u t u r e  behav io r  

presented i n  t h i s  chapter .  Wi th  one except ion,  t h e  waste s h a f t  - reference design. compl ies w i t h  t h e  des ign c r i t e r i a  and t h e  des ign 

bases. The c r i t e r i o n  t h a t  s t i p u l a t e s  t h a t  s h a f t  l i n e r  des ign  s h a l l  

prevent  ground-water f l o w  i n t o  t h e  s h a f t  has no t  been met. The r a t e  o f  

water  c u r r e n t l y  seeping i n t o  t h e  waste s h a f t  i s  no t  cons idered t o  be 

de t r imenta l  t o  t h e  s t a b i l i t y  o f  t h e  s h a f t  o r  t o  i t s  f u n c t i o n a l  

purpose. However, t h e  c r i t e r i a  w i l l  be s a t i s f i e d  when a d d i t i o n a l  

remedial g r o u t i n g  has been performed. No m o d i f i c a t i o n s  t o  t h e  s h a f t  

re fe rence des ign w i l l  be requ i red .  

8.4.2 Recomnendations 

Based on t h e  r e s u l t s  o f  des ign v a l i d a t i o n ,  t h e  f o l l o w i n g  

reconmendations w i t h  r e s p e c t  t o  t h e  waste s h a f t  a r e  made: 

(1) Due t o  t h e  l i m i t e d  i n  s i t u  data base, v a l i d a t i o n  o f  t h e  waste 

. . \  s h a f t  key and u n l i n e d  s e c t i o n  r e l i e s  on numer ica l  model ing 

u t i l i z i n g  creep parameters de r i ved  from t h e  C & SH s h a f t  i n  

.- s i t u  data.  It i s  recornended t h a t  the  modeling be repeated, 
p r i o r  t o  t h e  f i r s t  r e c e i p t  o f  waste, us ing t h e  l a t e s t  i n  s i t u  

/--\ 
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- d a t a  f rom t h e  waste sha f t .  T h i s  a n a l y s i s  should be repeated 

p e r i o d i c a l l y  f o r  comparison and v e r i f i c a t i o n  o f  i n  s i t u  data 

a g a i n s t  des ign parameters. 

Grout ing  should be performed t o  comple te ly  sea l  t h e  waste 

s h a f t  l i n e r .  Th is  should i n c l u d e  c o n t a c t  g r o u t i n g  behind t h e  

l i n e r  and g r o u t i n g  o f  shr inkage cracks and c o n s t r u c t i o n  

j o i n t s .  Conso l i da t i on  g r o u t i n g  may a l s o  be requ i red .  

Q u a l i f i e d  personnel  should i n s p e c t  t h e  s h a f t  a t  r e g u l a r l y  

scheduled i n t e r v a l s .  The l i n e r  should be checked for  leaks 

a f t e r  g r o u t i n g  has been completed. The key should be checked 
f o r  water  seeping from behind t h e  key a t  i t s  base. I f  any 

seepage i s  de tec ted  i t  may become necessary t o  g r o u t  t h e  area 

above t h e  upper water  seal. I f  poss ib le ,  g r o u t  should n o t  be 

p laced behind the key below t h e  upper sea l .  However, should 

g r o u t i n g  behind t h e  key become necessary, t h e  g r o u t  must be a 

chemic'al g e l  ( o r  o t h e r  non - r i g id  g r o u t )  and must be 

compat ib le  wi th  bo th  t h e  e x i s t i n g  water  sea l  m a t e r i a l  and 

w i t h  t h e  requirements o f  t h e  Plugging and Sea l ing  Program. 

The d i s s o l u t i o n  zone i n  t h e  waste s h a f t  sump should be f i l l e d  

w i t h  a sa l t -compat ib le  cement mor ta r .  

Because waste s h a f t  s t a t i o n  c l o s u r e  i s  based on C h SH 
s h a f t  s t a t i o n  data,  and because o f  . t h e  importance o f  t h e  

waste s h a f t  s t a t i o n  i n  general ,  u e r t i c a l  convergence p o i n t s  

o r  meters should be i n s t a l l e d  a t  se lec ted  l o c a t i o n s  and 

measurements taken p e r i o d i c a l l y .  These data should then be 

analyzed t o  o b t a i n  b e t t e r  est imates o f  s t a t i o n  c losure .  

8-42 



CHAPTER 9 
EXHAUST SHAFT 

9.1 INTRODUCTION 

This chapter pres information on design validation of the exhaust 
shaft. Included are discussions of its design, the design validation 
process, and conclusions and recomnendations pertaining to validation 
of the reference design. 

9.2 DESIGN 

This section presents the design criteria and design bases used to 
develop the reference design for the exhaust shaft. The design 
configuration of the shaft is discussed in Chapter 3, subsection 3.3.3. 

9.2.1 Desiqn Criteria 

The design criteria for the exhaust shaft are identical to those for 
the other two shafts. The criteria requiring validation are indicated 
in the listing of abridged criteria presented in Chapter 2, Table 2-1. 
and are discussed in Chapter 7. 

- 

The design criteria requiring evaluation for design validation of the 
exhaust shaft are: 

( 1 )  shaft shall be designed to be structurally stable; 

,'' - -'\) (2) shaft shall be designed to accomnodate salt creep; and 

\J* (3) ground-water flaw into the shaft shall be controlled. 
[ . I ! '  

9.2.2 Desiqn Bases 

The design bases are the detailed design requirements developed from 
the design criteria. The primary design basis document far the exhaust 
shaft is the Desiqn Basis, Exhaust Shaft (ref. 2-16). The major 
elements of the design bases are the same as those for the waste shaft, 

- 
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except f o r  t h e  i tems d iscussed i n  t h e  n e x t  paragraph. The elements 

t ha t  r e q u i r e  eva lua t i on  o r  t h a t  have a d i r e c t  impact on des ign  

v a l i d a t i o n  a r e  presented i n  Tab le  9-1. 

I n  a d d i t i o n  t o  adher ing  ' t o  t h e  des ign  bas i s  elements d iscussed 

p r e v i o u s l y  f o r  t h e  waste s h a f t ,  t h e  exhaust s h a f t  s h a l l  be designed t o  

connect t h e  f a c i l i t y  l e v e l  w i t h  t h e  exhaust f i l t e r  b u i l d i n g  a t  t h e  

ground surface. The exhaust s h a f t  s h a l l  be used t o  remove a i r  f r o m  t h e  

underground development l e v e l  d u r i n g  c o n s t r u c t i o n  and s to rage  

opera t ions .  The e n t i r e  s h a f t  s h a l l  be inspected u t i l i z i n g  a 

c l o s e d - c i r c u i t  t e l e v i s i o n  camera t h a t  s h a l l  be lowered f rom t h e  t o p  o f  

t h e  sha f t .  U n l i k e  t h e  des ign  bases f o r  t h e  o t h e r  two sha f t s ,  t h e  

exhaust s h a f t  des ign b a s i s  does n o t  r e q u i r e  the  i n s t a l l a t i o n  o f  

geomechanical i ns t rumen ta t i on .  

9.3 DESIGN VALIDATION PROCESS 

As discussed i n  Chapter 5.  des ign  v a l i d a t i o n  o f  t h e  exhaust s h a f t  has 

been achieved by da ta  c o l l e c t i o n .  i t s  a n a l y s i s  and eva lua t ion ,  and t h e  

p r e d i c t i o n  o f  f u t u r e  behav io r .  Data c o l l e c t i o n  a c t i v i t i e s  have 

inc luded geologic  mapping and v i s u a l  observa t ions  o f  t h e  exhaust s h a f t  

w a l l .  Although geomechanical ins t ruments  have been i n s t a l l e d  i n  t h e  

shaf t ,  no data was a v a i l a b l e  f o r  des ign v a l i d a t i o n  due t o  t h e  l a t e  da te  

o f  i n s t a l l a t i o n .  

Computational analyses f o r  t h e  exhaust s h a f t  were performed i n  t h e  same 

manner as  those f o r  t h e  waste shaf t .  The f i n i t e  element analyses o f  

t h e  s h a f t  key and u n l i n e d  s e c t i o n  used t h e  m a t e r i a l  parameters f o r  s a l t  

obta ined from t h e  C h SH s h a f t  and h o r i z o n t a l  d r i f t  analyses. The 

r e s u l t s  o f  t h e  analyses were then  used t o  p r e d i c t  f u t u r e  behavior .  

9.3.1 Data C o l l e c t i o n  

Data c o l l e c t i o n  i n  t h e  exhaust  s h a f t  was on a much smal le r  sca le  than  

I n  t h e  o the r  two s h a f t s .  Geologic mapping was conducted i n  t h e  s h a f t  
, t o  v e r i f y  t h e  s t r a t i g r a p h y .  This  mapping i s  d iscussed i n  d e t a i l  i n  

Chapter 6. Visual  i nspec t i ons  and observa t ions  i n  the  s h a f t  were 



.1 

Table 9-1 

VALIDATION ELEMENTS OF EXHAUST SHAFT DESIGN BASES 

(1) Shaft liner 

Hydrostatic pressure should be considered to start at 250 feet 
below the ground surface and extend to the top of the key. 

(2) Shaft key 

Design lateral pressure shall be 50 percent of the vertical 
pressure due to soil, rock and salt overburden. 

(3) Unlined section 

Provide 15-fOOt diameter to allow for future salt creep 
deformation. 
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- sporadic due to limited access. The following discussion presents 
those observations which affect design validation. 

9.3.1.1 Field Observations 

Exhaust shaft construction was completed on January 15. 1985. Initial 
of the lined section of the shaft was performed on January 30, 1985. 
At that time water seepage through cracks and construction joints in 
the liner was observed. Seepage into the shaft was measured at 0.35 
gallons per minute (gpm). 

Subsequent inspections of the exhaust shaft'liner were made in February 
and Hay 1985 to observe its condition and to evaluate the need for 
grouting to reduce water seepage. The first occurrence of moisture on 
the liner was observed 25 feet below the shaft collar. The majority of 
water seepage was occurring between approximate depths of 569 feet and 
759 feet (elev. 2840 feet and 2650 feet). Below a depth of 759 feet 
the entire shaft liner was wet, making it difficult to determine the 
exact source of seepage. Some salt accumulation was observed on the 
liner below the Culebra water-bearing member. The May 1985 inspection 
generally revealed a 1/4- to 3/8-inch thickness of salt incrustation in 
this area with some local accumulation up to 4 inches in thickness. 

Salt accumulation at two telltale drain holes, at a depth of 857 feet 
(elev. 2552 feet) on the northeast and east sides of the shaft key, had 
resulted in the almost complete plugging of these holes. The six other 
drain holes had minor salt accumulation. The bottom o f  the key had 
salt stalactites hanging from the concrete but no flow of water under 
the concrete was observed. There was no evidence of any dissolution of 
salt at the concrete/salt contact. 

A cement/chemical grouting program was conducted i n  the exhaust shaft 
from June 1 through July 31, 1985. An inspection of the exhaust shaft 
liner was made on July 30. 1985. The liner was appreciably drier than 
it had been prior to grouting, especially below t h e  Culebra member. 
One collar pipe, for future piezometer installation at a depth o f  616 



f e e t  ( e l e v .  2793 f e e t ) ,  was weeping and one p i p e .  a t  a depth o f  722 
f e e t  (e lev .  2687 f e e t ) ,  was d r ipp ing .  Th is  w a t e r  c o n s t i t u t e d  t h e  

m a j o r i t y  o f  t h e  t o t a l  seepage i n t o  t h e  s h a f t .  Weeping f rom random 

cracks above a depth o f  617 f e e t  appeared t o  be o f  t h e  same magnitude 

as be fo re  g r o u t i n g .  The water r i n g  a t  t h e  base o f  t h e  s h a f t  key was 

r e l a t i v e l y  d r y .  New t e l l t a l e  d r a i n  ho les a t  a dep th  o f  870 f e e t  (e lev .  

2539 f e e t )  were a l l  d ry .  Several o f  t h e  o r i g i n a l  d r a i n  holes,  a t  

857 f e e t ,  and seve ra l  new holes,  a t  a depth of 855 f e e t  (e lev .  2554 
f e e t ) ,  were weeping s l i g h t l y .  No evidence o f  seepage a t  t h e  concrete 

k e y / s a l t  c o n t a c t  was observed. The g r o u t i n g  program reduced water 

seepage i n t o  t h e  exhaust s h a f t  t o  an e s s e n t i a l l y  non-measurable 

q u a n t i t y  . 

Cursory i n s p e c t i o n s  o f  t h e  exhaust s h a f t  made d u r i n g  t h e  i n s t a l l a t i o n  
o f  geomechanical ins t ruments  i n  November and December 1985 i n d i c a t e d  no 

apprec iab le  change i n  t h e  c o n d i t i o n  o f  t h e  s h a f t  l i n e r  s ince  t h e  J u l y  

1.985 i n s p e c t i o n .  
I 

A second g r o u t l n g  program was conducted i n  t h e  exhaust  s h a f t  du r ing  

August, September and October, 1986. The program was performed a t  t h i s  

t ime  t o  reduce t h e  p o s s i b l e  need f o r  g r o u t i n g  i n  t h e  f u t u r e  when s h a f t  

access w i l l  be l i m i t e d .  The g rou t i ng  was conducted on a sma l le r  sca le 

than I n  t h e  e a r l i e r  program. It cons is ted  o f  i n j e c t i n g  g r o u t  through 

e x i s t i n g  s leeves  f rom t h e  t o p  o f  the  s a l t  i n  t h e  key a r e  t o  t h e  t o p  o f  

t h e  Magenta member. Grout ing  was a l s o  performed, as requ i red ,  above 

t h e  Magenta th rough sleeves i n  the  l i n e r .  The r e s u l t s  o f  t h e  g rou t i ng  

were n o t  a v a i l a b l e  a t  t h e  t ime o f  p u b l i c a t i o n  o f  t h i s  r e p o r t .  

9.3.1.2 Geomechanical Ins t rumenta t ion  

The o r i g i n a l  exhaust s h a f t  design conta ined no p r o v i s i o n  f o r  t h e  

i n s t a l l a t i o n  o f  geomechanical i ns t rumen ta t i on  based on the  assumption 

t h a t  rock behav io r  would be s i m i l a r  t o  t h a t  i n  t h e  waste sha f t .  

However, i t  was subsequent ly decided t h a t  geomechanical i ns t rumen ta t i on  

should be i n s t a l l e d  t o  o b t a i n  s h a f t - s p e c i f i c  behav io r  i n fo rma t ion  f o r  
l a t e r  use i n  t h e  s h a f t  sea l i ng  program. 
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Ins t rument  l o c a t i o n s  i n  t h e  exhaust s h a f t  were based on waste s h a f t  

ins t rument  l oca t i ons .  Twenty-one piezometers, 4 pressure c e l l s  and 9 
extensometers have been i n s t a l l e d  i n  t h e  exhaust sha f t .  The ins t rumen t  

i n s t a l l a t i o n  was completed on December 27, 1985. 385 days a f t e r  t h e  
complet ion o f  sha f t  excavat ion.  A l l  exhaust s h a f t  ins t ruments a r e  

moni tored remotely by  t h e  da ta logger .  

9.3.2 Ana lys is  and Eva lua t i on  

The ana lys i s  and e v a l u a t i o n  o f  t h e  cons t ruc ted  exhaust s h a f t  has been 

performed us ing  d i r e c t  obse rva t i on  da ta  and geomechanical 

i ns t rumen ta t i on  readings f rom t h e  C 6 SH and waste s h a f t s .  Th i s  

a n a l y s i s  and i t s  e v a l u a t i o n  aga ins t  re fe rence des ign parameters was 

performed f o r  t h e  t h r e e  major  sec t i ons  o f  t h e  s h a f t :  t h e  l i n e d  sec t i on ;  

t h e  s h a f t  key; and t h e  u n l i n e d  sec t i on .  

The adequacy o f  t h e  exhaust s h a f t  re fe rence des ign  was evaluated based 

on a conrplete spectrum o f  geomechanical behav io r  i n c l u d i n g  s t r e s s ,  

The analyses used creep parameters computed f rom t h e  C 6 SH s h a f t  and 

t h e  8 x 25-foot d r i f t s  as w e l l  as h y d r o s t a t i c  pressures f rom t h e  waste 

sha f t .  

s t r a i n  and deformat ion over  t h e  planned opera t i ng  l i f e  o f  25 years.  - 

9.3.2.1 Lined Sect ion 

Analyses were performed f o r  t h e  un re in fo rced  concrete l i n e r  i n  t h e  

exhaust sha f t .  However, because no i ns t rumen ta t i on  data f rom t h i s  

s h a f t  were ava i l ab le .  t h e  analyses were based on data obta ined f rom t h e  

C 6 SH and waste sha f t s .  

The s t r u c t u r a l  ana lys i s  and des ign o f  t h e  exhaust s h a f t  were performed 

us ing  engineer ing mechanics p r i n c i p l e s  and des ign bases s i m i l a r  t o  

those used f o r  t h e  waste s h a f t  as descr ibed i n  Chapter 8. For  example, 

bo th  a x i a l  and f l e x u r a l  s t resses  were considered i n  t h e  des ign o f  t h e  

concre te  l i n e r ,  w i t h  p e r m i s s i b l e  s t ress  values taken as those used f o r  
s t r u c t u r a l  unre in fo rced concre te  ( r e f .  8-1) u t i l i z i n g  t h e  u l t i m a t e  

9 -6 



c s t r e n g t h  des ign method. Loads considered i n  t h e  des ign o f  t h e  conc re te  

l i n e r  inc luded a h y d r o s t a t i c  p ressu re  assumed t o  a c t  f rom a depth  o f  

250 t o  844 f e e t ;  a g r o u t i n g  pressure  equal t o  1.3 t imes t h e  

ground-water pressure a c t i n g  ove r  one-s ix th  o f  the  c i rcumference o f  t h e  

l i n e r ;  and s t resses due t o  an i n i t i a l  imper fec t i on  o f  1 i n c h  i n  t h e  

roundness o f  t h e  l i n e r .  S ince  t h e r e  i s  no major s a l t  s t r a t a  

surrounding t h e  l i n e r ,  no s i g n i f i c a n t  creep w i l l  occur  and rock  

pressures aga ins t  t h e  l i n e r  were assumed t o  be n e g l i g i b l e .  

Based on i t s  f i n i s h e d  dimensions, t h e  computat ional  r e s u l t s  show t h a t  

t h e  e x t e r n a l  pressure c a p a c i t i e s  and corresponding c l o s u r e  l i m i t s  

(maximum d iamet r ic  changes) f o r  d i f f e r e n t  th icknesses o f  t h e  exhaust  

s h a f t  l i n e r  are: 

L i n e r  Pressure C 1 osure 
Depth Thickness Capaci ty L i m i t  
( f e e t )  ( i nches )  ( p s i )  I inches 1 

1 5  t o  500 10 
500 t o  740 14 
140 t o  844 16 

320 0.140 
51 3 0.175 
61 1 0.190 

Since no measurements o f  t h e  f i n i s h e d  l i n e r  diameter were taken d u r i n g  

cons t ruc t i on ,  t h e  a c t u a l  c l o s u r e  i s  n o t  a v a i l a b l e  f o r  comparison. 

F igu re  9-1 shows t h e  r e l a t i o n s h i p  between the  h y d r o s t a t i c  des ign  

pressure and t h e  pressure c a p a c i t y  o f  t h e  l i n e r .  The h y d r o b t a t i c  

pressure i s  i d e n t i c a l  t o  t h a t  used f o r  des ign o f  t h e  waste s h a f t .  

Because t h e  exhaust s h a f t  l i n e r  a l s o  has water  seeping th rough c racks  

and c o n s t r u c t i o n  j o i n t s ,  t h e  h y d r o s t a t i c  pressure i s  expected t o  behave 

I n  t h e  same manner as discussed f o r  t h e  waste s h a f t  i n  Chapter 8. That 

I s .  t h e  des ign h y d r o s t a t i c  p ressure  i s  n o t  expected t o  be reached u n t i l  

t h e  s h a f t  l l n e r  I s  comple te ly  sealed. When t h e  design h y d r o s t a t i c  

pressure I s  reached, t h e  l i n e r  w i l l  have a f a c t o r  o f  s a f e t y  g r e a t e r  

than two, based on t h e  l i n e r  p ressure  capac i t y .  
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9.3.2.2 S h a f t  Key 

The exhaust s h a f t  key was designed t o  w i ths tand a l a t e r a l  pressure 

equal t o  50 p e r c e n t  o f  t h e  v e r t i c a l  overburden pressure  o r  about 60 

k s f .  A n o n l i n e a r  f i n i t e  element ana lys is ,  s i m i l a r  t o  t h a t  performed 

f o r  t h e  waste s h a f t  key descr ibed i n  Chapter 8. was used t o  s imu la te  

t h e  long- term creep i n t e r a c t i o n  o f  t h e  s a l t  and t h e  concre te  key. The 

creep behav io r  o f  t h e  s a l t  was simulated us ing  a power law (equat ion  

C.4-6 i n  Appendix C ) .  For  conservatism, t h e  shr inkage e f f e c t s  and 

creep o f  t h e  c o n c r e t e  were n o t  taken i n t o  account i n  t h e  ana lys i s .  

Model S imu la t i on .  The f i n i t e  element model f o r  t h e  exhaust s h a f t  key 

and sur round ing  s a l t  c o n s i s t s  o f  a s i n g l e  l a y e r  o f  q u a d r i l a t e r a l  

ax isymnet r ic  r i n g  elements as shown on F igure 9-2. An i n n e r  element o f  

t h e  model rep resen ts  a segment o f  t h e  concre te  key; however, t h i s  

element i s  n o t  t i e d  t o  t h e  surrounding s a l t  d e p o s i t s  u n t i l  t h a t  t ime 

when t h e  conc re te  f o r  t h e  s h a f t  key i s  a c t u a l l y  p laced.  A l l  depth 

dependent i n p u t  values, such as overburden s t resses ,  i n i t i a l  

l i t h o s t a t i c  s t a t e .  e tc . .  were computed based on a depth  o f  891.5 f e e t ,  

low i n  t h e  key, where such values are a t  a maximum. H a l i t e  i s  the  

p reva len t  m a t e r i a l  p resent  a t  t h e  base o f  t h e  s h a f t  key and i t s  

p r o p e r t i e s  were used f o r  t h e  parameters model ing t h e  s a l t  depos i ts  

surrounding t h e  key. 

The a n a l y t i c a l  procedure used t o  perform t h e  creep a n a l y s i s  f o r  the  

exhaust s h a f t  key was s i m i l a r  t o  t h a t  used f o r  t h e  waste s h a f t  key 

ana lys i s  desc r ibed  i n  Chapter 8. However, i n  t h e  f i n i t e  element model 

f o r  t h e  exhaust  s h a f t ,  t h e  key diameter was en la rged t o  21 f e e t  w i t h  a 

f i n i s h e d  i n s i d e  d iameter  o f  14 f e e t .  

9.3.2.3 Un l i ned  S e c t i o n  

The s t r u c t u r a l  behav io r  o f  t h e  un l ined sec t ion  o f  t h e  exhaust s h a f t  was 

a l s o  computed u s i n g  t h e  MARC F i n i t e  Element Program discussed i n  

Chapter 6. The a n a l y s i s  computed the  ac tua l  s t r u c t u r a l  behavior  by 

- u t i l i z i n g  a p p l i c a b l e  i n  s i t u  data from t h e  C h SH s h a f t  and the  

h o r i z o n t a l  d r i f t s .  
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Model Simulation. The finite element model used for the unlined 
section of the exhaust shaft utilizes a single horizontal row of 70 
quadrilateral axisymnetric ring elements. The model, shown on Figure 
9-3. has its upper and lower horizontal boundaries restrained against 
vertical movement and has a constant lithostatic uniform pressure, 
equal to 2.066 feet of overburden, applied to its outside vertical 
boundary. The same lithostatic pressure was initially applied to the 
inside vertical boundary; however, that pressure was later removed from 
the inside boundary to simulate the drilling of the 6-foot diameter 
Di 1 ot bore. 

,- 

The analysis simulates the salt creep until that time when the 6-foot 
diameter hole was enlarged to its present 15-foot diameter. The shaft 
enlargement i s  simulated in the model by removing those ring elements 
which are located within the newly-excavated 15-fOOt diameter. With 
the enlarged shaft configuration, simulated salt creep for another 25 
years was analyzed. 

Determination of C r e w  Parameters. Since the stratigraphy surrounding 
the C 6 SH shaft is similar to that surrounding the exhaust shaft, 
the creep parameters determined from the i n  situ salt behavior in the 
C h SH shaft were assumed to be valid for correlating analytical 
results for the exhaust shaft from normalized time to real time. The 
secondarv creep parameter C for the C h SH shaft was found to equal 
5 . 7 O ~ l O - ~ ~  ksf sec . Since early in situ measurements were 
not available for the C h SH shaft, the primary creep parameters A 

and z were determined from in situ data from the horizontal drifts and 
were found to be 3.2 and 1.1~10 sec , respectively. 

-4.9 -1 

-7 -1 

Chapter 7 presents specific details on the computation of the secondary 
creep parameter C from the C h SH shaft. Chapter 10 presents the 
computation of the primary creep parameters A and z from the drifts. 

9-1 1 
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- 9.3.3 P r e d i c t i o n  o f  Fu tu re  Behavior  

This subsect ion presents  t h e  r e s u l t s  o f  t h e  a n a l y s i s  and e v a l u a t i o n  o f  

t h e  exhaust s h a f t .  P r e d i c t i o n s  o f  f u t u r e  behav io r  for  t h e  l i n e d  

sect ion,  key and u n l i n e d  s e c t i o n  a r e  discussed. 

9.3.3.1 L ined Sec t ion  

The cracks i n  t h e  concre te  l i n e r  o f  t h e  exhaust s h a f t  a r e  p r i m a r i l y  

t ens ion  c racks  formed d u r i n g  r e s t r a i n e d  shr inkage we descr ibed i n  

Chapter 8 w i t h  respec t  t o  t h e  waste s h i f t  l i n e r .  These a r e  n e i t h e r  

unusual nor  unexpected. Grout ing  o f  t h e  cracks, as w e l l  as t h e  l e a k i n g  

c o n s t r u c t i o n  j o i n t s ,  w i l l  be requ i red  t o  meet t h e  des ign  c r i t e r i a  

regard ing ground-water c o n t r o l .  

As discussed i n  Chapter 7,  subsect ion 7.3.3.1. t h e r e  i s  no reason t o  

expect t h a t  t h e  p o t e n t i o m e t r i c  sur face  a t  t h e  WIPP s i t e  w i l l  exceed t h e  

design bas i s  depth o f  250 f e e t  below t h e  ground s u r f a c e  over  t h e  

opera t ing  l i f e  o f  t h e  f a c i l i t y .  I n  t h e  f u t u r e ,  t h e  r e c e n t l y  i n s t a l l e d  

piezometers w i l l  p e r m i t  m o n i t o r i n g  o f  t h e  ac tua l  water  p ressure  on t h e  

l i n e r .  Even i f  t h e  water  p ressure  r i s e s  t o  t h e  des ign  pressure,  t h e  

pressure c a p a c i t y  o f  t h e  l i n e r  w i l l  p rov ide  a s u f f i c i e n t  marg in o f  

sa fe ty .  

9.3.3.2 S h a f t  Key 

The elapsed t ime  f rom the d r i l l i n g  o f  t h e  6- foot  d iameter  p i l o t  bore t o  

i t s  widening t o  21 f e e t  i n  t h e  key area and c o n s t r u c t i o n  o f  t h e  

concrete key was approx imate ly  316 days. F igu re  9-4 shows t h e  

p red ic ted  l a t e r a l  pressure curve f o r  t h e  concrete key based on the  

f i n i t e  element a n a l y s i s .  The key was designed as a compression 

' c y l i n d e r  i n  accordance w i t h  t h e  s t r e n g t h  design method f o r  r e i n f o r c e d  

I . concrete ( r e f .  7 -5 )  us ing  an u l t i m a t e  hoop s t ress  o f  4.25 k s i .  Using a 

load f a c t o r  o f  1 .7  f o r  l a t e r a l  loads,  t h e  maximum a l l o w a b l e  hoop s t ress  

i n  t h e  key i s  2.50 k s i .  Th is  hoop s t r e s s  r e s u l t s  i n  an a l l owab le  - l a t e r a l  rock pressure  o f  154 k s f  based on t h e  d iameter  o f  t h e  key. 

F i g u r e  9-4 shows a l a t e r a l  p ressure  on t h e  key o f  approx imate ly  72 ksf 

c, 
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a t  25 years.  Al though h igher  than t h e  des ign  bas i s  l a t e r a l  pressure o f  

60 k s f .  t h i s  va lue i s  about 50 percen t  o f  t h e  a l lowab le  l a t e r a l  

p ressure .  I n  a d d i t i o n ,  t h e  l a t e r a l  p ressure  would a c t u a l l y  be l ess  

t h a n  72 k s f  i f  concrete shr inkage and creep were taken i n t o  account i n  

t h e  f i n i t e  element ana lys is .  

c_ 

Al though no shr inkage cracks have been found i n  t h e  re in fo rced  concrete 

i n  t h e  key, t h e i r  presence would n o t  be unexpected. They are  comnon t o  

most r e i n f o r c e d  concrete s t r u c t u r e s  and should n o t  be o f  major concern. 

9.3.3.3 Un l i ned  Sect ion 

F igu res  9-5 and 9-6 show p r e d i c t i o n s  f o r  r a d i a l  and t a n g e n t i a l  (hoop) 

s t r e s s  d i s t r i b u t i o n s  r e l a t i v e  t o  t h e  overburden s t ress  a t  d i f f e r e n t  

t imes  f o r  t h e  un l i ned  sec t i on  o f  t h e  exhaust s h a f t .  F igure  9-5 shows 

t h e  zone around t h e  s h a f t  opening where r a d i a l  s t resses are a f f e c t e d  

and t h e i r  decrease i n  magnitude over  t ime.  The computat ional  r e s u l t s  

x i n d i c a t e  t h a t  t a n g e n t i a l  s t resses a r e  a f f e c t e d  o n l y  w i t h i n  a rad ius  o f  

approx imate ly  120 f e e t .  

F igu res  9-7 and 9-8 show p r e d i c t i o n s  o f  t h e  e f f e c t i v e  s t r e s s  and 

e f f e c t i v e  creep s t r a i n  d i s t r i b u t i o n s  i n  t h e  un l i ned  sec t ion  o f  t h e  

exhaust  s h a f t .  The magnitude o f  t h e  e f f e c t i v e  s t r e s s  i n  t h e  s h a f t  w a l l  

a t  25 years approaches 140 k s f  w h i l e  t h e  e f f e c t i v e  creep s t r a i n  reaches 

a va lue  o f  approx imate ly  0.037. 

F i g u r e  9-9 shows approx imate ly  6 inches o f  d iamet r i c  c losure  i n  t h e  

u n l i n e d  s e c t i o n  o f  t h e  exhaust s h a f t  a t  a depth o f  2,066 f e e t  (e lev .  

1343 f e e t )  over  the  25-year ope ra t i ng  l i f e  o f  t h e  s h a f t .  

’ I 9.4 CONCLUSIONS AND RECOMMENDATIONS 
‘L _, /’ 

Design v a l i d a t i o n  o f  t h e  exhaust s h a f t  r e q u i r e s  an assessment o f  t h e  

c o m p a t i b i l i t y  o f  t h e  des ign c r i t e r i a ,  des ign bases and des ign 

- c o n f i g u r a t i o n s  used f o r  t h e  re fe rence design. The f o l l o w i n g  d iscuss ion  

presents  conclus ions and recommendations regard ing  v a l i d a t i o n  o f  t h e  
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exhaust shaft deslgn as they pertain to the design elements identified 
in Section 9.2. These design elements stipulate the requirements that 
the exhaust shaft must meet in terms of shaft stability. deformation, 
water pressure and water control. Other conclusions and 
recomnendations that are a product of the design validation process are 
also presented. 

9.4.1 Conclusions 

The stability of the exhaust shaft has been evaluated using analytical 
calculations, finite element modeling and analysis of data from the 
C & SH and waste shafts. The conclusions regarding shaft stability 
are the same as those for the waste shaft. The water pressure exerted 
on the shaft liner is currently less than the design hydrostatic 
pressure. If the hydrostatic pressure increases to its design limit, 
the liner will remain stable because its pressure capacity exceeds the 
design hydrostatic pressure by a factor greater than two. The cracks 

I in the liner are not expected to result in any structural instability. 

Analytical results show that the lateral pressure on the shaft key at 
the end of the 25-year operating life will be approximately 72 ksf. 
Although this pressure exceeds the design basis lateral pressure of 
60 ksf. the allowable lateral pressure on the key is 154 ksf. or more 
than twice the predicted lateral pressure at 25 years. This provides a 
sufficient margin of saiesy against failure. If concrete shrinkage and 
creep were taken into account in the analysis, the margin of safety 
would be even greater. 

The analytical results also show the redistribution of stresses around 
I. , ,  ~ :' the unlined section of the shaft due to the effects of salt creep. 

Based on the computed vertical, horizontal and effective stresses i n  
the unlined section, the magnitude of stresses imnediately adjacent to 
the opening decreases and the stress arch around the opening migrates 
away with time. The maximum stress occurs imnediately after excavation 
and is followed by relaxation due to creep behavior. Therefore, the 
stresses will not cause a future stability problem in the unlined 

/--I\ 

,' - '\, 

%. 

.- 
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- s e c t i o n  - o f  t h e  sha f t .  The ana lys i s  shows t h e  l o c a t i o n s  o f  e f f e c t i v e  

creep s t r a i n  concent ra t ions  a t  d i f f e r e n t  t imes  around t h e  opening i n  
t h e  u n l i n e d  sec t i on .  Based on t h e  p r e d i c t e d  va lues o f  e f f e c t i v e  creep 

s t r a i n  and t h e  s t r a i n  l i m i t  d iscussed i n  Chapter 6 .  t h e  exhaust s h a f t  

w i l l  remain s t r u c t u r a l l y  s t a b l e  w i t h i n  t h e  l i m i t s  requ i red  f o r  s a f e t y  

d u r i n g  i t s  ope ra t i ng  l i f e .  

The a n a l y s i s  a l s o  p r e d i c t s  t h a t  t h e  maximum d i a m e t r i c  c l o s u r e  i n  t h e  
u n l i n e d  s e c t i o n  a t  t h e  end o f  t h e  o p e r a t i n g  p e r i o d  w i l l  be 

approx imate ly  6 inches.  Based on t h e  p r e d i c t e d  deformat ions and 

c losures.  t h e  exhaust  s h a f t  w i l l  meet t h e  requi rements s t a t e d  i n  t h e  

des ign  c r i t e r i a .  The des ign bas i s  requi rement  t h a t  t h e  15- foo t  

d iameter  u n l i n e d  s e c t i o n  a l l o w  f o r  s a l t  c reep over  its opera t i ng  l i f e  

w i l l  be met. 

As i n  t h e  waste sha f t ,  water  i s  e n t e r i n g  t h e  exhaust s h a f t  through 

cracks and c o n s t r u c t i o n  j o i n t s  i n  t h e  concre te  l i n e r .  The amount o f  

water  seepage was g r e a t l y  reduced by  g r o u t i n g  conducted a f t e r  

cons t ruc t i on .  The smal l  amount o f  water  s t i l l  reach ing  t h e  open s h a f t  

q u i c k l y  evaporates i n  t h e  upcast f l o w  o f  exhaust a i r .  Whi le t h e  

exhaust fans  a r e  operat ing,  no water  reaches t h e  underground f a c i l i t y  

l e v e l .  The water  sea ls  behind t h e  s h a f t  conc re te  key appear t o  be 

f u n c t i o n i n g  as in tended a t  t h e  bot tom o f  t h e  key. No water  i s  seeping 

f rom t h e  c o n c r e t e / s a l t  i n t e r f a c e .  There i s  no evidence o f  s a l t  

d i s s o l u t i o n  behind t h e  key. 

The re fe rence  des ign f o r  t h e  exhaust s h a f t  has been v a l i d a t e d  i n  

accordance w i t h  t h e  ob jec t i ves  o f  t h e  des ign v a l i d a t i o n  program, based 

on t h e  analyses, eva lua t ions  and p r e d i c t i o n s  o f  f u t u r e  behavior  

presented i n  t h i s  chapter .  With one except ion ,  t h e  exhaust s h a f t  

re fe rence  des ign  compl ies w i t h  t h e  des ign c r i t e r i a  and t h e  des ign 

bases. The c r i t e r i o n  t h a t  t h e  l i n e r  s h a l l  p revent  g r o u n d r a t e r  f l o w  

i n t o  t h e  s h a f t  has n o t  been met. However, t h e  water  c u r r e n t l y  seeping 
i n t o  t h e  s h a f t  i s  n o t  considered t o  be d e t r i m e n t a l  t o  s h a f t  s t a b i l i t y  
o r  f u n c t i o n .  No m o d i f i c a t i o n s  t o  t h e  exhaust s h a f t  re fe rence des ign 

a r e  requ i red .  



- 
9 .4 .2  Recomnendations 

Based on t h e  r e s u l t s  o f  des ign  v a l i d a t i o n ,  recomnendations s i m i l a r  t o  

those f o r  t h e  waste s h a f t  a r e  made f o r  t h e  exhaust sha f t :  

(1 )  V a l i d a t i o n  o f  t h e  exhaust s h a f t  key and un l i ned  sec t i on  

r e l i e d  on a n a l y s i s  and model ing u s i n g  i n  s i t u  da ta  f rom t h e  

C h SH and waste sha f t s .  It i s  recomnended t h a t  t h e  

numerical  model ing be repeated, p r i o r  t o  t h e  f i r s t  r e c e i p t  o f  

waste, us ing  i n  s i t u  da ta  f rom t h e  exhaust s h a f t  

ins t ruments.  This  a n a l y s i s  should be repeated p e r i o d i c a l l y  

f o r  t h e  comparison o f  i n  s i t u  da ta  a g a i n s t  des ign parameters. 

( 2 )  The exhaust s h a f t  should be inspec ted  by q u a l i f i e d  personnel 

a t  r e g u l a r l y  scheduled i n t e r v a l s .  The l i n e r  should be 

inspected f o r  renewed seepage and g r o u t i n g  performed i f  an 

. amount o f  water  considered s u f f i c i e n t  t o  a f f e c t  t h e  l i n e r ' s  

s t a b i l i t y  o r  f u n c t i o n a l  purpose i s  observed. The key should 

be inspec ted  f o r  water  seeping f rom behind t h e  key a t  i t s  

base. I f  any i s  detected, g r o u t  should be i n j e c t e d  above t h e  

t o p  water  sea l .  Grout should n o t  be p laced behind the  key 

below t h e  t o p  seal .  If t h i s  cannot be avoided. t h e  g rou t  

must be a chemical ge l  ( o r  o t h e r  non - r i g id  g rou t )  and must be 

compat ib le  w i t h  bo th  t h e  e x i s t i n g  water  seal  m a t e r i a l  and 

w i t h  t h e  requirements o f  t h e  Plugging,and Sea l ing  Program. 
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CHAPTER 10 
DRIFTS 

10.1 INTRODUCTION 

This chapter presents t he  r e s u l t s  of validation of the reference design 
f o r  the underground d r i f t s .  Discussions a re  presented on t he  reference 
design, data collected from the  openings, i t s  analysis and evaluation. 
and predictions of fu ture  behavior. Conclusions and recornendations 
pertaining to the reference design are  presented based on t he  r e s u l t s  
of the  validation process. 

The term drifts  includes a l l  horizontal underground openings except the 
s h a f t  s ta t ions ,  t e s t  rooms, and storage area rooms and t h e i r  associated 
d r i f t s .  Discussions of t h e  s h a f t  s ta t ions  are  presented. in  Chapters 7 

and 8. Discussions of the t e s t  rooms, storage rooms and s torage  area 
d r i f t s  a r e  presented in Chapters 11 and 12.  

The la rges t  d r i f t s  planned f o r  the underground f a c i l i t y  were i n i t i a l l y  

excavated 8 f e e t  h i g h  and 25 f e e t  wide. These d r i f t s  have been o r  wi l l  
be enlarged t o  7 2  f e e t  h i g h .  The  present 12-foot high, 2 5 - f O O t  wide 
d r i f t s  were excavated e a r l i e r  than most of the smaller d r i f t s  and, 
therefore ,  have the  longest h i s t o r y  of - i n  situ data co l lec t ion .  
Because these 1 2  x 25-foot d r i f t s  are the la rges t  t o  be excavated, they 
a l s o  have the most c r i t i c a l  dimensions. Consequently, t he  analyses,  
evaluations and predictions a r e  based primarily on these l a rge r  
d r i f t s .  The smaller d r i f t s  and  rooms a re ,  therefore,  considered t o  be 
validated as a resu l t  of t he  validation of the la rger  1 2  x 25-foot 
d r i f t  reference,design. 

10.2 DESIGN 

T h i s  section presents the design c r i t e r i a  and  design bases used t o  
develop the reference design of t he  d r i f t s .  
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10.2.1 Desiqn C r i t e r i a  _4 

The des ign  c r i t e r i a  es tab l i shed f o r  t h e  des ign  o f  t h e  WIPP underground 
f a c i l i t y  a r e  discussed i n  Chapter 2 and sumnarized i n  Table 2-1. Table 

2-1 p resents  t h e  major c r i t e r i a  a f f e c t i n g  underground design, i n c l u d i n g  

such i tems as waste r e c e i p t  r a t e ,  t y p e  o f  waste. b a c k f i l l  requirement,  

e t c .  Those c r i t e r i a  r e q u i r i n g  e v a l u a t i o n  o f  t h e i r  s u i t a b i l i t y  f o r  

des ign  v a l i d a t i o n  are  i n d i c a t e d  i n  Table 2-1. The remaining c r i t e r i a  

conta ined i n  t h e  Design C r i t e r i a  document ( r e f .  2-7) do n o t  r e q u i r e  

e v a l u a t i o n .  

Three o f  t h e  i nd i ca ted  c r i t e r i a  p e r t a i n  d i r e c t l y  t o  t h e  d r i f t  re fe rence 

des ign.  The f i r s t  c r i t e r i o n  s t a t e s  t h a t  t h e  underground openings s n a l l  

be designed t o  p rov ide  s t r u c t u r a l l y  s t a b l e  excavat ions and p i l l a r s .  

"S tab le "  i s  de f ined i n  t h e  c r i t e r i a  document t o  mean t h a t  deformat ions 

o f  excavat ions and p i l l a r s  a re  t o  remain w i t h i n  t h e  l i m i t s  r equ i red  f o r  

s t r u c t u r a l  f unc t i on ,  v e n t i l a t i o n  and sa fe ty .  The second c r i t e r i o n  

s t a t e s  . t h a t  the  underground opening re fe rence  design s h a l l  p r o v i d e  

maximum s t a b i l i t y  f o r  t h e  excavated rooms and d r i f t s .  The t h i r d  

c r i t e r i o n  s t i p u l a t e s  t h a t  t h e  underground excavat ion s h a l l  be designed 

t o  accomnodate creep c losu re  and m a i n t a i n  t h e  minimum dimensions 

r e q u i r e d  f o r  t h e  opera t ing  l i f e  o f  t h e  opening. Not on l y  a r e  these 

c r i t e r i a  t o  be evaluated f o r  t h e i r  s u i t a b i l i t y ,  b u t  t h e  re fe rence 

des ign  con f igu ra t i ons  based on them must a l s o  be evaluated. These 

re fe rence  des ign con f igu ra t i ons  were d iscussed i n  Chapter 3 .  

h 

10.2.2 Desiqn Bases 

The des ign bases comprise t h e  second l e v e l  o f  the  design documents. 

They ' o u t l i n e  s p e c i f i c  des ign requi rements t h a t  were fo l l owed  i n  

des ign ing  t h e  f i n a l  d r i f t  c o n f i g u r a t i o n s .  Only those design bases t h a t  

app ly  d i r e c t l y  t o  the  underground d r i f t  c o n f i g u r a t i o n s  a r e  discussed i n  

t h i s  subsect ion.  The Desiqn Basis.  Underqround Excavations ( r e f s .  2-9 

and 2-18), Desiqn Basis, Underqround ShoDs and F a c i l i t i e s  ( r e f .  2-20), 

and Desiqn Basis, Geomechanical I n s t r u m e n t a t i o n  ( r e f .  2-17) should be 
r e f e r r e d  t o  f o r  d e t a i l s  o f  the  a p p r o p r i a t e  des ign bases used f o r  the  I 

underground d r i f t s .  None o f  these des ign bases contained elements 
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pertalning specifically to the drifts that required evaluation during 
the validation program. Those bases that required evaluation for 
validation pertain only to the storage area drifts and are discussed in 
Chapter 12. 

The design bases specify that excavation within the shaft pillar area 
shall be the minimum required to meet the operational and safety 
requirements of the waste storage level. The area extraction ratio 
was, therefore, kept below 15 percent in this area. 

The maximum tolerance for excavation of the roof, floor and walls shall 
be plus s i x  inches. In no case shall the finished dimensions be less 

. than those specified by the  design. The minimum vertical dimension for 
equipment clearances used to meet this basis was 1 1  feet. 

Supports for underground workings shall comply with Federal and New 
Mexico codes. The use of rock bolts and wire mesh in specific areas 
shall be determined by mine conditions and code requirements. Entry 
roofs, walls and floors shall be checked periodically for loose salt in 
accordance with applicable codes. Methods of locating gas or brine 
accumulations shall be implemented. such as drilling holes ahead of the 
excavation and testing for the presence of gas. 

A geomechanical instrumentation system shall be installed to provide in 
situ measurement data for design verification or modification and for 
subsequent operational planning. In addition, the instrumentation 
system shall monitor stress change, closure a n d  creep to provide a 
record of the structural stability of the drifts and to provide early 
warning of abnormal conditions for operational safety. 

c 

Deformation measurements in the drifts shall be measured as a function 
of horizontal and vertical closure. Salt creep and stress 
distributions around the drifts and at intersections shall also be 

/ . O i  

measured. ,'----, 

( : i ;  t ,  ,, 

'... -1 '\ 
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The ins t rumen ta t i on  s h a l l  p rov ide  t h e  pr imary d e t e c t i o n  o f  changes i n  

s t r u c t u r a l  behav io r .  V i sua l  observat ions s h a l l  f o l l o w  any de tec ted  

abnormal s t r a i n ,  p ressure  o r  deformat ion f o r  e v a l u a t i o n  o f  t h e  s a f e t y  

o f  t h e  underground work ing places. I n  a d d i t i o n ,  a program s h a l l  be 

prov ided f o r  p e r i o d i c  v i s u a l  i nspec t i on  o f  a l l  underground work ing 

p laces.  

- 

10.3 DESIGN VALIDATION PROCESS 

V a l i d a t i o n  o f  t h e  re fe rence  des ign o f  t h e  underground d r i f t s  i nc ludes  

t h e  c o l l e c t i o n  o f  da ta  and t h e  presenta t ion  o f  r e s u l t s  based on i t s  
ana lys i s  and e v a l u a t i o n .  The r e s u l t s  o f  t h e  des ign  v a l i d a t i o n  process 

a r e  used t o  p resen t  conc lus ions regard ing t h e  c o m p a t i b i l i t y  o f  t h e  

des ign c r i t e r i a ,  des ign  bases and des ign c o n f i g u r a t i o n s ,  and 

recornendat ions f o r  m o d i f i c a t i o n s ,  i f  any. Th is  s e c t i o n  presents  t h e  

data c o l l e c t e d  and p r e d i c t i o n s  o f  f u t u r e  d r i f t  behav io r  based on 

ana lys i s  and e v a l u a t i o n  o f  t h e  data. 
. .  

10.3.1 Data C o l l e c t i o n  

Data p e r t a i n i n g  t o  the underground d r i f t s  was c o l l e c t e d  f rom var ious  

sources. Geologic da ta  was acqui red from geo log ic  mapping and core 

d r i l l i n g .  These d a t a  v e r i f i e d  the  s t r a t i g r a p h i c  c o n t i n u i t y  a t  the 
f a c i l i t y  l e v e l  and a r e  d iscussed i n  d e t a i l  i n  Chapter  6. Data were 

a l s o  acqui red f rom p e r i o d i c  v i s u a l  i nspec t i ons  and f r om geomechanical 

ins t rumenta t ion .  C o l l e c t i o n  o f  these data a r e  desc r ibed  i n  t h e  

f o l l o w i n g  subsect ions.  

10.3.1.1 F i e l d  Observat ians 

Various aspects o f  underground behavior a re  eva lua ted  by  q u a l i t a t i v e  

observat ions and documentation. V isual  i n s p e c t i o n s  o f  t h e  d r i f t s  

i nc lude  observa t ions  o f  t h e i r  general sur face c o n d i t i o n s  i n  response t o  

s t ress  r e d i s t r i b u t i o n  and creep. These c o n d i t i o n s  i n c l u d e  sha l low 
s p a l l s  f rom t h e  r o o f  and w a l l s ,  espec ia l l y  a t  t h e i r  i n t e r s e c t i o n ;  and 

v e r t i c a l  f r a c t u r i n g  i n  t h e  p i l l a r s ,  bo th  a t  corners  and p a r a l l e l  t o  t h e  

w a l l s .  I n  a d d i t i o n  t o  v i s u a l  inspect ions,  o t h e r  techniques a r e  used. - 
Boreholes a r e  surveyed us ing  video cameras and displacements,  
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separa t ions  and f r a c t u r i n g  o f  geo log i c  s t r a t a  surrounding t h e  boreho les  

a r e  detected us ing a s imp le  probe. Surveys o f  underground c o n d i t i o n s  

have been performed a t  l e a s t  once every 3 months. Each survey i s  

documented i n  a GFDR beg inn ing  w i t h  t h e  February 1984 e d i t i o n  ( r e f s .  

4-1 2 through 4-1 9).  

Recent ly,  a spec ia l  program was conducted t o  determine t h e  e f f e c t  o f  

excavat ion  induced de format ion  on t h e  s a l t  s t r a t a  surrounding t h e  

f a c i l i t y  l e v e l .  An a r r a y  o f  boreholes was d r i l l e d  i n t o  t h e  r o o f  and 

f l o o r  a t  30 l o c a t i o n s  i n  t h e  d r i f t s  and t e s t  rooms dur ing  May th rough 

J u l y  1986. These ar rays  a r e  shown on F igu re  10-1. These boreho les  

were used t o  l o c a t e  separa t i ons  and f r a c t u r e s  i n  t h e  h a l i t e  and 

a n h y d r i t e  near t h e  h o r i z o n t a l  underground openings. This Excavat ion  

E f f e c t s  Program was i n s t i g a t e d  a f t e r  t h e  d iscovery  o f  s i g n i f i c a n t  

f r a c t u r i n g  beneath t h e  southern  h a l f  o f  Tes t  Room 3 (Room T ) .  The 

o b j e c t i v e s  o f  t h i s  excavat ion  e f f e c t s  s tudy  were t o  determine i f  

f r a c t u r i n g  o f  t h i s  magnitude has occur red  anywhere e l s e  and t o  

i n v e s t i g a t e  e x i s t i n g  c o n d i t i o n s  a t  se lec ted  l o c a l i t i e s  th roughout  t h e  

f a c i  1 i t y  . 

The documented f i e l d  observa t ions  can be separated i n t o  f o u r  

ca tegor ies :  roo f  and w a l l  s p a l l i n g ;  p i l l a r  f r a c t u r i n g ;  r o o f  

displacements and separat ions;  and f l o o r  displacements, separat ions and 

f r a c t u r i n g .  

Roof and Wall S p a l l i n q .  Dur ing  and immediate ly  a f t e r  excavat ion,  a 

sounding survey o f  t h ?  r o o f s  o f  a l l  d r i f t s  was performed. Each survey 

i d e n t i f i e d  areas o f  p o t e n t i a l  i n s t a b i l i t y .  such as drumny o r  s labby  

s a l t .  Remedial work was accomplished i imnediately and inc luded sca l i ng ,  

a d d i t i o n a l  excavation, o r  rock  b o l t i n g .  Comprehensive sounding surveys 

were a l s o  oerformed i n  every  underground opening i n  J u l y  1983 and 

November 1984. The behav io r  o f  t h e  r o o f  and w a l l s  i s  documented i n  t h e  
t a b l e  e n t i t l e d  "Condi t ion o f  Roof and Wa l l s "  i n  each GFDR. 
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- 
P i l l a r  F r a c t u r i n q .  V e r t i c a l  f r a c t u r e s  have developed i n  t h e  corners 

formed by d r i f t  i n t e r s e c t i o n s .  These f r a c t u r e s  began appear ing about 

3 t o  6 months a f t e r  excavat ion.  S i t e  g e o l o g i s t s  have moni tored t h e  

growth o f  t hese  f r a c t u r e s  and have inc luded t h e i r  observa t ions  i n  t h e  

GFORs. 

V e r t i c a l  f r a c t u r e s  p a r a l l e l  t o  t h e  d r i f t  w a l l s  have been de tec ted  i n  

seve ra l  h o r l z o n t a l  boreholes.  These f r a c t u r e s  were n o t  p resent  a t  t h e  

t i m e  o f  d r i l l i n g .  They w e r e  f i r s t  observed i n  May 1986 and occur 

w i t h i n  1 t o  2 f e e t  o f  t h e  w a l l  surface. 

Roof Oisolaccments and Separat ions.  H o r i z o n t a l  d isplacements and 

v e r t i c a l  separa t i ons  have been detected i n  some open boreholes i n  the  

d r i f t s  d u r i n g  t h e  pas t  2 years.  Per iod ic  i nspec t i ons  o f  a l l  access ib le  

boreholes i n  t h e  d r i f t s  have been made s ince  September 1985. The 

r e s u l t s  o f  these inspec t i ons  i n  the r o o f  ho les  a r e  presented i n  
Table 10-1. 

V isua l  i nspec t l ons  were conducted d i r e c t l y  or remote ly  us ing  a v ideo 

camera and/or  probe. The pmbe used uas descr ibed i n  Chapter 1, 

subsec t ion  7.3.1.4. Depths t o  displacements and separa t ions  w e r e  

measured w i t h  a tape measure. Re la t i ve  h o r i z o n t a l  d isplacements were 

measured where p o s s i b l e  o r  est imated. 

The r e c e n t l y  conducted Excavat ion E f fec ts  Program cons is ted  o f  d r i l l i n g  

numerous a r rays  o f  1 118- inch and 3-inch d iameter  ho les  a t  se lec ted  

l o c a t i o n s  a long t h e  d r i f t s  (F igu re  10-1). The ho les  were d r i l l e d  

approx imate ly  9 f e e t  i n t o  t h e  roo f  and f l o o r  and inspected us ing  a 

probe. The r e s u l t s  o f  t h e  i nspec t i on  o f  these holes a r e  presented i n  

Table 10-2. 

The N l l O O  and N1420 d r i f t s  were excavated eastward t o  El680 i n  e a r l y  

1984. These d r i f t s  i n c l i n e  upward t o  the  exper imenta l  area. The roo fs  
o f  bo th  d r i f t s  i n t e r s e c t  anhydr i t e  beds " a "  and "b".  Slabby rock a t  

t h e  i n t e r s e c t i o n  was removed by the min ing machine and rock b o l t s  

(3 
\ 
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- 
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Table 10-1 

DRIFTS 
RESULTS OF INSPECTION OF VERTICAL BOREHOLES I N  ROOFS 

Hole 

DH-01 

DH-03 

DH-03A 

OH-05 

DH-07 

DH-09 

OH-1 1 

DH-13 

OH-1 3A 

DH-138 

DH-15 

DH-17 

OH-19 

DH-21 

DH-23 

DH-25 

DH-27 

DH-29 

DH-29A 

DH-31 

~~ 

Date 
COmDleted 

2-1 0-84 

2-7-84 

3-1 2-84 

3-9-84 

2-22-84 

3-14-84 

3-6-84 

3-28-84 

3-29-84 

4-5-84 

3-21 .-64 

1 -1 9-84 

1-21 -84 

2-27-84 

2-1 5-84 

3-30-84 

7-27-84 

7-25-84 

9-12-84 

7 -1 9-84 

Hole 
S i z e  
lin.) 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3.5 

3.5 

3.5 

3.5 

Depth 
0 
50.8 

48.8 

49.9 

51 .O 

49.0 

51.1 

50.9 

13.8 

49.0 

21 .o 
5T -0 

52.0 

51.6 

59.4 

51 .O 

51 .8 

50.5 

50.4 

35.0 

50.5 

Approximate 
Locat ion  

N1424/E439.5 

N1 1 1 2/E444 

N1112/E450.5 

N1463A972 

N1112/€976.5 

N1432A1332.5 

N1112/E1332.5 

N1424/E1690 

N1425/€1691 

N1425/€1695 

N1104/E1688.5 

N1104/€1688 

N1107/€206.5 

N1421 /E786 

N11 1 2/E781 

N1422/E1510 

N1107/W682 

N1099/W982 

N1099IW987 

N1099/W1282 

Observed 
Cond i t ion*  

None 

D 

D 

0 

None 

None 

None 

D. S 

0. s 

0. s 
None 

None 

None 

None 

None 

D ,  S 

None . 

None 

None 

None 

* D = displacement; S = separat ion;  F = f r a c t u r i n g  
,./---l, 

\, ._I_., 

, 1 . .  3 

I I., ' '.,, . ' ; 
I 
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c Table 10-1 (cont inued)  

DRIFTS 
RESULTS OF INSPECTION OF VERTICAL BOREHOLES IN ROOFS 

Paqe 2 o f  3 
Hole 

Date S ize  Depth Approximate Observed 
-Ha le  CornDleted (in.) (ft) Locat ion  Cond i t ion*  

OH-31A 1-24-84 3.5 49.2 N1099/W1280 None 

OH-318 4-12-84 3.5 4.9 N1099/W1261 None 

OH-33 7 -1 8-84 3.5 50.5 N1099/W1582 None 

OH-33A 9-1 3-84 3.5 4.1 N1099/W1570 None 

OH-35 1-27-85 3.5 52.0 N1102/W1882 None 

OH-37 

OH-39 

OH-41 . 
.- 

OH-205 

OH-21 1 

OH-21 9 

OH-227 

OH-301 

OH-303 

OH-31 3 

OH-31 3A 

OH-31 5 

OH-31 7 

1-26-85 

1-24-85 

1-24-85 

2-1 8-83 

12-19-82 

1-1 4-83 

1-28-83 

8-30-84 

9-4-84 

7 -1 0-84 

7-1 2-84 

9-6-84 

1-6-84 

3.5 51.5 

3.5 50.7 

3.5 49.9 

3 50.7 

3 50.0 

3 51 .O 

3 51 .l 

3.5 50.8 

3.5 51.4 

3 19.6 

3 50.2 

3.5 50.3 

3 50.1 

N1101/W2182 

N1101 /W2482 

N1101 /W2782 

N1410/EO 

S1320/E163 

S2422/E162 

S3656/E141 

N150/W170 

S4OO/Wl?O 

$1 300/€300 

51 300/E299 

S1300/W170 

$1 600/W33 

OH-31 7 A  7-5-84 3 5.0 $1 600/W30 

OH-3178 9-7 -84 3.5 51.0 51 597/W30 

None 

None 

None 

None 

None 

None 

None 

0 

None 

None 

None 

0 

None 

None 

None 

- OH-31 9 9-10-85 3.5 51.1 S700/€300 None 



Table 10-3 (cont inued)  
, 

DRIFTS 
RESULTS OF INSPECTION OF VERTICAL BOREHOLES I N  ROOFS 

Paqe 3 o f  3 

Hole 

OH-2 

OH-3 

OH-4 

OH-6 

OH-7 

OH-8 

OH-9 

OH-1 0 

OH-1 1 

- 

L2PU-02 

Date 
Completed 

8-83 

8-83 

8-03 

8-83 

8-83 

8-83 

2-84 

2-04 

2-04 

- 

- 

Hole 
Size 
(in.) 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

Depth 
(ftl 

20 

20 

20 

20 

20 

20 

15.4 

21 .o 

19.7 

10 

9.2 

Approximate 
Loca t ion  

S410/E147 

Room 2 c e n t e r l i n e  

N1 1 1 O/W365 

N111 O/WS 

S70/EO 

N140/EO 

N1433/W232 

N1420/W218 

N1433/W365 

Room L1 c e n t e r l i n e  

Room L2 c e n t e r l i n e  

Observed 
Condi t ion*  

None 

S ,  F 

S 

None 

D. S, F 

None 

5. F 

D 

None 

None 

None 

.F 
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Table l0-z (oontlnued) 

EXCAVATION EFFECTS PROGRAM 
ROREHOLE INSPECTION SUMMARY 

PAQ 2 W 2 

0 
I 
4 
N 

I 28 I 12x20 

EX C A V A 1 aW 

- DATE 1 LOCITY*( 

Y O .  Ens 
OWERED 5/84 

RMYl 
OWERED 4/83 
_. 

,111, I .. 
2/84 I Nw0.0301 

: . E x i s i H c  nmE. 
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5. OBSERVAlWS WERE YAW USMO A PROBE MwySlM ff A NIL A T T A R E D  
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and w i r e  mesh were I n s t a l l e d .  Severa l  f r a c t u r e s  i n  t h e  roo f  brow a t  

t hese  anhydr i t es  have been observed. 

.- 

A p o r t i o n  o f  t h e  N140 c rosscut  between W170 and E l40  has been excavated 

above c l a y  6. An inspec t i on  o f  t h i s  a rea  i n  June 1986 showed some 

m i n o r  v e r t i c a l  separat ion.  on t h e  o r d e r  o f  1/B inch, as w e l l  as soine 

squeezing o u t  o f  c l a y  6. No f r a c t u r e s  i n  t h e  under l y ing  h a l i t e  were 

observed. 

F l o o r  DisDlacements. SeDarations and F rac tu r inq .  F r a c t u r i n g  has 

developed beneath t h e  f l o o r  i n  some l o c a t i o n s .  These f r a c t u r e s  occur  

i n  t h e  h a l i t e  above MB-139 and sometimes extend i n t o  MB-139. The most 

prominent  f r a c t u r i n g  a t  present  i s  beneath Tes t  Room 3. as discussed i n  

Chapter 11. 

As  w i t h  t h e  r o o f  boreholes.  observa t ions  were accomplished us ing  bo th  

v i d e o  equipment and a probe. The r e s u l t s  o f  f l o o r  ho le  i nspec t i ons  

conducted through J u l y  1986 i n  access ib le  boreholes a r e  presented i n  

Table 10-3. Resu l ts  o f  t h e  Excavat ion E f f e c t s  Program are  inc luded i n  

Table 10-2. 

10.3.1.2 Geomechanical I ns t rumen ta t i on  

An ex tens l ve  system of geomechanical ins t ruments  has been i n s t a l l e d  i n  

the  underground d r i f t s  (F igu re  10-2) t o  p rov ide  i n  s i t u  data on t h e  

de fo rma t iona l  behav io r  o f  these openings. The m a j o r i t y  o f  t h e  

i ns t rumen ts  were i n s t a l l e d  du r ing  t h e  SPDV Program and t h e r e f o r e  have 

been moni tored f o r  over t h r e e  years. A d d i t i o n a l  i ns t rumen ta t i on  was 

i n s t a l l e d  a f t e r  t h e  SPDV program was completed. ,, /- . ., 
i 

I ns t rumen ta t i on  i n  t h e  d r i f t s  cons i s t s  o f  r a d i a l  convergence p o i n t s  and 

mu1tip:e-;oint borehole extensometers. The convergence p o i n t s  c o n s i s t  

o f  p a i r s  o f  eyebo l ts  anchored i n  t h e  s a l t  o f  t h e  roo f ,  f l o o r  and w a l l s  

o f  t h e  d r i f t s  as w e l l  as a t  corners o f  i n t e r s e c t i o n s .  The c l o s u r e  o f  

t h e  opening i s  measured between a p a i r  o f  convergence p o i n t s  us ing  a 

tape extensometer. The borehole extensometers a r e  t h e  sonic-probe type 

- 
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Table 10-3 

DRIFTS 
RESULTS OF INSPECTION OF VERTICAL BOREHOLES I N  FLOORS 

Paqe 1 o f  2 
Hole 

Hole 

OH-36 

OH-38 

O H 4 0  

OH-42 

OH-42A 

DH-228 

OH-1 3 

OH-1 4 

JV-01 

JV-02 

JV-03 

JV-04 

JV-05 

JV-06 

JV-07 

JV-08 

JV-09 

L2X-01 

L2PD-01 

- 

Date 
Comol e ted  

1-26-05 

1-26-85 

1-25-85 

1-23-85 

1-25-85 

1-28-83 

2-84 

2-84 

9-85 

9-85 

9-85 

9-85 

9-85 

9-85 

9-85 

9-85 

9-85 

1-85 

- 

- 

Size  
(in.) 

3.5 

3.5 

3.5 

3.5 

3.5 

3 

4 

4 

36 

36 

36 

36 

36 

36 

36 

36 

36 

30 

5 

5 

Depth 
0 
51.5 

47.5 

51 .O 

51.2 

40.5 

50.4 

9.5 

9.7 

8 

8 

8 

8 

8 

8 

8 

8 

8 

12 

13.0 

11.3 

Approximate 
L o c a t i o n  

NllOZ/W1882 

N1101 /W2182 

N1101 /W2482 

N1101/W2782 

N! 101 /W2789 

S3656/E147 

N1433/W232 

N1433/W365 

Room J 

Room J 

Room J 

Room J 

Room J 

Room J 

Room J 

Room J 

Room J 

Room L2 

Room L2 c e n t e r l i n e  

Room L2 c e n t e r l i n e  

Observed 
Cond i t i on* 

None 

None 

None 

None 

None 

None 

S, F 

0, 5, F 

None 

None 

None 

None 

None 

None 

None 

F 

None 

None 

0. S ,  F 

5 ,  F 

* D = displacement;  5 = separat ion;  F = f r a c t u r i n g  . .  

/'. ',~\., 
( . , '  
\ , t * s  li 

./' 

-. 

-. 
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Table 10-3 (continued) 

BBIFTS 
RESULTS OF INSPECTION OF VERTICAL BOREHOLES I N  FLOORS 

Pase 2 o f  2 
Hole 

Date Size Depth Approximate Observed 
Condit ion* Hole Cornoletea (in.) Locat ion 

- - 16 10.3 Room L2 c e n t e r l i n e  D, S 

WPD-03 1 +6 5 9.3 N1420, east o f  None 
Test Room 1 

NPD-04 1-86 5 9.5 N1420, east  o f  None 

NPD-05 1-06 5 9.6 N1420/Room L1 None 

NPD-06 1-86 - 5 9.5 N1420/Room L1 None 

NPD-07 1-86 5 9.0 N1420/Room L2 S, F 

Test Room 1 

NPO-08 1-86 5 12.0 N1420. east o f  S 
Test Room 1 - 

NPD-11 . 1-86 5 8.9 N142O. between None 
Test Rooms 2 and 3 

NPD-12 1-86 5 9.0 N1420. between None 
Rooms L1 and L2 

i ' .  
!, i . ;  j 

.___..-' '.. 
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w i t h  s t a i n l e s s  s t e e l  anchor rods and expansion-r ing anchors. 

Two-anchor, four-anchor  and f ive-anchor  extensometers have been 

i n s t a l l e d .  Anchor depths vary w i th  l o c a l i t y  and s i t e - s p e c i f i c  

s t r a t i g r a p h y .  Recent da ta  p l o t s  f o r  t h e  d r i f t  ins t ruments  a r e  

presented i n  Appendix J. 

No st ressmeters were i n s t a l l e d  i n  e i t h e r  the  h a l i t e  o r  a n h y d r i t e  

surrounding t h e  d r i f t  openings. A program t o  develop r e l i a b l e  

stressmeters f o r  use i n  h a l i t e  was begun b u t  abandoned when o t h e r  W I P P  

p a r t i c i p a n t s  i n i t i a t e d  s i m i l a r  programs. The r e s u l t s  o f  t h e i r  programs 

i n d i c a t e  t h a t  measurements us ing  mod i f i ed  stressmeters a r e  n o t  y e t  

s u f f i c i e n t l y  r e l i a b l e  t o  be considered f o r  des ign v a l i d a t i o n .  

Therefore, numer ica l  m d e t i n g  was r e l i e d  upon t o  analyze s t r e s s  changes 

w i t h  t ime i n  t h e  h a l i t e  and anhydr i t e  around t h e  openirigs. The 

r e l i a b i l i t y  o f  t h e  readings from t h e  two stressmeters i n s t a l l e d  i n  

HB-139 beneath Tes t  Room 2 i s  d iscussed i n  Chapter 11. 

The underground ins t rumen ta t i on  system has had a complex h i s t o r y .  A l l  

extensometers have been r e s e t  a t  l e a s t .  once because s a l t  c reep moved 

t h e  anchor-rod magnets beyond t h e  i n i t i a l  2-inch measurement l i m i t .  

Convergence p o i n t s  were f r e q u e n t l y  damaged by c o n s t r u c t i o n  a c t i v i t i e s  

and were r e g u l a r l y  replaced. Extensometers were a l s o  damaged du r ing  

cons t ruc t i on ;  some were rep laced and o thers  were abandoned. The 

opera t iona l  h i s t o r y  o f  t h e  inst ruments i s  presented i n  each i s s u e  o f  

the  GFDRs. 

10.3.2 Ana lvs is  and Eva lua t i on  

The i n  s i t u  da ta  c o l l e c t e d  and observat ions made du r ing  t h e  des ign 

v a l i d a t i o n  process were analyzed and evaluated t o  determine t h e  e f f e c t s  

o f  s a l t  behav io r  on t h e  d r i f t  excavat ions.  Closure data were analyzed 

and a - - !s i  simu:.-::sn was performed f o r  a t y p i c a l  8 x 25- foot  wide 

d r i f t .  An o p t i o n  f o r  l ower ing  t h e  f l o o r  5 f e e t  was inco rpo ra ted  i n t o  

t h e  model f o r  subsequent ana lys i s  o f  t h e  d r i f t s  i n  t h e  s to rage area. 

The r e s u l t s  o f  t h e  a n a l y s i s  o f  t h e  l a r g e r  d r i f t s  a r e  presented i n  

Chapter 12. 

.- 

~~ -.. 
, ” . -\, 
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10.3.2.1 Observed Cond i t ions  

Eva lua t i on  o f  observed c o n d i t i o n s  i s  a q u a l i t a t i v e  process. It 

represents  t h e  assessment o f  q u a l i f i e d  g e o l o g i s t s  and engineers and i s  

an impor tan t  component of t h e  a n a l y s i s  and eva lua t i on  o f  measured 

responses and s t r u c t u r a l  c a l c u l a t i o n s .  

-. 

Roof and Wall Spa l l i nq .  Changes i n  r o o f  and w a l l  cond i t i ons  occu r  

s lowly .  Drumny areas de tec ted  d u r i n g  t h e  o r i g i n a l  soundings have n o t  

en larged s i g n i f i c a n t l y .  These d r u m y  areas occur i n  c l e a r  h a l i t e  and 

a r e  n o t  assoc iated w i t h  any n o t i c e a b l e  c l a y  deposi ts .  Separa t ions  

occur  a long planes of  weakness, p robab ly  c rea ted  by  the o r i e n t a t t o n  o f  

c r y s t a l  faces. Few new s labby  areas have developed. For  an unknown 
reason, more slabby areas developed i n  t h e  r o o f  o f  t h e  El40 d r i f t  sou th  
o f  t h e  waste s h a f t  d u r i n g  excavat ion  than  i n  any o the r  underground 

area. These areas have shown l i t t l e ,  i f  any, growth. 

Wal l  s p a l l i n g  i s  even more subdued. The most no t i ceab le  s p a l l i n g  

(geo log ic  map u n i t  4 and c l a y  F) near  t h e  i n t e r s e c t i o n  o f  t h e  w a l l  and 

r o o f .  Th is  area has e x h i b i t e d  s low ly  d e t e r i o r a t i n g  c o n d i t i o n s  and 

requ i res  occasional  sca l i ng .  Th is  s p a l l i n g  o f  map u n i t  4 and t h e  

squeezing ou t  o f  assoc ia ted  c l a y  F i s  most no t i ceab le  i n  t h e  N1420 

d r i f t  n o r t h  o f  t h e  t e s t  rooms and a long t h e  El40 d r i f t  sou th  o f  t h e  

waste s h a f t .  S p a l l i n g  r e s u l t s  f rom room c l o s u r e  and i s  r e l a t e d  t o  t h e  

percentage o f  a r g i l l a c e o u s  m a t e r i a l  i n  t h e  h a l i t e  and t o  t h e  p r o x i m i t y  

o f  t h e  roo f  i n t e r s e c t i o n .  S i m i l a r  behav io r  assoc iated w i t h  

anhydr i t e  "b" ,  anhydr i t e  "a" and c l a y  I has been observed i n  t h e  w a l l s  

o f  t h e  d r i f t s  and t e s t  rooms i n  t h e  waste exper imental  area. Some 

minor  squeezing o f  c l a y  6. c l a y  H and c l a y  I has occurred where these 

c lays  a r e  exposed a long d r i f t  w a l l s .  R e l a t i v e  mot ion a long these c l a y s  

s i m i l a r  t o  c l a y  F i s  e x h i b i t e d  by t h e  lower  s e c t i o n  o f  t h e  w a l l  moving 

i n t o  t h e  excavat ion r e l a t i v e  t o  t h e  upper sec t i on .  Some s p a l l i n g  o f  

map un i t  0 has a l so  been noted a long t h e  €140 d r i f t  sou th  o f  

occurs i n  t h e  a r g i l l a c e o u s  h a l i t e  u n i t  and associated c l a y  seam I 

__ approx imate ly  52500. , .  
--> - 
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P i l l a r  F r a r t a r i n p .  The v e r t i c a l  f r a c t u r e s  t h a t  have developed i n  t h e  

p i l l a r  corners occur thmuqhorrt. %be underground f a c i l i t y .  They a r e  

p a r t i c u l a r l y  prominent i n  c o m e r s  t h a t  were n o t  beveled du r ing  

excavat ion.  The f r a c t u r e s  range in width from closed t o  about 2 inches 
and-extend into t h e  s a l t  e s s e n t i a l l y  p e r p e n d i c u l a r  t o  t h e  sur face.  

.The f r a c t u r e s  grow s t e a d i l y  w i t h  t i m e  as t h e  h a l i t e  responds t o  

de format ion  around t h e  opening. P i l l a r  co rne r  f r a c t u r e s  a r e  t h e  most 

obvious m a n i f e s t a t i o n  of p i l I a r  sho r ten ing  i n  t h e  d r i f t s  and rooms. 

These f r a c t u r e s  w i l l  con t i nue  t o  grow and t h e  corners w i l l  con t inue t o  

d e t e r i o r a t e ,  w i th  i nc reas ing  s p a l l i n g  as a r e s u l t .  Th i s  behav io r  i s  
expected and poses no s t a b i l i t y  problems, b u t  i t  w i l l  r e q u i r e  

m o n i t o r i n g  and maintenance th roughout  t h e  opera t i ng  l i f e  o f  t h e  

f a c i  1 i ty .  

V e r t i c a l  f r a c t u r e s  have developed i n  t h e  w a l l s  o f  t h e  d r i f t s  p a r a l l e l  - t o  t h e  l o n g i t u d i n a l  d r i f . t  a x i s .  The f r a c t u r e  openings range from 

c losed t o  1/16 i n c h  i n  w id th .  The f r a c t u r e s  have been de tec ted  i n  some 

boreholes where they  occur  w i t h i n  2 f e e t  o f  t h e  w a l l  sur face.  This  

t ype  o f  f r a c t u r i n g  i s  t y p i c a l  o f  underground excavat ions and probably  

represents  t e n s i o n  f r a c t u r e s  developed due t o  s t r e s s  r e l i e f .  

Roof DisDlacements and Separat ions.  Clay G and c l a y  H. above t h e  roo f  

o f  t h e  f a c i l i t y  l e v e l  d r i f t s ,  and c l a y  I. above t h e  r o o f  o f  t h e  d r i f t s  

i n  t h e  exper lmenta l  area, have e x h i b i t e d  displacements and 

separa t ions .  Table 10-1 presents  t h e  r e s u l t s  o f  observat ions made 

th rough J u l y  1986 i n  58 open boreholes.  Twenty o f  these holes 

e x h i b i t e d  p o s i t i v e  evidence o f  t h e  occurrence o f  d’s3’acements and/or 

separat ions.  S ix teen o f  these ho les  a r e  a t  i n t e r s e c t i o n s .  The 

v e r t i c a l  separat ions range from c losed t o  1/4 i n c h  i n  w id th ,  and t h e  
horizont;. ’ d isp lacenents a re  up t o  1 i n c h  wide. 

An a d d l t i o n a l  32 holes i n  11 ar rays  were d r i l l e d  i n  t h e  roo f  a t  var ious 

f a c i l i t y  l e v e l  d r i f t  l o c a t i o n s  d u r i n g  t h e  Excavat ion E f f e c t s  Program 

( F i g u r e  10-1). O f  these, f o u r  a r rays  were d r i l l e d  a t  i n t e r s e c t i o n s .  

Three a d d i t i o n a l  a r rays  were d r i l l e d  i n  t h e  r o o f  o f  d r i f t s  i n  t h e  waste 
exper imenta l  area. 
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Inspection of the recently drllled holes using a probe indicate that 
minimal separation has occurred at the intersections and along the 
drifts. The size of the opening as well as the elapsed time since its 
excavation do not appear to have a significant effect on this 
phenomenon. Although the €140 drift south of the waste shaft was 
excavated early in construction and has the largest opening dimenslons 
(12 x 25 feet), only minimal separations, less than 1/16 inch wide, 
were detected. 

No separations were detected at clay G in the drift hole arrays, and 
the separations in the halite were usually less than 1/16 inch. There 
appears to be about 118 inch of separation at clay I i n  the array at 
€875 in the N1420 drift. This is consistent with observations made in 
previously drilled holes in the waste experimental area. 

The observed displacements and separations imnediately above the 
facility drifts appear to 'be normal deformational behavior. As the 

excavation. the surroundlng salt will deform. The clay seams are zones 
of weakness that provide slip planes for salt movement during lateral 
loading. Movement is generally represented by the halite section below 
the clay seams moving into the excavation relative to the section above. 

deviatoric stress around the underground openings increases following --.* 

Floor Displacements. Separations and Fracturinq. Minor displacements, 
separations and fracturing have occurred beneath the floor of the 
drifts. Table 10-3 presents the results of observations made i n  34 
open boreholes through July 1986. Ten of these holes exhibited 
displacements, separations or fracturing. Displacements up to 3/4 inch 
wide and separations up to 1/2 inch wide have been observed i n  
boreholes at the intersection of Test Room 1 and Room L1, as well as at 
the intersection of Test Room 2 and Room C2. These are large, four-way 
intersections with 20 x 33-foot dimensions. Some displacements, 
separations and fracturing were also detected in three open boreholes 
in Room L2. Only two holes in the N1420 drift east of Test Room 1 
exhibited separations, less than 1/8 inch wide. No other separations 
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.- have been de tec ted  i n  any o t h e r  open boreholes i n  t h e  N1420 d r i f t  o r  

Room G. Only c losed f r a c t u r e s  were observed i n  the  30-inch d iameter  

ho le  (L2X-01) i n  Room L2 ( F i g u r e  10-3). These f r a c t u r e s ,  many coated 

w i th  c lay ,  appeared t o  have o r i g i n a t e d  p r i o r  t o  room excavat ion.  

Nine smal l -d iameter ho les  were d r i l l e d  i n  t h e  f l o o r  o f  t h e  35- foot  wide 
5700 crosscut  and inspec ted  us ing  a probe. These holes were d r i l l e d  t o  

determine the depth to-MB-I39 as w e l l  as t o  determine i f  any f r a c t u r e s  

were present .  F r a c t u r e  zones up t o  1 i n c h  uide were encountered i n  two 

loca t i ons  In t h e  h a l i t e  above MB-139. Only one boreho le  conta ined a 

h a i r l i n e  f r a c t u r e  w i th in  86-139. 

Ouring September 1985. n i n e  36- inch d iameter  ho les were d r i l l e d  i n  t h e  

f l o o r  o f  Room J. a 33- foo t  wide room, t o  accomnodate s t r u c t u r a l  s t e e l  

columns. Only one near -ho r i zon ta l  f r a c t u r e ,  l ess  than i / 3 2  i n c h  wide, 

was encountered i n  the h a l i t e  above ME-139 i n  ho le  JV-8. No f r a c t u r e s  

were found i n  t h e  o t h e r  ho les  i n  Room J. 

One f r a c t u r e  has been de tec ted  i n  t h e  f l o o r  o f  t h e  E l40  d r i f t  sou th  o f  

t h e  waste s h a f t .  Th i s  f r a c t u r e  was observed w h i l e  t h e  d r i f t  was be ing  

enlarged f rom 8 f e e t  t o  1 2  f e e t  h i g h  f rom A p r i l  through June 1984. The 

f r a c t u r e  was about 18 inches below t h e  o r i g i n a l  f l o o r  i n  h a l i t e  and 

extended from approx imate ly  51859 t o  51871. Separat ion ranged f rom 

1/16 i n c h  t o  1 / 2  i n c h  and was associated w i t h  some c l a y .  i t  curved 

upwards toward t h e  f l o o r  a t  i t s  no r the rn  and southern l i m i t s .  

The r e s u l t s  o f  t h e  Excavat ion E f f e c t s  Program i n d i c a t e  t h a t  min imal  

separat ions occur  beneath t h e  f l o o r  o f  t h e  d r i f t s  and i n t e r s e c t i o n s .  

As determined f rom t h e  r o o f  ho les ,  t h e  s i z e  o f  t h e  opening and elapsed i/:' '. t ime  s ince  excavat ion  do n o t  appear t o  have any e f f e c t  on t h e  

\> \. ,' occurrence o f  separa t ions  i n  t h e  s a l t  beneath the  f l o o r .  No f r a c t u r e  

zones were de tec ted  i n  any o f  t h e  holes and separat ions where 

encountered, ranged f rom less  than 1/16 i n c h  t o  1/8 i n c h  wide. As w i t h  

- t h e  o l d e r  open boreholes,  t h e  Excavat ion E f f e c t s  Program ho les  show 
evidence o f  separa t ions  w i t h i n  MB-139, a t  c l a y  E and i n  t h e  o v e r l y i n g  

ha1 i t e .  

-. 
\. 

, 
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BY DISTINCT FRACTURES. - SMALL FRACIURE 

CLOSED HAIRLINE FRACTURES. USUALLY 
FORMING FRACTURE ZONES LESS THAN 
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NOTES; 
I. BOREHOLE IS  30 INCHES I N  DIAMETER. 

2. MAPPING WAS PERFORMEO FROM INSIDE 
THE HOLE. ALL FEATURES WERE MEASURED 
FROM AN UNSURVEYED REFERENCE LINE. 

3. MAPPING WAS PERFORMEO AT A SCALE OF 
I INCH EqUALS I FOOT. c 
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The f l o o r  h o l e  a r r a y  i n  t h e  N1420 d r i f t  a t  €875 encountered a s l i g h t  

separation o f  approx lmate ly  1/16 Inch. c o i n c i d e n t  w i t h  a c l a y  seam a t  a 

depth o f  about  8 1/2 f e e t .  ME-139 a t  t h i s  l o c a t i o n  i s  about 22 f e e t  

below t h e  f l o o r .  

*- 

B r i n e  was encountered du r ing  t h e  d r i l l i n g  o f  t h e  c e n t r a l  h o l e  i n  t h e  

a r r a y  a t  S700/€66 and cont inued t o  f l o w  f.rom t h e  h o l e  f o r  severa l  days 

a f t e r  t h e  complet ion o f  d r i l l i n g .  The h o l e  encountered severa l  

separa t ions  up t o  1/16 i n c h  u ide  between a dep th  of 7.4 and 7 . 7  f e e t .  
No separa t ions  were detected i n  t h e  o t h e r  ho les  o f  t h i s  a r ray .  B r ine  

has been encountered a t  severa l  o t h e r  h o l e  a r r a y  l o c a t i o n s  b u t  no 

s i g n i f i c a n t  separa t ions  were detected i n  t h e  holes.  

The observa t ions  made t o  date i n d i c a t e  t h a t  f r a c t u r i n g  i n  t h e  d r i f t  

f l o o r s  i s  min imal .  Th is  inc ludes observa t ions  o f  t h e  El40 d r i f t ,  which 

was one o f  t h e  e a r l i e s t  excavat ions made d u r i n g  t h e  SPOV Program. No 

f r a c t u r e s  o f  t h e  magnitude found i n  Test  Room 3 (Chapter 11) have been 

de tec ted  i n  any o f  t h e  d r i f t s .  Displacements, separa t ions  and 

f r a c t u r i n g  beneath t h e  f l o o r  i s  expected t o  con t inue  i n  t h e  f u t u r e .  

- 

10.3.2.2 C losure  Behavior a t  Selected S t a t i o n s  

Analyses were performed a t  se lected s t a t i o n s  t o  s tudy  r o o f - t o - f l o o r  and 

wa l l - t o -wa l l  c losure .  Ana lys is  was a l s o  performed t o  s tudy  t h e  e f f e c t  

o f  f l o o r  t ower ing  on c losure .  

Roof- to-F loor  Closure.  U n t i l  May 1984, t h e  €140 d r i f t  south o f  the  

waste s h a f t  was unique i n  t h a t  t h e r e  were n e i t h e r  c rosscuts  nor  nearby 

p a r a l l e l  d r i f t s .  However, i n  Hay and June 1984 t h e  f l o o r  o f  t h e  d r i f t  

was lowered by  4 f e e t  and new d r i f t s  and c rosscu ts  were added between 
s t a t i o n s  N140 and 51620. These two opera t ions  have r e s u l t e d  i n  an 

inc rease i n  c l o s u r e  ra tes  f o r  t h i s  p o r t i o n  o f  t h e  d r i f t .  Since bo th  

opera t ions  occur red  concur ren t ly ,  i t  i s  d i f f i c u l t  t o  i s o l a t e  t h e i r  

e f f e c t s  on c losu re .  However, i t  has g e n e r a l l y  been observed t h a t  any 

f a r  f i e l d  d i s tu rbance  has on ly  a shor t - term e f f e c t  on t h e  c losure ,  and 
- 
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t h a t  t h e  c l o s u r e  r a t e ,  a f t e r  a momentary inc rease,  decays t o  i t s  

p re -pe r tu rba t i on  r a t e  p a t t e r n .  
- 

I f  we assume t h a t  t h e  c l o s u r e  a t  s t a t i o n  E140/51879 i s  n o t  measurably 

a f f e c t e d  by t h e  a d d i t i o n a l  excavat ions performed n o r t h  o f  s t a t i o n  

51620, t h i s  s t a t i o n  can then  represent  t h e  c l o s u r e  o f  an i n f i n i t e l y  

long opening i n  a g e o l o g i c a l l y  un i fo rm format ion.  However, because t h e  

convergence p o i n t s  were i n s t a l l e d  n e a r l y  4 days a f t e r  t h e  comple t ion  o f  

excavat lon,  t h e  r o o f - t o - f l o o r  c l o s u r e  versus elapsed t ime  curve  was 

ex t rapo la ted  backwards by f i t t i n g  an equat ion i n  t h e  fo rm o f  

(10-1) 
t = t, ( 1  + R ( t ) / R 1 )  3 

where: R ( t )  i s  t h e  i ns t rumen t  reading a t  e lapsed t i m e  t s ince  t h e  end 

o f  excavat ion;  and 

R1 i s  the reg ress lon  parameter, equal  t o  t o t a l  c l o s u r e  a t  

e lapsed t ime  tl s ince  t h e  end of excavat ion.  

. .  

- 
This equat lon i n d i c a t e s  t h a t  a t  t equal t o  0. t h e  s lope o f  t h e  c l o s u r e  

curve I s  i n f i n i t e .  Th i s  i s  n o t  t r u e  because t h e  s lope a t  t equal  t o  0 

i s  f i n i t e  b u t  l a rge .  

Based on t h e  r e s u l t s  o f  t h e  regress ion  ana lys i s ,  t h e  va lue of  R was 

determined t o  be 1.97 inches. However, t h e  c u r v e - f i t t i n g  was n o t  ve ry  

good. p robab ly  because excavat ion  a t  t h e  i ns t rumen t  l o c a t i o n  was done 

i n  two s tages making it d i f f i c u l t  t o  ass ign  t h e  va lue f o r  tl. 

Because t h e  shape o f  t h e  e a r l y  p a r t  o f  t h e  c l o s u r e  versus t ime  curve  i s  

n o t  smooth, the es t imated va lue  o f  t, i s  approximate.  

1 

F igure  10-4 compares t h e  measured c losu re  w i th  t h e  ad jus ted  curve a t  

s t a t l o n  E140/S1879 us ing  t h e  r e s u l t s  o f  t h e  reg ress ion  a n a l y s i s .  The 

readlng o f  r o o f - t o - f l o o r  c l o s u r e  on August 26. 1985, was 5.84 inches 

and t h e  ad jus ted  va lue  i s  7.81 inches. Note t h a t  t h i s  s t a t i o n  i s  ' 

n e a r l y  230 f e e t  f rom t h e  boundary l o c a t i o n  n o r t h  o f  which t h e  f l o o r  was 

lowered 4 f e e t .  I t  i s  l i k e l y  t h a t  t h e  excavat ion  had some e f f e c t  on - 
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the c l o s u r e  a t  t h i s  s t a t i o n ,  a l though F igu re  10-4 does n o t  c l e a r l y  show I 

such an e f f e c t .  The convergence p o i n t s  a t  t h i s  l o c a t i o n  have s ince  

been destroyed. 

F Igu re  10-5 shows t h e  c e n t r a l  r o o f - t o - f l o o r  c l o s u r e  a t  E140E.1246. The 

r o o f - t o - f l o o r  convergence p o i n t s  were i n s t a l l e d  n e a r l y  14 days a f t e r  

excava t ion  a t  t h i s  l o c a t i o n .  This  f i g u r e  shows t h e  e f f e c t  t h a t  

l ower ing  t h e  f l o o r  4 f e e t  has on t h e  c losure .  I n  add i t i on ,  t h e  E300 

d r i f t  excavat ion  passed t h i s  l o c a t i o n  on August 21 and 22, 1984. The 

e f f e c t  o f  lower ing  t h e  f l o o r ,  though, masks t h e  e f f e c t s  o f  t h e  ad jacent  

excavat ion.  As o f  August 26, 1985, t h e  r o o f - t o - f l o o r  c losu re  o f  t h e  

12 x 25-foot d r i f t  was 4.18 inches. The i n i t i a l  reading was taken on 

J u l y  11. 1985. 1 day a f t e r  t h e  f l o o r  was lowered. Because t h e  c l o s u r e  

r a t e  i s  ve ry  h i g h  a t  t h e  e a r l y  stages, a c t u a l  r o o f - t o - f l o o r  c l o s u r e  i s  

g r e a t e r  than 4.18 inches. 

R e l a t i o n s h i p  Between Roof- to-Floor Closure and Dr i f t  Dimensions. 

Convergence p o i n t s  have been i n s t a l l e d  a t  var ious s t a t i o n s  i n  

underground d r i f t s  having d i f f e r e n t  c ross  s e c t i o n  dimensions. Some o f  

t h e  d r i f t s .  e s p e c i a l l y  t h e  E l40  d r i f t  south o f  51600, a re  i s o l a t e d .  

w h l l e  most o f  the  o t h e r  d r i f t s  have nearby p a r a l l e l  d r i f t s  and 

crosscuts .  The c losu re  behav io r  o f  these d r i f t s  i s  a f f e c t e d  n o t  o n l y  

by  t h e  openlng dlmenslons b u t  a l s o  by t h e  presence o f  ad jacent  

openings. D i f f c r e n r e s  in creep p r o p e r t i e s  o f  t h e  s a l t  may a l s o  be 

respons ib le  f o r  d i f f e r e n c e s  i n  creep behavior .  I n  a d d i t i o n ,  t h e  

c l o s u r e  behav lo r  I s  a f f e c t e d  by t h e  4- t o  5- foot  l a r e r i n g  o f  t h e  d r i f t  

f l o o r .  

F i g u r e  10-6 shows measured r o o f - t o - f l o o r  c losu re  a t  se lected s t a t i o n s  

i n  d r i f t s  w i t h  d i f f e r e n t  cross sec t i on  dimensions. Because 
measurements were n o t  made imned ia te l y  a f t e r  t h e  opening was excavated, 

t h e  c losu re  values were normal ized t o  t h e  values a t  approx imate ly  10 

days a f t e r  t h e  complet ion o f  excavat ion  a t  t h e  respec t ive  ins t rument  

s t a t i o n .  As shown on t h i s  f i g u r e ,  t h e  maximum c losu re  and c losu re  r a t e  

occur  i n  d r i f t s  w i t h  opening dimensions o f  12 x 25- feet .  Because t h e  
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d r i f t s  I n  t h e  s torage area  w i \ l  have cross s e c t i o n  dimensions o f  

13 x 25 fee t ,  t h e  model ing a n a l y s i s  d iscussed in t h i s  chapter  and i n  

Chapter 12 focuses on p r e d i c t i n g  t h e  behavior  o f  t h e  13 x 25-fOOt d r i f t  

opening f o r  t h e  opera t ing  l i f e  o f  25 years.  

The e f f e c t  o f  lower ing  t h e  f l o o r  4 f e e t  a t  ins t rument  s t a t i o n s  EO/N626 

and E140/51246 i s  t o  i nc rease  t h e  c l o s u r e  r a t e  permanently. Al though 

t h e  f l o o r  lower ing  uas per formed a t  d i f f e r e n t  t imes a t  these s t a t i o n s ,  

t h e  steady s t a t e  r a t e  a f t e r  excava t ion  appears t o  be n e a r l y  t h e  same. 

However. i f  t h e  f l o o r  l ower ing  i s  performed a t  a much l a t e r  da te  

f o l l o w i n g  t h e  i n i t i a l  excavat ion,  i t  I s  . l i k e l y  t h a t  t h e  t o t a l  c l o s u r e  

may be somewhat decreased. The c l o s u r e  behav io r  a t  these two s t a t i o n s  

I s  i n f l uenced  by t h e  presence o f  nearby p a r a l l e l  d r i f t s  and crosscuts ,  

as w e l l  as l i k e l y  d i f f e r e n c e s  i n  t h e  creep p r o p e r t i e s  o f  t h e  s a l t .  

f igure  10-6 a l s o  shows t h e  p r e d i c t e d  r o o f - t o - f l o o r  c l o s u r e  o f  an 
c_ i n f i n i t e l y  long, s i n g l e  d r i f t  w i t h  cross s e c t i o n  dimensions o f  

13 x 25 fee t .  Th is  c l o s u r e  was ob ta ined  by modeling and i s  d iscussed 

I n  Chapter 12. The approximate s teady  s t a t e  c losu re  r a t e  a t  EO/N626 

and E140/51246 i s  2.00 inches/year .  The steady s t a t e  c l o s u r e  r a t e  

p r e d i c t e d  f o r  t h e  i n f i n i t e l y  long,  s i n g l e  d r i f t  i s  1.60 inches/year .  

The n e a r l y  25 percent  d i f f e r e n c e  i n  these r a t e s  i s  probably  due t o  t h e  

presence o f  adjacent d r i f t s  and c rosscu ts .  Th is  va lue compares w e l l  

w i t h  the value o f  30 pe rcen t  ob ta ined  from modeling as discussed i n  

subsec t ion  10.3.3.3. 

F igu re  10-7 presents a comparison o f  t h e  p red ic ted  c losu re  o f  a 

13 x 25- foot  d r i f t  w i t h  t h e  observed behav io r  o f  a 12 x 25-foot d r i f t  

a t  EO/N626. The c losu re  f o r  t h e  13 x 25-fOOt d r i f t  was obta ined by 

, ,! i n c r e a s i n g  t h e  c losu re  r a t e  ob ta ined  f rom modeling t h e  i n f i n i t e l y  long.  

s i n g l e  I - i f t  by 30 percent .  The r o o f - t o - f l o o r  c losu re  a t  EO/N626 does 

n o t  i nc lude  t h e  values b e f o r e  t h e  f l o o r  was lowered by 4 fee t .  Th i s  

comparlson Ind i ca tes  t h a t  i t  i s  reasonable t o  inc rease t h e  c losu re  r a t e  

o f  a s i n g l e ,  i n f i n i t e l y  long, 13 x 2 5 - f O O t  d r i f t  by 30 percent  t o  

account f o r  t h e  presence o f  ad jacen t  p a r a l l e l  d r i f t s  and crosscuts .  

(j-?) 
\ -,' 
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- Wall-to-Uall Closure. The wall-to-wall convergence points at the 51246 
station were installed imnediately after the original excavation at 
this location was completed. When the cross section dimensions were 
8 x 25 feet, the measurements were close to the true wall-to-wall 
closure at midheight af the instrument location. On June 30, 1984. the 
wall-to-wall closure was 5 inches for an elapsed time period of 564 
days. After the floor was lowered, a new set of wall-to-wall 
convergence points uas installed. The additional wall-to-wall closure 
was 3.31 inches through August 26. 1985. 

Comparison of Roof-to-Floor to Wall-to-Wall Closures. Table 10-4 
summarizes the closure of the El40 drift for locations south of 51620. 
Untjl August 1985, these locations were unique in that there were no 
crosscut$ and no nearby parallel drifts at the time of the analysis. 
The cross section dimension was 8 x 25 feet. The maximum measured 
roof-to-floor closure of 5.19 inches was at station 51879. Stations 
53614. 53639 and 53664 are influenced by the end constraints o f  the 
drift which terminates at about 53664. 

Effect of Adlacent Drifts. Table 10-5 compares closure in the drifts 
at 51150. Because the initial readings were not taken imnediately 
after the station location was excavated, the comparison is 
approximate. Note that, for the E140/S1150 station, the original cross 
section dimensions were 8 x 25 feet until June 8, 1984, and that no 
convergence points existed at this location prior to lowering the 
floor. The closure values at E140/51150 are the maximum, not only 
bocause the opening dimensions are the largest, but also because the 
opening had already existed for nearly 550 days before the floor was 
lowered 4 feet. It is also likely that there i s  mutual influence 
between the openings. 

Effect of Floor Lowerinq. The EO drift between N140 and N1420 was 
increased in  height from 8 feet to 12 feet (by lowering the floor) from 

- November 9, 1983. through January 9. 1984. The closure readings 
increased rapidly as excavation approached the measurement stations but 
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Table 10-4 

E l 4 0  DRIFT SOUTH OF 51620 
SUMMARY OF MEASURED CLOSURE 

(CROSS SECTION DIMENSIONS = 8 x 25 f e e t )  

Time-lag between end Convergence p o i n t  
o f  e x c a v a t i o n  and 

I n s t r u m e n t  i n i t i a l  r e a d i n g  (days) 
L o c a t i o n  R-T-F* W-T-W* 

r e a d i n g  ( i n c h e s )  
Feb. 12 .  1985 

R-T-F* W-T-W* 

E l  40/S3664 1 4  0 1.70 1.48 

E l  40/S3639 

E14O/S3614 

E140/53250 

E140/52950 

E140/52625 

E140/52350 

E l  40/S2066 

E l  40/S1879 

0 

0 

11 

10 

6 

9 

8 

4 

0 

0 

11 

10 

6 

9 

8 

2 

4.07 

4.49 

4.13 

4.19 

4.43 

4.33 

4.32 

5.46 

3.24 

3.12 

2.97 

3.18 

3.59 

3.44 

3.40 

4.00 

* R-T-F = r o o f - t o - f l o o r  
W-T-W = w a l l - t o - w a l l  
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Table 10-5 

.COMPARISONS OF CLOSURE IN DRIFTS AT S1150 

W l l O  W30 E 3 M  

INSTRUMENT LOCATICU W I l O / S l l ~  WIO/Sl141 C 140 /S 1 160 

DATE OF EXCAVATION AUGUST 21,1984 AUGUST 21. 1084 lUNE8. 1984. 

DATE OF INITIAL READING 

C t N l R A L  ROOF-TO.FLOOR 
CENTRAL WALL-TO-WALL 

AUOUST 23. IS84 
AUGUST 23.1884 

AUQUST 22.1S84 
AUGUST 22.1884 

JUNE 14. 1884 
JUNE 14, 1884 

E3001Sl150 

JULY 23. 188. 

JULY 26,1984 
JULY 26,1904 

DATE OF LATEST READING FOR 
8OTH ROOF-TO-FLOOR AND WALL.TO WALL SEY. 16,1985 SEP. 16.1985 AUG. 26, 1985 SEP. 30,1985 
CONVERGENCE POINTS 

I:IOSUIIE (IN.1 
4 CENTRAL ROOF 10 FLOOR 
0 CtNTRAL WALL TO WALL 
I 

W 
ul 

2.46 

2.82 

3.10 

2.16 

3.61 

3.03 

2.18 

2.35 

FLOOR LOWEREO BY 4 FT ON JUNE 8.1984. DIMENSIONSWERE8fT X 2 5 f T  BEFORE JUNE 8.1984. CROSSDRl fTSS l lW ANDS13WEXCAVATEOIN AUGUST. 1985 



dropped r a p i d l y  to ,  o r  s l i g h t l y  above, t h e  pre-excavat ion ra te .  The 

f l o o r  l ower ing  has a f f e c t e d  t h e  s a l t  m a t e r i a l  above t h e  r o o f  o f  t h e  

openings t o  d is tances  o f  a t  l e a s t  30 f e e t .  

F i g u r e  10-8 shows t h e  r e l a t i o n s h i p  o f  t h e  movement r a t e s  for t h e  c o l l a r  

and two in te rmed ia te  anchors o f  roo f  extensometer 51X-GE-00243 a t  t h e  

EO/N1100 i n t e r s e c t i o n .  The f i g u r e  shows t h a t  t h e  movement r a t e  o f  t h e  

c o l l a r  and these anchors increased due t o  f l o o r  lower ing  b u t  then began 

decreas ing  u n t i l  March 1984 (about  400 days a f t e r  t h e  i n i t i a l  

excava t ion ) .  The r a t e  then began i n c r e a s i n g  aga in  f rom March u n t i l  

August 1984 (about  550 days a f t e r  t h e  i n i t i a l  excavat ion) .  Because 

excava t ion  a c t i v i t i e s  were performed i n  t h e  area o f  t h i s  ins t rument  a t  

t h i s  t ime,  i t  i s  poss ib le  t h a t  p a r t i n g  a t  t h e  c l a y  seams above t h e  roo f  

was o c c u r r i n g  a t  an i nc reas ing  ra te .  

F igu re  10-9 shows t h e  movement r a t e s  o f  t h e  c o l l a r  and anchors o f  r o o f  

and w a l l  extensometers a t  EO/N626. The c o l l a r  movement r a t e  o f  t h e  

e a s t  w a l l  extensometer appears t o  be somewhat l e s s  than t h a t  o f  t h e  

west w a l l  extensometer. It was a l s o  observed t h a t  f l o o r  lower ing  has 

a f f e c t e d  t h e  c l o s u r e  behavior o f  p i l l a r s  as f a r  as 25 f e e t  f rom t h e  

opening. S i m i l a r l y ,  roo f  behavior  has been a f f e c t e d ,  probably  up t o  a t  
l e a s t  30 f e e t  above t h e  r o o f .  

- 

The h e i g h t  o f  t h e  El40 d r i f t  remained a t  8 f e e t  du r ing  f l o o r  lower ing  

i n  t h e  EO d r i f t  between N140 and N1420. However, excavat ion performed 

i n  t h e  EO d r i f t  appears t o  have a f f e c t e d  t h e  c losu re  behavior  o f  t h e  

€140 d r i f t .  F igure  10-10 shows t h e  movement r a t e s  o f  t h e  c o l l a r  and 

anchor A f o r  roo f  extensometer 51X-GE-00235 a t  E140/N624. The c o l l a r  

movement r a t e  was decreasing mono ton ica l l y  u n t i l  l a t e  December 1983. 

However, i t  appears t o  have increased around January 1984. Assuming 

t h e  i ns t rumen t  was f u n c t i o n i n g  p r o p e r l y  and t h e r e  was no anomalous 

behav io r  o f  c l a y  seams i n  t h e  r o o f  o f  t h e  E l 4 0  d r i f t ,  excavat ion i n  the  

€0 d r i f t  may have in f l uenced  s a l t  behav io r  as much as 150 f e e t  f rom t h e  

€0 d r i f t .  
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Observat ions o f  t h e  e f f e c t  o f  f l o o r  l ower ing  on c losu re  behav io r  a re  6 

s u m r i z e d  below: 

The c l o s u r e  reading a t  an i ns t rumen t  s t a t i o n  increases 

r a p i d l y  as f l o o r  excavat ion  approaches t h e  s t a t i o n  and 

decreases r a p i d l y  t o ,  o r  s l i g h t l y  above, t h e  pre-excavat ion 

c l o s u r e  r a t e  as excavat ion passes t h e  ins t rument  s t a t i o n .  

Floor l ower ing  a f f e c t s  creep behav io r  o f  t h e  s a l t  above t h e  

r o o f  o f  t h e  openings t o  depths o f  a t  l e a s t  30 f e e t .  Th is  

e f f e c t  i s  shor t - l i ved .  however, ex tend ing  over  a p e r i o d  o f  

o n l y  a few months. 

A l t h o u g h ' t h e  f l o o r  o f  t h e  El40 d r i f t  n o r t h  o f  t h e  C 6 SH 

s h a f t  was n o t  lowered f o r  most o f  i t s  length.  excavat ion 

performed i n  t h e  EO d r i f t  appears t o  have a f f e c t e d  t h e  El40 

d r i f t  c losure .  
.--. 

The movement r a t e s  o f  t h e  anchors o f  extensometer 51X-GE-00243 a t  t h e  

EO/N1100 i n t e r s e c t i o n  increased and then decreased between March and 

August 1984. Because no excavat ion a c t i v i t y  took  p lace  a t  t h i s  t i m e  i n  

t h e  v i c i n i t y  o f  t h e  ins t rument  s t a t i o n ,  i t  was assumed t h a t  t h e  c l a y  

seams above t h e  r o o f  may have been p a r t i n g  a t  an i nc reas ing  ra te .  

F igu re  10-8 shows t h e  v a r i a t i o n  i n  c l o s u r e  r a t e s  f o i  t i re  c o l l a r  and 

a n c h o r . p o i n t s  w i th  t ime. The ra tes  o f  t h e  c o l l a r  and anchor movements 

have subsided and a r e  probably  r e t u r n i n g  t o  t h e i r  p re -pe r tu rba t i on  

values. F o r  comparison, t h e  r a t e s  o f  c o l l a r  and anchor movements o f  

f l o o r  extensometer 51X-GE-00258 are  shown on F igu re  10-11. The ra tes  

o f  movements o f  t h e  c o l l a r  and in te rmed ia te  anchors have a s i m i l a r  

t r e n d  as t h e  r o o f  extensometer over t h e  same t ime  pe r iod .  However, 

t h i s  extensometer was damaged due t o  m in ing  opera t ions  on February 8, 

1985. S ince  then, t h e  readings have remained anomalous. 
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- 10.3.2.3 Model S imu la t ion  

A f i n i t e  element model u t i l i z i n g  an eng ineer ing  approach was used t o  

s imu la te  t h e  behavior  of an 8 x 25- foo t  d r i f t .  The method descr ibed i n  

Appendix C was used t o  ma themat i ca l l y  s imu la te  t h e  i n  s i t u  behav io r  o f  

t h e  d r i f t s  by de termin ing  t h e  creep parameters C, A, and z. The 

f o l l o w i n g  d iscuss ion  desc r ibes  t h e  numerical  modeling and t h e  

u t i l i z a t i o n  o f  i n  s i t u  d a t a  f o r  t h e  d r i f t s .  A l s o  d iscussed a r e  

s imu la t i ons  o f  t h e  e f f e c t  o f  ad jacen t  p a r a l l e l  and perpend icu la r  d r i f t s .  

U t i l i z a t i o n  o f  Reference St ra t iq raDhY.  The reference s t r a t i g r a p h y  

descr ibed I n  Chapter 6 was used i n  t h e  ana lys i s .  The re fe rence  l e v e l  

rep resen t ing  t h e  e l e v a t i o n  o f  c l a y  G i s  2.129.40 f e e t  below t h e  ground 

sur face,  based on t h e  core  h o l e  l o g  a t  s t a t i o n  E140/51960. Because t h e  

f i n i t e  element method lends i t s e l f  w e l l  t o  m u l t i p l e  l a y e r  a n a l y s i s  i n  

which d i s t i n c t  m a t e r i a l  p r o p e r t i e s  can be accounted f o r ,  t h e  HARC 

General Purpose F i n i t e  Element Program ( r e f .  6-8) was used. 

S t r u c t u r a l  Charac ter iza t ion .  F i g u r e  10-12 shows the  f i n i t e  element 

model used t o  p r e d i c t  c losu res ,  s t resses  and deformed shapes as a 

f u n c t i o n  o f  t ime  f o r  an 8 x 25- foo t  opening. The model c o n s i s t s  o f  122 

p lane s t r a i n  elements w i t h  21 g a p / f r i c t i o n  l i n k  elements model ing t h e  

c l a y  seams and an o p t i o n  f o r  l o w e r i n g  t h e  f l o o r  5 f ee t .  The t o p  and 

bot tom boundaries of t h e  model a r e  a t  depths o f  2.045.00 f e e t  and 

2.245.00 fee t ,  respec t i ve l y .  below t h e  ground surface. The d r i f t  r oo f ,  

d r i f t  f l o o r  be fore  lower ing ,  and d r i f t  f l o o r  a f t e r  lower ing  a r e  a t  

depths o f  2.128.70, 2.136.70. and 2,141.70 feet ,  respec t i ve l y .  below 

t h e  ground surface. The r o o f  beam i s  8.10 f e e t  t h i c k  and t h e  f i n a l  

f l o o r  l e v e l  i s  4.39 f e e t  above HE-139. 

Only anhydr i t e  l aye rs  w i t h  th icknesses  g rea te r  than 1 f o o t  were 

Inc luded i n  t h e  model. C a l c u l a t i o n s  showed t h a t  most a n h y d r i t e  l a y e r s  

l ess  than 1 f o o t  t h i c k  f a i l e d  a t  v e r t i c a l  s t resses less than  1 pe rcen t  

o f  t h e  overburden pressure.  There fore ,  because t h e i r  c o n t r i b u t i o n  t o  

t h e  s t i f f n e s s  o f  t h e  model would be i n s i g n i f i c a n t ,  t hey  were n o t  

inc luded.  
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Figure  10-12 

DRIFTS 
FINITE ELEMENT MODEL - BEFORE FLOOR LOWERING 
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Clay seams i n  t h e  model were l’imited t o  two above and two below t h e  
d r i f t  opening. The . j u s t i f i c a t i o n  f o r  t h i s  i s  twofo ld :  f i r s t ,  _. 

re fe rence  5-4 s t a t e s  t h a t  “90 percent  o f  t h e  d r i f t  c l o s u r e  measured 

w i th  t e n  a c t i v e  s l i d e l i n e s  cou ld  be captured w i t h  f o u r  s l i d e l i n e s ,  two 

d i r e c t l y  above and two d i r e c t l y  below t h e  d r i f t ” ;  second, prev ious 

analyses have shown t h a t ,  a t  l o c a t i o n s  r e p r e s e n t a t i v e  o f  t h e  more 

d i s t a n t  c l a y  seams. t h e  shear f o r c e  i s  cons ide rab ly  l e s s  than t h e  

normal f o rce ;  t h e r e f o r e ,  any s l ippage a long these c l a y  seams would be 

n e g l i g i b l e  compared t o  t h a t  a long seams c l o s e r  t o  t h e  opening and they 
need n o t  be i nc luded  i n  t h e  model. To s i m p l i f y  t h e  a n a l y s i s  o f  t h i s  

model, a c o e f f i c i e n t  o f  f r i c t i o n  equal t o  0.0 was assumed f o r  t h e  

g a p / f r i c t i o n  elements modeling t h e  c l a y  seams. 

The l a t e r a l  boundar ies of t h e  model a r e  82 f e e t  apar t .  and were 

es tab l i shed  based upon v e r t i c a l  axes o f  symnetry w i t h  regard t o  
ad jacent  d r i f t s .  The upper and lower  boundar ies o f  t h e  model were 

based upon exper ience from prev ious analyses and were extended f a r  

enough i n  both d i r e c t i o n s  so t h a t  t h e  d i f f e r e n c e  between v e r t i c a l  and 

h o r i z o n t a l  s t resses  a t  each p o i n t  o f  t h e  boundar ies would be w i t h i n  10 

percent  o f  t h e  v e r t i c a l  s t resses.  Hor i zon ta l  r e s t r a i n t s  were assumed 

f o r  t h e  l a t e r a l  boundar ies w h i l e  v e r t i c a l  r e s t r a i n t s  were assumed f o r  

t h e  lower  boundary o f  t h e  model. S t ress  boundary c o n d i t i o n s  were 

u t i l i z e d  f o r  t h e  upper boundary. 

- 

Element s i z e s  were es tab l i shed  t o  make them p r o p o r t i o n a l  i n  s i z e  t o  t h e  

est imated s t r e s s  g r a d i e n t  across each element. I n  a d d i t i o n ,  t h e  

o r i e n t a t i o n s  o f  t h e  elements were es tab l i shed  i n  o rde r  t o  have t h e  

r a d i a t i n g  mesh c o i n c i d e  w i t h  t h e  assumed p r i n c i p a l  s t ress  axes. These 

aspects o f  t h e  model were designed t o  enhance t h e  o v e r a l l  e f f i c i e n c y  of 
t h e  a n a l y s i s .  

Cons idera t ion  o f  D r i f t  Opening. The d r i f t  openings were o r i g i n a l l y  

excavated t o  8 x 25 f e e t .  Fu r the r  development t r imned an a d d i t i o n a l  

4 f e e t  f rom t h e  f l o o r  t o  p rov ide  a 12 x 25- foot  opening i n  t h e  s h a f t  

p i l l a r  area.  To p rov ide  continuous response h i s t o r i e s  f rom i n i t i a l  - 



c excavation through the floor lowering period, special considerations 
were provided for modeling the opening. 

Determination of CreeD Parameters. Data from ten different locations 
along the €140 drift from 5550 to 53250 were reviewed and one 
representative lacation uas selected to calculate creep parameters for 
the drifts and for use in predicting closures and stress distributions. 

Figure 10-13 shows t h e  correlated roof-to-floor and wall-to-wall in 
situ data E U ~ B S  from t h e  selected location, as well as the predicted 
closure based on the calculated creep parameters. 

Transformation of Time Domains. Having determined the values of C, A 
and z to be 1 . 4 0 ~ 1 0 - ~ ~  ksf sec , 3.2 and 1 . 1 ~ 1 0  sec , 
respectively, the normalized time at which the floor lowering was 
scheduled to take place was determined by transforming 7.25~10 sec 
(or 2.3 years) to normalized time using equation C.4-17 i n  Appendix C. 

-4.9 -1 -1 -1 

1 

I 

The normalized time which corresponds -to the scheduled real time for 
k ~ f - ~ . ’  or drift floor lowering was determined to be 1.4205~10 

478 time increments from the start of the program. Accordingly, the 
drift height was changed at the end of increment 418. and the analysis 
continued until a total real time of approximately 5 years was reached. 

-1 3 

Effect of Parallel Drifts. The extraction ratio at a particular 
location is dependent upon the arrangement of the drifts and pillars. 
Therefore, the effect that the extraction ratio has on structural 
responses can be determined by considering the effect o f  adjacent 
drifts. Two different cases were considered in the analysis. One case 
assumes the adjacent drifts are parallel to the drift being analyzed 
while the other case assumes adjacent drifts are perpendicular to the 
drift bei rig analyzed. 

To simplify and minimize the computational effort, a multiple drift 
model was used for the analysis o f  the 8 x 25-foot drift. For this 

- 
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model. the drift was assumed to be located between an infinite number 
of parallel drifts, with each having identical cross sections and 
pillar widths. Two-dimensional analyses using this model were 
performed assuming a state of  plane strain. The boundary displacement 
conditions at the centerline of the pillar were assumed to be 
restrained in the horizontal direction but free in the vertical 
direction. Under these assumptions, this mathematical model can more 
accurately simulate the geologic conditions in the future when adjacent 
drifts will exist rather than at the present time when only a single 
drift exists. Computational results for the parallel drifts are 
presented in subsection 10.3.3. Parallel drifts with different 
dimensions and spacings can be incorporated into the present 
mathematical model and corresponding structural responses can be 
computed. 

Effect of Perpendicular Drifts. Ideally, a three-dimensional analysis 
is required for the case when the drifts are not parallel to each 
other. However. the structural responses can be approximated based on 
the two-dimensional analysis described in this section. 

- 

Additional drifts which intersect perpendicular to the drift in 
question increase the average overburden pressure i n  the pillar. The 
two-dimensional analysis of parallel drifts has indicated that the 
vertical stresses initially increase sharply in the pillar area 
adjacent to the opening. Over time, salt creep reduces this stress 
peak as the stresses are redistributed over the width of the pillar. 
Eventually, the vertical stress level becomes nearly uniform over most 
of the pillar width. 

The total overburden load i n  the pillar is equal to the average 
vertical stress multiplied by the pillar support area. Because this 
total overDurden load remains constant before and after the excavation 
of perpendicular drifts, the average vertical pressure is inversely 
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p r o p o r t i o n a l  t o  t h e  suppor t  area. This  inc reased average v e r t i c a l  - 
st ress  can, t h e r e f o r e ,  be expressed as: 

( 1  0-2) 

- 
where: ar i s  t h e  average v e r t i c a l  s t ress  o f  a r e c t a n g u l a r  p i l l a r ,  

i.e.. p i l l a r ' w i t h i n  a g r idwork  o f  i n t e r s e c t i n g  d r i f t s ;  
u i s  t h e  average v e r t i c a l  s t ress  o f  an i n f i n i t e l y  l ong  

p i l l a r ,  i .e . .  p i l l a r  w i t h o u t  t h e  pe rpend icu la r  d r i f t s ;  

- 
i 

i s  t h e  d i s tance  between t h e  c e n t e r  l i n e s  o f  t h e  
Wt 
perpend icu la r  d r i f t s ;  and 

W2 i s  t h e  p i l l a r  w i d t h  i n  t h e  pe rpend icu la r  d i r e c t i o n ,  i.e., 
Wt minus t h e  w i d t h  o f  t h e  perpend icu la r  d r i f t .  

A f t e r  t h e  excava t ion  o f  a d d i t i o n a l  d r i f t s  i n  t h e  pe rpend icu la r  

d i r e c t i o n ,  t h e  r e s t r a i n t s  a t  t h e  new w a l l  boundar ies a r e  re leased.  

Consequently. t h e  d i s t r i b u t i o n  o f  e f f e c t i v e  s t r e s s  i n  t h e  p i l l a r  

changes. Ac tua l  d i s t r i b u t i o n  o f  t h e  e f f e c t i v e  s t resses  can be obta ined 

through a three-d imensional  computat ional  ana lys i s .  However, a 

two-dimensional a n a l y s i s  can be used t o  es t ima te  t h e  s t ress  

d i s t r i b u t i o n .  

A two-dimensional a n a l y s i s  can n e i t h e r  model t h e  r e s t r a i n t  c o n d i t i o n s  

nor  p r e d i c t  out -of -p lane displacements t h a t  occur  a t  t h e  boundary o f  

t h e  pe rpend icu la r  d r i f t s .  As a r e s u l t ,  t h e  v e r t i c a l  s t ress  

d i s t r i b u t i o n  f rom t h e  two-dimensional ana lys i s  i s  assumed t o  represent  

a p lane some d i s t a n c e  f rom t h e  perpend icu la r  d r i f t s  where t h e  a c t u a l  

behavior  more c l o s e l y  represents  t h e  plane s t r a i n  c o n d i t i o n .  The 

accuracy o f  t h i s  assumption depends upon the  d i s t a n c e  between t h e  p lane 

being analyzed and t h e  perpend icu la r  d r i f t .  I n  a l l  cases, t h e  r e s u l t s  

o f  a two-dimensional a n a l y s i s  represent  a lower  bound on t h e  e f f e c t s  o f  

perpend icu la r  d r i f t s .  

The p i l l a r  d imensions a r e  i d e n t i f i e d  as  W f o r  t h e  w i d t h  o f  t h e  

p i l l a r  between p a r a l l e l  d r i f t s  and W f o r  t h e  w i d t h  o f  t h e  p i l l a r  
1 

2 
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between perpend icu la r  d r i f t s .  For  an i n f i n i t e l y  long  p i l l a r ,  which can 

be considered as a r e c t a n g u l a r  p i l l a r  with Wl/W2 equal  t o  zero,  t h e  

v e r t i c a l  s t ress  d i s t r i b u t i o n  o f  t h e  d r i f t  t o  t h e  center  o f  t h e  p i l l a r  

can be determined f rom a two-dimensional a n a l y s i s .  The d i s t r i b u t i o n  o f  

t h e  v e r t i c a l  s t ress  u.(y) ,  shown a t  t h e  t o p  o f  F igure  10-14. i s  
symnet r ica l  w i t h  respec t  t o  t h e  c e n t e r l i n e  o f  t h e  p i l l a r  and s t a b i l i z e s  

w i t h i n  severa l  months a f t e r  excavat ion.  

F o r  a square p i l l a r ,  which can be considered as a spec ia l  case o f  t h e  

r e c t a n g u l a r  p i l l a r  w i t h  b i W  equa l  t o  one, t h e  v e r t i c a l  s t r e s s  

d i s t r i b u t i o n  should be symne t r i ca l  w i t h  respec t  t o  t h e  two c e n t e r l i n e s  

and two d iagonals  o f  t h e  p i l l a r .  Th is  i s  shown g r a p h i c a l l y  i n  t h e  

midd le  o f  F igure  10-14. where t h e  x-ax is  i s  assumed t o  be a long t h e  

d r i f t  a x i s .  Assuming t h e  v e r t i c a l  s t r e s s  d i s t r i b u t i o n  a (x ,y)  f rom 

t h e  c e n t e r  of t h e  p i l l a r  t o  any o f  t h e  f o u r  w a l l s  i s  t h e  ‘same as t h e  

1 

~ 

I 2  

S 

s t r e s s  d i s t r i b u t i o n  ui(y) across t h e  w id th  o f  t h e  i n f i n i t e  p i l l a r ,  

t h e  r a t i o  o f  t h e  average v e r t i c a l  s t resses  between t h e  square and t h e  

i n f i n i t e  p i l l a r s  can then  be es t imated f rom equat ion 10-3: 
-. 

( 1  0-3) 

- 
where: ui i f  t h e  average v e r t i c a l  s t r e s s  f o r  t h e  i n f i n i t e l y  long  

p i l l a r ;  

u i s  t h e  average v e r t i c a l  s t r e s s  f o r  t h e  square p i l l a r ;  

ai(y) i s  t h e  v e r t i c a l  s t r e s s  d i s t r i b u t i o n  f o r  t h e  i n f i n i t e l y  

l ong  p i i l a r ;  and 

u (x.y) i s  t h e  v e r t i c a l  s t r e s s  d i s t r i b u t i o n  f o r  t h e  square 

p i l l a r .  

- 
S 

,i 

S 

Based on t h e  computat ional  r e s u l t s  f rom t h e  prev ious analyses, t h e  

- average v e r t i c a l  s t ress  o f  a square p i l l a r  i s  est imated t o  be 15 

percent  h i g h e r  than t h a t  f o r  t h e  i n f i n i t e l y  l o n g  p i l l a r .  A t  t h e  WIPP 
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f a c i l i t y  l e v e l ,  most o f  t h e  p i l l a r s  have a rec tangu la r  shape. As shown - 
a t  t h e  bot tom o f  F igure  10-14. a r e c t a n g u l a r  p i l l a r  can be separated 

i n t o  reg ions  which a r e  assumed t o  a c t  e i t h e r  as an i n f i n i t e  o r  square 

p i l l a r .  By us ing  a weighted area  method, t h e  f o l l o w i n g  equat ion  

expresses t h e  e f f e c t  o f  v a r y i n g  t h e  p i l l a r ' s  aspect r a t i o  on t h e  

average v e r t i c a l  s t ress :  

w1 - 
w2 

- 
i a = (1  + 0.15 -) a r ( 1  0-4) 

- 
where: a I s  t h e  average v e r t i c a l  s t r e s s  f o r  t h e  rec tangu la r  p i l l a r .  r 

The corresponding change i n  p i l l a r  sho r ten ing  i s  p r o p o r t i o n a l  t o  t h e  

r a t i o  o f  2 to Z.  r a i s e d  t o  some power, w i t h  an exponent n o t  

exceeding n. where n i s  t h e  exponent i n  t h e  power law expression f o r  

t h e  creep behavior.  Subsect ion 10.3.3.3 presents  t h e  r e s u l t s  us ing  

equat ion  10-4. 

r 1' 

10.3.2.4 Bay S t r a i n s  

S t r a i n s  around an opening i n  s a l t  v a r y  w i t h  space and t ime. Although, 

i t  i s  d i f f i c u l t  t o  measure these s t r a i n s  d i r e c t l y ,  they can be i n f e r r e d  

f rom t h e  measurements o f  anchor displacements o f  m u l t i p l e - p o i n t  

boreho le  extensometers. R e l a t i v e  movements between anchors w i l l  

p r o v i d e  an approximate d i s t r i b u t i o n  of  s t r a i n  a long t h e  a x i s  o f  t h e  

extensometer. I f  these r e l a t i v e  d isp lacements a r e  normal ized over  t h e  

spacing between the  anchors, t hen  these normal ized r e l a t i v e  

d isp lacements a r e  termed "bay s t r a i n s " .  The bay s t r a i n  w i l l  be c l o s e r  

t o  t h e  t r u e  s t r a i n  prov ided t h a t  t h e  spacing between anchors i s  smal l  

and t h a t  t h e  deformat ion v a r i e s  l i n e a r l y  w i t h  spacing between anchors. 

Bay s t r a i n s  a r e  use fu l  i n  d e t e c t i n g  any anomalous behavior i n  s a l t  

around an opening such as t h a t  i n f l u e n c e d  by d i s c o n t i n u i t i e s ,  c l a y  

seams. o r  t h e  e f f e c t  o f  l o c a l  s t r e s s  concent ra t ions .  
./' .>, 

\ i : '  ) 
\ 

\ '  
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- Figure  10-15 shows t h e  v a r i a t i o n  o f  bay s t r a i n s  w i t h  elapsed t i m e  s ince  

complet ion o f  excavat ion  f o r  f l o o r  extensometer 51X-GE-00242. This  

extensometer i s  l oca ted  a t  t h e  i n t e r s e c t i o n  o f  Test  Room 2 and t h e  

N l l O O  d r i f t .  The sudden inc rease  i n  t h e  bay s t r a i n s  may n o t  be r e l a t e d  

t o  s a l t  behav io r  and i s  apparen t l y  r e l a t e d  t o  system measurement. 

Thus, i t  i s  l i k e l y  t h a t  t h e  maximum average bay s t r a i n  i n  t h e  f i r s t  6 

f e e t  o f  s a l t  i n  t h e  f l o o r  i s  no more than 1 percent .  The a n a l y s i s  o f  

bay s t r a i n s  i n  t h e  f l o o r  o f  t h e  d r i f t s  i n  o t h e r  l o c a t i o n s  i n d i c a t e s  

t h a t  the  maximum average bay s t r a i n  genera l l y  occurs i n  t h e  f i r s t  6 

f e e t  ( c o l l a r  t o  anchor A)  i n  e i t h e r  t h e  r o o f  o r  t h e  f l o o r .  

Figures K-36 t o  K-45 i n  Appendix K show t h e  v a r i a t i o n  o f  bay s t r a i n s  

w i t h  elapsed t ime  s ince  excavat ion.  

F igure  10-16 shows t h e  r a t e  o f  bay s t r a i n s  f o r  extensometer 

51X-GE-00242. The o v e r a l l  t r e n d  i s  t h a t  the  r a t e s  decrease w i t h  t ime 

and are  c u r r e n t l y  l e s s  than 0.5 percent/year.  F igures  K-46 t o  K-55 i n  

Appendix K summarize t h e  v a r i a t i o n  o f  s t r a i n  ra tes  w i th  t ime.  

The decreas ing t r e n d  i n  t h e  r a t e s  o f  bay s t r a i n  w i t h  t i m e  i s  an 

i n d i c a t i o n  t h a t  t h e  s a l t  i n  t h e  roo f  and f l o o r  o f  t h e  d r i f t s  i s  

c u r r e n t l y  s tab le .  

h 

10.3.3 P r e d i c t i o n  o f  Fu ture  Behavior  

The r e s u l t s  o f  t h e  a n a l y s i s  o f  t h e  8 x 25-fOOt d r i f t  have been 

categor ized as f o l l o w s :  

(1 )  E f f e c t i v e  s t resses  and e f f e c t i v e  creep s t r a i n s  immediately 

a f t e r  i n i t i a l  excavat ion;  imned ia te ly  bef.ore and a f t e r  f l o o r  

lower ing ;  and 5 years a f t e r  i n i t i a l  excavat ion.  

( 2 )  P r i n c i p a l  s t resses  imned ia te ly  a f t e r  i n i t i a l  excavat ion;  

immediate ly  b e f o r e  and a f t e r  f l o o r  lower ing;  and 5 years 

a f t e r  i n i t i a l  excavat ions.  
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(3 )  Deformed d r i f t  shapes imned ia te ly  b e f o r e  f l o o r  l ower ing  and 

5 years a f t e r  i n i t i a l  excavat ion.  

10.3.3.1 E f f e c t i v e  Stresses 

F igures  10-17 and 10-18 show t h e  d i s t r i b u t i o n  o f  e f f e c t i v e  s t resses  i n  

each o f  t h e  elements o f  t h e  mesh loca ted  near  t h e  m idhe igh t  o f  t h e  

f i n i t e  element model. The contours a r e  numbered w i t h  i n t e g e r s  f rom 1 

t o  10 w i t h  each contour  i n t e r v a l  represent ing  an e f f e c t i v e  s t ress  

increment  o f  100 k s f .  As t i m e  passes, t h e  p l o t s  show t h e  e f f e c t i v e  

s t resses  becoming more concentrated i n  t h e  a n h y d r i t e  l a y e r .  That i s ,  

more energy i n  t h e  fo rm o f  s t r a i n  energy i s  t r a n s f e r r e d  f rom t h e  

c reep ing  h a l i t e  and a r g i l l a c e o u s  h a l i t e  l aye rs  t o  t h e  anhydr i t e .  

10.3.3.2 P r i n c i p a l  St resses 

The p r i n c i p a l  s t r e s s  plots (F igures  10-19 and 10-20) show t h a t ,  

i nmed ia te l y  a f t e r  excavat ion,  t h e  magnitudes o f  t h e  p r e d i c t e d  p r i n c i p a l  

- stresses  are  r e l a t i v e l y  l a r g e  i n  t h e  corners  o f  t h e  d r i f t  and i n  t h e  

. a n h y d r i t e  l a y e r .  As t h e  s a l t  creeps, t h e  p r i n c i p a l  s t resses 

concent ra te  i n  t h e  a n h y d r i t e  l a y e r  near  t h e  c e n t e r l i n e  o f  t h e  d r i f t .  

10.3.3.3 Deformat ion and Closure 

A mesh showing t h e  deformed d r i f t  shape is presented on F igu re  10-21. 

This  mesh shows t h e  o u t l i n e  o f  t h e  o r i g i n a l ,  undeformed d r i f t  i n  dashed 

l i n e s  w h i l e  t h e  deformed shape a t  t h e  corresponding creep t ime  i s  shown 

i n  s o l i d  l i n e s .  

The deformed shape i tnnediate ly  be fore  f l o o r  l ower ing  shows s i g n i f i c a n t  

v e r t i c a l  d e f l e c t i o n  (downward) i n  t h e  r o o f  area o f  t h e  d r i f t .  The 

.\.,,’ d r i f t  f l o o r  has heaved upward on ly  s l i g h t l y  and t h e  w a l l s  have begun t o  

creep inward. 

E f f e c t s  Due t o  E x t r a c t i o n  Rat io .  An ana lys i s  was performed t o  s imu la te  

t h e  e f f e c t  on t h e  response o f  t h e  d r i f t  due t o  a change i n  t h e  
e x t r a c t i o n  r a t i o .  A change i n  t h e  e x t r a c t i o n  r a t i o  i s  caused by 

h 

10-55 



. . . . . . 
, . 

EXPLANATION OF CONTOUR LINES 

Fiqure 10-17 

DRIFTS 
EFFECTIVE STRESS DISTRIBUTION IMMEDIATELY AFTER EXCAVATION 

. . .i - .  

. .. 

10-56 



. . . ‘. ’ . .  .. ~. 

. 
- ,  

EXPLANATION O F  CONTOUR LINES 

NOTE: 
KSF: u,pr per square tool 

DRIFTS 
EFFECTIVE STRESS DISTRIBUTION IMMEDIATELY BEFORE FLOOR LOWERING 

10-57 



. . 

Fiqure 10-19 

DRIFTS 
PRINCIPAL STRESSES IMMEDIATELY AFTER EXCAVATION 

10-58 



- - -  - - _ _ _ _  . _ _ _ _ _ _ _ _ _ r _ - _ _ . . . _ _ - - _  - - - - - - - - - - - - .  , 
, , , , , , 

I 
, 

r , , , , 
, , , 
, , , x 

,’ ‘r ,’ 
, , , 

, , , , , , 

Flqure  10-20 

DRIFTS 
PRINCIPAL STRESSES IMMEDIATELY BEFORE FLOOR LOWERING 

10-59 



Fiqure 10-21 

DRIFTS 
DEFORMED SHAPE IMMEDIATELY BEFORE FLOOR LOWERING 

10-60 



excavat ion  I n  ad jacent  o r  remote areas. The e f f e c t  due t o  excavat ion 

i n  ad jacen t  areas was s imulated by mod i f y ing  t h e  f i n i t e  element model 

used i n  t h e  ana lys i s .  The d i f f e r e n c e  i s  e s s e n t i a l l y  a comparison o f  a 

s i n g l e  d r i f t  t o  a s e t  o f  i n t e r s e c t i n g  m u l t i p l e  d r i f t s .  Developing a 

s i n g l e  d r i f t  model which accu ra te l y  represents  t h e  behavior  o f  t h e  

i n f i n i t e  p i l l a r  requ i res  assuming a w i d t h  f o r  t h e  model. Therefore, t o  

examine t h e  e f f e c t  o f  p i l l a r  w id th  on a n a l y t i c a l  r e s u l t s ,  a 139-foot 
wide model s i m i l a r  t o  t h e  one shown on F igu re  10-12 was used as a base 

case and was l a t e r  widened t o  278 f e e t .  Each model cons i s t s  o f  an 

8 x 25-fOOt d r i f t .  

F igures  10-22 and 10-23 show comparisons o f  t h e  c losu re  behavior  f o r  

t h e  two d i f f e r e n t  p i l l a r  w id ths .  Because t h e  w i d t h  o f  t h e  model i s  

expected t o  a f f e c t  t h e  v e r t i c a l  s t resses ,  bo th  t h e  p i l l a r  shor ten ing  

and roo f  sag components o f  c losu re  a r e  i nc luded .  The top  graph i n  bo th  

f i g u r e s  i n d i c a t e s  t h a t  by h a l v i n g  t h e  p i ' . a r  w id th  t o  t h a t  o f  t h e  

no r the rn  area spacing t h e  r o o f - t o - f l o o r  c l o s u r e  increases by about 1 5  

percent .  

The e f f e c t s  on p i l l a r  shor ten ing  due t o  increased overburden s t ress  

f rom t h e  perpend icu la r  d r i f t s  can be seen on t h e  middle graph i n  

F igu re  10-22. Comparison o f  t h e  i n f i n i t e  p i l l a r  w i t h  and w i t h o u t  

pe rpend icu la r  d r i f t s  i n d i c a t e s  a 15 percent  inc rease i n  p i l l a r  

sho r ten ing  due t o  t h e  presence o f  t h e  i n t e r s e c t i n g  d r i f t s .  Comparing 

t h e  c u r v e s , f o r  t h e  narrow p i l l a r  i n  t h e  t o p  two graphs i nd i ca tes  t h a t  

p i l l a r  shor ten ing  c o n t r i b u t e s  approx imate ly  h a l f  o f  t h e  t o t a l  c losu re  

response. The 15 percent  inc rease i n  t h e  p i l l a r  shor ten ing then 

corresponds t o  a 7 1 /2  percent  c o n t r i b u t i o n  i n  t o t a l  c losure .  This i s  

a l s o  t r u e  f o r  t h e  t o t a l  c l o s u r e  r a t e .  The combined e f f e c t s  o f  s i n g l e  

versus m u l t i p l e  d r i f t s  and m u l t i p l e  p a r a l l e l  d r i f t s  versus an 

i n t e r s e c t i n g  gr idwork account f o r  about a 24 percent  d i f f e r e n c e  i n  t h e  

t o t a l  c l o s u r e  ra te .  

.- The e f f e c t s  o f  r e l e a s i n g  t h e  boundary c o n s t r a i n t s  a t  the  perpendicu lar  

d r i f t  w a l l  ,can, be est imated by the  use of  equat ion 10-4. F o r  t h e  
,' \* i ' . ' .  \ 

,, 1 . .' 
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nor the rn  area where t h e  W1/W2 r a t i o  i s  approximately 0.4. t h e  

average e f f e c t i v e  s t r e s s  i s  inc reased by  about 6 percent.  I f  t h e  

p i l l a r  shor ten ing  r a t e  i s  p r o p o r t i o n a l  t o  t h e  square o f  t h e  i nc rease  i n  

average e f f e c t i v e  s t r e s s  i n  t h e  p i l l a r ,  t h e  boundary re lease accounts 

f o r  a 12 percent  i nc rease  i n  p i l l a r  shor ten ing.  As descr ibed i n  t h e  

prev ious  paragraph, t h i s  12 pe rcen t  inc rease i n  p i l l a r  shor ten ing  r a t e  

corresponds t o  about a 6 pe rcen t  inc rease i n  t h e  t o t a l  c l o s u r e  r a t e .  

This  f a c t o r ,  combined w i t h  t h e  p r e v i o u s l y  descr ibed e f f e c t s ,  y i e l d s  

about a 30 percent  d i f f e r e n c e  i n  t h e  t o t a l  c losu re  r a t e .  Th is  compares 

w e l l  w i t h  t h e  value presented i n  subsec t ion  10.3.2.2. 

The r o o f  sag component o f  c l o s u r e  i s  shown i n  t h e  bottom graph o f  

F igure  10-23. F igu re  10-22 shows t h e  comparison o f  t h e  c l o s u r e  

components o f  t h e  narrow model r e l a t i v e  t o  t h e  wide model which i s  

equ iva len t  t o  comparing m u l t i p l e  p a r a l l e l  d r i f t s  t o  a s ing le .  d r i f t .  As 

t h i s  f i g u r e  i nd i ca tes ,  t h e  behav io r  d i f f e r e n c e s  appear t o  s t a b i l i z e  

a f t e r  about 200 days. 

10.3.3.4 E f fec t i veness  o f  Numerical  Model ing 

The creep parameters C. A and z were determined us ing  r o o f - t o - f l o o r  and 

w a l l - t o - w a l l  c l osu re  data.  The e f f e c t i v e n e s s  of  t h e  numerical  model ing 

which uses one s e t  o f  measured da ta  t o  p r e d i c t  w i t h  reasonable accuracy 

o the r  v a r i a b l e s  such as s t r e s s  and s t r a i n  needs t o  be v e r i f i e d  t o  

i n f u s e  conf idence i n  t h e  numer ica l  model ing procedure. Besides, such a 

comparison w i 4 l  enable t e s t i n g  t h e  adequacy o f  t h e  bas ic  creep l e v e l  as 

w e l l  as assumptions regard ing  t h e  s t a t i g r a p h y  assumed f o r  t h e  model. 

The 8 x 2 5 - f O O t  d r i f t  south o f  52180 was i s o l a t e d  u n t i l  J u l y  1986 and 

d i f f e r e n t  s e t s  o f  creep parameters were determined by numer ica l  

modeling us ing  r o o f - t o - f l o o r  c l o s u r e  da ta  f rom var ious convergence 

p o i n t  measurements. I n  s i t u  r o o f - t o - f l o o r  c losure  data f o r  s t a t i o n s  

south o f  S2180 i n d i c a t e  t h a t  t h e  d r i f t  behaves e s s e n t i a l l y  l i k e  an 

i n f i n i t e l y  long  i s o l a t e d  opening except a t  the  very end o f  t h e  E l40  

d r i f t .  Th is  a f f o r d s  an o p p o r t u n i t y  t o  compare t h e  measured r e l a t i v e  

displacements i n  t h e  r o o f  as w e l l  as i n  t h e  f l o o r  a t  one ins t rumen t  

L- 

1. 
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location with the values obtained from numerical modeling *which used 
roof-ta3loor closure data from measurements at some other instrument 
location fo "back calculate" the creep parameters. 

-_ 
c 

Figure 10-24 compares the wasured relaTfice dispidcen?ent between the 
collar and anchsr 0 o f  extensometer 51s-GE-00247. i n  the roof as 
E140/S1950, with the values obtained from the numerical modeling. The 
calculated value is the relative vertical displacement of two nodes 
comparable t o  the positions of the collar arid anchor 0 cf the 
extensometer. The parameters C. A and z were obtained using 
roof-to-floor closure a a t z  from the instrument location at E140/51879. 
The agreuaent I s  reasmable because the slopes of both the measured and 
calculated relative displacements are nearly identical. Figure 10-25 
similarly compares t h e  measured relative displacement in floor 
extensometer 51X-GE-00248 at E140/S1950 with the calculated values from 
the same numerical modeling. The slope of the i n  situ curve is 28 
percent steeper than the calculated value. This is probably because 
the numerical model assumes that the anhydrite layer in the floor of 
the drift as linearly elastic with infinite strength. This may not be 
true if the anhydrite has pre-existing fractures, and thus may not be 
able t o absorb the heave from the salt below. 

Figure 10-26 compares the measured wall-to-wall closure at E140/S1879 
with the calculated wall-to-wall closure from the results of the same 
numerical modeling. The average slope of the curve from numerical 
modeling is nearly 43 percent steeper than the slope of the curve from 
measurement data. (:-\ 

\, t ,  { I  .) 
\ . . _ A  10.4 CONCLUSIONS AND RECOMMENDATIONS 

The following subsections present conclusions pertaining to validation 
of the drift reference design and recomnendations for design 
modifications. These are based on a comparison of the design criteria, 
design bases and reference design configurations with the results of - the analysis and evaluation of data collected during the design 
Val idation Drocess. 
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A 10.4.1 Conclusions 

The e v a l u a t i o n  o f  f i e l d  observat ions and a n a l y t i c a l  r e s u l t s  shows t h a t  

t h e  des ign  c r i t e r i a  were approp r ia te  f o r  des ign  o f  t h e  h o r i z o n t a l  

openings. The t h r e e  c r i t e r i a  i d e n t i f i e d  as r e q u i r i n g  s p e c i f i c  

eva lua t i on ,  t h a t  t h e  d r i f t s  remain w i t h i n  t h e  r e q u i r e d  s t r u c t u r a l  

l i m i t s ,  p r o v i d e  maximum s t a b i l i t y .  and m a i n t a i n  t h e  minimum requ i red  

dimensions, were determined t o  be s u i t a b l e .  The re fe rence des ign f o r  

t h e  h o r i z o n t a l  openings i s  t h e r e f o r e  v a l i d a t e d .  

S p a l l i n g  f rom the r o o f  and w a l l s  o f  t h e  d r i f t s  and f r a c t u r i n g  and 

s p a l l i n g  a t  p i l l a r  corners w i l l  con t inue.  Displacements and 

separa t ions  a t  c l a y  seams above t h e  r o o f  may s l o w l y  increase.  Th is  

de fo rma t iond l  behav io r  i s  expected and can be c o n t r o l l e d  by s c a l i n g  and 

rock  b o l t i n g  as necessary. 

The average bay s t r a i n s  determined f rom t h e  r e l a t i v e  displacements o f  - extens0mete.r anchors 3 years a f t e r  d r i f t  excavat ion  a r e  w i t h i n  1 

percent .  The s t r a i n  r a t e s  as w e l l  as t h e  c l o s u r e  r a t e s  decrease w i t h  

t i m e  i n d i c a t i n g  t h a t  t h e  d r i f t s  a re  s t a b l e .  Based on t h e  p r o j e c t i o n s  

o f  c l o s u r e  r a t e s ,  t h e  d r i f t s  w i l l  con t i nue  t o  be s tab le .  

F r a c t u r i n g  beneath t h e  f l o o r  o f  t h e  d r i f t s  i s  minor  and has nowhere 

developed t o  near  t h e  degree as t h a t  beneath t h e  f l o o r  o f  Test  Room 3. 

I f  a d d i t i o n a l  f r a c t u r i n g  develops i n  t h e  f u t u r e  beneath t h e  d r i f t s ,  it 

i s  a l s o  expected t o  be minor.  Based on exper ience i n  l o c a l  potash 

mines, t h i s  t ype  o f  f r a c t u r i n g  i s  n o t  expected t o  cause s t a b i l i t y  o r  

o p e r a t i o n a l  problems. 

The comparison o f  measured c losu re  behav io r  i n  d r i f t s  w i t h  d i f f e r e n t  

dimensions i n d i c a t e s  t h a t  the  maximum c l o s u r e  and c l o s u r e  r a t e  w i l l  

occur  I n  12 x 25-foot d r i f t s .  The c l o s u r e  r a t e s  a r e  a f f e c t e d  by the  

presence o f  nearby p a r a l l e l  d r i f t s  and c rosscu ts  as w e l l  as d i f f e r e n c e s  

i n  s a l t  p r o p e r t i e s .  Based on a v a i l a b l e  measurement da ta  and the  

r e s u l t s  of model ing analyses, t h e  c l o s u r e  r a t e  i n  t h e  13 x 25-fOOt - 
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storage area d r i f t s  may be 30 percent  g r e a t e r  t h a n - t h a t  o f  a s i n g l e ,  -. 
. .  i n f i n i t e l y  l o n g  d r i f t  w i th  t h e  same dimensions (Chapter 12). 

Analyses o f  s a l t  behav io r  around t h e  25- foot  wide d r i f t s  has determined 

t h e  r e d i s t r i b u t i o n  o f  s t resses  due t o  t h e  e f f e c t  o f  creep. Based on 

t h e  computed v e r t i c a l ,  h o r i z o n t a l  and e f f e c t i v e  s t resses ,  t h e  s t r e s s  

which develops imned ia te l y  a f t e r  excavat ion i s  f o l l o w e d  by  r e l a x a t i o n  

due t o  creep behavior .  According t o  t h e  analyses, s t r e s s  should n o t  

cause f u t u r e  s t a b i l i t y  problems i n  t h e  d r i f t s .  

The analyses have a l s o  determined t h e  l o c a t i o n s  o f  e f f e c t i v e  creep 

s t r a i n  concent ra t ions  around t h e  d r i f t s  a t  d i f f e r e n t  t imes. Based on 

t h e  p r e d i c t e d  va lues o f  e f f e c t i v e  creep s t r a i n  and t h e  s t r a i n  l i m i t  

d iscussed i n  Chapter 6, t h e  d r i f t s  w i l l  remain. w i t h i n  t h e  s t r u c t u r a l  

s t a b i l i t y  l i m i t s  requ i red ,  w i th  respec t  t o  c a t a s t r o p h i c  f a i l u r e ,  d u r i n g  

t h e  f a c i l i t y  ope ra t i ng  l i f e .  Minor s p a l l s  f rom t h e  r o o f  and w a l l  

sur faces are 'expec ted  t o  occur. Analys is  o f  observa t ions  i n  mines and 

d i scuss ion  w i t h  mine personnel  i n d i c a t e s  t h a t  t h e  sur faces o f  t h e  

d r i f t s  may s t a r t  t o  d e t e r i o r a t e  more r a p i d l y  a f t e r  about 15 years.  

Increased maintenance w i l l  then  be requi red.  

10.4.2 Recomnendations 

Based on t h e  r e s u l t s  o f  des ign v a l i d a t i o n  o f  t h e  d r i f t s ,  i t  i s  

recomnended t h a t  a l l  d r i f t s  be inspected f r e q u e n t l y  f o r  ope ra t i ona l  

c learance and sa fe ty .  I f  t h e  c learance i s  i n s u f f i c i e n t ,  t h e  d r i f t s  

must be t r imned  t o  t h e  requ i red  dimensions. Tr imn ing  t h e  f l o o r  t o  

increase d r i f t  h e i g h t  i s  p r e f e r r e d  over t r i m n i n g  t h e  r o o f .  Over the  

25 year  ope ra t i ng  l i f e ,  t h e  roo f  should no t  be t r imned more than 

12 inches f o r  d r i f t s  25 f e e t  wide o r  l ess .  Tr imning t h e  roo f  more than 

12 inches would nuke t h e  beam o f  s a l t  t oo  t h i n  and increase t h e  

p o s s l b l i t y  o f  a roo f  f a l l .  Fu r the r  t r i m n i n g  must be accomplished f rom 

t h e  f l o o r  even. though t h i s  w i l l  decrease t h e  th i ckness  o f  t h e  s a l t  

above HB-139. Sca l i ng  and rock b o l t i n g  should be performed where 
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4 necessary f o r  s a f e t y  purposes. P e r i o d i c  inspect ion  o f  a c c e s s i b l e  open 

boreholes should be performed t o  moni tor  t h e  occurrence and behav ior  o f  

displacements. separa t ions  and f r a c t u r i n g  i n  t h e  s a l t  above t h e  roof  

and beneath t h e  f l o o r  o f  t h e  d r i f t s .  
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CHAPTER 1 I 

TEST RXMS 

11 .l INTROOUCTION 

The f o u r  t e s t  rooms comprise a panel  w i t h  a c o n f i g u r a t i o n  s i m i l a r  t o  

t h a t  designed f o r  t h e  waste s to rage area. The t e s t  rooms were 

instrumented, observed and analyzed i n  o r d e r  t o  eva lua te  t h e  p o t e n t i a l  

behav io r  o f  t h e  storage rooms. Th is  chapter  p resents  t h e  r e s u l t s  o f  

da ta  c o l l e c t i o n  a c t i v i t i e s  i n  t h e  t e s t  rooms and t h e  a n a l y s i s  and 

e v a l u a t i o n  o f  t h e  data w i t h  respec t  t o  t h e  behav io r  o f  t h e  excavated 

rooms. The in fo rma t ion  presented here w i l l  be used i n  Chapter 12 t o  

p r e d i c t  t h e  f u t u r e  behavior o f  t h e  s to rage rooms and t o  v a l i d a t e  t h e i r  

re fe rence  design. 

11.2 DESIGN 

The t e s t  rooms represent  a p o r t i o n  o f  t h e  s to rage room re ference des ign 

c o n f i g u r a t i o n .  The purpose o f  t h e  t e s t  rooms i s  t o  p rov ide  

geo techn ica l  i n fo rma t ion  t h a t  can be used t o  p r e d i c t  t h e  p o t e n t i a l  

behav io r  o f  t h e  storage rooms. Because they  were excavated t o  pe rm i t  

v a l i d a t i o n  o f  t h e  storage room re fe rence  design, and w i l l  n o t  be used 

f o r  permanent storage, t h e  t e s t  rooms were n o t  s p e c i f i c a l l y  addressed 

i n  t h e  Design C r i t e r i a  document. The des ign c r i t e r i a  app ly  t o  t h e  

c o n f i g u r a t i o n  o f  t h e  storage rooms and, the re fo re ,  o n l y  i n d i r e c t l y  t o  

t h e  c o n f i g u r a t i o n  o f  the  four-room t e s t  panel .  

No Design Basis documents were developed s p e c i f i c a l l y  f o r  t h e  t e s t  

rooms. Only two Design Basis documents ( r e f s .  2-9 and 2-18) con ta in  

elements p e r t a i n i n g  t o  the  t e s t  rooms. These elements s p e c i f y  t h a t  

t e s t  rooms s h a l l  be prov ided t o  v e r i f y  underground cond i t i ons  as 

r e q u i r e d  by  the  SPDV Program and t h a t  t h e i r  dimensions s h a l l  be 33 f e e t  

wide, 1 3  f e e t  h i g h  and 300 f e e t  long.  A l l  o t h e r  des ign bases t h a t  

r e q u i r e  eva lua t i on  are  a p p l i c a b l e  t o  t h e  s torage rooms r a t h e r  than t o  

t h e  t e s t  rooms. 
c 
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ine test room panel is the experimental model for the stora: 
Validatlon of the test panel reference design configuration is not 
required. The test room data and analyses presented in this chapter 
are the bases for validation of the storage rooms. Predictions of the 
future behavior of the storage rooms based on these data analyses are 
presented in Chapter 12. 

11.3.1 Data Collection 

Data collection in the test rooms consisted of  the accumulation of 
geotechnical data from geologic mapping, core drilling, observations of 
deformational behavior and geornechanical instrument measurements. 
Geologic mapping and core drilling were performed in the four test 
rooms. The stratigraphy defined by the mapping and core logging is 
discussed in Chapter 6. Observations of in situ behavior and data from 
the geqmechanical instrumentation program are presented in the 
following subsections. 

11.3.1.1 Field Observations 

Some aspects of test room behavior can only be evaluated by visual 
observation. Visual inspections of the rooms include observations of 
their general surface conditions in response to stress redistribution 
and salt creep. These conditions include small spalls from the roof 
and walls, especially at their intersection, and' vertical fracturing at 
pillar corners and along the walls in response to pillar shortening. 

Field observations include other qualitative and quantitative 
techniques in .addition to visual inspections of excavation surfaces. 
Boreholes are surveyed using video cameras. Horizontal displacements 
and vertical separations of the geologic strata surrounding boreholes 
are determined using a probe, as described in Chapter 7, 
subsection 7.3.1.4. Wall surfaces of large diameter holes are mapped 

by a geologist. I 

A qualitative determination of the conditions of the test rooms is made 



c. by s i t e  geo log i s t s  a u r i n g  an i n s p e c t i o n  o f  t h e  rooms a t  l e a s t  once 

every 3 months. These inspec t i ons  have been documented i n  each GFDR 

s t a r t i n g  w i t h  t h e  February 1984 e d i t i o n  ( r e f s .  4-12 th rough 4-19). 

De ta i l ed  d e s c r i p t i o n s  o f  observed t e s t  room behavior  a r e  conta ined i n  

each o f  these repo r t s .  

As discussed i n  Chapter 10, an Excavat ion E f f e c t s  Program was conducted 

throughout t h e  underground f a c i l i t y  du r ing  May through J u l y  1986. This  

program was conducted t o  f u r t h e r  cha rac te r i ze  n e a r - f i e l d  de format ion  

above and below t h e  f a c i l i t y  l e v e l .  Ten ar rays  o f  boreholes were 

d r i l l e d  i n  t h e  r o o f  and f l o o r  o f  t h e  t e s t  rooms. The l o c a t i o n s  o f  t h e  

ar rays  a r e  shown on F i g u r e  10-1 i n  Chapter 10. 

The r e s u l t s  o f  some o f  t hese  observat ions a r e  used i n  c o n j u n c t i o n  w i t h  

t h e  r e s u l t s  o f  numer ica l  a n a l y s i s  and i n  s i t u  measurement data t o  

q u a n t i f y  the  s t r u c t u r a l  behav io r  o f  t h e  t e s t  rooms. The documented 

f i e l d  observat ions can be separated i n t o  f o u r  ca tegor ies :  r o o f  and 

w a l l  spa l l i ng ;  p i l l a r  f r a c t u r i n g ;  r o o f  displacements and separa t ions ;  

and f l o o r  displacements. separa t ions  and f r a c t u r i n g .  

_- 

Roof and Wall SDa l l i nq .  A sounding survey o f  t h e  r o o f  o f  each t e s t  

room was conducted d u r i n g  and i n e d i a t e l y  a f t e r  excavat ion.  Only a few 

areas o f  d r u n y  rock were d iscovered and these were e i t h e r  removed or  
rock bo l ted .  

The rooms have e x h i b i t e d  o n l y  minimal s p a l l i n g  over  a p e r i o d  o f  3 years 

s ince  t h e i r  excavat ion.  The drurmny areas o r i g i n a l l y  found i n  t h e  roo fs  

have no t  grown n o t i c e a b l y .  b u t  some a d d i t i o n a l  areas have been 

discovered by subsequent r o o f  soundings. A d d i t i o n a l  s c a l i n g  and rock 

b o l t i n g  have been performed i n  most o f  these areas. The most 

no t i ceab le  s p a l l i n g  i s  assoc ia ted  w i t h  t h e  a r g i l l a c e o u s  h a l i t e  u n i t  

(geo loc - -  -2:  --+: 4 ,  Appendix G, F igures 6-1 through 6-4) h i g h  on t h e  

t e s t  room w a l l s .  Th i s  s p a l l i n g  i s  genera l l y  cont inuous b u t  shal low.  - Some s p a l l i n g  f rom t h e  r o o f  c lose  t o  the  w a l l s  has a l s o  been observed 

w i t h i n  the  pas t  yea r  t h a t  has requ i red  support  by rock b o l t s  i n  

se lected areas. 
1 ,  
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tonned DY m e  i n t e k e c t q o n  o f  dr , f t s  WILII . I tle 

f r a c t u r e s  have separat ions t h a t  range f rom essen i  I ~y c losed t o  about 

2 i nches  wide. They genera l l y  extend i n t o  t h e  rock perpend icu la r  t o  

t h e  rock  su r face  f o r  an unknown d is tance.  A l l  corners o f  t h e  t e s t  

rooms show f r a c t u r i n g  and consequent spa1 l i n g .  The f r a c t u r e s  f i r s t  

appeared i n  t h e  p i l l a r  corners about 3 t o  6 months a f t e r  excavat ion.  

They s t a r t e d  as thin, h a i r l i n e  f r a c t u r e s  and have s t e a d i l y  grown i n  
length ,  w i d t h  and presumably depth. Each o f  t h e  GFDRs document t h i s  
g radua l  development o f  t h e  f r a c t u r e s .  S c a l i n g  o f  these corners has 

been performed p e r i o d i c a l l y .  

V e r t i c a l  f r a c t u r i n g  has devi.loped i n  t h e  p i l l a r s  p a r a l l e l  t o  t h e  room 

w a l l s .  Th i s  f r a c t u r i n g  i s  r e l a t i v e l y  minor  and. t o  date, has been 

observed o n l y  i n  Test  Rooms 3 and 4. The f r a c t u r i n g  has been detected 
i n  h o r i z o n t a l  boreholes d r i l l e d  i n t o  t h e  w a l l s  and occurs w i t h i n  

approx imate ly  2 f e e t  o f  t h e  w a l l  sur face .  The f r a c t u r e s  range f rom 
c losed  t o  about  1/32 i nch  wide. 

Roof Displacements and Separations. I nspec t i ons  o f  open boreholes i n  

t h e  t e s t  room r o o f s  were conducted u s i n g  a v ideo camera and/or probe. 

The v ideo  camera produces h igh- reso lu t ion ,  c o l o r  v ideotapes t h a t  a r e  

u s e f u l  i n  i d e n t i f y i n g  h o r i z o n t a l  d isplacements and v e r t i c a l  

separa t ions .  The probe i s  used i n  c o n j u n c t i o n  w i t h  a tape measure t o  

de termine t h e  l o c a t i o n  and amount o f  movement i n  t h e  boreholes. As i n  

o t h e r  areas o f  t h e  underground f a c i l i t y .  expected h o r i z o n t a l  and 

v e r t i c a l  movements o f  the  geo log ic  s t r a t a  surrounding t h e  boreholes 

have been observed o r  measured i n  t h e  t e s t  rooms. These observat ions 

a r e  s u m a r i z e d  'in Table 11-1. 

Ten a r r a y s  of  boreholes were d r i l l e d  i n  t h e  t e s t  rooms i n  May 1986 as 

p a r t  o f  t h e  Excavat ion E f fec ts  Program. These holes were used f o r  

a d d i t i o n a l  i n v e s t i g a t i o n  o f  t e s t  room roo f  displacements and 

separa t i ons .  Each ho le  was inspec ted  us ing  a probe. Table 11-2 
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Table 11-1 

TEST ROOMS 1 THROUGH 4 
RESULTS OF INSPECTION OF VERTICAL BOREHOLES I N  ROOFS 

3 ’- ’ .c 

Hole 
Date Size Depth Approximate Observed 

Hole ComDleted (ft) L o c a t i o n  Cond i t ion*  

16-205 4-1 7-83 3 56 Room 1; 1 f t  f rom D 

16-206 4-1 5-83 3 52 Room 1; 1 f t  f rom D 

16-203 3-26-83 3 52 Room 2; 1 f t  f rom D 

16-204 3-83 3 52 Room 2 ;  1 f t  f rom D 

OH-3 8-83 4 20 Room 2 c e n t e r l i n e  S, F 

P4X-26 10-83 5 52.1 Room 4; N1360/W630 None 

west w a l l  

eas t  w a l l  

west w a l l  

eas t  w a l l  

I P4X-30 12-83 4 50.9 Room 4; N1360/W630 S 

- 6 8 Room 4; N1360/W639 D, F - 

Room 4 center ;  
N1176 

c 5 9- 

* D = Displacement; S = Separat ion;  F = F r a c t u r i n g  
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Table 11-2 

EXCAVATION EFFECTS PROGRAM 
BOREHOLE INSPECTION 'SUMMARY 

O P W G  

OWNSIONS 

MXw-Fn 

13x33 

___-__ 
13x33 

13x33 

13x33 

13x33 

____ 

13x33 

__ 
I 

ROOF HOLES 
EXCAVATION DATE DATE 

DATE LOCATION DRLLED WSPECTEO E A C 

4/83 ROOU 4. MI15 5/15/86 5/15/86 C 5171 El71 

4/03 ROOU 4, M264 5/16/86 5/16/86 CI7I  NONE C 

.- 

4/83 ROOU 4, NB61 5/16/06 5/16/86 NONE 0 0  NOM __ 
4/83 ROOU 3, N1198 5/15/06 5/15/86 NONE NONE 6 

4/83 Row 3. ~ 2 4 3  5/15/86 5/1s/m6 NONE Now NOM 

___ -. 

- 
4/83 ROW 3, NIU2 5/15/86 5/15/86 5 C HONE 

I I I I I I I 

2 

. 

3 

FLOOR W E 6  

F II 0 

0.s C S C  

HML C s 

N M  0.S.F s 

NOHE s s 
SF 

R W U  3 LARGE W T E R  
N E S l  

D. 5. F 
NSED PRMDVZLV DllLLED 
HDLES uB-Fl-uTIRouoH 031 

I 

5 

__ 

6 

1 

8 

9 

10 

__ 

13x33 I 3/83 I ROOU 2. W41 I 5/21/06 I 5/22/86 I NONE I NONE I C 

13x33 j*L-# -- 1 : 1 2 
13x33 ROOU I. M59 5/21/86 5/22/86 - __ 
13x33 4/93 noou L urn5 5/21/86 5/22/16 5. F. c NONE 

__ 
EXISTING HOLE. 

o(PLANAlI0N t!?.m 

' . 0 a hORlZONlbL OISPLACEYCNI..fOUHO Om* Ui PRfVlOLlSLL DRILLED 
HOLES. OISRACEUENT APPEARS 10 DEVELOP WITH 1W FOLLOWWC 

,' HOLE DRILLHG. 

S - VERIICAL SEPARAIIOH. PHOHE NAIL PEHETRAIES HOLE WALL SURFACE. 
VERTICAL SEPARAllONS RANGE FROU APPROXWATELY V16 WH TO 6 WCHES. 

F E FRACTURE ZONE. PIECES OF HALITE COUUONLY PICKED WT OF ZONE BY PROBE 
NAIL. 

C s PROBE N I L  CATCHES ON HOLE WALL SUFIFACE BUT DOES NOT PENETRATE. 
INDICATES POSSIBLE SEPIRATION OF LESS THAN 1/16 WCH. OCCUREUCES 
AT KNOWN CLAY LAYERS ARE NOT HDlCATNE OF SEPARATION AND ARE NO1 
INCLUDED W THIS TABLE. 

L SECTION LOCATIWS Ua HOLE CONFIOUIITIWS ARE WbN N CHAPTER 
m. FIGURE IPL 

2. HOLES WERE o w m  vmiicmi WHO A JACK-LEO MILL 

3. HWHAL HOLE DEPTH IS B FEET WI S W  HOLES ARE M E R  WE TO 
LOW ORFT ROW OR DRLLWG MFFIULTIES. 

4. ONE R O W  A H )  ONE FLOOR HOLE OF EACH ARRAY WERE WEFTALLY O U L E D  
3 KHS W MAUElER TO ACCWODATE M OF WRDDLE C W A  F 
DESIRED. OTHCI) HOLES WERE WLLED I+/@ )(MI w DuunER. 
Exisiwo HOLES WERE usm WHERE POSYBLL 

5. O B S E R V A T W  WERE UADE USW A PRWE CONSKTIY) OF A N M  A T T A D m  
PERPENMCUAR TO THE Mo OF A ROD. 

I 



F 1 oor  D i  SD 1 acements . Separa t ions  and F rac tu r inq .  H o r i z o n t a l  

displacements, v e r t i c a l  separa t i ons  and f r a c t u r i n g  have been observed 

beneath t h e  f l o o r  o f  t h e  t e s t  rooms i n  boreholes. They have been 

observed t o  occur  i n  ME-139 and i n  t h e  o v e r l y i n g  h a l i t e .  Geologic maps 

o f  Tes t  Room 3 (Room T) boreho les  a r e  presented i n  Appendix 6. Figures  

6-10 through 6-31. A s u m r y  o f  t h e  r e s u l t s  o f  t h e  i n s p e c t i o n  o f  a l l  

smal l -d iameter boreholes d r i l l e d  i n  t h e  f l o o r  o f  t h e  t e s t  rooms i s  
presented i n  Table 11-3. The inspec t i ons  were accomplished us ing  v ideo 

equipment and/or a probe. 

The on ly  prominent exposure o f  f l o o r  f r a c t u r i n g  i s  i n  t h e  36-inch 

d iameter  boreholes d r i l l e d  i n  t h e  f l o o r  o f  t h e  south  h a l f  o f  Test  

Room 3 (Room T). A t o t a l  o f  22 ho les  were d r i l l e d  i n  t h i s  area d u r i n g  

September and November 1985 f o r  t h e  e r e c t i o n  o f  s t r u c t u r a l  s t e e l  
columns. A d r i l l i n g  sumnary i s  presented i n  Table 11-4. The ho les  a r e  

approx imate ly  7.2 f e e t  deep. The bottom o f  many o f  t h e  holes co inc ides  - w i t h  t h e  occurence o f  c l a y  E a t  t h e  base o f  MB-139. The remain ing 

holes were te rmina ted  above t h e  base o f  t h e  marker bed. 

The holes were logged on a 360 degree f o l d o u t  a t  a sca le  o f  1 i n c h  t o  1 

f o o t .  A l l  f ea tu res  were measured f rom a l e v e l  re fe rence l i n e  which was 

l a t e r  surveyed t o  determine e leva t i ons .  Frac ture  t races ,  f r a c t u r e  

zones and h a i r l i n e  f r a c t u r e s ,  i n  a d d i t i o n  t o  l i t h o l o g i c  contac ts ,  were 

logged. A f r a c t u r e  t r x e  i s  a d i s t i n c t  f r a c t u r e  sur face  exposed on t h e  

w a l l  o f  t h e  borehole.  F r a c t u r e  t races  shown on t h e  logs,  un less 

, o therwise noted, a r e  c losed w i t h i n  a few inches o f  t h e  w a l l  sur face .  A 

f r a c t u r e  zone i s  an area on t h e  w a l l  bounded by d i s t i n c t  f r a c t u r e s .  

Rock w i t h i n  t h e  zone i s  broken by numerous smal le r  f r a c t u r e s  spaced 

less  than 1 i nch  a p a r t .  The f r a c t u r e d  rock i s  comnonly broken o u t  very  

c lose  t o  the  w a l l  su r face  o f  t h e  borehole due t o  d r i l l i n g ,  b u t  becomes 

c losed w i t h i n  1/2 t o  2 inches o f  t h e  w a l l  surface. Loca l l y ,  t h e  zone 

i s  ope' ;r 2 a r t i a : i y  f i l l e d  w i t h  d r i l l  c u t t i n g s .  A t  a d i s tance  o f  12  

inches from the  borehole.  t h e  cumulat ive v e r t i c a l  separa t ion  measured 

over  t h e  length  o f  t h e  h o l e  v a r i e s  f rom less than 1 /4  i n c h  t o  6 

inches. The h a i r l i n e  f r a c t u r e s  a r e  c losed f r a c t u r e s  u s u a l l y  found 

A 
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RESULTS OF I N S ~ L C . ~ U N  OF VERTICAL BOREHOLES IN FLOOR 

Hole 
Date Size Depth Approximate Observed 

Hole ComDleted (in.) (ft) Location Condition* 

16-202 4-18-83 3 52 Room 1 ; 1 ft from D 

GE-269 1-86 3 55 Room 1 centerline S ,  F 

16-201 3-26-83 3 52 Room 2; 1 ft from D 

west wall 

west wall 

N6-254 3-84 6 1 Room 2 centerline None 

GE-270 1-86 3 55 Room 2 centerline s, F 

2NPD-01 2-86 

HE-FI-01 12-85 

HE-FI-02 12-85 

HE-FI-03 12-85 

GE-271 1-86 

P4X-06 1983 

P4X-25 10-83 

P4X-27 10-83 

P4X-29 10-83 

P4X-31 11-83 

P4X-81 11-83 

P4X-83 12-83 

P4X-84 1-84 

5 8.9 

4 12.0 

. 4  12.0 

4 12.0 

3 55 

5 9.0 

5 50.2 

5 51.1 

5 49.5 

5 50.4 

16 - 

l b  6.1 

36 9.5 

Room 2; N1370 

Room 3; N1309 

Room 3; N1309 

Room 3; N1309 

Room 3 centerline 

Room 4; N1369/Wb25 

Room 4; N1360/Wb30 

Room 4; N1360/Wb30 

Room 4; N1360/Wb30 

Room 4; N13bO/Wb30 

Room 4 

Room 4 

Room 4 

* D = Displacement; S = Separation; F = Fracturing 
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Table 11-4 

TEST ROOM 3 (ROOM T)  
SUMMARY OF DRILLING 

Paqe 1 o f  2 

Date D r i  1 l i n g  
Hole Completed F l u i d  Comnunication Dur inq  D r i l l i n q *  

TV-01 10-25-85 Brine** --- 
TV-02 10-28-85 A i r  --- 
TV-03 11 -05-85 A i r  TV-07, TV-14 th rough 75"  d i p p i n g  

f r a c t u r e .  TV-15 th rough f r a c t u r e s  i n  
h a l i t e  c l o s e  t o  su r face  on eas t  s ide.  
Surface f r a c t u r e  c l o s e  t o  eas t  w a l l  25 
f e e t  south o f  TV-03. No comnunication 
t o  TV-13. TV-17, TV-12. 

TV-04 11 -08-85 A i r  --- 
TV-05 11 -20-85 A i r  --- 

TV-06 11 -1 3-85 A i r  --- 
TV-07 10-29-85 A i r  TV-12 

TV-08 11-19-85 A i r  --- 

TV-09 11 -21 -85 A i r  --- 
TV-10 11 -14-85 A i r  TV-13. TV-14. TV-17, TV-15, 

TV-06, TV-11 

TV-11 11-1 1-85 A i r  --- 
TV-12 9-1 7-85 A i r  --- 
TV-13 10-09-85 A i r  TV-12, TV-15 

TV-14 10-1 1 -85 A i r  TV-15 

TV-15 9-23-05 A i r  TV-19 

TV-16 9-30-85 A i r  TV-19, TV-20 
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SUMMARY OF DRILLING 

Page 2 of 2 

- Hole Comle ted  F l u i d  Comnunication Dur inq  D r i l l i n q *  
Date D r i l l i n g  

TV-11 10-1 5-85 A i r  --- 
TV-18 10-02-85 A i  r 

TV-19 9-20-85 A i r  --- 
TV-20 9 -2 5-85 A i r  TV-19 a 

--- 

ma f r a c t u r e  zc 
on nor th -nor theas t  s ide .  

ie 

TV-21 10-1 8-85 A i r  --- 
TV-22 10-1 9-85 A i r  TV-19 a long main f r a c t u r e  zone 

on nor th-nor theast  s ide .  
TV-20 a long main f r a c t u r e  zone 
on west s ide .  

.- 

* Comnunication i s  i n d i c a t e d  by  d r i l l i n g  dus t  emanating f rom 
connected holes and de tec ted  by d r i l l e r  o r  geo log i s t .  

** Source o f  b r i n e  encountered i n  TV-01 i s  c l a y  E a t  base o f  MB-139. 
D r i l l e r  noted t h a t  t h i s  c l a y  and about 4 inches o f  t h e  o v e r l y i n g  
anhydr i t e  were mo is t  i n  many ho les .  
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c withidl fracture zones less than 1 inch wide. Some of these appear to 
be pre-excavation features within MB-139. 

Additional small-diameter boreholes were drilled into the test room 
floors as part of the Excavation Effects Program. The 10 arrays 
sumnarized in Table 11-2 include three floor holes at each array. 
These holes were drilled primarily to determine if the fracturing 
observed i n  the 22 large-diameter holes in Test Room 3 extends to other 
areas beneath the test rooms. 

11.3.1.2 Geomechanical Instrumentation 

Geomechanical instrumentation in Test Rooms 1 through 4 initially 
consisted o f  19 borehole extensometers. 16 horizontal inclinometers. b 
vertical inclinometers, 4 sets o f  convergence points, 2 convergence 
meters, and 2 rigid-inclusion vibrating-wire stressmeters (Figure 
11-1). .These instruments, with the exception of the inclinometers and 
convergence points, were connected to the datalogger system on May 13, 
1983. 

Due to failure for various reasons, some instruments in the test rooms 
had to be repiaced. Those instruments replaced include both 
stressmeters in Test Room 2 and the extensometers in the floor o f  Test 
Rooms 1. 2 and 3. The history of instrument performance and 
maintenance is discussed in the GFDRs. 

Figure 11-2 shows the instruments in each test room and the excavation 
dates at the instrument locations. Because the excavation of each test 
room required about 10 days to complete, it was difficult to assign a 
single date of excavation for some instrument locations. Table 11-5 
presents the dates of excavation used for plotting and analysis of the 
test room data. (7-3 . .  ; 
11.3.2 Analvsis and Evaluation '.. .,- 

This section discusses the analysis and evaluation of the results of 
F 

1 1 - 1 1  
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-~ l d b l c  11-5 (continued) 

1tSI  ROOMS 
ASSUME0 t X C A V A l l M l  DAlES FOII D A l A  ANALYSIS 

i A v e r a g e  01 dates for  upper 
and lower east passes. 

W a l l  rhortenlng pa ln t r  - IG 215-216 RS Apr. 0 .  1903 
earl  r l d e  I G  211-212 RS Mac. 11.  1903 

Mar. 30. I903 IG 219-220 RS 
e. IG 223-224 RS Apr. 22. 1903 

A Y e l l g R  of dates f o r  upper 
and loner w e s t  pasies. 

W a l l  shoi tenlng polnli ~ I t  211-210 R S  Apr. 9, 1983 
W P ) ~  r l d e  I G  213-214 R S  Mar .  10. 1903 

IG ??I-222 R S  Mar .  30. 1903 
Apc. 21. 1903 IG 225-226 RS 

Mar .  15 .  1903 
lhr. 20. 1903 

Average of dates f o r  upper 
east and west p a ~ s e s .  

w a l l - t o - u a l l  canvergencc I G  212-214 f C  
p o l n l r  - near f l o o r  I G  220-222 1c 

Mar.  19. 1903 
Apr. 1. 1903. 

Average of  dates l o r  1-r 
e d i t  and west passes. 

w a l l - t o - V a l 1  p e m n e n t  Room I RC Apr. 1 .  1903 
cunvergencc prJ1ntr 
LP"1er  Room 3 RC Mar. 29. 1983 

Room 2 RC Mar. 15 ,  1903 
Average o f  dates far upper 
cast and west passes. 

Mar. 20.1903 Average of dates for  upper 
APT.  19. 1903 and lower center passes. 



Table 11-5 ( con t lnucd )  

IESI noons 
ASSUME0 t l C A Y A l l O N  DATES FOR D A I A  ANALYSIS 

Apr. 1 .  1983 Average ef dates f a r  upper 
Mar. 15 1983 east and we%t passes. 

Mar. 29. 1983 
Apr. 19. 1983 

_____~. 

Apr. 1. 1983 Average o f  dates for  upper 
Mar. 13. 1983 and lower center passer. 

Mar.  28. 1983 
Apr. 19. 1983 

A 
a f l u o r  I t l e I l m l C v $  - 5 I X-NG-00252 Mar .  20. 1983 oate for  lower west pass. 

Date fo r  loner w e s t  pass. I W P I t  corner 5IX-NG-00255 Mar .  20. I983 
~ ~ ~ - 4 

I l""V 5 t r e 5 5 m t e r *  5IX~Nti-00254 M a r .  11. 1983 oatc f o r  lower c.nt.r p.ss. 
centec 51 I-NG-00256 Mar. 11. 1903 oate for lour, r*nter pass. 

 note^:: 

~ __ 

( 1 )  The 'Clapred Oayi Slnce excavation' shorn on the dala p l o t r  In  Appendix J wre ca lcu la ted  us ing t n l s  *Ass~mOd D a t e  o f  cxcavatlon'. 

( 2 )  See r lgure  11-2 for the cxcavallon scqurnte a t  the renter of the t e s t  rows 

('I) Ihc d d l m  01 e i i d v d l l o n  l o r  lndlvldual I n c l l n w t e r r  were not used f o r  p l o t t l n g .  



- - observatl’6k . ~ .  .AIL - 
numer’lcal modeling of the test 13om! irc!:lg in situ measurement data are 
also presented. In addition, regression analyses of the closure rate 
obtained from the closure measurements were also performed. The fitted 
equations were used to supplement the prediction of closure behavior in 
the storage rooms and are discussed in Chapter 12. 

11.3.2.1 Observed Conditions 

Roof and Wall SDallinq. Minor spalling from the roof in the test 
rooms, resulting in shallow drumny areas, has occurred as expected. 
D y n n y  areas usually occur within 3 to 6 inches of the roof in areas of 
clear halite not associated with any noticeable clay. Separations 
occur along local planes of weakness in the halite, probably created by 
the orientation of crystal surfaces. This same phenomenon occurs in 
the drifts. D r u n y  areas have been identified imnediately after 
excavation and additional areas have developed since that time. These 
later-occurrlng d r u m  areas appear to develop primarily along the roof 
within several feet of the walls. 

Spalling along the walls of the test rooms is a result of local stress 
concentrations and the low tensile properties of salt. It is also 
related to the percentage of argillaceous material in the halite and to 
the proximity of floor and roof intersections. The squeezing of clay F 

at the upper contact of geologic map unit 4 is associated with the 
spalllng phenomenon. Minor spalling is also associated with m a p  
unit 0, near the floor. 

Pillar Fracturing. Vertical fracturing in the pillars is the expected 
result of room deformation and stress concentrations. The fractures 
that have developed in the walls o f  the test rooms, parallel to the 
rooms, are considered to be tension fractures resulting from stress 
relief. Fractures detected in boreholes drilled in the upper portion 
of geologic map unit 4 are related to the.spalling occurring in this 
unit. 
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Horizontal inclinometers in the test room wails show both upwaro and 
downward verrical movement toward. the center o f  the wall (Appendix J .  

Figures 5-320 through 5-335). Although no displacements have been 
observed, the inclinometer data indicate that the salt has moved toward 
the central horizontal axis of the room. This movement, due to 
vertical compressive stress and salt creep, i s  discussed further in 
subsection 11.3.2.2. Tensile stresses resulting from this salt creep 
and pillar shortening have caused fractures to lengthen and widen and 
new fractures to develop. Fracturing is more prominent at pillar 
corners that were not beveled to the 4 x 4-fOOt design. 

Fracturing parallel to the room walls will continue to occur. Spalling 
and local failure will also continue at pillar corners and will require 
periodic maintenance. 

Roof DisDlacements and Separations. The displacements observed in 
various open boreholes in the test room roofs are the result of 
deformation around the openings. The halite at the storage horizon is 
interrupted by anhydrite beds and thin clay layers. These layers, 
particularly anhydrite " b "  and the underlying clay G, are directly 
associated with the displacements observed in the test room roofs. 

- 

Lateral displacement in the salt above the test rooms is similar to 
that detected above ,the drifts. The halite bounded by the roof and 
clay G moves toward the room center relative to the upper layers of 
salt. The movement is. however, not exactly synetrical about the room 
centerline. This is confirmed by inclinometer readings in the roof o f  

Test Rooms 1 and 2 which show that the lateral movement o f  the salt 
close to the roof is greater to the west than to the east (Appendix J ,  
Figures 5-316 through 5-319). However, this.trend is reversed at about 
32 feet above the roof of the test rooms. The halite comprising the 
lower roof beam is subjected to horizontal compressive stresses 
resulting in shear along clay G and possible vertical separation as the - beam moves downward. Some casing deformations have also been observed 
within 1 foot of the hole collar of the roof inclinometers. The 
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probably  due t o  't%- ; , ; a -  ,iirtace h a l i t e  r e s i s t i n g  t h e  shear movement 

a long c lay  6. 

. .  

Movement w i t h i n  t h e  h a l i t e  below c l a y  G, oppos i te  t o  t h a t  found 

elsewhere, has been observed i n  one borehole i n  Test Room 4. Th is  may 

be t h e  r e s u l t  of movement a long e x i s t i n g  p lanes o f  weakness i n  t h e  

h a l i t e  o r  o f  t h e  r e s i s t a n c e  o f  t h e  h a l i t e  t o  shear movement a long 

c l a y  G. 

The c u r r e n t  r e s u l t s  o f  t h e  Excavat ion E f f e c t s  Program i n d i c a t e  t h a t  

minimal separa t ion  o r  f r a c t u r i n g  has occurred a t  c l a y  G o r  i n  t h e  

under l y ing  h a l i t e  above t h e  t e s t  room roofs .  I n  Tes t  Rooms 3 and 4. 

separat ions l ess  than 1/16 i n c h  wide have been observed. No separa t i on  

has been observed a t  c l a y  6. I n  the  a r r a y  of ho les  compr is ing  

Sec t ion  5 i n  Table 11-2. above t h e  36-inch d iameter  ho les  i n  t h e  f l o o r  

o f  Tes t  Room 3 (Room T). no separat ions o r  f r a c t u r i n g  were de tec ted .  6 

I n  h o l e  C o f  Sec t i on  4 i n  Tes t  Room 3. two 1 /4- inch  v e r t i c a l  

separat ions were found w i t h i n  1 f o o t  o f  t h e  roo f .  These f r a c t u r e s  

r e s u l t e d  f rom roo f  s p a l l i n g .  

S i m i l a r  smal l  separa t ions  were observed i n  t h e  r o o f  o f  Tes t  Rooms 1 and 

2. Also, f r a c t u r e  zones ( i n  one case 2.4 inches wide) were de tec ted  i n  

t h e  h a l i t e  belos.4 c l a y  G i n  t h e  cen te r  ho le o f  t h r e e  o f  t h e  f o u r  a r rays .  

F l o o r  DisDlacements. Separa t ions  and F rac tu r inq .  The o n l y  prominant  

d i s p l a y  o f  f r a c t u r i n g  observed throughout the  e n t i r e  W I P P  underground 

f a c i l i t y  du r ing  des ign v a l i d a t i o n  has been i n  t h e  area o f  t h e  36-inch 

diameter ho les d r i l l e d  i n  t h e  f l o o r  i n  the  south h a l f  o f  Tes t  Room 3 

(Room T ) .  Cross s e c t i o n s  o f  t h e  room f l o o r  through these ho les  a r e  

presented i n  Appendix G. F igures  6-33 and 6-34, Two d i s t i n c t  f r a c t u r e  

zones a r e  ev ident .  The f i r s t  i s  a dish-shaped zone t h a t  angles 10 t o  

20 degrees downward f rom near  t h e  room wa l l s ,  i n t e r s e c t s  ME-139. and 

f l a t t e n s  near  the  room center .  Th is  zone i s  most pronounced a long t h e  

se r ies  o f  ho les shown on F igure  6-34. I n  t h e  
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nor the rn  cross s e c t i o n  ( F i g u r e  6-33); t h i s  f r a c t u r e  zone i s  e v i d e n t  'In 

the holes west o f  t h e  room c e n t e r l i n e  bu t  i s  n o t  p resen t  i n  t h e  ho les  

eas t  o f  t h e  c e n t e r l i n e .  I n  bo th  sect ions,  t h i s  upper f r a c t u r e  zone 

" d a y l i g h t s "  a t  the  f l o o r  su r face  o r  pinches o u t  b e f o r e  reach ing  t h e  

room p i l l a r s .  

A second f r a c t u r e  zone, d i p p i n g  approx imate ly  50 t o  60 degrees f rom 

h o r i z o n t a l  and exposed i n  t h e  ho les  c l o s e s t  t o  t h e  room w a l l s ,  occurs 

below the  upper f r a c t u r e  zone. This  lower  zone i s  more r e g u l a r  and 

p lana r  than t h e  upper zone. Wi th  t h e  except ion of  one ho le ,  t h i s  lower  

zone occurs e n t i r e l y  w i t h i n  MB-139 and i s  more developed on t h e  west 

s i d e  o f  t h e  room. 

I n  a d d i t i o n  t o  t h e  two major  f r a c t u r e  zones, some subhor i zon ta l  

f r a c t u r i n g  is present  j u s t  above c l a y  E a t  t h e  base o f  MB-139. Th is  

f r a c t u r i n g  i s  most e v i d e n t  i n  t h e  holes c l o s e s t  t o  t h e  room 

c e n t e r l i n e .  No separa t ions  a long c l a y  E were observed i n  any o f  t h e  

holes.  
I 

Comnunication between ho les  d u r i n g  d r i l l i n g  was observed and i s  

descr ibed i n  Table 11-3. Dur ing  t h e  d r i l l i n g  o f  ho le  TV-03, d r i l l i n g  

dus t  was observed coming up through a sur face f r a c t u r e  c l o s e  t o  t h e  

eas t  wa l l ,  25 f e e t  sou th  o f  t h e  ho le  l o c a t i o n .  

A se r ies  o f  measuring p i n s  were i n s t a l l e d  i n  two open ho les ,  TV-03 and 

TV-19, i n  l a t e  January 1986 t o  mon i to r  movements w i t h i n  t h e  ho les .  The 

p i n s  were i n s t a l l e d  i n  MB-139 and i n  the  o v e r l y i n g  h a l i t e  and s t r a d d l e  

t h e  f r a c t u r e  zones. Measurements taken u n t i l  t h e  holes became 

inaccess ib le  i n  June 1986 i n d i c a t e d  t h a t  some smal l -sca le  d i l a t i o n  was 

occu r r i ng  i n  bo th  o f  t h e  holes.  

The f rz  ::?s 5:szrved beneath t h e  f l o o r  o f  Test  Room 3 a r e  d i r e c t l y  

r e l a t e d  t o  t h e  excava t ion  geometry and t h e  s t r a t i g r a p h y .  Some 

1 f r a c t u r e s  w i t h i n  ME-139 may have been p r e - e x i s t i n g  b u t  have opened 
... . 

I '  -\ 

: I  
\ L i  I 
.. -./ '.. 

', s ince  room excavat ion.  ' ,  
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~ o o m  I ';.\ (*"3r , ,  ::e ..,I iracturing . .  is occuring there. These holes were 
drilled TO a nominal depth of 12 feet below the floor. A thin fracture 
zone was detected within 1 1/2 feet of the floor in two of the holes 
and minor fracturing was detected in ME-139 in all of the holes. This 
fracturing is significantly less developed than that observed in the 
south half of Test Room 3. 

The 22 large-diameter holes in Test Room 3 were drilled late i n  1985. 
They are, therefore, too recent to document any lateral displacements 
along the observed fractures. However, other older floor boreholes do 
ind.icate relative displacement. In Test Room 4, boreholes P4X-06. 
P4X-25. P4X-27. P4X-29 and P4X-31 all show multiple displacements and 
vertical separations (Table 11-2). These are primarily within MB-139 
and exhibit up to 2 inches of lateral displacement and up to 1/2 inch 
of vertical separation. These five holes are near the room 
centerline. The relative movement of the multiple displacements 
observed is complicated and does not follow the simpler interpretation 
of the roof displacements. The most significant displacements i n  all 
of the holes have taken place closest to the floor surface and, in all 
cases, ' t h e  salt above the fracture has moved east relative to the 
underlying salt. Inclinometers IG-202 and IG-201, i n  Test Rooms 1 
and 2. also exhibit similar relative displacement. Both of these 
inclinometers are on the west side of their respective test rooms. The 
marker bed and the overlying salt have moved east towards the room 
centerline relative to the underlying salt. Movement i s  apparently 
along clay E and is approximately 3/4 inch. 

'\ 

Although no detailed investigation of the salt beneath the test room', I '  ' ..: 

pillars has been performed, the Test Room 3 fracture mapping indicates 
that it i s  unlikely that fractures extend beneath them to any 
significant extent. Neither of the two fracture zones identified can 
be traced into the pillars. The upper fracture zone pinches out prior 

-. 

/----..,\ 
' 

/ - , - \  

! ,  

'...__.I' 

to reaching the walls or daylights at the floor surface. The lower - 
fracture zone cannot be traced beyond the hole walls, but it i s  not 
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- suspected o f  cont inu7ng:beneath t h e  p i l l a r s .  One smal l  d iameter h o l e  

was d r i l l e d  a t  an angle i n t o  each o f  t h e  w a l l s  o f  Tes t  Room 3 i n  May 

1986. Except f o r  a l o c a l i z e d  c l a y  break a t  a depth o f  3.2 fee t ,  t h e r e  

was no ev idence o f  separat ion.  

F rac tu res  and separat ions have been observed i n  f o u r  large-diameter 

h o l e s  d r i l l e d  i n  t h e  f l o o r  i n  t h e  south end o f  Tes t  Room 4. Frac tures  

were observed i n  these holes du r ing  d r i l l i n g  i n  November 1983 and 

January 1984. The f r a c t u r i n g  was minor, however, w i t h  no separat ions 

observed. One h o l e  became inaccess ib le  soon t h e r e a f t e r .  F rac tures  i n  

t h e  o t h e r  ho les  have been observed t o  i nc rease  i n  number and t o  e x h i b i t  

s e p a r a t i o n  (Tab le  11-2). Fractures occur  i n  t h e  marker bed and i n  t h e  

o v e r l y i n g  h a l i t e .  Because two o f  t h e  h o l e s  have r e s t r i c t e d  access, 

m o n i t o r i n g  o f  t h e  f r a c t u r e s  i s  d i f f i c u l t .  Borehole P4X-84, i n  t h e  

southwest co rne r  o f  Test Room 4. was mapped i n  February 1986 and t h e  

r e s u l t s  a r e  shown i n  Appendix G, F igu re  6-32. The separat ions and 

d isp lacements i n  P4X-84 over t h e  2 yea r  p e r i o d  s ince  excavat ion a r e  

sma l l  in comparison t o  those i n  t h e  f l o o r  h o l e s  i n  t h e  south h a l f  o f  

Tes t  Room 3. 

- 
A low-angle f r a c t u r e  i n  t h e  f l o o r  o f  Tes t  Room 2 was observed i n  August 

1985. An i n s p e c t i o n  i n  June 1986 showed t h a t  i t  extended from 

approx imate ly  N1242 t o  N1208. This f r a c t u r e  d a y l i g h t s  a t  t h e  f l o o r  

sur face,  1.5 f e e t  t o  6 f e e t  f rom t h e  west w a l l ,  and extends 2 f e e t  

below t h e  f l o o r  sur face  toward t h e  east .  Approx imate ly  8 t o  10 inches 

o f  separa t i on  i s  present  along t h i s  f r a c t u r e ,  and approximately 25 

square f e e t  o f  f l o o r  i n  t h e  v i c i n i t y  o f  t h i s  f r a c t u r e  sounds drumny. 

As p a r t  o f  t h e  Excavat ion E f f e c t s  Program, a s e r i e s  o f  ho les were 

, . ",'~\ d r i l l e d  i n  each o f  t h e  t e s t  rooms t o  determine t h e  ex ten t  o f  f l o o r  
i i ,' f r a c t u r i n g  and f o r  f u t u r e  mon i to r ing  o f  t h i s  phenomenon. E x i s t i n g  

boreho les .  such as those i n  Test  Rooms 3 and 4 .  were u t i l i z e d  where 

p o s s i b l e .  The loca r ions  o f  t h e  holes a r e  shown on Figure 10-1 i n  

Chapter 10. These holes were inspected us ing  a probe and t h e  r e s u l t s  

a r e  summarized i n  Table 11-2. The holes e x h i b i t e d  some f rac tu res  and 

/--. . 
/' 

', 
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:<.. .>.:,.?$ J was a l s o  found i n  some o f  t h e  ho le  ar rayb,  a l t hougn  . , 

much sma l le r  scale.  It was most pronounced i n  severa l  o f  t h e  ho;es 

c l o s e  t o  t h e  room w a l l s  where separat ions were est imated t o  be a 

maximum o f  6 inches. I n  o t h e r  l oca t i ons ,  t h e  separa t ion  ranged f rom 

118 i n c h  t o  3 inches. W i t h i n  HB-139. f r a c t u r e s  and separa t i ons  found 

i n  t h e  c e n t r a l  ho les o f  t h e  Tes t  Room 1 a r ray  ranged f rom approx ima te l y  

1/8 i n c h  t o  3 inches. For  o t h e r  h o l e  arrays,  t h e  maximum separa t i ons  

were 1/2 i n c h  and, again,  these were found i n  t h e  c e n t r a l  ho les .  

Hor i zon ta l  d isplacements and v e r t i c a l  separat ions have been observed i n  

va r ious  smal l -d iameter boreholes i n  t h e  t e s t  room f l o o r s .  H o r i z o n t a l  

d isplacements up t o  2 1 /2  inches and v e r t i c a l  separat ions es t ima ted  t o  

be up t o  1 /2  i n c h  wide were present  i n  some o f  these holes.  M u l t i p l e  

displacements i n  s i n g l e  boreholes were a l so  present .  The h o r i z o n t a l  

d isplacements and v e r t i c a l  separat ions found i n  many o f  t h e  ho les  a r e  

w i t h i n  MB-139 o r  c o i n c i d e  w i th  t h e  lower  contac t  o f  t h i s  u n i t .  These 

displacements and separa t ions  have developed s ince  room excavat ion,  

a l though some o f  them may have developed along p r e - e x i s t i n g  p lanes  o f  

weakness i n  t h e  marker bed. 

- 

I n  a d d i t i o n  t o  observa t ions  made i n  open boreholes, ground-penetrat ing 

rada r  and gas p e r m e a b i l i t y  t e s t i n g  have been conducted i n  some o f  t h e  

t e s t  rooms. A rada r  survey was conducted i n  Test  Rooms 2 and 3. The 

r a d a r  method has some l i m i t a t i o n s .  It appears t o  be e f f e c t i v e  i n  

l o c a t i n g  t h e  f i r s t  r e f l e c t o r  such as a f r a c t u r e  o r  c l a y  seam beneath 

t h e  f l o o r ,  b u t  t h e  s t r u c t u r e  below t h i s  i s  n o t  e a s i l y  d i s t i n g u i s h e d .  

HB-139 i s  r e a d i l y  d e f i n e d  on t h e  records bu t  f r a c t u r e s  w i t h i n  i t  cannot 

be discerned. 

Zones o f  r e l a t i v e l y  h i g h  p e r m e a b i l i t y  have been found t o  develop 

imned ia te l y  beneath t h e  f l o o r  o f  t h e  t e s t  rooms and beneath t h e  

i n t e r s e c t i o n s  o f  Test  Rooms 1 and 2 w i t h  the  N1420 d r i f t .  There a l s o  
appears t o  be a s l i g h t  increase i n  permeab i l i t y .  r e l a t i v e  t o  background 

values, w i t h i n  ME-139 and i m e d i a t e l y  beneath t h e  f l o o r  o f  t h e  N1420 
- 
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d r i f t  between Test Rooms i and 2. Some increase i n  p e r m e a b i l i t y  a l s o  

appears t o  occur  i n  HE-139 near  t h e  cen te r  o f  t h e  p i l l a r  between Tes t  

Rooms 2 and 3. Th is  da ta  i s  o n l y  p re l im ina ry ,  however, because o n l y  

one ho le  i n t e r s e c t i n g  ME-139 beneath t h e  p i l l a r  has been d r i l l e d  and 

t e s t e d  f o r  pe rmeab i l i t y .  

I 

Gas t r a c e r  measurements performed a long t h e  c e n t e r l i n e  i n  t h e  n o r t h  

h a l f  o f  Test Room 2 and across t h e  N1420 d r i f t  t o  Room L2 i n d i c a t e  t h e  

ex is tence o f  f r a c t u r i n g  beneath t h e  f l o o r .  A v ideo survey o f  t h e  

boreholes used f o r  t h e  t r a c e r  t e s t s  shows t h e  presence o f  f r a c t u r e  

zones and separat ions ma in l y  w i t h i n  ME-139. Holes t e s t e d  a long  t h e  

N1420 d r i f t .  except a t  i n t e r s e c t i o n s .  show l i t t l e  i n c r e a s e  i n  

background pe rmeab i l i t y .  A v ideo survey o f  these holes d i d  n o t  show 

any separat ions or  f r a c t u r i n g .  

I n  sumnary, subhor i zon ta l  f r a c t u r i n g  has developed beneath t h e  t e s t  

room f l o o r s .  The m a j o r i t y  o f  t h i s  f r a c t u r i n g  occurs as s i n g l e  

f r a c t u r e s  o r  t h i n  f r a c t u r e  zones w i t h i n  HE-139 and t h e  o v e r l y i n g  

h a l i t e .  Hor i zon ta l  d isplacements ranging up t o  2 i nches  and 

separat ions genera l l y  rang ing  up t o  1/2 i nch  have been measured i n  

smal l  d iameter  boreholes.  Separat ions up t o  6 inches have been observed 

l o c a l l y .  Only t h e  south h a l f  o f  Test  Room 3 (Room T) i n  t h e  WIPP 

underground f a c i l i t y  has e x h i b i t e d  ex tens ive  f r a c t u r i n g  beneath t h e  

f l o o r .  

The Excavat ion E f f e c t s  Program was designed i n  p a r t  t o  de termine i f  

f r a c t u r i n g  s i m i l a r  t o  t h a t  o c c u r r i n g  beneath the  f l o o r  o f  Tes t  Room 3 

has developed i n  o t h e r  areas o f  t h e  f a c i l i t y .  The r e s u l t s  o f  t h i s  

. program show t h a t ,  a l though smal l -sca le f r a c t u r i n g  i s  o c c u r r i n g  beneath 

a l l  o f  t h e  t e s t  rooms, no o t h e r  areas o f  f r a c t u r i n g  have developed on 

t h e  same order  o f  magnitude as t h a t  i n  Tes t  Room 3 .  The f r a c t u r i n g  

occu r r i po  beneath t h e  f l o o r  o f  Test  Room 3 appears t o  have e x i s t e d  

p r i o r  t o  d r i l l i n g .  The s t ress  changes induced by t h e  s i z e  and number 

o f  ho les d r i l l e d  i n  t h i s  area probably  exacerbated t h e  e x i s t i n g  ..--_ 
f rac tu res .  ,/ ' .''? 
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Roof - to - f l oo r  Closure.  f i g u r e  11-3 shows t h e  r e ) .  .: . ' Lween 

measured r o o f - t o - f l o o r '  c l osu re  and t h e  elapsed t i m e  s ince  excavat ion o f  

t h e  f o u r  t e s t  rooms, as determined f rom convergence meter and 

convergence p o i n t  data.  Because o f  d i f f e r e n c e s  i n  t ime- lag between t h e  

end o f  excavat ion and t h e  t i m e  o f  t h e  i n i t i a l  readings. t h e  r e l a t i v e  

p o s i t i o n s  o f  these curves a r e  decept ive.  f o r  a n a l y s i s  purposes, t h e  

r o o f - t o - f l o o r  c l o s u r e  t h a t  occurred b e f o r e  i n s t a l l a t i o n  o f  t h e  

convergence ins t ruments  was determined us ing  equat ion  10-1 i n  

Chapter 10. 

I n  a d d i t i o n .  pa r t  of the measurement da ta  f rom t h e  temporary 

convergence p o i n t s  were added t o  t h e  permanent convergence inst rument  

da ta  t o  o b t a i n  approximate values o f  t h e  a c t u a l  r o o f - t o - f l o o r  c losure .  

Table 11-6 shows r o o f - t o - f l o o r  convergence p o i n t  readings and ad jus ted  

c l o s u r e  magnitudes f o r  t h e  t e s t  rooms. I t e m  7 i n  t h i s  t a b l e  shows t h e  

approximate r o o f - t o - f l o o r  c losu re  obta ined by  adding s u i t a b l e  po r t i ons  

o f  t h e  temporary convergence p o i n t  readings t o  t h e  readings o f  t h e  

permanent convergence jnstruments.  

- 

It i s  apparent t h a t  t h e  f r a c t u r i n g  observed i n  t h e  f l o o r  o f  t h e  t e s t  

rooms, and v e r t i c a l  separat ions i n  t h e  r o o f ,  have c o n t r i b u t e d  t o  t h e  

t o t a l  r o o f - t o - f l o o r  c losure .  However, based on measured cumulat ive 

v e r t i c a l  separat ions i n  September 1985. t h e  c o n t r i b u t i o n  o f  f l o o r  

f r a c t u r i n g  t o  t h e  t o t a l  r o o f - t o - f l o o r  c l o s u r e  i s  n o t  more than 1 inch.  

The t o t a l  est imated c losu re  ( i t e m  9 i n  Table 11-6) i nc ludes  t h e  values 

o f  e a r l y  c l o s u r e  est imated by us ing equat ion  10-1 i n  Chapter 10. Based 

on t h e  i n d i c a t e d  a d d i t i v e  values, t h e  maximum r o o f - t o - f l o o r  c losu re  o f  

approx imate ly  16 1/2 inches through June 1986 occurs i n  Test  Rooms 2 

and 3 .  Test  Room 4 has undergone t h e  l e a s t  r o o f - t o - f l o o r  c losure .  

F i g u r e  11-4 shows t h e  ad jus ted  r o o f - t o - f l o o r  c losu re  values as a 
f u n c t i o n  o f  t ime.  

11 -26 
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Table 11-6 

l E S T  ROOMS 
HOOF-TO-FLOOR CLOSURE CMlPARlSONS 

Test Room 
- D e s c r i p t i o n  1 2 3 4 

( I )  Lxcava t ion  p e r i o d  A p r i l  3-13 March 9-20 March 24 -Apr i l  3 A p r i l  15-25 
1983 19113 19113 1983 

A p r i l  26, 1 9 p i  ( 2 )  Date o f  f i r s t  read ing  of  temporary A p r i l  12. 1983 March 21. 1983 A p r i l  4, 1983 
convergence ( T C )  p o i n t s  

J 
( 3 )  Date o f  f i r s t  read ing  o f  permanent A p r i l  20. 1983 March 29, 1983 A p r i l  1, 1983 May 6, 1983 

convergence ( R C  and C C )  ins t ruments 

( 4 )  Reading o f  TC p o i n t s  ( i nches )  0.84 0.88 0.40 0.45 
on date i n d i c a t e d  A p r i l  20. 1983 March 28, 1983 A p r i l  7 .  1983 Uay 5, 198- 

4 
4 

( 5 )  Reading of  RC and CE inst ruments 13.11 12.20 13.83 10.62 I 
N 
03 ( inches)  on da te  i n d i c a t e d  June 13. 1986 June 13. 1986 A p r i l  28. 1986 Apr i l  ?R 

( 6 )  To ta l  e lapsed days o f  combined 
TC and RC measurements 
[Date f o r  ( 5 )  - Oale f o r  ( 2 ) )  

1151 1119 1120 109tl 

( I )  To ta l  measured c l o s u r e  ( i nches )  
[ ( 4 )  + ( 5 ) 1  

13.95 13.08 14.23 11 . c  

( 0 )  Est imated c l o s u r e  ( i nches )  by 2.39 '3.12 2.11 1.32 
reg ress ion  a n a l y s i s  f o r  t h e  p e r i o d  
of  ( 2 )  - ( 1 )  

-___ .- 

(9) To ta l  est imated c l o s u r e  ( i nches )  16.34 16.80 16.40 12.39 [ (u + ( a ) ]  

? 
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except for occasionai i .- I ir oisturbances from nearby 
excavations. Provided these are no additional perturbations in and 
around the test rooms, it is likely that the rate of closure will reach 
a steady state value. It is possible to get an estimate of the rate of 
closure using either a phenomenological rheological model or an 
empirical model that is essentially a curve-fitting procedure. Both 
methods have been attempted. Numerical methods using the 
phenomenological approach are discussed in Chapter 5. 

Closure rates rather than measured closure are used in the empirical 
approach because measured closure is not absolute. Early closure 
measurements are not available because the instruments could not be 
installed imnediately after excavation. However, the calculation of 
closure rates is not affected by the lack of early measurements. The 
closure rates are calculated by assuming a linear relationship between 
closure and elapsed time over a short interval. This time interval has 
been arbitrarily chosen as a minimum of 7 days. 

h 

Because it is expected that the closure rate will initially be 
relatively high and then decrease to a steady rate, the following 
eauation was used: 

(11-1) 

where: C(t) is the closure rate at elapsed time t after excavation; 
A,  a and n are constants which depend upon the deformation 
characteristics of the salt, initial stress regime and 
dimensions of the opening; and 
C is the steady state closure rate. 
C 

1 1  -30 



h 

The value o f  C(t) is obtained by arbitrarily choosing a time interval 
o f  not less than 7 days. If R i  is 'the closure reading a t  calendar 
t h e  t. and R i s  the closure reading at t. , then 

1 i +1 1 +1 

where: At = (ti+l - ti) - >7 days 

The value of t is defined as: 

A regression analysis, which 

(11-2) 

(11-3) 

(11-4) 

is the fitting o f  an equation like 11-1 to 
the set of [C(t).t] data points, was performed using NLIN, a 
comnercially available statistical software package (ref. 11-1). The 
general method used to estimate the constants, herein called the 
regression parameters, was to minimize the sum o f  the squares of the 
differences between the actual measured values and the values predicted 
by the proposed equation. 

Equation 11-1, a nonlinear equation, cannot be converted into linear 
form. The statistical software NLIN employs iterative methods that 
attempt to find least-square estimates for nonlinear models. The 
methods comnonly. employed are the Gauss-Newton technique and the 
Marquardt compromise technique (ref. 11-2). However, the requisite 
partial derivatives o f  the equation with respect to the parameters must 
be specified. In many cases, the Marquardt compromise, which is 
considered to work well i n  many circumstances, gives a better estimate 
and provides quicker convergence of  the values of  the regression 
parameters. However, nonlinear regression analyses may not always 
result in good estimates o f  the regression parameters. In addition, 
the analysis tacitly assumes that the regressor variables are measured 
without error. Thus, the observations. which in this case are t h e  

values of  C(t), were not weighted. 



- . .  Fir-. - _ .  L O - t l o o r  c losure rares f o r  Test  Room i 

c a l c u l a t c i  54 equation 11-1 t o  the  values ca lcu lated us ing the  f i t t e d  

equation 11-2. The data used was obtained dur ing the  f i r s t  year 

fo l l ow ing  the completion o f  excavation. The regression ana lys i s  showed 

tha t ,  f o r  a l l  p r a c t i c a l  purposes, equat ion 11-1 could be s i m p l i f i e d  as 

A 

t 
C ( t )  = 7 + c c  (11-5) 

because the  value o f  ' a '  obtained from the  regression ana lys i s  was 

large enough t o  make t h e  term e comparatively n e g l i g i b l e .  The 

f i t t e d  equation f o r  t h e  r o o f - t o - f l o o r  c losure data i n  Test Room 1 has 

t h e  form 

-a t  

-5.27t ) inches/year (11-6) 

where: t i s  t h e  elapsed t ime i n  days s ince excavation. 

However, as shown by 'equat ion 11-5. equat ion 11-6 can be approximated as 

206.58 + 2.24 inches/year Ut) = t0.84 (11 -7 )  

The method used was the  Marquardt compromise technique. The 

c o e f f i c i e n t  o f  determinat ion i s  0.99. 

The analys is  was repeated l a t e r  us ing  roo f - to - f loor  c losure  data a t  

980 days (2.68 years) 

regression equation was 

211 -16  

C(t) = t0.85 

a f t e r  t h e  completion of excavation. The 

t 2.44 inches/year (11-8) 

The steady s t a t e  c losure  r a t e  determined using the f i r s t  year o f  data 

on ly  i s  9 percent less than the  r a t e  determined by using 2.68 years o f  

.-, 

11-32 
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208 + 2.40 inches/year 
C(t) = t0.85 

,neasurement data, i p  t o  

(11-9) 

h 

Equations 11-7. 11-8 and 11-9 show the  consistency o f  t h e  regression 

parameters f o r  d i f f e r e n t  i npu t  data sets.  

F igure 11-6 shows the  predic ted roo f - to - f l oo r  c losure  r a t e  f o r  Test 

Room 1 as a func t i on  o f  elapsed t ime i n  years us ing equat ion 11-9. 

Based on equat ion 11-7. the  roo f - to - f loor  c losure  r a t e  a t  the  end o f  

25 years i s  expected t o  be approximately 2.34 inches/year. Using 

equat ion 11-8. it w i l l  be 2.53 inches/year or 2.49 inches/year using 

eauat ion 11-9. 

Figures 11-7 through 11-10 show the f i t t e d  curves based on 

r o o f - t o - f l o o r  c losure  rates ca lcu lated from equat ion 11-2, us ing data 

up t o  June 1986. To ge t  an approximate idea o f  the  roo f - to - f l oo r  

c losure  f o r  per iods o f  time greater  tharl 1 year s ince the  completion of 

excavation. equation 11-7 was in tegra ted  w i t h  respect  t o  t ime between 

the  l i m i t s  o f  1 year and t ime t2 (in years) t o  y i e l d  

- 

R ( t )  = 0.78(t2 0.147 - 1) + 0.20(t2 - 1)  ( 1  1-1 0) 

F igure 11-11 shows the  predic ted roo f - to - f l oo r  c losure  i n  f e e t  f o r  Test 

Room 1 (exc lud ing t h a t  which has occurred i n  t h e  f i r s t  year a f t e r  

excavat ion) as a func t i on  o f  t ime i n  years. According t o  t h i s  

p red ic t i on .  25 years a f t e r  excavation t h i s  value w i l l  be 5.34 feet .  A 

s i m i l a r  ana lys is  using equation 11-9 gave a value o f  5.3 f ee t .  

Table 11-7 i s  a s u m r y  o f  the r e s u l t s  o f  t h e  non l inear  regression 

analyses f o r  the  roo f - to - f loor  c losure  ra tes  i n  t h e  t e s t  rooms using 

3 years o f  measurement data. The parameters contained i n  t h i s  tab le  

are app l i cab le  f o r  an elapsed t ime expressed i n  years. For Test 

po in t  data d i d  no t  produce s a t i s f a c t o r y  r e s u l t s .  The analys is  was 
Room 4, t h e  regression analys is  us ing on ly  t h e  permanent convergence h 
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FOR ROOF-TO-FLOOR CLOSURE RATES 
SUMMARY OF RESULTS OF REGRESSION A N A L Y S E ~  

Test  Room 
Descr iDt ion  1 2 3 4* 

Reqression Parameters** 
A 

n 

C C  

208 1218 31 1 85 

0.85 1.22 0.83 0.69 

2.40 2 .26  1.56 1.98 

r2 0.99 0.98 0.94 0.97 

- Note: Analyses based on da ta  obta ined through June 1986. 

* Data used f o r  regress ion  a n a l y s i s  i nc ludes  data f rom temporary 
convergence po in ts .  

A - 
+ cc tn 

** Equat ion i s :  C ( t )  = 

where: C ( t )  i s  c l o s u r e  r a t e  i n  inches/year; 
A and n a r e  cons tan ts ;  
t i s  elapsed t i m e  i n  days; and 
Cc i s  steady s t a t e  c l o s u r e  r a t e .  

r;! i s  t h e  c o e f f i c i e n t  o f  de termina t ion .  

11 -41 
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produced good r e s u l t s .  The _ _  or t h e  regress ion  a n a l y s i s  o f  

r o o f - t o - f l o o r  c losure  r a t e s  d iscussed i n  t h i s  subsect ion a r e  used i n  

Chapter 12 t o  d e f i n e  t h e  bounds on t h e  r o o f - t o - f l o o r  c l o s u r e  r a t e s  f o r  

t h e  s to rage rooms. 

Wal l - to-Wal l  Closure. F i g u r e  11-12 sumnarizes t h e  measured 

wa l l - t o -wa l l  c l osu re  magnitudes f o r  t h e  t e s t  rooms. Because o f  t h e  

l a c k  o f  e a r l y  measurements, t h e  r e l a t i v e  p o s i t i o n s  o f  t h e  i n d i v i d u a l  

curves a r e  n o t  absolute.  Table 11-8 presents  an est imate o f  t h e  a c t u a l  

wa l l - t o -wa l l  c l osu re  f o r  t h e  f o u r  t e s t  rooms. The approach i s  s i m i l a r  

t o  t h e  one used f o r  e s t i m a t i n g  t h e  a c t u a l  r o o f - t o - f l o o r  c l o s u r e  

va lues.  The maximum w a l l - t o - w a l l  c l o s u r e  occurs i n  Test  Room 3 and i s  

about  13 inches. The minimum w a l l - t o - w a l l  c l osu re  i s  about 9 inches i n  

Tes t  Room 4. 

The regress ion  ana lys i s  o f  w a l l - t o - w a l l  c l o s u r e  ra tes  f o r  Tes t  Room 1, I 

us ing  measurement data up t o  June 1986. shows t h a t  the  equat ion has t h e  

fo rm 

C ( t )  = 0.94 202 + 1.75 inches/year  
t 

( 1  1-1 1 ) 

where: t = elapsed t ime  i n  days s ince  excavat ion.  

Comparing equat ion 11-11 w i th  equa t ion  11-9. t h e  long-term w a l l - t o - w a l l  

c l o s u r e  r a t e  w i l l  be 73 percent  o f  t h e  r o o f - t o - f l o o r  c losu re  r a t e .  

Table 11-9 i s  a sumnary o f  t h e  r e s u l t s  o f  t h e  regress ion  analyses f o r  

t h e  wa l l - t o -wa l l  c l osu re  ra tes  i n  Tes t  Rooms 1 through 4. The c l o s u r e  

r a t e  values determined f rom temporary convergence p o i n t  readings were 

i nc luded  i n  the  a n a l y s i s  o f  Tes t  Room 2. The f i t t e d  curves f o r  Tes t  

Rooms 2 and 3 are r e l a t i v e l y  poor.  F igures  11-13 through 11-16 show 

t h e  f i t t e d  equat ions f o r  t h e  w a l l - t o - w a l l  c l osu re  r a t e  versus elapsed 

t i m e  curves f o r  T e s t  Rooms 1 th rough 4 .  ,, /--:--.*, . 

, : .  b. 
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Table 11-13 . .  
. ,  

". .I,' l t S l  ROOMS 
WALL-10-WALL CLOSURE COMPARISONS 

Test Room 
Descr ip t ion 1 2 3 4 

( I )  Excavation per iod A p r i l  3-13 
1983 

March 9-20 
1983 

March 24-Apr i l  3 A p r i l  15-25 
1983 1983 

( 2 )  Date o f  F i r s t  reading of  temporary A p r i l  9. 1983 March 2 1 ,  1983 March 31. 1983 A p r i l  21.  1 3  

convergence ( T c )  po in ts  
- 
( 3 )  D a t e  OF f i r s t  reading o f  permdnent A p r i l  20 .  1983 Ju l y  12. 1983 A p r i l  7. 1983 May 6 .  198'' 

convergence (RC) po in ts  

(4) Reading o f  T C  po in ts  (Inches) 1.58 3.3b 1.42 1.48 
on date ind icated A p r i l  20. 1983 Ju l y  12. 1983 A p r i l  7. 1983 May 5 .  1983 

d 

d (5 )  Reading o f  RC po in ts  ( Inches) 8.82 5.82 9.24 b.39 
on date ind icated June 16, 1986 June 16. 1986 June 16, 1986 June 16, 1981 I 

P 
P 

( 6 )  Total  elapsed days of combined 
TC and RC measurements 
[ D a t e  f o r  ( 5 )  - O a t e  f o r  ( 2 ) ]  

116b 1151 117b 1151 

( 1 )  Tota l  measured c losure ( inches) 
~ ( 4 )  + ( 5 ) 1  

10.40 9.18 10.b6 i . e i  

1 8 )  Estlmated c losure ( inches) bv 1.79 2.51 2.16 1.42 
regression analys is  f o r  the per iod 
of ( 2 )  - (1) 

( 9 )  Total  estimated closure ( inches) 
"7) + ( 8 ) l  

12.19 11.69 12.82 9.29 



Table 11-9 

TEST ROOMS 
SUMMARY OF RESULTS OF REGRESSION ANALYSES 

FOR WALL-TO-WALL CLOSURE RATES 

Test  Room 
Descr i  o t i o n  1 2* 3 4 

Reqression Constants** 
A 

n 

C C  

202 222 231 1766 

0.94 0.79 0.83 1.81 

1.75 0.30 0.74 1.08 

r 2  0.96 0.95 0.92 0.99 

- Note: Analyses based on da ta  ob ta ined  through June 1986. 

* Data used f o r  regress ion  a n a l y s i s  inc ludes  data from temporary 
convergence po in ts .  - 

A 
+ c c  ** Equat ion i s :  C ( t )  = 7 

t 

where: C ( t )  i s  c l o s u r e  r a t e  i n  inches/year;  
A and n a r e  constants ;  
t i s  e lapsed t i m e  i n  days; and 
Cc i s  steady s t a t e  c l o s u r e  ra te .  

r2 i s  t h e  c o e f f i c i e n t  o f  de te rm ina t ion .  
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multiple-point borehole extensometers in the test rooms. Because the 
extensometers could not be installed as soon as the excavation was 
completed, the collar readings do not reflect absolute closure. The 
table also shows the sum of the collar movements from both the east and 
west walls in each of the rooms except Test Room 3, which has no 
extensometer in the west wall. The last two columns of this table 
permit a comparison of the sum of the collar movements with 
wall-to-wall convergence point readings. Ideally, providing the salt 
is homogeneous. the central vertical lines of the pillars between Test 
Rooms 1 and 2 and Test Rooms 2 and 3 should be lines of symnetry with 
zero lateral strain. The deepest anchor at 50 feet for extensometers 
51X-GE-00213 and 51X-GE-00215 should be expected to undergo negligible 
displacement. Therefore, the sum of the collar movements for Test 
Rooms 2 and 3 should be approximately the same as the wall-to-wall 
convergence point readings. As shown in Table 11-10. this is the case 

collars of the extensometers are recessed into the wall by variable 
amounts and the time-tag between the end of excavation and the date o f  

initial reading is not the same for the extensometers and the 
convergence points. 

for Test Room 2. Exact equivalence is difficult to obtain because the - 

Comparison of Roof-to-Floor to Wall-to-Wall Closure Rates. Table 1 1 - 1 1  
presents recent roof-to-floor and wall-to-wall closure rates for the 
test rooms. The rates were calculated using convergence point readings 
with a time interval o f  approximately 1 month. Based on these 
readings, the average wall-to-wall closure rate is approximately 68 

/- .. 
i i ,  
\, i r i  ,j 

percent of the roof-to-floor closure rate. 

11.3.2.3 Deformation /' 

j' > :, \ 

An indication of the deformation of the salt around the test rooms may 
be obtained by comparing inclinometer measurements around a room. 
Figure 11-17 shows the cumulative measurements from the four wall 
inclinometers located around Test Room 3 through March 6, 1985. The 
inclinations are measured along the plane of the cross section. 
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TEST ROOMS 
WALL EXTENSOMETER COLLAR MOVEMENTS VERSUS CONVERGENCE POINT READINGS 

__ ~~ 

Wal l - to-Wal l  

Tes t  June 13, 19bb Sum o f  East  & West Readings on 
Room Extensometer Loca t ion  ( inches)  Readings (1 nches) 

Readings on Convergence P o i n t  :, 

June 16, 1986 ( i n c h e s )  * - 
L', 

1 51 X-GE-00217 
d 51 X-GE-00219 

2 51X-GE-00213 
51 X-GE-00215 

3 51X-GE-00211 

d 

I 
In 
2 

- 
4 51X-GE-00206 

51 X-GE-00208 

East  w a l l  3.16 
West w a l l  4.20 

East w a l l  4.95 
West w a l l  4.57 

East w a l l  4.17 
West w a l l  - 
East w a l l  3.26 
West w a l l  2.69 

7.36 

9.52 

- 

5.95 

8.82* 

9.lM** 

9. 24* 

b. jY* 

* From ( 5 )  i n  Table 11-6. 
** From ( 7 )  i n  Table 11-8. 



Table 11'-11 

TEST ROOMS 
CLOSURE RATE COMPARISONS 

I 
Descr ip t ion  o f  
Closure Test Room I 
Locat ion 1 2 3 4 

Roof- to-Floor 

Reading/Date 12.WMay 16, 1986 12.03/May 16, 1986 13.65/Mar. 24, 1986 10.39/Mar. 24, 19P 

d Readi ng/Date 13.11/June 13, 1986 12.20/June 13, 1986 13.113/Apr. 28, 1986 10.62/Apr. 28, 19, 
d 

0.23 inch  Di f ference i n  0.23 inch  0.17 i n c h  0.18 inch 
readings 

Time i n t e r v a l  28 days 2U days 27 days 27 days 

Rate cV) 3.00 i nch /y r  2.22 i nch /y r  2.43 i nch /y r  3.10 i nch /y r  

I 
VI 
N 

Wall-to-Wall 
--_ ~. 

Read4 ng/Da t e  8.63/May 19, 1YM6 5.7ZIMay 19, 198b &.9U/bIar. 24, 1986 6.09/Mar. 24, 1: : 

Reading/Date 8.82/June 16, 1986 5.82/June 16, 19116 9.03/Apr. 28, 198b b.22/Apr. 211, 19 

D i f fe rence i n  0.19 i n c h  0.10 inch  U.13 inch  

' ..\\ 
.. ' .... , 
i .. , 

U.13 inch  



VERTICAL DEFLECTION. IN. 

. . ,  . 
\ 

z c 0 
51 
% 

% VERTICAL DEFLECTION. IN. 0 
I P 
UI 



-TII - 
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March 6, 1985. The i n  .-.,dings f rom these  inc l inometers  were 

taken 9 t o  15 days a f t e r  the complet ion o f  excavat ion  i n  t h e  t e s t  

room. The c u r r e n t  readings i n d i c a t e  t h a t  t h e  maximum r e l a t i v e  v e r t i c a l  

d e f l e c t i o n  i s  on t h e  o rde r  o f  1 i n c h  over  a l e n g t h  o f  12 f e e t .  

The i n c l i n o m e t e r s  near  t h e  roo f  show v e r t i c a l  downward d e f l e c t i o n  w h i l e  

those near  t h e  f l o o r  i n d i c a t e  upward d e f l e c t i o n .  Th is  i n d i c a t e s  t h a t  

t h e  c e n t r a l  m u l t i p l e - p o i n t  borehole extensometers loca ted  i n  the  w a l l s  

o f  t h e  t e s t  rooms probably  undergo n e g l i g i b l e  v e r t i c a l  d e f l e c t i o n .  

11.3.2.4 Bay S t r a i n s  

R e l a t i v e  movements between anchors o f  t h e  m u l t i p l e - p o i n t  borehole 

extensometers w i l l  p rov ide  an approximate d i s t r i b u t i o n  o f  s a l t  

de format ion  around t h e  excavated openings. The r e l a t i v e  displacements 

a r e  normal ized over  t h e  spacing between anchors and a r e  termed "bay 
s t r a i n s " .  The bay s t r a i n  i s  approx imate ly  t h e  average a x i a l  s t r a i n  - 
between any two anchor p o i n t s  and w i l l  be c l o s e r  t o  t h e  t r u e  s t r a i n  

p rov ided  t h a t  t h e  spacing between t h e  anchors i s  smal l  and t h a t  t h e  

de format ion  v a r i e s  l i n e a r l y  w i t h  t h e  spacing between t h e  anchors. Bay 

s t r a i n s  a r e  u s e f u l  i n  d e t e c t i n g  any anomalous behav io r  i n  t h e  s a l t  

around an opening, such as t h a t  i n f l u e n c e d  by  d i s c o n t i n u i t i e s ,  c l a y  

seams, o r  t h e  e f f e c t  of l o c a l  s t ress  concen t ra t i ons .  

F igu re  11-19 shows t h e  s t r a i n  between t h e  c o l l a r  and anchor A f o r  t h e  

r o o f  extensometers i n  Test  Room 1. The d i s t a n c e  between t h e  c o l l a r  and 

anchor A i s  5 f e e t .  The maximum s t r a i n  occurs a t  t h e  eas t  and west 

s ides  o f  t h e  r o o f  o f  t h e  t e s t  room and i s  equal  t o  approx imate ly  

4 pe rcen t  through June 1986. Al though t h e  r o o f  sag, as depic ted by -* 

c o l l a r  movement, i s  h ighe r  a t  t h e  c e n t e r  o f  t h e  rooms than a t  t h e  

s ides ,  t h e  bay s t r a i n  i s  h igher  a t  t h e  s ides  t h a n  a t  the  center .  As 

d iscussed i n  subsect ion 11.3.2.5, t h e  numer ica l  model ing a l s o  i n d i c a t e s  

h i g h e r  s t r a i n  a t  t h e  roo f  and w a l l  i n t e r s e c t i o n s .  F igure  11-20 shows 

t h e  v e r t i c a l  s t r a i n  ra tes  f o r  these same extensometers. The ra tes  a r e  

@ 
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. > , C  t,;ycter c l o s e  t o  t h e  p i l l a r s .  

F igures  K-37 through K-46 i n  Appendix K show t h e  bay s t r a i n s  i n  percent  

as a f u n c t i o n  o f  e lapsed t ime s ince  excavat ion  f o r  a l l  o f  t h e  t e s t  

rooms. To mon i to r  more c l o s e l y  t h e  separa t ion  across t h e  c l a y  seam a t  

t h e  base o f  a n h y d r i t e  "b", t h e  spacing between anchors A and B i n  Test 

Rooms 1 and 2 i s  1 f o o t .  Cur ren t ly ,  the  maximum s t r a i n  occurs between 

anchors A and B on t h e  west s ide  and c e n t r a l  p a r t  o f  t h e  r o o f  i n  T e s t  

Room 1; and i s  on t h e  o r d e r  o f  5 percent.  Because t h e  anchors a re  no t  

e q u a l l y  spaced, and t h e  deformat ion v a r i e s  n o n l i n e a r l y  w i t h  t h e  

d i s t a n c e  a long t h e  anchor, a comparison o f  bay s t r a i n  between 

success ive anchors may be mis leading.  

F igures  K-47 through K-56 i n  Appendix K show t h e  s t r a i n  r a t e  p l o t s  f o r  

a l l  o f  t h e  r o o f  and f l o o r  extensometers. I n  genera l .  t h e  s t r a i n  r a t e  

1s decreas ing  w i t h  t ime. except f o r  f l o o r  extensometer 51X-GE-00210 i n  - 
Test  Room 3 where, f o r  anchor A. t h e  s t r a i n  r a t e  increased w i t h  t ime 

u n t i l  t h e  extensometer f a i l e d  (F igu re  K-42). The decreas ing t rend  i n  

t h e  s t r a i n  r a t e s  i s  an i n d i c a t i o n  t h a t  t h e  s a l t  above t h e  roo f  and 

below t h e  f l o o r  i s  c u r r e n t y  s t a b l e  and w i l l  remain s t a b l e  based on t h e  

p r o j e c t e d  decreas ing r a t e .  

11.3.2.5 Model S imu la t i on  

As d iscussed i n  Chapter 5 ,  Sect ion  5.3. numer ica l  analyses us ing  creep 

constants  ob ta ined f rom l a b o r a t o r y  t e s t s  d i d  n o t  p rov ide  a good 

c o r r e l a t i o n  w i t h  i n  s i t u  measured c losure.  Therefore,  an engineer ing 

approach us ing  curve f i t t i n g  methods was employed. The f i n i t e  element 

method was used t o  s imu la te  t h e  behavior o f  t h e  t e s t  rooms and t o  

determine s t r e s s  d i s t r i b u t i o n s .  The e f f e c t s  o f  m a t e r i a l  p r o p e r t i e s  and 

t h e  p r o x i m i t y  t o  o the r  rooms were considered f o r  i n c o r p o r a t i o n  i n t o  the  

model. The re fe rence s t r a t i g r a p h y  used i n  t h e  model and t h e  ma te r ia l  

p r o p e r t i e s  o f  t h e  geo log ic  l aye rs  are descr ibed i n  Chapter 6. The 

c o n s t i t u t i v e  equat ions used i n  t h e  analyses, p a r t i c u l a r l y  t h e  governing 
creep equat ions,  a r e  presented i n  Appendix C .  Using t h e  procedures 

I 
i : I .  

\/ 

- 
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described i n  Chapter 5, Section 5.4, in situ roof-to-floor closure data 
through June 30. 1985. were correlated with the finite element 
responses to determine the values of creep parameters C. A and z for 
each test room. In order to eliminate the effect of excavation 
sequence on computation of the creep parameters, only in situ data 
taken after the completion of all test room excavation activities were 
utilized. The average values of these parameters for the four test 
rooms were then used to predict the responses of the future storage 
rooms as described in Chapter 12. 

- 

Figure 11-21 shows the finite element model for the test room panel 
based on the reference stratigraphy. The model has 363 nodes and 
consists of 270 plane strain elements, with gap/friction link elements 
modeling a clay seam at a depth of 2,104.87 feet. A friction 
coefficient of 0.4 was used for a member property of the gap/friction 
link elements. ME-139 was modeled as an elastic layer from a depth of 

1 2.130.36 to 2,133.18 feet. The top and bottom boundaries of the model 
are at depths of 1,978.5 feet and 2,250.0 feet, respectively. The roof 
and floor of the room are at depths of 2.112.56 feet and 2,125.56 feet, 
respec ti vel y. 

Two openings were incorporated in the finite element model to simulate 
differences resulting from the proximity of inner and outer rooms. 
These openings were modeled using height and width dimensions of 13 
feet and 33 feet respectively. The boundary on one side of the model 
was taken as the vertical axis of symnetry for the center pillar and 
consists of horizontal restraints. The boundary on the other side o f  

the model also utilized horizontal restraints. These boundaries were 
established based on experience from previous analyses and were 
extended far enough so that the effects of the boundaries on the 
structural responses were minimal. Stress boundary conditions were 
used a -  zne :c: 2 - d  bottom o f  the finite element model. A single 
vertical restraint at the lower left corner of the model was used to 

1 eliminate any rigid body modes in the model. 

1 1  -59 
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- Element s l z e s  were propor t ioned t o  minimiz'e t h e  s t r e s s  grad ien ts  across 

each element. I n  a d d i t i o n ,  elements were o r i e n t e d  t o  have t h e  mesh 

r a d i a t i n g  f rom t h e  opening o f  t h e  model t o  be comnensurate w i t h  

es t imated  o r i e n t a t i o n s  o f  t h e  p r i n c i p a l  s t r e s s  axes. These aspects o f  

t h e  model were designed t o  inc rease t h e  o v e r a l l  e f f i c i e n c y  o f  t h e  

analyses. 

Computation o f  I n  S i t u  Responses and Creep Parameters. The t e s t  room 

analyses were performed us ing  t h e  procedures descr ibed i n  Chapter 5 and 

t h e  MARC General Purpose F i n i t e  Element Program ( r e f .  6-8). Time steps 

used i n  t h e  analyses were w i t h i n  t h e  s p e c i f i e d  to le rances  recomnended 

by t h e  MARC Program. The ana lys i s  was performed i n  severa l  stages w i t h  

each s tage c o n t a i n i n g  between 50 and 100 i n t e g r a t i o n  steps. A f t e r  

comple t ing  each stage, t h e  corresponding r e a l  t i m e  was computed t o  
determine t h e  requ i red  number o f  i n t e g r a t i o n  s teps f o r  t h e  subsequent 

runs. 

F igures  11-22 through 11-25 show t h e  c o r r e l a t i o n s  o f  i n  s i t u  and 

a n a l y t i c a l  r o o f - t o - f l o o r  c losures f o r  T e s t  Rooms 1 through 4. The i n  

s i t u  r o o f - t o - f l o o r  c losu re  data f o r  Tes t  Rooms 1 and 2 a re  from 

convergence meter  readings w h i l e  t h e  measurements f o r  Test  Rooms 3 and 

4 a r e  f rom convergence po in ts .  Table 11-12 shows t h e  i n d i v i d u a l  creep 

parameters C. A and z f o r  a l l  f o u r  t e s t  rooms determined by numer ica l l y  

c o r r e l a t i n g  t h e  i n  s i t u  r o o f - t o - f l o o r  c l o s u r e  data.  The t a b l e  a l s o  

shows t h e  mean values o f  t h e  creep parameters f o r  t h r e e  t e s t  room 

combinat ions.  

- 

S i m i l a r l y ,  F igures  11-26 through 11-29 show t h e  c o r r e l a t i o n s  o f  i n  s i t u  1 ,  

L-1 and f i n i t e  element wa l l - to -wa l l  c l osu res  f o r  Tes t  Rooms 1 through 4. 

The i n  s i t u  wa l l - t o -wa l l  c losure  da ta  f o r  Tes t  Rooms 1, 3 and 4 a r e  

f rom permanent convergence p o i n t s  w h i l e  t h e  da ta  f r o m  Test  Room 2 
c o n s i s t s  o f  b o t h  temporary and permanent convergence p o i n t  

measurements. Table 11-13 shows t h e  i n d i v i d u a l  creep parameters C, A 

and z f o r  a l l  f o u r  t e s t  rooms determined by n u m e r i c a l l y  c o r r e l a t i n g  the  

i n  s i t u  wa l l - t o -wa l l  c losure  data.  The t a b l e  a l s o  shows the  mean 

va lues o f  t h e  creep parameters f o r  t h r e e  t e s t  room combinations. 

.- 
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: t S T  ROOM CREEP PARAMETERS 
DETERMINED FROM ROOF-TO-FLOOR CLOSURES 

C A 2 

(sec - l )  
- 4 . 9  -1 

T e s t  Room ( k s f  sec ) 

1 3 . 1 0 3 ~ 1  0-21 1.593 4 . 6 7 0 ~ 1  0-' 
2 1.91 9x1 0-Z1 1.712 4.782xlO-' 

3 2 .51  6x1 O-" 2.077 7 . 2 6 8 ~ 1  O-' 
4 2.81 3x1 O-" 1.712 5.572~1 O-' 

- 

Mean Z 2.588~1 0-" 1.174 5 . 5 7 3 ~ 1  O-' 
(Rooms 1 t h r u  4 )  . 
Mean Z 2 . 9 5 8 ~ 1 0 - ~ '  1.653 5.121 xl O-' 
(Rooms 1 & 4 )  

Mean 2.218x10-21 1 .895 6.025x10-* 
(Rooms 2 & 3) 

. .  
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Table 11-13 

TEST ROOM CREEP PARAMETERS 
DETERMINED FROM WALL-TO-WALL CLOSURES 

C A 2 

Test Room ( k ~ f - ~ ~ ~ s e c - ~ )  (sec-” ) 

1.502 6.810~10-~ 
1.630 2.47 6x 1 0-8 
1.920 4.4b4xlO-* 
I .4I9 5.276~10-~ 

- Mean X 1.361~10-~~ 
(Rooms 1 thru  4) 

1.618 4.757~1 0-8 

Mean i 1.749~10-~~ 1.461 6.043~10-~ 
(Rooms 1 6 4) 

Mean j i  0.9 7 3x 1 Oq21 1.775 3.470~10-~ 
(Rooms 2 6 3)  
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m e  t e s t  rooms us ing  r o o f - t o - f l o o r  c l o s u r e  values va.~.. c - . ; . .  _.. L 1 y 

f r o m  t h e  va lues ob ta ined u s i n g  wa l l - t o -wa l l  c l osu re  values. To 

i l l u s t r a t e  these v a r i a t i o n s ,  t h e  upper curves on Figure.s 11-26 th rough 

11-29 show t h e  w a l l - t o - w a l l  f i n i t e  element responses us ing creep 

parameters determined f rom r o o f - t o - f l o o r  numer ica l  c o r r e l a t i o n s .  The 

d isc repancy  may be p a r t l y  due t o  m a t e r i a l  an i so t ropy  o f  t h e  s a l t  which 

i s  n o t  taken i n t o  account i n  t h e  c o n s t i t u t i v e  r e l a t i o n s h i p  f o r  t h e  

s a l t .  However, t h e  most impor tan t  c o n t r i b u t o r  t o  the  d iscrepancy may 

be t h e  behav io r  o f  t h e  c l a y  seams and anhydr i t e  beds. The model a l s o  

does n o t  i n c l u d e  t h e  complete e f f e c t s  o f  a n i s o t r o p i c  creep behav io r  due 

t o .  t h e  combinat ion o f  d i f f e r e n t  l a y e r s  i n  t h e  ac tua l  s t r a t i g r a p h y .  

Th is  behavior,  due t o  a n i s o t r o p i c  geometry, can be shown us ing a s imp le  

one-dimensional model s i m i l a r  t o  t h e  one used by B r a n s t e t t e r  e t .  a l .  

( r e f .  11-3). Consider a b lock  o f  h a l i t e  c o n t a i n i n g  N h o r i z o n t a l  l a y e r s  

w i t h  equal  th ickness .  The creep law f o r  each o f  t h e  l aye rs  i s  assumed 

t o  be 

(1 1-1 2) 

The e q u i v a l e n t  v e r t i c a l  creep f u n c t i o n  computed by consider ing o n l y  t h e  

creep r e l a t i o n  i n  t h e  v e r t i c a l  d i r e c t i o n  can be expressed as 

-n i = f i ( t ) U  i = l , 2 .  ...... N 
C 

( 1  1-1 3) 

However, t h e  equ iva len t  h o r i z o n t a l  creep f u n c t i o n  computed by 

cons ide r ing  o n l y  t h e  h o r i z o n t a l  d i r e c t i o n  becomes 

It was found tha t ,  f o r  any problem i n  which f i ( t )  var ies ,  t h e  va lue 

of t h e  equ iva len t  creep f u n c t i o n  i n  t h e  h o r i z o n t a l  d i r e c t i o n ,  based on 
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equat lon  11-14. I s  lower  than t h e  xa lue i n  t h e  v e r t i c a l  d i r e c t i o n .  

based on eauat ion  11-13. 
A 

R e p l i c a t i o n  o f  i n  s i t u  creep behavior  by t h e  f i n i t e  element model would 

r e q u i r e  ex tens i ve  research i n t o  t h e  e x i s t i n g  c o n s t i t u t i v e  equat ions and 
perhaps m o d i f i c a t i o n  o f  t h e  MARC F i n i t e  Element Program. It i s  

b e l i e v e d  t h a t  t h e  present  methodology can adequate ly  p r e d i c t  t h e  

r o o f - t o - f l o o r  and w a l l - t o - w a l l  c losures w i t h i n  acceptab le  eng ineer ing  

accuracy and t h a t  f u r t h e r  work i n t o  a n i s o t r o p i c  creep behav io r  i s  n o t  

j u s t i f i e d  f o r  des ign  v a l i d a t i o n .  

One method o f  de termin ing  t h e  s t r u c t u r a l  adequacy o f  t h e  s a l t  i s  by  

us ing  the e f f e c t i v e  s t r a i n .  Model s imu la t i on  o f  Tes t  Room 2 behav io r  

showed t h a t  t h e  e f f e c t i v e  s t r a i n  reached a maximum va lue  a t  the  

i n t e r s e c t i o n s  o f  t h e  w a l l s  w i t h  t h e  roo f  and f l o o r .  As  d iscussed i n  
subsect ion 11.3.2.4. bay s t r a i n s  i n  t h e  v e r t i c a l  d i r e c t i o n ,  determined 

from roo f  and f l o o r  extensometer data, a r e  on t h e  o r d e r  o f  5 percent  - through June 1986. F i e l d  observat ions o f  t h e  t e s t  room w a l l s  have n o t  

found any s t r u c t u r a l  f a i l u r e  a t  these s t r a i n  values. Occasional  minor,  

shal low s p a l l s  a r e  a c o n t i n u i n g  occurrence, e s p e c i a l l y  a long t h e  upper 

p o r t i o n  o f  geo log i c  map u n i t  4. 

Based on t h e  r e s u l t s  o f  t h e  model s i m u l a t i o n  o f  Test  Room 2, t h e  

maximum e f f e c t i v e  s t r a i n  a t  t h e  roo f  and w a l l  i n t e r s e c t i o n  w i l l  be 6 

percent  about 15 years a f t e r  excavat ion.  The corresponding average 

v e r t i c a l  s t r a i n  over  a 2 - foo t  th ickness o f  s a l t  w i l l  be 15 percent .  

However, e f f e c t i v e  s t r a i n  i s  n o t  d i r e c t l y  measurable. A t  bes t ,  o n l y  

v e r t i c a l  o r  h o r i z o n t a l  s t r a i n s  can be determined f rom m u l t i p l e - p o i n t  

borehole extensometer. measurements. A comparison o f  t h e  p r e d i c t e d  

v e r t i c a l  s t r a i n  w i t h  t h e  v e r t i c a l  s t r a i n  determined f rom t h e  r e l a t i v e  

displacement between t h e  c o l l a r  and anchor A o f  t h e  r o o f  extensometers 

has been made. Because t h e  c o l l a r  and anchor A a r e  5 f e e t  apar t ,  t h e  

s t r a i n  c a l c u i a t e d  f rom the  r e l a t i v e  displacements w i l l  be an average 
value. S i m i l a r l y ,  t h e  s t r a i n  f rom t h r e e  elements spanning t h e  c o l l a r  

t o  anchor A i n t e r v a l  were summed and averaged f o r  comparison. 
_- 
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t h e  roo f  and w a l l  i n t e r s e c t i o n .  Althougi. . '  . .,_.. expressed i n  

terms o f  t*. t h e  r e l a t i o n s h i p  between t* and t h e  r e a l  t i m e  t i s  

approx imate ly  l i n e a r .  The s t r a i n  determined from t h e  c o l l a r  t o  anchor 

A readings i n d i c a t e s  t h a t  t h e  r a t e  i s  c u r r e n t l y  decreas ing w i t h  t ime.  

F igure  11-31 shows t h e  r e l a t i o n s h i p  f o r  t h e  cen te r  o f  t h e  r o o f .  Th is  

r a t e  i s  a l s o  decreas ing  w i t h  t ime,  even though t h e  numer ica l  a n a l y s i s  

shows a cons tan t  r a t e .  

11.3.2.6 E f f e c t i v e n e s s  o f  Hodel S imu la t ion  

The procedure d iscussed i n  t h e  prev ious  subsect ion and i n  Chapter 5 

used r o o f - t o - f l o o r  c l o s u r e  da ta  f o r  t h e  t e s t  rooms t o  c a l c u l a t e  t h e  

creep parameters C. A and z. E x t r a p o l a t i o n  o f  creep behav io r  was then 
accomplished us ing  these  de r i ved  creep parameters. 

The numerical  a n a l y s i s  g ives  t h e  displacements o f  nodal  p o i n t s  and 

s t resses w i t h i n  t h e  elements. The e f fec t i veness  o f  t h e  model used can 

be checked by comparing measurement data o t h e r  than r o o f - t o - f  l o o r  

c losu re  w i t h  t h e  magnitude p red ica ted  by t h e  model. For  example, 

r e l a t i v e  displacements between anchor p o i n t s  i n  m u l t i p l e - p o i n t  boreho le  

extensometers may be compared w i t h  p red ic ted  r e l a t i v e  displacements 

between approp r ia te  nodes o f  t h e  model. Such a comparison w i l l  be 

h e l p f u l  t o  assess t h e  e f f e c t i v e n e s s  o f  model s imu la t i on .  

Because a symne t r i ca l  two-room model represent ing  f o u r  rooms was used 

f o r  model s imu la t i on ,  t h e  r e l a t i v e  displacement between t h e  c o l l a r  and 

t h e  deepest anchor o f  t h e  c e n t r a l  roo f  extensometers i n  Tes t  Rooms 1 

and 4 were c a l c u l a t e d  f o r  an i n t e r v a l  o f  60 days, and t h e  average va lue '1: 
determined. The r e a l  t i m e  t was converted t o  t h e  normal ized t i m e  t* .- 
using equat ion C.4-17 i n  Appendix C .  Th is  i s  because t h e  numer ica l  

ana lys i s  was performed i n  terms o f  t h e  normal ized t ime.  The v e r t i c a l  

displacements o f  a p p r o p r i a t e  nodes i n  t h e  f i n i t e  element model, which 

extensometers, were compi led.  If t h e  nodes d i d  n o t  e x a c t l y  match t h e  

(. 

approximately d u p l i c a t e  t h e  c o l l a r  and t h e  deepest anchor o f  t h e  roo f  1 
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1 

l o c a t i o n  Qf.. t h e  deepest anchor. then l i n e a r  i n t e r p o l a t i o n  was used t o  

determine t h e  d isp lacement  o f  s a l t  a t  t h e  requ i red  l o c a t i o n .  

F igure  11-32 compares t h e  average r e l a t i v e  displacement between t h e  

c o l l a r  and t h e  deepest anchor f o r  t h e  c e n t r a l  roo f  extensometers 

51X-6E-00207 and 51X-GE-00218. w i t h  t h e  r e l a t i v e  d isp lacement  between 

approp r ia te  nodal  p o i n t s  computed f rom t h e  numer ica l  model. A 

normal ized t ime  t* o f  3 7 . 0 7 ~ 1 0 - ' ~  i s  equ iva len t  t o  an elapsed t ime  o f  
n e a r l y  3 years s i n c e  t h e  complet ion o f  excavat ion  a t  t h e  ins t rument  

l o c a t i o n .  The d isc repancy  between t h e  measured and c a l c u l a t e d  r e l a t i v e  

movements i s  n e a r l y  2 inches i n  3 years.  

For  l a r g e  va lues o f  t, t h e  normal ized t i m e  i s  approx imate ly  

p r o p o r t i o n a l  t o  t h e  r e a l  t ime,  s ince  t h e  exponent ia l  te rm i n  equat ion 

C.4-17 i n  Appendix C approaches u n i t y .  For l a r g e  values o f  t* (and t). 

t h e  c a l c u l a t e d  r e l a t i v e  displacement r a t e  w i l l  be approx imate ly  44 

- percent  h i g h e r  than  t h e  measured r e l a t i v e  displacement r a t e  i f  t h e  

c u r r e n t  r a t e  i s  mainta ined.  A s i m i l a r  a n a l y s i s  was made f o r  Tes t  

Rooms 2 and 3. F i g u r e  11-33 compares t h e  measured va lues w i t h  t h e  

values obta ined f rom numer ica l  modeling. The d iscrepancy i n  t h i s  case 

i s  27 percent  w i t h  respec t  t o  t h e  measured va lue a t  n e a r l y  3 years o f  

elapsed t ime.  

A comparison o f  s a l t  heave measurement da ta  f rom a f l o o r  extensometer 

i n  Test  Room 4 was made w i t h  t h e  values computed f rom numerical  

modeling. F igu re  11-34 shows t h e  r e s u l t s  o f  t h i s  comparison. The 

numerical  model underest imates t h e  s a l t  heave i n  t h e  f l o o r  by 

approx imate ly  70 pe rcen t  o f  t h e  measured va lue.  This  d iscrepancy i s  

probably  due t o  t h e  assumption i n  t h e  model t h a t  ME-139. 4.8 fee t 'be low 

t h e  f l o o r .  i s  e l a s t i c  and has i n f i n i t e  s t rength .  Measurements f rom t h e  

f l o o r  extensometer and observat ions o f  f r a c t u r i n g  i n d i c a t e  t h a t  ME-139 

cannot L: - t r i c t l y  cons idered as e l a s t i c .  As d iscussed i n  subsect ion 

11.3.2.1. boreho le  P4X-84 i n d i c a t e s  t h e  presence o f  l a t e r a l  
displacements and v e r t i c a l  separat ions i n  ME-139 beneath t h e  f l o o r  o f  

Test Room 4.  Th is  i n d i c a t e s  t h a t  s t resses i n  p a r t s  o f  t h e  anhydr i t e  

bed may have reached t h e  f a i l u r e  s ta te .  
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- Another p o s s l b f l i t y  is t h a t  t h e  f r a c t u r e s  migh t  - have developed p r i o r  t o  

excavat ion of t h e  t e s t  rooms ( r e f .  6-6). I n  e i t h e r  case, assumptions 

o f  l i n e a r  e l a s t i c i t y  f o r  t h e  anhydr i t e  bed become untenable.  

M o d i f i c a t i o n s  t o  t h e  m a t e r i a l  c h a r a c t e r i z a t i o n  o f  t h i s  a n h y d r i t e  

m a t e r i a l  w i l l  be r e q u i r e d  t o  b e t t e r  represent  i t s  de format iona l  

behavior.  

- -  

The bas ic  ph i losophy o f  t h e  model s i m u l a t i o n  developed i n  t h i s  r e p o r t  

i s  t h a t  i n  s i t u  measurement da ta  a re  u t i l i z e d  t o  back c a l c u l a t e  t h e  

creep parameters o f  t h e  s a l t  mass w i t h  t h e  a t tendan t  d i s c o n t i n u i t i e s  

such as c l a y  seams and a n h y d r i t e  beds. For  t h e  model s i m u l a t i o n  

technique, t h e  i n  s i t u  r o o f - t o - f l o o r  c losu re  data have been used t o  
e x t r a c t  t h e  creep parameters and p r e d i c t  f u t u r e  behav io r  us ing  these 
creep parameters. T h i s  i s  because t h e  r o o f - t o - f l o o r  c l o s u r e  i s  deemed 

c r i t i c a l  t o  eva lua te  t h e  adequacy o f  t h e  room dimensions f o r  t h e  

e f f e c t i v e  s to rage and r e t r i e v a l  o f  waste. The d iscuss ions  i n  t h e  

prev ious paragraphs i n d i c a t e  t h a t  t h e r e  a r e  d isc repanc ies  between 

measured and p r e d i c t e d  q u a n t i t i e s  f o r  v a r i a b l e s  o t h e r  than 

r o o f - t o - f l o o r  c losure ,  such as deformat ions w i t h i n  t h e  s a l t  mass. Such 

d iscrepancies a r e  n o t  due e x c l u s i v e l y  t o  any inadequacy o f  t h e  

numerical  model ing procedure b u t  a re  a l s o  due t o  d i f f e r e n c e s  i n  t h e  

a c t u a l  and assumed s t r a t i g r a p h y ,  v a r i a t i o n s  i n  creep parameters w i t h  

space and t ime,  and inadequate rep resen ta t i on  o f  t h e  s t r e s s - s t r a i n  

behavior  o f  t h e  anhyd.r i te  bed. However, i t  has been demonstrated t h a t  

t h e  model can p r e d i c t ,  w i t h  s u f f i c i e n t  accuracy f o r  eng ineer ing  
purposes, t h e  r o o f - t o - f l o o r  c losu re  behavior  o f  t h e  t e s t  rooms. A 

s i m i l a r  model s i m u l a t i o n  a n a l y s i s  was made f o r  wa l l - t o -wa l l  c l o s u r e  and 

independent creep parameters were developed. E x t r a p o l a t i o n  o f  

h 

wa l l - t o -wa l l  c l o s u r e  w i t h  t ime  .was achieved us ing  these creep 

parameters. This  model s i m u l a t i o n  technique us ing  i n  s i t u  da ta  was 

employed because t h e  more d e t a i l e d  approach us ing  m a t e r i a l  p r o p e r t i e s  

der ived  from l a b o r a t o r y  t e s t s  may n o t  produce more accurate r e s u l t s ,  as 

discussed i n  Chapter 5, subsec t ion  5.4.3. 
,/- .' . ,, 
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' **.. a. Js ing  Laboratory r t  C r t  

The re fe rence des ign was based on computations f o r  a s i n g l e  rooill . r ~ n e r  

than f o r  m u l t i p l e  rooms. I t  was assumed t h a t ,  w i t h  a low e x t r a c t i o n  

r a t i o ,  t h e  rooms w i t h  100- foo t  p i l l a r s  would no t  have as much e a r l y  

i n t e r a c t i o n  as t h a t  which has developed i n  t h e  four-room t e s t  panel .  

I n  F igu re  11-35 t h e  two l o w e r  curves show t h e  Computational r e s u l t s  o f  

r o o f - t o - f l o o r  c l o s u r e  p r e d i c t i o n s  f o r  a 13 x 33-foot room us ing  creep 

constants  obta ined f rom l a b o r a t o r y  t e s t s .  The bottom curve represents  

t h e  computat ional  r e s u l t s  f rom re fe rence 11-4, dated August 1982, w h i l e  

t h e  midd le  curve rep resen ts  t h e  updated r e s u l t  f rom re fe rence  11-5, 

dated March 1985. which used r e v i s e d  creep parameters and an updated 

re fe rence  s t ra t i g raphy .  I n  s i t u  c l o s u r e  data f o r  a l l  f o u r  test rooms, 

i n c l u d i n g  adjustments f o r  t h e i r  e a r l y  c losure,  a re  p l o t t e d  on t h e  same 

f i g u r e  f o r  comparison. I n t e r a c t i o n  e f f e c t s  may be p a r t l y  r e s p o n s i b l e  

f o r  t h e  discrepancy . 

11.4 CONCLUSIONS AND RECOMMENDATIONS 

11.4.1 Conclusions 

The de terminat ion  o f  t h e  c l o s u r e  behavior  o f  the  W I P P  underground 

openings us ing creep cons tan ts  de r i ved  from labo ra to ry  exper iments 

underest imated the  a c t u a l  c losure .  The measured r o o f - t o - f l o o r  c l o s u r e  

i n  t h e  t e s t  rooms has exceeded 12 inches i n  t h e  3 ' yea rs  s ince  t h e  end 

o f  t h e i r  excavat ion.  Th is  does n o t  comply w i t h  the  des ign  c r i t e r i a  

v e r t i c a l  c losu re  a l lowance o f  12 inches i n  5 years. 

Average v e r t l c a l  s t r a i n s  a t  r o o f  and w a l l  i n te rsec t i ons ,  as determined 

f rom extensometer readings,  were c lose  t o  3 percent i n  June 1986 and 

t h e  s t r a i n  r a t e  was decreas ing.  Maximum v e r t i c a l  s t r a i n  by numer ica l  

model ing occurs a t  r o o f  and w a l l  i n t e r s e c t i o n s  and compares w e l l  w i t h  

t h e  value determined f rom i n  s i t u  measurements. 

S p a l l i n g  from t h e  r o o f s  and w a l l s ,  and f r a c t u r e s  i n  t h e  p i l l a r s  and a t  

p i l l a r  corners have been observed. Displacements and minor  separa t ions  

have been observed a t  c l a y  seams and i n  t h e  under ly ing  h a l i t e  i n  

I 
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Figure 11-35 I 
TEST ROOMS 
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:c + ' .::;?ra%e'the roofs .  hese 
cont inue.  

reau i  red. 

P e r i o d i c  maintenance o f  t h e  r o o f  and b d i  i sgvfaces w i l l  be 

-. 

F l o o r  f r a c t u r i n g  i s  w e l l  developed i n  t h e  south  h a l f  o f  Test  Room 3 

(Room 1). F l o o r  f r a c t u r i n g  a l s o  occurs t o  a minor  degree i n  t h e  o the r  

t e s t  rooms and i n  a few areas i n  t h e  d r i f t s .  Because t h e  prominent 

f l o o r  f r a c t u r i n g  occu r r i ng  i n  Test Room 3 has n o t  been found i n  any 

o t h e r  rooms or d r i f t s ,  i t  i s  considered t o  be anomalous t o  t h e  

underground f a c i l i t y .  It i s  poss ib le  t h a t  t h e  number and s i z e  o f  the  

22 large-d iameter  ho les  . i n  Test Room 3 exacerbated t h e  p re -ex i s t i ng  

f r a c t u r e s .  I f  f l o o r  f r a c t u r i n g  occurs i n  t h e  s to rage rooms, i t  i s  n o t  

expected t o  cause any opera t iona l  o r  s to rage problems. As d iscussed i n  

Chapter 3. Sec t i on  3.2. t h e  W I P P  p r o j e c t  p a r t i c i p a n t s  agreed, i n  a 

meet ing on February 13, 1986. t h a t  t h e  underground cond i t i ons  do n o t  

r e q u i r e  moving t h e  f a c i l i t y  l e v e l  ( r e f .  3-2). 

11.4.2 Recomnendations 

Observat ions and geomechanical i n s t r u m e n t a t i o n  measurements should 

cont inue i n  t h e  t e s t  rooms. Because t h e y  a r e  t h e  models f o r  the 

de te rm ina t ion  o f  s torage room behavior.  t r i m n i n g ,  rock b o l t i n g  and 

o the r  maintenance i n  t h e  t e s t  rooms should be kep t  t o  t h e  minimum 

requ i red  f o r  sa fe ty ,  and t h e  rooms a l lowed t o  deform. 

7 7, (:. \ ; i  ,l 
It i s  recomnended t h a t  Test  Room 2 .  i n  p a r t i c u l a r ,  be preserved. It i s  

' t h e  o n l y  t e s t  room t h a t  has no t  been p h y s i c a l l y  a l t e r e d .  This room 

w i l l  then serve as a model f o r  the  s to rage rooms as they  w i l l  e x i s t  

p r i o r  t o  waste emplacement. T e s t  Room 2 should no t  be t r imned o r  

supported except  as a n t i c i p a t e d  f o r  t h e  s to rage rooms. Add i t i ona l  

i ns t rumen ta t i on  may be i n s t a l l e d  and smal l -d iameter  ho les should be 

d r i l l e d  i n  t h e  r o o f  and f l o o r  t o  observe t h e  development o f  

d isplacements,  separat ions and f r a c t u r i n g .  Large-diameter d r i l l i n g  

should be p r o h i b i t e d  and t h e  room should be c losed t o  a l l  o the r  

a c t i v i t i e s .  Continued observat ions o f  T e s t  Room 2 behavior  w i l l  
- 
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- prov ide  va luable da ta  an a n t i c i p a t s d  s torage room performance f o r  t h e  

p e r i o d  between room excava t ion  and t h e  emplacement c f  waste. 

A program o f  d r i l l i n g ,  t e s t i n g  and geo log ic  mapping should be cont inued 

t o  determine t h e  development and e x t e n t  o f  f r a c t u r i n g  beneath t h e  t e s t  

room f l o o r s .  When t h i s  has been determined, severa l  m o n i t o r i n g  

s t a t i o n s  should be e s t a b l i s h e d  t o  document ' the behav io r  o f  t h e  

f r a c t u r e s .  This  program should a l s o  i nc lude  m o n i t o r i n g  r o o f  

displacements and separa t ions .  Arrays o f  smal l -d iameter ho les  should 

be d r i l l e d  i n  a few l o c a t i o n s  i n  each t e s t  room as soon as p o s s i b l e  t o  

document movement above t h e  r o o f .  However, d r i l l i n g  i n  Tes t  Room 2 

should be kept  t o  a minimum. 

A d d i t i o n a l  e f f o r t s  a r e  needed t o  r e f i n e  c o n s t i t u t i v e  laws f o r  t h e  creep 

behav io r  o f  s a l t  as well as t h e  rep resen ta t i on  o f  s t r a t i g r a p h y .  The 

s t ress-s t ra in - t ime behav io r  o f  anhydr i t e  beds should be more a c c u r a t e l y  

represented. 
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CHAPTER 12 

STORAGE AREA 

12.1 INTROOUCTION 

The storage area encompasses a l l  rooms, d r i f t s  and c rosscu ts  t h a t  w i l l  

be used f o r  t h e  permanent s torage o f  CH and RH TRU wastes. The s torage 

area i s  l oca ted  south  o f  t h e  waste s h a f t  s t a t i o n .  f r o m  Sl600 t o  53664 

(see Chapter 1. F i g u r e  1-2, and t h i s  chapter, F igu re  12-1. f o r  l o c a t i o n  

and layou t ) .  The s to rage area i s  arranged t o  p rov ide  a system i n  which 

CH and RH TRU wastes can be e f f i c i e n t l y  and s a f e l y  handled and s tored.  

A panel o f  f o u r  f u l l - s c a l e  t e s t  rooms was excavated t o  determine t h e  

adequacy o f  t h e  opening c o n f i g u r a t i o n  and dimensions (Chapter 11). 

Eva lua t ion  o f  i n  s i t u  da ta  f rom these t e s t  rooms were u t i l i z e d  t o  

p r e d i c t  t h e  c losu res  o f ,  and s t resses and s t r a i n s  around, t h e  f u t u r e  

s torage area rooms and d r i f t s .  

1 This  chapter  p resents  i n f o r m a t i o n  on t h e  re fe rence des ign  o f  t h e  s torage 

area rooms and d r i f t s ,  t h e  design v a l i d a t i o n  process, conc lus ions 

regard ing  t h e  s u i t a b i l i t y  o f  t h e  reference des ign based on t h e  f i n d i n g s  

o f  t h e  v a l i d a t i o n  process, and recomnendations f o r  m o d i f i c a t i o n s  t o  t h e  

s torage area des ign  c o n f i g u r a t i o n s  t h a t  w i l l ,  i f  implemented, r e s u l t  i n  

a va l i da ted  re fe rence  design. 

12.2 OESIGN 

T h i s  s e c t i o n  p resen ts  t h e  des ign c r i t e r i a ,  des ign bases and re fe rence 

des ign c o n f i g u r a t i o n s  t h a t  were used f o r  t h e  W I P P  s to rage area rooms 

and d r i f t s .  L 
'\ 1, 

12.2.1 Desiqn C r i t e r i a  ~ 

The Design C r i t e r i a ,  R M C - I I A .  f o r  the  s torage area ( r e f .  2-8)  i s  

c r i t e r i a  t h a t  governed t h e  W I P P  underground opening re fe rence  design, 
i n c l u d i n g  those c r i t e r i a  t h a t  r e q u i r e  eva lua t i on  as p a r t  o f  t h e  des ign 

v a l i d a t i o n  process.  The f o l l o w i n g  d iscuss ion presents  a d e s c r i p t i o n  o f  

sumarj;;l :- --,--- _ .  --.:- 2. Table 2-1. This  t a b l e  p resents  t h e  major 
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t h e  t h r e e  des;gn c r i t e r i a  p e r t a i n i n g  t o  t h e  s to rage a r e a  t h a t  r e q u i r e  

e v a l u a t i o n  f o r  v a l i d a t i o n  o f  t h e  re fe rence  des ign.  

The f i r s t  c r i t e r i o n  requ i res  t h a t  t h e  excavat ion  dimensions o f  t h e  

s to rage area rooms and d r i f t s  i n c l u d e  an a l lowance f o r  creep c l o s u r e  

s u f f i c i e n t  t o  p revent  con ta ine r  b reach ing  by  creep-induced st resses 

d u r i n g  t h e  r e t r i e v a b i l i t y  per iod .  The second c r i t e r i o n  s ta tes  t h a t  

each s to rage room s h a l l  a l l o w  f o r  s a l t  c reep and s h a l l  be s i zed  t o  

min imize breaching o f  t h e  CH waste c o n t a i n e r s  f o r  a pe r iod  o f  10 
years.  The t h i r d  c r i t e r i o n  s ta tes  t h a t  t h e  underground storage rooms 

and access d r i f t s  s h a l l  be designed t o  be compat ib le  w i t h  t h e  waste 

t r a n s p o r t  veh ic le ,  w i t h  t h e  waste c o n t a i n e r  s izes.  shapes, weights,  and 

s t a c k i n g  con f igu ra t i ons ,  and w i t h  t h e  waste hand l ing  and b a c k f i l l i n g  

equipment requirements.  

Other  c r i t e r i a  t h a t  apply  t o  t h e  s to rage  area reference design a l s o  

app ly  t o  t h e  d r i f t s  and were d iscussed i n  Chapter 10. - 
12.2.2 Desiqn Bases 

The des ign  bases descr ibe  t h e  s p e c i f i c  d imensional  requirements used t o  

develop t h e  re fe rence des ign f o r  t h e  s to rage area d r i f t  and room 

c o n f i g u r a t i o n s  (F igures  12-2 and 12-3). The Desiqn Basis, Underqround 

Excavat ions ( r e f .  2-78) conta ins  t h e  bases used f o r  the  s torage area 

re fe rence  design. The major elements f rom t h i s  Design Basis document 

a r e  sumnarized i n  the  f o l l o w i n g  d i scuss ion .  Although o the r  des ign 

bases were a l s o  used, they  d i d  n o t  have a d i r e c t  impact on des ign 

v a l i d a t i o n .  The s p e c i f i c  des ign bases r e q u i r i n g  eva lua t i on  du r ing  t h e  

v a l i d a t i o n  process a r e  presented i n  Table 12-1. 

The des ign bases s p e c i f y  t h a t  t h e  re fe rence  des ign s h a l l  p rov ide  an 

underground storage area 51; which CH and RH TRU wastes can be 
e f f i c i o - - ' ; ,  k-:. . 3 - d  s tored .  The re fe rence  design o f  t h e  waste 

s to rage area s h a l l  permi t  simultaneous s to rage o f  CH and RH TRU 

I wastes. To t h e  ex ten t  poss ib le ,  t h e  c o n f i g u r a t i o n  o f  the  storage area 

s h a l l  min imize haulage d is tances f o r  excavated s a l t  and waste storage. 
., -.. 

', 
/ *  
i : , . . I  

12-3 ,' ,.-. ' 
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EXPLANATION 

HEIGHT OF WASTE PACKAGES STACKED THREE HIGH: 9 ' - 7  1/2" FOR BOXES; 
9'20" FOR S I X  PACKS. 

..--. 
SALT COVER: 1 '  TO 2 ' ;  LEVEL OF S A L T  IS MAINTAINED AT 10'-8" ABOVE 
THE FLOOR. 

VENTILATION SPACE: 1 ' - 4 "  MINIMUM U N T I L  ROOM OR PANEL I S  F I L L E D  AN0 
PLUGGED. 

SALT CREEP ALLOWANCE: 1'-0" ROOF; 4 1/2" EACH WALL (ASSUMED TO BE 
ADEQUATE FOR 5 YEARS). 

CONSTRUCTION TOLERANCE: +6".  THE C9NTiiACTOR MUST M A I N T A I N  THE 
MINIMUM ROOM DIMENSIONS. 

B A C K F I L L I N G  CONVEYOR CLEARANCE: 2 ' -4 "  ABOVE WASTE PACKAGES. 

HEADROOM: 1 2 ' - 0 "  FOR CH BOXES AND RH TRANSPORTER. 

WASTE PACKAGE WIDTH: 6 ' - 2  1 /2"  FOR BOXES; 6 ' - 1  1 / 2 "  FOR S I X  PACKS. 

STACKING TOLERANCE: 2 1 /2"  BETWEEN WASTE PACKAGES. 

(10) SALT BACKFILL :  3'-0" BETWEEN WASTE PACKAGES AND WALL. 

F i q u r e  1 2 - 2  

STORAGE AREA 
D R I F T  REFERENCE DESIGN DIMENSIONS 
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EXPLAWAT I O N  

HEIGHT OF WASTE PACKAGES STACKED THREE HIGH: 9 ' - 7  1 / 2 "  FOR BOXES; 
9 ' -0"  FOR S I X  PACKS. 

SALT COVER: 1 '  TO 2 ' ;  LEVEL OF SALT IS MAINTAINED AT 10'-8" ABOVE 
THE FLOOR. 

VENTILATION SPACE: 1 ' - 4 "  MINIMUM U N T I L  ROOM OR PANEL IS F I L L E D  AND 
PLUGGED. 

SALT CREEP ALLOWANCE: 1 ' -0"  ROOF; 4 1 / 2 "  EACH WALL (ASSUMED TO BE 
ADEQUATE FOR 5 YEARS). 

CONSTRUCTION TOLERANCE: +6".  THE CONTRACTOR MUST M A I N T A I N  THE 
MINIMUM ROOM DIMENSIONS. 

B A C K F I L L I N G  CONVEYOR CLEARANCE: 2 ' - 4 "  ABOVE WASTE PACKAGES. 

HEADROOM: 12 ' -0 "  FOR CH BOXES AND RH TRANSPORTER 

WASTE PACKAGE WIDTH: 6 ' -2  1 / 2 "  FOR BOXES; 6 ' - 1  1 / 2 "  FOR S I X  PACKS. 

STACKING TOLERANCE: 2 1 / 2 "  BETWEEN WASTE PACKAGES. 

(10) SALT BACKFILL :  8 3 /4"  BETWEEN WASTE PACKAGES AND WALL. 

F i q u r e  1 2 - 3  

STORAGE AREA 
ROOM REFERENCE DESIGN DIMENSIONS 

1 2 - 5  
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. .  
-'.:.run t L h E N T S  OF STORAGE AREA DESIGN. BASES" 

(1 )  Operat ional  requi rements 

a. The s to rage area  rooms, d r i f t s  and crosscuts  s h a l l  be designed 
t o  a l l o w  for  r e t r i e v a l  o f  a l l  CH and RH waste s t o r e d  f o r  a 
p e r i o d  o f  up t o  5 years a f t e r  t h e  i n i t i a l  emplacement o f  each 
waste species.  

b. Excavat ion dimensions i n  t h e  waste storage area s h a l l  be t o  a 
un i fo rm h e i g h t  o f  13 f e e t .  

( 2 )  Essen t ia l  f e a t u r e s  

Prov ide 1 f o o t  v e r t i c a l  and 9 inches h o r i z o n t a l  a l lowance f o r  
creep c l o s u r e  t o  m a i n t a i n  t h e  minimum design dimensions up t o  5 
years a f t e r  i n i t i a l  emplacement. 

( 3 )  Safe ty  des ign requi rements 

A minimum opening o f  16 inches s h a l l  be l e f t  a t  t h e  t o p  o f  t h e  
rooms and d r i f t s  f o r  a i r  passage above the  waste and b a c k f i l l .  
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c Construction and storage operations shal! be physically separated and 
performed during different shlfts. 

Each storage room is to be filled with waste containers consisting o f  

six-packs of CH TRU waste storage drums and/or boxes of CH TRU waste. 
The containers shall be stacked three high and five wide, stored with 
their longest dimension across the opening. A 2 1/2-inch stacking 
tolerance shall be allowed between waste packages. All rooms, drifts 
and crosscuts in the storage area may be used to store CH waste 
containers stacked three high. For this reason, excavation shall be to 
a uniform height of 13 feet throughout the waste storage area. 

The underground storage area shall provide for the horizontal 
emplacement of 1,000 RH canisters. The RH canisters, nominally 10 feet 
long and 26 inches in diameter, shall be stored i n  the salt pillars. 
Emplacement holes shall be perpendicular to the walls, approximately 
midway between the floor and ceiling and evenly spaced laterally. 
Canister spacing shall be based on the assumption that the average heat 
output per canister will be 60 watts or l e s s .  Thermal loading i n  the 
RH waste storage area shall not exceed 10 kilowatts (kw) per acre. 
Allowing 12 inches for salt creep, RH waste emplacement machinery shall 
be designed to operate i n  an effective room height of 12 feet, 
including all required clearances. 

- 

The storage area floor shall be approximately 2.150 feet below the 
ground surface. The final level of the excavations shall be as 
determined by the DOE Contracting Officer. 

Four parallel entries shall be provided from the shafts to the waste 
storage area. These entries shall provide separate channels for air 
intake and exhaust, salt removal, and waste storage. 

Excavation dimensions shall include an allowance for salt creep of 1 
foot in the vertical direction and 9 inches in the horizontal direction 
for all rooms for up to 5 years. The tolerance f o r  excavation of roof, 

- 
.r . ~, 

1'' . ., '.\,% 
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__._,, ' r h e  f i n ' i s h e d  cross s e c t i o n  dimensions be l e s s  than .' - -. 

des ign  dimensions. 

P r o v i s i o n  s h a l l  be made f o r  t h e  expansion o f  t h e  s to rage area w i t h i n  

t h e  boundar ies o f  Zone I1 (Chapter 1. f i g u r e  1-1) i f  r e q u i r e d  i n  t h e  

f u t u r e .  The area e x t r a c t i o n  r a t i o  i n  t h e  s to rage area s h a l l  n o t  exceed 

25 percent .  

The s to red  CH TRU waste packages s h a l l  be covered w i t h  a l a y e r  o f  s a l t  

b a c k f i l l  (3 /8  i n c h  o r  l ess  i n  g r a i n  s i z e )  f o r  f i r e  p r o t e c t i o n .  The 

volume o f  s to red  CH TRU waste i n  any one compartment w i t h o u t  a v e r t i c a l  

f i r e  b a r r i e r  s h a l l  be l i m i t e d  t o  a maximum o f  500,000 cub ic  f e e t .  f o r  

v e n t i l a t i o n  above t h e  b a c k f i l l e d  waste, a minimum opening o f  16 inches 

s h a l l  be prov ided.  

No personnel  may work i n  a i r  t h a t  has passed over  t h e  s to red  CH TRU 

waste. However, personnel  may work i n  a i r  t h a t  has passed through an 

opening where RH TRU waste has been emplaced prov ided t h a t  c a n i s t e r  

ho les  have been sealed w i t h  plugs. Personnel may n o t  work i n  a i r  t h a t  

has passed through openings where RH TRU waste i s  be ing  emplaced. 

- 

12.2.3 Oesiqn Con f iqu ra t i on  

The re fe rence  des ign o f  t h e  s torage area was developed i n  accordance 

w i t h  t h e  des ign c r i t e r i a  and t h e  des ign bases. The des ign c o n f i g u r a t i o n  

i s  based on t h e  s t r a t i g r a p h y  determined f rom boreho le  ERDA-9 and on 

s a l t  c reep performance determined f rom l a b o r a t o r y  t e s t s  on core 

e x t r a c t e d  f rom ERDA-9. The ERDA-9 e x p l o r a t o r y  ho le  was t h e  on ly  ho le  

w i t h i n  t h e  underground development area which was pe rm i t ted  t o  

pene t ra te  t h e  Salado fo rmat ion  t o  t h e  underground f a c i l i t y  hor izon .  

The s to rage area re fe rence design c o n f i g u r a t i o n  (F igures  12-1. 12-2 and 

12-3) c o n s i s t s  o f  e i g h t  panels w i t h  seven rooms each. The rooms a r e  1 3  
f e e t  h igh,  33 f e e t  wide and 300 f e e t  long. The panel e n t r i e s  a re  a l so  - 
13 f e e t  h i g h  and 33 f e e t  wide. The rooms a r e  separated i n  each panel 
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by 100- foot  wide p i l l a r s  and t h e  p a n i l s  a r e  separat'ed by 200- foot  wide 

p i l l a r s .  The t e s t  rooms d iscussed i n  Chapter 11 were designed t o  be 

t h e  same s i z e  as t h e  s to rage  rooms. The t e s t  rooms were cons t ruc ted  t o  

m o n i t o r  s a l t  performance, p e r m i t  observat ions o f  opening s t a b i l i t y ,  and 

t o  p e r m i t  v a l i d a t i o n  o f  t h e  s torage room re ference design. 

-...- 

The re fe rence des ign prov ides  f o r  t h e  s torage o f  CH waste i n  one room 

w h i l e  RH waste i s  s t o r e d  i n  another  room. Emplacement o f  RH waste 

c a n i s t e r s  i n t o  h o r i z o n t a l  ho les  i s  dep ic ted  on F igure  12-4. A f t e r  t h e  

RH waste can is te rs  a r e  emplaced i n  t h e  w a l l s  o f  t h e  s to rage room a 

s h i e l d  p l u g  i s  p laced i n  t h e  w a l l  s leeve. When t h e  emplacement o f  RH 

waste c a n i s t e r s  i s  completed i n  t h e  s torage room, CH waste :an be 

s t o r e d  i n  the  same room. Dur ing t h e  5-year demonstrat ion p e r i o d ,  t h e  

RH waste can is te rs  a r e  s to red  i n  s t e e l  s leeves i n  t h e  f i r s t  room o f  

Panel 1. Dur ing permanent s torage,  they  are emplaced i n  p i l l a r s  

th roughout  t h e  s to rage area as d i c t a t e d  by t h e  r e c e i v a l  r a t e  of t h e  

waste. 

The RH waste c a n i s t e r s  ( w i t h  a hea t  ou tpu t  o f  60 wa t t s  o r  l e s s )  a r e  

p laced i n  h o r i z o n t a l  ho les  spaced so t h a t  t h e  l o c a l  s to rage  area 

thermal  load ing  does n o t  exceed t h e  des ign bas is  l i m i t  o f  10 kw/acre. 

For  t h e  re fe rence design, and f o r  t h i s  repo r t ,  t h e  thermal  e f f e c t s  on 

s to rage room behav io r  were n o t  considered s i g n i f i c a n t .  The re fe rence  

des ign  f o r  RH waste i s  s u b j e c t  t o  t h e  r e s u l t s  o f  t h e  ongoing W i i ?  

exper imenta l  program. 

The re fe rence des ign c o n f i g u r a t i o n  a l s o  de f ines  s tack ing  c o n f i g u r a t i o n s  

and to le rances  f o r  v e n t i l a t i o n ,  b a c k f i l l  and s a l t  creep. These 

to le rances  a r e  shown on F igures  12-2 and 12-3 f o r  t h e  s to rage area 

d r i f t s  and rooms, r e s p e c t i v e l y .  I n  o rde r  t o  meet these requi rements,  

t h e  re fe rence des ign c o n f i g u r a t i o n  incorpora tes  a re fe rence o p e r a t i n g  

procedure - - . s  ' procedure i s  based on t h e  waste r e c e i p t  r a t e s ,  

emplacement ra tes,  and r e t r i e v a l  ra tes  s t i p u l a t e d  by t h e  des ign 

c r i t e r i a .  Th is  ope ra t i ng  procedure i s  p a r t  o f  t h e  s to rage room 

re ference design and i s  i nco rpo ra ted  i n  cons t ruc t i on  package EP-O1X. 
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This  package conta ins  t h e  des ign docuinonts t h a t  w i l l  be used t o  operate 

t h e  WIPP. 

12.3 DESIGN VALIDATION PROCESS 

The des ign  v a l i d a t i o n  process f o r  t h e  s to rage  area cons is t s  o f  t h e  

e v a l u a t i o n  o f  numerical  modeling and da ta  a n a l y s i s  f rom t h e  d r i f t s  and 

t e s t  rooms (Chapters 10 and 11) and i t s  a p p l i c a t i o n  t o  t h e  reference 

des ign  o f  t h e  s to rage area d r i f t s  and rooms. The p r e d i c t e d  f u t u r e  

performance o f  t h e  s torage area openings was compared t o  the  

performance o f  e x i s t i n g  openings hav ing comparable dimensions. This 

was then used as t h e  upper bound f o r  v a l i d a t i n g  t h e  re fe rence design. 

12.3.1 Data C o l l e c t i o n  

Geomechanical i ns t rumen ta t i on  data c o l l e c t e d  f rom t h e  t e s t  rooms were 

used t o  compute t h e  creep parameters o f  t h e  surrounding s a l t .  Geologic 

mapping and d r i l l  cores f rom t h e  underground f a c i l i t y  were used t o  - c o n f i r m  t h e  s t r a t i g r a p h y  o f  t h e  s to rage area. Test  room 

i n s t r u m e n t a t i o n  da ta  and t h e  computat.ion o f  creep parameters a re  

presented i n  Chapter 11. Chapter 6 p resents  i n f o r m a t i o n  on the  

geo log ic  mapping, d r i l l  cores and development o f  t h e  reference 

s t r a t i g r a p h y .  

The geomechanical inst ruments i n  t h e  t e s t  rooms have provided 

de format ion  measurements and response da ta  on t h e  excavated openings. 

P e r i o d i c  v i s u a l  i nspec t i ons  o f  t h e  rooms have prov ided observa t iona l  

da ta  w i t h  which t o  f u r t h e r  eva lua te  t h e  response o f  t h e  surrounding 

s a l t .  Geologic mapping and core d r i l l i n g  i n  t h e  E l40  d r i f t  south o f  

t h e  waste s h a f t  have prov ided i n f o r m a t i o n  on t h e  s t r a t i g r a p h y  i n  the  

s to rage area.  

12.3.2 Ana lys i s  and Eva lua t ion  

12.3.2.1 Storage Rooms 

- Ana lys i s  and e v a l u a t i o n  o f  t h e  s torage room re fe rence des ign have been 

performed us ing  data c o l l e c t e d  from t h e  t e s t  rooms. The adequacy o f  

12-1 1 
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behavior. including stress, strain ant . . ..., 1 1 ~  ~ c n  could be 
expected to occur over the operating life of each room. The operating 
life is defined as the period of time from initial excavation of the 
room until retrieval operations are completed, if the decision to 
retrieve is made, or until the storage operation for each panel is 
completed. 

Evaluation of the geologic mapping and drill cores from the El40 drift 
south of the waste shaft has confirmed the continuity of the 
stratigraphy 50 feet above and below the storage area (refs. 4-1 and 
4-2). 

Based on an engineering approach (Chapter 5). numerical analyses were 
performed based on creep parameters determined from test room data and 
the stratigraphy surrounding the facility level. Because the 
extrapolation of the i n  situ closure data for the drifts and test rooms 
indicates that more than four rooms in a storage panel could influence 
the total closure and overall creep rate, a mathematical model was 
developed to estimate the upper bound responses. This requires 
assuming an infinite array of equally spaced storage rooms such that 
the centerline o f  a typical room and the centerline of any one of its 
pillars form axes of sytmnetry. In addition, the rooms were assumed to 
be infinitely long. 

Figure 12-5 shows the finite element model that was used to determine 
the responses for an infinite array of infinitely long storage rooms. 
The model has 94 nodes and consists of 59 plane strain elements, with 
gap/friction link elements having a friction coefficient of 0.4 to 
model a clay seam. Because test room creep parameters are used in 
predicting the responses of the storage rooms, this model uses the same 
comparative element sizes and external loads as those used in the test 
room model described in Chapter 1 1 ,  Section 11.3. The boundaries on 

represent the pillar centerlines and consist o f  horizontal restraints. 
both sides of the model were taken as vertical axes of symmetry to - 

12-1 2 
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-.,c room a r e  based on t h e  anhydr i t e  bed, and L , t t  ' t , : :  ' 

re ference s t r a t i g r a p h y  and L.- i d e n t i c a l  t o  those used i n  t h e  t e s t  room 

f i n i t e  element model. 

. . ,  
%. ... . 

The analyses were performed us ing  t h e  MARC General Purpose F i n i t e  

Element Program discussed i n  Chapter 6. The average va lues o f  t h e  

creep parameters were d e r i v e d  f rom t e s t  room r o o f - t o - f l o o r  and 

w a l l - t o - w a l l  i n  s i t u  c l o s u r e  data.  Using these computed creep 

parameters, p r e v i o u s l y  presented i n  Chapter 11. Tables 11-10 and 11-11. 

t h e  p red ic ted  f u t u r e  responses o f  t h e  s torage rooms were computed. The 

r e s u l t s  o f  t h e  analyses a r e  presented below. 

12.3.2.2 Storage Area D r i f t s  

Ana lys is  and eva lua t i on  o f  t h e  13 x 25-foot d r i f t  des ign f o r  t h e  

s torage area have been performed us ing  da ta  c o l l e c t e d  f rom t h e  e x i s t i n g  

8 x 2 5 - f O O t  d r i f t s .  The same f i n i t e  element model used f o r  t h e  

8 x 25-fOOt d r i f t s  (Chapter 10) was used f o r  t h e  l a r g e r  d r i f t s .  A 

removable f l o o r  s e c t i o n  ex tend ing  5 f e e t  v e r t i c a l l y  downward f rom t h e  

o r i g i n a l  f l o o r  l e v e l  was i n t e g r a t e d  i n t o  t h e  model so t h a t  t h i s  group 

o f  elements could be removed a t  t h e  approp r ia te  stage i n  t h e  a n a l y s i s  

t o  s imu la te  f l o o r  excavat ion.  A c o e f f i c i e n t  o f  f r i c t i o n  o f  0.0 was 

assumed f o r  t h e  g a p / f r i c t i o n  elements t o  model a c l a y  seam. The t i m e  

between i n i t i a l  excavat ion  and t h e  subsequent f l o o r  e x r 3 v h t i o n  was 

assumed t o  be 2 years. Therefore,  a l l  r e s u l t s  presented i n  t h e  

f o l l o w i n g  subsect ion a r e  d i r e c t l y  a f f e c t e d  by these assumptions. 

F igu re  12-6 shows t h e  model a f t e r  removal o f  t h e  f l o o r  elements. 

h 

12.3.3 P r e d i c t i o n  o f  Fu ture  Behavior  

12.3.3.1 Storage Rooms 

Because t h e  room s i z e  and panel  c o n f i g u r a t i o n  o f  t h e  f o u r  t e s t  rooms i s  

s i m i l a r  t o  the  des ign o f  t h e  proposed storage rooms, t h e  behav io r  o f  

t h e  storage rooms was computed us ing  t h e  measured data f rom t h e  t e s t  

rooms, a s  presented i n  Chapter 11. The r e s u l t s  o f  t h e  s torage room 
I 

12-1 4 



I 

F i q u r e  12-6 

STORAGE AREA 
D R I F T  F I N I T E  ELEMENT MODEL - AFTER FLOOR LOWERING 

12-15 



- 
alyb. 8 -  ~ p s .  These 

i n t e g r a t i o n  - t r . ,s  i c I  respond t o  r e a l  t imes imned ia te l y  a f t e r  

excavat ion,  1 year  and 10 years a f t e r  excavat ion.  The h o r i z o n t a l  and 

v e r t i c a l  s t resses ,  e f f e c t i v e  s t resses,  e f f e c t i v e  creep s t r a i n s ,  

p r i n c i p a l  s t resses  and t h e  deformed shapes were p l o t t e d  a t  these t imes 

based on t h e  mean va lue o f  t h e  averaged w a l l - t o - w a l l  and r o o f - t o - f l o o r  

creep parameters presented i n  Tables 11-12 and 11-13 i n  Chapter 11. A 

c l o s u r e  c a l c u l a t i o n  cons ide r ing  t h e  e f f e c t s  a t  a room i n t e r s e c t i o n  was 

performed u t i l i z i n g  t h e  values f rom these tab les .  Roo f - to - f l oo r  and 

wa l l - t o -wa l l  c l o s u r e  p r e d i c t i o n s  f o r  t h e  s torage room were then p l o t t e d .  

H o r i z o n t a l  and V e r t i c a l  Stresses. The computed h o r i z o n t a l  s t ress  

d i s t r i b u t i o n s  i n  t h e  s torage rooms a r e  p l o t t e d  on se lec ted  elements o f  

t h e  f i n i t e  element mesh imned ia te ly  a f t e r  excavat ion  and a t  t imes o f  1 

year and 10 years a f t e r  excavat ion (F igures  12-7 th rough 12-9). A 

con tour  i n t e r v a l  o f  250 k s f  was chosen and 10 contour  increments were 

used t o  'span a s t r e s s  range from 0 t o  2.500 k s f  compression. h 

H o r i z o n t a l  s t resses  imned ia te ly  a f t e r  excavat ion  a r e  t o t a l l y  

compressive th roughout  t h e  se lec ted  elements o f  t h e  model. Most o f  t h e  

changes i n  h o r i z o n t a l  s t resses i n  t h e  s a l t  around t h e  opening occur  

w i t h i n  t h e  f i r s t  yea r  a f t e r  excavat ion and remain p r a c t i c a l l y  cons tan t  

even 10 years a f t e r  excavat ion.  The w a l l s  and t h e  under l y ing  a n h y d r i t e  

bed (MB-139). near  t h e  cen te r  o f  t h e  room, have t h e  l a r g e s t  compressive 

s t resses,  w i t h  values between 250 and 500 k s f  compression. As t h e  

opening s l o w l y  deforms. h o r i z o n t a l  s t resses  tend t o  become more 

compressive i n  t h e  anhydr i t e  bed near t h e  room's v e r t i c a l  c e n t e r l i n e .  

I n  t h e  a n h y d r i t e  bed f a r  f rom the  room c e n t e r l i n e ,  t h e  h o r i z o n t a l  

s t resses  a r e  r e l a t i v e l y  low. 

The v e r t i c a l  s t r e s s  d i s t r i b u t i o n  was a l s o  p l o t t e d  f o r  t ime  per iods  

imned ia te l y  a f t e r  excavat ion  and a t  t imes o f  1 year  and 10 years a f t e r  

excavat ion (F igu res  12-10 through 12-12). The contour  i n t e r v a l  and 
s t r e s s  range a r e  t h e  same as those used f o r  the  h o r i z o n t a l  s t r e s s  p l o t s .  - 
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-...Le~y a f t e r  excavat ion o f  between 500 and 150 k s f  comb 

This  s t r e s s  i s  approx imate ly  t w i c e  t h e  o r i g i n a l  l i t h o s t a t i c  sxress 

be fore  excava t ion  and c l e a r l y  shows t h e  expected s t r e s s  concen t ra t i ons  

around t h e  opening imned ia te ly  a f t e r  excavat ion.  As  t h e  opening 

deforms. t h e  v e r t i c a l  s t ress  i s  r e d i s t r i b u t e d  around t h e  opening and 

reduced t o  between 250 and 500 k s f  compression. 

F igures 12-11 and 12-12 show very  smal l  d i f f e r e n c e s  f rom 1 year  through 

10 years a f t e r  excavat ion.  That i s ,  t h e  v e r t i c a l  s t r e s s  i s  r e l a t i v e l y  

constant  th roughout  t h a t  pe r iod  w i t h  most o f  t h e  h a l i t e  r o o f  beam 

having low s t r e s s  i n  t h e  v e r t i c a l  d i r e c t i o n .  L ikewise,  t h e  uppermost 

l e v e l  o f  elements i n  t h e  room's f l o o r  has r e l a t i v e l y  l o w  s t r e s s  i n  t h e  

v e r t i c a l  d i r e c t i o n  due t o  i t s  l ack  o f  v e r t i c a l  conf inement.  

The a n h y d r i t e  bed (ME-139) below t h e  s torage room i s ,  i n  general ,  

subjected t o  l o w  v e r t i c a l  s t resses;  however, some compressive v e r t i c a l  

s t ress  i s  i n d i c a t e d  under t h e  p i l l a r s .  

E f f e c t i v e  St resses  and E f f e c t i v e  Creep S t r a i n s .  F igures  12-13 through 

12-15 show t h e  computed e f f e c t i v e  s t ress  d i s t r i b u t i o n  i n  those elements 

o f  t h e  f i n i t e  element model near t h e  room opening. Ten contour  

increments, each hav ing  an i n t e r v a l  o f  250 k s f ,  were chosen t o  span a 

s t ress  range f r o m  0 t o  2,500 k s f .  The e f f e c t i v e  s t r e s s  p l o t  imned ia te l y  

a f t e r  excava t ion  shows 3 r e l a t i v e l y  low s t r e s s  c o n c e n t r a t i o n  i n  t h e  

anhydr i t e  bed below t h e  f l o o r  and no s t resses g r e a t e r  than 500 k s f  i n  

t h e  h a l i t e  beds. 

A t  1 year  and 6.5 years a f t e r  excavat ion,  t h e  computed e f f e c t i v e  

s t resses have increased and concentrated i n  t h e  a n h y d r i t e  bed and 

o v e r l y i n g  h a l i t e .  Because t h e  anhydr i te  was modeled as be ing  e l a s t i c  

u n t i l  f a i l u r e  and s t i f f e r  than h a l i t e ,  i t  suppor ts  more s t r e s s ,  which 

r e s u l t s  i n  a l a r g e  e f f e c t i v e  s t ress  g rad ien t  i n  t h e  a n h y d r i t e .  The 

maximum computed e f f e c t i v e  s t ress  i s  2,600 k s f ,  concentrated i n  the  

anhydr i t e  bed near  t h e  room c e n t e r l i n e .  
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A Because t h e  model does n o t  i nc lude  : a i l u r e  c r i t e r i a  f o r  t h e  a n h y d r i t e  F 1 

bed, an a n a l y s i s  f o r  p o t e n t i a l  Fay lure i n  t h i s  bed was performed 

separate ly .  I n  Chapter 6. ?he f a i l u r e  c r i t e r i o n  

/q ' = 752 - 0.279J1 ( s t r e s s  i n  k s f )  (12-1) 

was de f i ned  f o r  t h e  a n h y d r i t e  bed based on l a b o r a t o r y  t e s t s .  R e w r i t i n g  

t h i s  equat ion  i n  te rms o f  t h e  e f f e c t i v e  s t ress  a t  f a i l u r e  Gf 
f i r s t  s t r e s s  i n v a r i e n t  a t  f a i l u r e  (J ) . 

1 f '  

and t h e  

- 
a f ( k s f )  = 1302.5 - 0.483 (J,)f (1 2-2) 

From t h e  r e s u l t s  o f  t h e  numerical  modeling, t h e  average e f f e c t i v e  s t r e s s  

s t ress  a t  a p o i n t  c l o s e  t o  t h e  cen te r  o f  t h e  room exceeds 2 a t  about 

8.5 years s i n c e  excavat ion.  Th is  does n o t  mean c a t a s t r o p h i c  f a i l u r e  

wi1'1 occur. Ins tead,  t h e r e  w i l l  be a r e d i s t r i b u t i o n  o f  . s t ress  i n  t h e  

anhydr i t e  bed which t h e  model cannot consider .  

f 

Computed e f f e c t i v e  creep s t r a i n  d i s t r i b u t i o n s  were p l o t t e d  on se lec ted  

elements o f  t h e  deformed mesh a t  1 year and 6.5 years a f t e r  excavat ion  
(F igures 12-16 and 12-17). Ten s t r a i n  increments w i t h  an i n t e r v a l  o f  

0.01 were used t o  span a s t r a i n  range from 0 t o  0.100. 

A t  1 year  a f t e r  excavat ion,  e f f e c t i v e  c r e e p - s t r a i n s  have concentrated 

i n  t h e  r e g i o n  around t h e  room opening. A t  6.5 years a f t e r  excavat ion,  

t h e  e f f e c t i v e  creep s t r a i n s  have f u r t h e r  i n t e n s i f i e d  around t h e  room 

opening and i n  t h e  reg ion  above t h e  anhydr i t e  bed near  t h e  room 

center1  i ne. 

Eased on l a b o r a t o r y  creep t e s t s  on samples o f  h a l i t e ,  a f a i l u r e  

c i i t e r i o n  has been proposed (equat ion  6-5 i n  Chapter 6 ) .  Based on t h i s  

c r i t e r i o n ,  t h e  f a i l u r e  e f f e c t i v e  s t r a i n  f o r  h a l i t e  i s  a f u n c t i o n  o f  t h e  
mean normal s t r e s s  i n t e n s i t y  and reaches a maximum magnitude o f  n e a r l y  

16 percc:; a t  a mean ;rress i n t e n s i t y  o f  125 k s f .  

F 
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EFFECTIVE 

7 - CONTOUR 

CREEP STRAIN 

F i g u r e  12-16 

STORAGE ROOMS 
OISTRIBUTION 

12-28 

1 YE R 

1 0.01 
2 0.02 
3 0.03 
4 0.04 
5 0.05 
6 0.06 
7 0.07 
8 0.08 
9 0.09 

10 0.10 

FTER EXCAVATION 
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F i a u r e  12-17 

- 
E - CONTOUR 

1 0.01 
2 0.02 
3 0.03 
4 0.04 
5 0.05 
6 0.06 
7 0.07 
a 0.08 
9 0.09 

STORAGE ROOMS 
EFFECTIVE CREEP STRAIN D I S T R I B U T I O N  10 YEARS AFTER EXCAVATION 
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_.,. and by l i n e a r  e x t r a p o l a t i o n  beyond 6.5 years, f a i l u r e  

rill be i n i t i a t e d  i n  t h e  h a l i t e  about 12 years a f t e r  t h e  complet ion o f  

excavat ion.  The f a i l u r e  w i l l  be i n i t i a t e d  a t  f l o o r  and w a l l  

i n t e r s e c t i o n s .  

However, t h e  numer ica l  modeling a l s o  shows t h a t  e f f e c t i v e  s t r a i n  

decreases r a p i d l y  w i t h  d is tance away f rom t h e  opening. Thus, t h e  

f a i l u r e  i s  expected t o  be conf ined ve ry  c l o s e  t o  t h e  opening. This  

w i l l  r e q u i r e  p e r i o d i c  sca l i ng  and t r imming.  

P r i n c i p a l  St resses.  The computed p r i n c i p a l  s t resses  on t h e  plane o f  a 

s e c t i o n  across t h e  storage rooms a r e  presented i n  a q u a l i t a t i v e  manner 

on F igu res  12-18 through 12-20. The magnitudes o f  t h e  two p r i n c i p a l  

s t resses  a r e  p r o p o r t i o n a l  t o  t h e  lengths  o f  t h e  corresponding l i n e s  

which a r e  p l o t t e d ,  perpend icu la r  t o  each o the r ,  a t  t h e  c e n t r o i d  o f  each 

o f  t h e  elements. 
A 

Immediate ly  a f t e r  excavat ion,  t h e  magnitudes o f  t h e  p r i n c i p a l  s t resses 

a r e  r e l a t i v e l y  l a r g e  i n  the  corners o f  t h e  room and i n  t h e  anhydr i t e  

bed. As t h e  room opening deforms, t h e  p r i n c i p a l  s t resses concentrate 

i n  t h e  a n h y d r i t e  bed near t h e  room c e n t e r l i n e .  

The p l o t s  o f  t h e  p r i n c i p a l  s t resses a l s o  show t h e  s t ress  a rch  which 

forms around t h e  room due t o  t h e  t r a n s f a r  o f  loads around t h e  room 

opening. The s t r e s s  arch tends t o  become en la rged w i t h  t ime and 

migra tes  away f rom t h e  room. 

Deformat ion and' Closure.  Figures 12-18 through 12-20 a l s o  show t h e  

p r e d i c t e d  deformed shapes o f  a t y p i c a l  s to rage room a t  d i f f e r e n t  

t imes.  The dashed l i n e s  represent t h e  o u t l i n e  o f  t h e  deformed shape o f  

t h e  s to rage  room. 

Imned ia te l y  a f t e r  excavation, deformat ion s t a r t s  around the  opening. 1 

A f t e r  1 year  o f  creep, the  h a l i t e  roo f  beam deforms no t i ceab ly  a t  i t s  
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Fiqure 12-18 

STORAGE ROOMS 
PRINCIPAL STRESSES AND DEFORMED SHAPE 

IMMEDIATELY AFTER EXCAVATION 
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Fiqure 12-19 

STORAGE ROOMS 
P R I N C I P A L  STRESSES AND DEFORMED SHAPE 

1 YEAR AFTER EXCAVATION 
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Flqure  12-20 

STORAGE ROOMS 
P R I N C I P A L  S T R E S S E S  A N 0  DEFORMED SHAPE 

10 YEARS A F T E R  E X C A V A T I O N  
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t h e  p r e d i c t e d  311 - 
However, t h e  f l o o r  heave i s  s t i l l  very  smal l  I _. aome s l ippage has 

occurred a long  t h e  c l a y  seams. This  i s  g r a p h i c a l l y  dep ic ted  as a 

s l i g h t  h o r i z o n t a l  d i s j o i n t i n g  o f  t h e  l i n e s  t h a t  fo rm t h e  element 

boundar ies a long  a c l a y  seam. 

A t  6.5 years  a f t e r  excavat ion,  t h e  p r e d i c t e d  deformed shape o f  t h e  

s torage room shows much downward deformat ion i n  t h e  r o o f  beam a t  i t s  

c e n t e r l i n e .  The f l o o r  has heaved s l i g h t l y  upward, w i t h  t h e  upward 

d isp lacement  be ing  somewhat more no t iceab le  i n  t h e  c e n t e r  o f  t h e  room. 

The a n a l y s i s  shows ve ry  l i t t l e  deformat ion i n  t h e  a n h y d r i t e  bed even 

a f t e r  10 years.  Based on t h e  smal l  amount o f  f l o o r  heave, i t  appears 

t h a t  t h e  s t i f f  a n h y d r i t e  bed d imin ishes t h e  amount o f  f l o o r  creep by 

suppo t t i ng  a l a r g e  amount o f  l a t e r a l  pressure.  However, because the re  

i s  a p o t e n t i a l  f o r  t h e  anhydr i t e  bed t o  f a i l  l o c a l l y  a t  about 8.5 years 

a f t e r  excavat ion.  i t  may n o t  be ab le  t o  suppor t  t h i s  l a r g e  amount o f  

than p r e d i c t e d  by  t h e  nodel .  
l a t e r a l  pressure.  Th is  may r e s u l t  i n  a h i g h e r  creep r a t e  i n  t h e  f l o o r  - 

As d iscussed i n  Chapter 11. labo ra to ry  d e r i v e d  creep constants 

underpred ic ted  a c t u a l  c l o s u r e  i n  the  t e s t  rooms. Thus. back c a l c u l a t i o n  

o f  average creep parameters was made us ing  e i t h e r  measured r o o f - t o - f l o o r  

o r  w a l l - t o - w a l l  c l o s u r e  da ta .  The e f fec t i veness  o f  ' t h e  model s imu la t i on  

techniques used t o  d e r i v e  t h e  creep parameters and e x t r a p o l a t e  c losure  

behav io r  were discussed i n  d e t a i l  i n  Chapter 11, subsec t ion  11.3.2.5. 

Because ME-139 was assumed t o  be l i n e a r l y  e l a s t i c  w i t h  i n f i n i t e  

s t rength ,  t h e  numer ica l  modeling underpred ic ted  f l o o r  heave bu t  

ove rp red ic ted  roo f  sag. However, t h e  o v e r a l l  r o o f - t o - f l o o r  c losure  is 
reasanably w e l l  p r e d i c t e d  by t h e  model. 

I n  o r d e r  t o  show t h e  e f f e c t  o f  geometry and e x t r a c t i o n  on t h e  c losure  

r a t e ,  e x t r a p o l a t i o n s  o f  t h e  i n  s i t u  c losure  h i s t o r i e s  f o r  t h e  t e s t  rooms 

and va r ious  s i z e  d r i f t s ,  as w e l l  as t h e  c a l c u l a t e d  r o o f - t o - f l o o r  and 
wa l l - t o -wa l l  c losures  f o r  t h e  storage rooms were p l o t t e d  f o r  comparison 

(F igures  12-21 and 12-22) .  S i m i l a r  c a l c u l a t i o n s  were made us ing the  

- 
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!Iqure 12-21 Y E A R S  A F T E R  E X C A V A T I O N  

12-35 ROOF-.TO-FLOOR CLOSURE 
GEOHETRY AYD E X C A V A T I O N  E F F E C T S  
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i Y E A R S  AFTER E X C A V A T I O N  

12-3b 

Figure 12-22 

W A L L - T O - W A L L  CLOSURE 
GEOMETRY AND E X C A V A T I O N  E F F E C T S  



avtr;.ge creep parameters i ~ i .  t h e  Tuo i n t e r i o r  13 >: LJ-foct : e x  rLiorns 

and usir,g an i n f i n i t e  a r r a f o f  rooms t o  indica'ie i n e  5e ; is i t . t r iLy  o f  t h e  

va lue  o f  t h e  parameters. The same parametex were a l s o  used i n  t h e  

c a l c u l a t i o n s  o f  a s i n g l e  13 x 33-fOOt room model t o  determine t h e  

e f f e c t s  o f  e x t r a c t i o n  on t h e  number o f  rooms i n  an a r r a y .  The 

d e s c r i p t i o n s  o f  t h e  c l o s u r e  curves p l o t t e d  on F igures 12-21 and 12-22 

a r e  as fo l l ows :  

( A )  A n a l y t i c a l  c l o s u r e  p r e d i c t i o n  o f  a 13 x 33- foot  s to rage  room 

i n  an i n f i n i t e  number o f  13 x 33-fOOt rooms us ing  creep 

parameters averaged f rom a l l  f o u r  t e s t  rooms. 

( B )  I d e n t i c a l  t o  c u r v e  A. except t h a t  i t  i s  p l o t t e d  w i t h  a 

decreasing secondary creep r a t e  der ived  f rom i n  s i t u  t e s t  

room data.  

(C-) I d e n t i c a l  t o  cu rve  A. except t h a t  the  creep parameters used 

are  t h e  average o f  t h e  constants  f rom T e s t  Rooms 2 and 3. 

( D )  Test  Room 1 c l o s u r e  us ing  mathemat ica l ly  ' e x t r a p o l a t e d  i n  

s i t u  c l o s u r e  da ta .  

( E )  Test Room 2 c l o s u r e  us ing  mathemat ica l ly  e x t r a p o l a t e d  i n  

s i t u  c losu re  data.  

( F )  Test Room 4 c l o s u r e  us ing  mathemat ica l ly  e x t r a p o l a t e d  i n  

s i t u  c l o s u r e  da ta .  

(G) Test Room 3 c l o s u r e  us ing  mathemat ica l ly  e x t r a p o l a t e d  i n  

s i t u  c losu re  da ta .  

(H) A n a l y t i c a l  c l o s u r e  p r e d i c t e d  f o r  a 13 x 25-fOOt s to rage  area 

d r i f t  us ing  creep parameters from an 8 x 25- foo t  d r i f t .  
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Projected c l o s u r e  u s i n g  i n  s i t u  da ta  f rom t h e  12 x 25-fOOt 

E l40  d r i f t  a t  S1450 ( i n c l u d e s  e f f e c t s  o f  nearby p a r a l l e l  and 

cross d r i f t s ) .  

A n a l y t i c a l  c l o s u r e  p r e d i c t i o n  f o r  a s i n g l e  13  x 33- foot  room 

us ing  creep parameters averaged f rom Test Rooms 2 and 3. 

Pro jected c l o s u r e  u s i n g  i n  s i t u  da ta  f rom t h e  8 x 25- foo t  

E l40  d r i f t  a t  52350 (no  e f f e c t s  f rom nearby excavat ion) .  

Pro jected c l o s u r e  u s i n g  i n  s i t u  data f rom t h e  8 x 14 - foo t  

E l40 d r i f t  a t  N626 ( e f f e c t s  o f  smal l  c ross s e c t i o n  

dimensions). - 
A s  expected, t h e  two . i n t e r i o r  t e s t  rooms (Tes t  Rooms 2 and 3) had more 

c l o s u r e  and h igher  c l o s u r e  r a t e s  d u r i n g  t h e  f i r s t  year than t h e  o u t e r  

rooms (Tes t  Rooms 1 and 4 ) .  T h i s  i s  due t o  t h e  f a c t  t h a t  Test Rooms 2 

and 3 were excavated be fore  T e s t  Rooms 1 and 4. However, Test Rooms 1 

and 4 e x h i b i t  h igher  c l o s u r e  r a t e s  d u r i n g  t h e  secondary creep s tage.  

Th is  i s  cons i s ten t  w i t h  t h e  s t r e s s  a rch  p r i n c i p l e .  

An eva lua t i on  o f  these 13 c l o s u r e  curves i n d i c a t e s  t h a t  geometry and 

e x t r a c t i o n  r a t i o  s t r o n g l y  impact  t h e  t o t a l  c losu re  i n  a seven-room 

panel  w i t h i n  an e ight -panel  s to rage  area and t h a t  t h e  r a t e  o f  c l o s u r e  

w i l l  be f a s t e r  than t h e  e x t r a p o l a t e d  curves f o r  a t e s t  room w i t h i r \  t h e  

four-room t e s t  panel. For  conservat ism,  Curve A (F igures 12-21 and 

12-22) i s  used f o r  s torage room a n a l y s i s ,  p r e d i c t i o n  and v a l i d a t i o n .  

Curve A on F igure 12-21 represents  t h e  r o o f - t o - f l o o r  c losu re  p r e d i c t i o n  

us ing  t h e  average creep parameter va lues f o r  Test Rooms 1 th rough 4. - 
These values were p r e v i o u s l y  presented i n  Chapter 11, Table 11-12. In 

,---. 
I' x. 
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r h e  first, year .following excavation, the roof-to-floor closure c u w e  is 
non-linear. The primary creep closure rate is very fast, as shown by 
the steeply sloped region in the first 3 months. Two and one half 
inches were added to the measured closure values to compensate for the 
lack of early closure data (Chapter 11). During secondary creep, the 
curve flattens and becomes approximately linear with a closure rate of 
approximately 3 inches per year. This closure prediction shows a 
closure of approximately 22 inches at 5 years after excavation and 54 
inches at 15 years after excavation. 

Curve A on Figure 12-22 represents the wall-to-wall closure prediction 
using the average creep parameter values for Test Rooms 1 through 4. 
These values were previously presented i n  Chapter 11. Table 11-13. A s  

with the roof-to-floor closure, the wall-to-wall closure is non-linear 
in the first year following excavation. Again, the closure 'rate due to 
primary creep is initially very fast in the first 3 months as shown by 
the steep slope of the curve. Two inches were added to the measured 
closure values, as discussed in Chapter 1 1 ,  to compensate for the lack 
of early closure data. The curve eventually flattens during the 
secondary creep phase and becomes approximately linear with a closure 
rate of about 2 inches per year. The wall-to-wall closure prediction 
shows a closure of approximately 15 inches at 5 years after excavation 
and 36 inches at 15 years after excavation. 

When the storage rooms are fully occupied by waste and backfill 
material, the closure of the room will be limited by the ability of the 
contents to be compacted. Assuming that the volume of the waste 
container can be compacted by 40 percent and the volume o f  the backfill 
material by 15 percent, the roof-to-floor closure is predicted to have 
a maximum value of 66 inches and the wall-to-wall closure a maximum 
value of 44 inches. This maximum closure would occur after about 18 
years for vertical closure and 19 years for horizontal closure (Figures 
12-21 ana 12-22). A reduction in the closure rate after the wall and 
roof surfaces begin compacting the backfill material and exerting 
pressure on the waste containers has not been considered. 
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estimates of stora-u rl. I , .  i  sure. Therefore, values from these curves 
were used in evaluating the reference design against the design 
criteria and design bases requirements. The design bases allow up to 
12 inches of closure in the first 5 years after excavation in order to 
maintain a 16-inch space for ventilation and backfill equipment and to 
maintain a 12-foot minimum clearance for storage equipment. The 
estimated vertical closure in 5 years using curve A is about 22 
inches. This 10 inch increase over the design basis limit could be 
acconodated by increasing the reference design room height from 13 
feet to 13 feet 10 inches. This would be satisfactory for permanent 
storage. Another way to acconodate the increased closure and still 
maintain the 16-inch ventilation space (Figure 12-3) is to eliminate 
the backfill or reduce its thickness covering the CH containers to 6 
inches or less. Deleting the salt backfill would require a change in 
the design criteria. 

The solution to the increased vertical closure is not so simple for 
permanent storage, however. If at the end of the 5-year demonstration 
period, a decision is made requiring the stored waste to be retrieved, 
the design criteria assume that it will take twice as long to retrieve 
waste as it took to store it. This would result in a room being an 
additional 10 years old before retrieval is completed. Under these 
circumstances. a 15-year old room would have a closure o f  54 inches, 
based on Curve A. Assuming that a storage room was excavated to the 
maximum allowable height of 14 feet. the closure would be 14 inches 
more than could be accomnodated (24 inches for closure allowance, 
including 12 inches allowed by the design basis and 12 inches for the 
increase i n  room height from 13 feet to 14 feet, and 16 inches for 
ventilation space). This would result in the backfill being compressed 
and in the possible crushing and breaching of the waste containers. 
Because this scenario does not comply with the design criteria 
requirements, other alternatives must be considered. 
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- These a l t e r n a t i v e s .  i n c l u d i n g  m o d i f i c a t i o n  o f  t h e  design c r i t e r i a ,  a r e  

presented i n  subsect ion 12.6.2. Two cons idera t ions  must be addressed 

here, however, t o  suppor t  t h e  recomnendations. F i r s t ,  t h e  10 yea r  

maximum r e t r i e v a l  p e r i o d  assumed by t h e  des ign c r i t e r i a  i s  ve ry  

conserva t ive .  Should r e t r i e v a l  be conducted on a th ree  s h i f t s  p e r  day 

bas is ,  r a t h e r  than t h e  assumed one s h i f t  per  day, no room would be 

o l d e r  than 7 years by t h e  t i m e  i t s  waste was re t r i eved .  Based on Curve 

A. a 7 year  o l d  room, f rom t h e  t i m e  o f  i n i t i a l  excavat ion,  would have a 

c l o s u r e  o f  about 28 inches.  Assuming a room was excavated t o  t h e  

14- foo t  h i g h  maximum and a l l o w i n g  24 inches f o r  c losure,  t h e  waste 

con ta ine rs  w i l l  n o t  be crushed o r  breached. However, t h e  v e n t i l a t i o n  

space w i l l  be reduced t o  12 inches.  Th is  could be t o l e r a t e d  because 

t h e  maximum 28-inch c l o s u r e  w i l l  be a t  t h e  room cen te r l i ne ;  a d d i t i o n a l  

v e n t i l a t i o n  space w i l l  be ga ined c l o s e r  t o  t h e  room w a l l s .  

A l t e r n a t i v e l y ,  the  th i ckness  o f  t h e  s a l t  b a c k f i l l  over t h e  c o n t a i n e r s  

cou ld  be reduced o r  e l i m i n a t e d  t o  m a i n t a i n  t h e  v e n t i l a t i o n .  

x. 

The second cons ide ra t i on  s u p p o r t i n g  t h e  recomnendations i s  t h a t  a 

r e d u c t i o n  i n  room c l o s u r e  can be gained by mod i fy ing  t h e  excava t ion  

technique.  A panel o f  rooms c o u l d  be excavated t o  the  re fe rence  des ign  

dimension o f  13  t o  14 f e e t  h igh .  A f t e r  a year  o f  c losure ,  t hese  

openings w i l l  be c l o s i n g  a t  t h e  r a t e  determined by  secondary creep. A t  

t h i s  t ime  t h e  rooms cou ld  be t r imned  t o  14 f e e t  h igh.  Tr imning w i l l  

remove t h e  s a l t  t h a t  has moved i n t o  t h e  room dur ing  t h e  yea r  and 

p rov ide  a f u l l  dimensioned room t h a t  w i l l  c lose  a t  t h e  r a t e  determined 

by  secondary creep. Based on an average secondary creep c l o s u r e  r a t e  

o f  3 inches per  year,  t h e  rooms would have t h e  f o l l o w i n g  p r e d i c t e d  

c losures  a f t e r  t r imn ing :  

5 years 
/ 

7 years 

10 years 

15 years /f 

15 inches 

21 inches 

30 inches 

45 inches 

Should t h e  r e t r i e v a l  be e f f e c t e d  w i t h i n  7 years a f t e r  t r imming,  a 
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I n  o r d e r  t o  ga in  the  reduced c l o s u r e  b e n e f i t s  o f  secondary creep, t h e  

amount o f  t r i m n i n g  must be k e p t  t o  a minimum. The rooms should 

i n i t i a l l y  be excavated as c l o s e  t o  t h e  14-fOOt h i g h  maximum dimension 

as poss ib le .  The t r i m n i n g  opera t i on  a yea r  l a t e r  should remove no more 
s a l t  f rom t h e  f l o o r  than necessary to en large  t h e  room h e i g h t  t o  

14 f e e t .  This small amount o f  t r i m n i n g  w i l l  min imize t h e  inc rease i n  

c l o s u r e  t h a t  t y p i c a l l y  f o l l o w s  major  re-excavat ion.  as has a l ready  been 

exper ienced a t  the  WIPP d u r i n g  f l o o r  l ower ing  i n  some d r i f t s  (Chapter  

10. F igu re  10-6. and t h i s  chapter ,  F igu re  12-21, Curve J). Th is  i s  

d iscussed i n  d e t a i l  i n  t h e  nex t  subsect ion.  

The w i d t h  o f  the  storage rooms presents  s i m i l a r  p'rotrlems. The 

re fe rence  des ign s p e c i f i e s  a minimum room w id th  o f  33 f e e t  and a 

maximum w i d t h  o f  34 f e e t .  Again, Curve A on F igu re  12-22 represents  

t h e  most conservat ive es t imate  o f  h o r i z o n t a l  c losure .  The des ign b a s i s  

a l l ows  9 inches o f  h o r i z o n t a l  c l o s u r e  i n  t h e  f i r s t  5 years ( 4  1/2 

inches f o r  each w a l l ) .  The space between t h e  w a l l  and t h e  waste 

con ta ine rs  ( I t e m  10, F igu re  12-3) .  f o r  t h e  s torage area re fe rence  

design. w i l l  be b a c k f i l l e d  w i th  loose s a l t .  

The p r e d i c t e d  wa l l - to -wa l l  c l o s u r e  i n  5 years, us ing  Curve A, i s  about  

15  inches. Th is  c losure  w i l l  r e s u l t  i n  compaction o f  the  s a l t  b a c k f i l l  

and p o s s i b l y  i n  the  c rush ing  and breaching o f  some conta iners.  Th is  

c o n d i t i o n  i s  s u i t a b l e  f o r  permanent storage. Should r e t r i e v a l  be 

requ i red ,  t h e  pred ic ted  c l o s u r e  f o r  a 15-year o l d  room would be 36 

dimensions, as discussed e a r l i e r ,  t h e  room would be 34 f e e t  wide w i t h  

t h e  waste conta iners 15 inches from each w a l l .  This 30 inches o f  

h o r i z o n t a l  c learance i s  n o t  adequate t o  meet t h e  design c r i t e r i a  

requirements f o r  the c rush ing  and breaching o f  containers.  even i f  

b a c k f i l l  .were n o t  requi red.  I n  o rde r  t o  meet t h e  i n t e n t  o f  t h e  des ign  

c r i t e r i a .  the  reference des ign m u s t  be mod i f i ed .  The f i v e  a l t e r n a t i v e s  

presented i n  subsect ion 12.6.2 i n c l u d e  m o d i f i c a t i o n s  t o  accomodate  

t h i s  h o r i z o n t a l  c losure.  

(<j\ 
inches.  I f  i t  i s  assumed t h a t  t h e  room i s  excavated t o  i t s  maximum i i l  1 i. 
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- As 1s the case w l t h  ver t ica l  closure i n  t h e  s torage rooms, t iming  of 

re t r ieva l  operations and two-stage excavation can be used t o  reduce the 
wall-to-wail closure.  Should three sh i f t s  per d a y  be used during 
re t r ieva l  and i f  t he  rooms are  a maximum of 7 years old, t h e n  
wall-to-wall closure would be about  20 inches. I f  the storage 
operation i s  conducted on a f i r s t  emplaced/first re t r ieved basis and 
re t r ieva l  i s  effected before a room exceeds an age of 6 years, 
horizontal closure would  be further reduced t o  18 inches. B o t h  of 
these operational changes would decrease the  poss ib l i t y  of crushing or  
breaching the waste containers.  

Two-stage excavation gains additional closure bene f i t s .  If a room i s  

i n i t i a l l y  excavated t o  t h e  maximum design width of 34 f e e t  and a f t e r  a 
year o f  closure trimned t o  34 f e e t ,  closure would be controlled by 

secondary creep. Based on a wall-to-wall secondary creep closure ra te  
of 2 inches per year, the rooms would have t h e  following predicted 
closures a f t e r  t r imning:  

5 years 10 inches 
7 years 1 4  inches m .  10 years 20 inches 

\. \- .~ ,’ 15 years 30 inches 
I . .  : 

This wil l  f u r t h e r  minimize c r u s h i n g  o r  breaching of the waste 
containers . 

I t  i s  expected t h a t  increasing the distance between the waste canis ters  
and t h e  wall by increasing the  room t o  the maximum design width of 34 
f ee t ,  t he reby  increasing the amount o f  loose s a l t  backfi l l  in t h i s  
space, wil l  increase the time i t  takes for  horizontal  closure t o  
consolidate the backfi l l  and  t ransfer  s u f f i c i e n t  load t o  crush the 
waste canis te rs .  This, coupled with the f a s t e r  r e t r i eva l  schedules 
discussed previously and the f ac t  t ha t  the backf i l l  wi l l  not be 
completely confined, wi l l  minimize crushing and breaching of the 
canis te rs  as required by the  c r i t e r i a .  How much i t  w i l l  be minimized 

12-43 



, -  , . .  ~. I , . .  :., ,.. ;?. .ram in , i tu  . $.ria.. . \ -  
. .  : ; ' .  ' 

. : ... I consoldiation and container stability become available 

12.3.3.2 Storage Area Drifts 

The results of the analysis of the storage area drifts with dimensions 
of 8 x 25 feet were plotted at various integration time steps. These 
integration steps correspond to real times imnediately after floor 
lowering and 5 years after initial excavation. The effective stress 
and effective creep strain, principal stresses, and deformed shape were 
plotted at these times based on the roof-to-floor creep parameters for 
a representative station (Chapter 10). 

Effective Stresses and Effective Creep Strains. Figures 12-23 and 12-24 
show the calculation for effective stress distribution in those elements 
of the finite element model near the drift opening. As with similar 
plots for the 8 x 25-foot drifts discussed in Chapter 10. each contour 
increment represents an effective stress interval of 100 ksf. I 

The plot of effective stress imnediately after floor lowering shows the 
impact on the stress distribution as a result of the drift height 
modification. This change in effective stress precipitates a 
concomitant increase in the creep rate. This appears as a sharp but 
short increase in slope on the roof-to-floor closure versus time curve 
(Chapter 10, Figure 10-6, and this chapter, Figure 12-21. Curve J). 

At the end of 5 years, the anhydrite bed shows a very large effective 
stress gradient from top to bottom in the vicinity of the drift floor 
due to the stiffness of the bed. Maximum effective stresses are i n  
excess of 1 .OOO ksf, 

The effective creep strains have concentrated in the region around the 
drift opening and intensify with time. A rough linear extrapolation of 
effective creep strain beyond 5 years indicates that the maximum 
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c average e f f e c t i v e  creep s t r a i n  may r e i c h  16 pe rcen t  a t  about  20 years 

a f t e r  excavat ion.  Based on f a i l u r e  c r i t e r i a  f o r  h a l i t e  ob ta ined from 

labo ra to ry  t e s t  data (Chapter 6) ,  f a i l u r e  i n  h a l i t e  may s t a r t  a t  about 

1 5  percent .  However, t h e  numerical model ing i n d i c a t e s  t h a t  the  

e f f e c t i v e  creep s t r a i n  drops o f f  sharp ly  away f rom t h e  opening. It i s  

t h e r e f o r e  expected t h a t  h i g h  e f f e c t i v e  s t r a i n  would n o t  r e s u l t  i n  a 

l a r g e  sca le  f a i l u r e  i n  h a l i t e .  

P r i n c i D a l  St resses.  The p l o t s  o f  p r i n c i p a l  s t resses  (F igu res  12-25 and 

12-26) c o n s i s t e n t l y  show t h e  "arch"  p a t t e r n  which develops around t h e  

d r i f t  i n  o r d e r  t o  t r a n s f e r  loads past  t h e  d r i f t  opening. The a r c h  i s  

shown t o  m i g r a t e  away f rom t h e  opening w i t h  t ime.  As expected, t h e  

magnitude o f  ma jor  p r i n c i p a l  s t ress  i s  g r e a t e r  i n  t h e  corners  o f  t h e  

d r i f t  and in t h e  u n d e r l y i n g  anhydr i t e  bed. The a n h y d r i t e  i n  p a r t i c u l a r  

i s  subjected t o  l a r g e  s t resses  because i t  i s  t h e  o n l y  m a t e r i a l  t h a t  has 

been assumed i n  t h e  model t o  n o t  creep; i t  t h e r e f o r e  " s t o r e s "  a l a r g e  

amount o f  energy i n  t h e  fo rm o f  e l a s t i c  s t r a i n .  

Deformat ion and Closure.  F igu re  12-2J shows t h e  deformed shape 5 years 

a f t e r  d r i f t  excavat ion,  o r  approximately 3 years a f t e r  f l o o r  lower ing.  

It should be noted t h a t ,  w h i l e  both t h e  r o o f  and wa.lls a r e  creeping 

inward, t h e  upward f l o o r  heave i s  small by comparison. Th is  phenomenon 

i s  due t o  t h e  s t i f f e n i n g  e f f e c t  o f  the  under l y ing  a n h y d r i t e  bed. 

The s t ress  r e d i s t r i b u t i o n  t h a t  occurs as a r e s u l t  o f  mod i f y ing  the  

d r i f t  h e i g h t  i s  t h e  d r i v i n g  fo rce  behind t h e  l a r g e  r o o f  and w a l l  

d e f l e c t i o n s  t h a t  a r e  t h e  most prominent fea tu res  o f  t h e  p l o t  a t  5 

years. A close examinat ion o f  t h e  5-year deformed p l o t  shows t h a t  c l a y  

seam s l ippage has occur red .  The most no t i ceab le  s l i p p a g e  has occurred 

i n  t h e  c l a y  seam loca ted  about 8 f e e t  above t h e  e x i s t i n g  r o o f .  Here, 

t h e  maximum h o r i z o n t a l  r e l a t i v e  displacement across  t h e  seam i s  

approx imate ly  3 1/2 inches. Actual  r e l a t i v e  d isp lacement  w i l l  be lower 

because t h e  c l a y  seams have a f i n i t e  f r i c t i o n  K o e f f i c i e n t .  
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Figure 12-26 demonstrates the effect of increasing the vertical 
dimension of a storage area drifr at some point after initial 
excavation. The finite element model is calibrated with in situ data. 
It models an 8 x 25-foot drift that has its height increased to 13 feet 
by excavating an additional 5 feet from the floor. The 8 x 25-fOOt 
drift exhibits typical closure; that is, the curve shows .high rate of 
closure during primary creep and a nearly constant closure rate during 
secondary creep. When the floor is lowered (in this case 2.3 years 
after excavation), primary creep is temporarily reinitiated. The 
secondary creep phase is eventually re-established, but with some 
difference. The slope o f  the curve during secondary creep after floor 
lowering is slightly steeper than the secondary creep prior to floor 
lowering. The rate of closure does not return to the initial rate, but 
rather reflects the new, larger dimension of the drift. In this model, 
the modified drift has 1 1  inches of vertical closure 5 years after 
initial excavation. 

The same computation included wall-to-wall closure. The effects of 
floor lowering were the same as for roof-to-floor closure. After floor 
lowering, primary creep was reinitiated and followed by a new secondary 
creep phase with a slightly higher closure rate. Five years after 
initial excavation. the predicted horizontal closure is about 8 inches. 

A rough extrapolation o f  the predicted roof-to-floor and wall-to-wall 
closures based on model simulation and resulting secondary creep 

closure indicates the following: 

Roof-to-Floor Closure Wall-to-Wall Closure 
Time at 2.0 inches/year at 1.6 inches/year 

I Years j (inches) (inches) [ ’  

10 
15 
20 
25 

\ a  . 20 
30 
40 
50 

16 
24 
32 
40 

The maximum effective strain around the drift opening reaches b percent 
about 8 years after excavation. Based on in situ observations and the 
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results of modeling the test rooms. this effective strain of 6 percent 
may not result in instabiiity of the &rifts. However, i n  15 years tne 
effective strain 'at the excavation surface will exceed 10 percent 
locally and the roof-to-floor closure will be nearly 30 inches. 
According to the failure criterion, based on laboratory tests on 
samples of halite (Chapter 6). the halite is supposed to fail at about 
16 percent effective strain. Therefore, minor surface deterioration 
can be expected and some trimning will be required to permit operation 
of the waste storage equipment. Because the effective strain decreases 
rapidly within the salt, trimning on the order of only a few feet may 
be needed after 20 years. 

The storage drifts, as with the storage rooms. must accomnodate greater 
than predicted closure. The reference design provides for waste 
storage In the storage area drifts only after all of the main storage 
rooms are filled. Since this would occur toward the end of the 
operating phase, waste in these drifts would not be subject to 
retrieval under the provisions governing the 5-year demonstration 
period. Waste stored in the drifts would be on a permanent basis. 

Increased closure does impact waste emplacement and emplacement 
machinery. In the reference design, the greatest age a drift would 
reach before waste was emplaced would be about 15 years. At this age, 
based on the calculated closure for a 13 x 25-foot drift, the predicted 
roof-to-floor closure would be about 25 inches and the predicted 
wall-to-wall closure would be about 20 inches. The storage drifts 
would have to be trimned to permit proper storage and equipment 
clearance. Similarly, the storage drifts and crosscuts less than 25 
feet wide would also require trimning. i;7' 2 .-y 
12.3.3.3 intersections 

The acdelivg of intersections is an expensive, three-dimensional 
analysis. However, to estimate closures at a storage room 
intersection, a simplified method can be utilized i n  place of a 
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When normal ized t i m e  i s  s u f f i c i e n t l y  large,  a n a l y t i c a l  r e s u l t s  have 

c o n s i s t e n t l y  shown that  room c l o s u r e  i n  t h e  normal ized t ime domain can 

be est imated by t h e  f o l l o w i n g  equat ion:  

(12-3) -4.9 u = u* + u* t* when: t* > l ~ l O - ~ '  k s f  
0 f 

t* = C [ t  + $1 - e 

u* i s  a constant;  and 

A - z t  
where: ) ]  i s  t h e  normal ized t ime; 

0 

AU u* = l i m  - 
A t 4  

Closure f o r  t h e  s to rage room i n t e r s e c t i o n s .  i n  normal ized t ime,  was 

c a l c u l a t e d  us ing  t h e  creep parameters discussed i n  Chapter 11 and i n  

s i t u  da ta  c o l l e c t e d  near t h e  i n t e r s e c t i o n s  o f  t h e  N1420 d r i f t s  w i t h  

Rooms L1 and L2. As expected, t h e  c l o s u r e  h i s t o r y  f o l l o w s  equa t ion  

12-3 when t h e  normal ized t ime  i s  g r e a t e r  than 8 . 0 ~ 1 0 - ~ ~  ks f4a9.  

The average values o f  u * ~  and i ~ *~  f o r  Rooms L1 and L2 were 

c a l c u l a t e d  t o  be 0.0450 f e e t  and 1 .967x1012 k ~ f - ~ - ~ ,  respec t i ve l y .  

A f t e r  de termin ing  t h e  values o f  u * ~  and u * ~ ,  equat ion 12-3 can be 
u t i l i z e d  f o r  computing t h e  c l o s u r e  a t  a storage room i n t e r s e c t i o n .  

F igure  12-29 shows t h e  r o o f - t o - f l o o r  c l o s u r e  p r e d i c t i o n  a t  a s to rage 

room i n t e r s e c t i o n .  

12.4 STORAGE AREA PLUGS 

The des ign c r i t e r i a  r e q u i r e  t h a t  t h e  s torage area re fe rence des ign  

con ta in  p r o v i s i o n s  f o r  t h e  i s o l a t i o n  o f  t h e  waste s torage panels f rom 

each o the r .  The re fe rence des ign  con ta ins  recomnended l o c a t i o n s  f o r  
p lugs which would p rov ide  t h i s  i s o l a t i o n .  I t  does not ,  however, 
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provide a specific design for the plugs. The design of the plugs is 
currently under investigation by SNL (ref. 12-8). 

The recomnended locations for the plugs are shown on Figure 12-30. The 
plugs will be constructed in the entry drifts to each panel. The four 
main access drifts to the storage area will also contain plugs. The 
section of the entry drifts.leading from the access drifts to the first 
storage room i s  200 feet long. The reference design contains 
provisions for the construction of approximately 100-foot long plugs 
centered in this 200-foot section of each entry drift. 

Originally, the reference design contained entry drift cross section 
dimensions of 13 feet high and 33 feet wide. These dimensions are the 
same as those for the storage room reference design and were chosen 
based on waste contalner stacklng consideratlons. This design was 
modified as the result of a meeting between the DOE and all project 
participants (ref. 3-2). The reference design modification was based 
on the necessity to minimize the cross section area of the plugs while 
maintaining sufficient room for the excavation and waste storage 
equipment. 

The reference design modification for the entry drifts is shown on 
Figure 12-31. The 100-foot long section containing the plug has been 
reduced i n  cross section to 13 feet high and 14 feet wide for the 
exhaust drift and 20 feet wide for the intake drift. However, the 
operating contractor may further modify these dimensions to accomnodate 
equipment. The four main access drifts will retain their original 
cross section dimensions i n  the areas of the planned plugs. 

The plug shown on Figure 12-31 would consist of multiple components as 
described in reference 12-8. These components include a central core of 
bentonite or bentonite-based mix, salt-brick bulkheads, and cement-based 
bulkhe?<s. Prior to constructing the multiple-component plug i n  an 
entry drift, the operating contractor must investigate the disturbed 
zone surrounding the drift. I n  particular, the occurrence of any 
fractures within and above ME-139, beneath the floor, and any 
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c 
separa t lons  a t  c l a y  seams above t h e  r o o f  w i l l  need t o  be evaluated.  I f  

zones o f  unacceptable p e r m e a b i l i t y  a r e  detected i n  t h e  f l o o r ,  t h e  p l u g  

a rea  should be lowered t o  remove t h e  f r a c t u r e d  zone and MB-139. 

S i m i l a r l y .  should any separa t ions  be found a t  c l a y  seams above t h e  

e n t r y  d r i f t ,  t h e  r o o f  should be excavated up through t h e  h i g h e s t  seam 

e x h i b i t i n g  separat ion.  

I f  t h e  d i s tu rbed  zone e f f e c t s  a r e  n o t  subs tan t i a l ,  low-pressure 

g r o u t i n g  may be considered as an a l t e r n a t i v e  remedial a c t i o n .  Th is  

would pe rm i t  r e t e n t i o n  o f  t h e  minimum cross s e c t i o n  f o r  t h e  p l u g  area. 

I n  a d d i t i o n ,  pressure g r o u t i n g  cou ld  be used i n  con junc t i on  w i t h  

excava t ion  t o  t r e a t  deeper . f rac tu res .  i f  present.  

12.5 STORAGE ROOM BACKFILL 

I n  accordance w i t h  t h e  des ign c r i t e r i a .  t h e  s torage room re fe rence  

des ign  inc ludes  b a c k f i l l i n g  t h e  rooms w i t h  crushed s a l t  a f t e r  waste 

emplacement. The s torage area d r i f t  and room dimensional  requirements 

a r e  shown on F igures 12-2 and 12-3. The th ickness  o f  t h e  s a l t  b a c k f i l l  

cove r ing  t h e  waste packages shown on these f i g u r e s  i s  1 t o  2 f e e t .  

T h i s  i s  t o  be t h e  th ickness  o f  t h e  s a l t  a f t e r  placement and does n o t  

t a k e  i n t o  account b a c k f i l l  c o n s o l i d a t i o n  du r ing  room c losure.  

The o n l y  purpose f o r  b a c k f i l l i n g  presented i n  the  c r i t e r i a  i s  t o  

p r o v i d e  f i r e  p r o t e c t i o n  i n  t h e  c to rage rooms based on an acc iden t  

scenar io  i n  which spontaneous i g n i t i o n  o f  t h e  contents o f  a CH TRU 

waste con ta ine r  r e s u l t s  i n  f i r e  p ropagat ion  t o  ad jacent  con ta ine rs .  

Recent studies concerning t h e  p o t e n t i a l  f o r  spontaneous i g n i t i o n  i n  CH 
TRU waste conta iners have i n d i c a t e d  t h a t  t h i s  i s  n o t  a c r e d i b l e  

scenar io .  Although b a c k f i l l  i s  a des ign c r i t e r i a  requirement and 

t h e r e f o r e  must be incorpora ted  i n t o  t h e  re fe rence design. t h e  r e s u l t s  

o f  these s tud ies  i n d i c a t e  t h a t  b a c k f i l l  w i l l  n o t  be necessary f o r  f i r e  

p r o t e c t  ion .  
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L . .  '.., subsecr ions present  conc lus ions p e r t a i n i l l y  t o  v a i  iuaL - 
o f  t h e  WIPP s to rage area reference des ign and recomnendations f c ~  
design m o d i f i c a t i o n s  t o  achieve v a l i d a t i o n  o f  t h e  re fe rence  design. 

These a r e  based on a comparison o f  t h e  des ign c r i t e r i a .  des ign  bases 

and re fe rence  des ign  con f igu ra t i ons  w i t h  t h e  r e s u l t s  o f  t h e  a n a l y s i s  

and e v a l u a t i o n  o f  da ta  c o l l e c t e d  du r ing  t h e  des ign v a l i d a t i o n  process. 

12.6.1 Conclusions 

The most s i g n i f i c a n t  f i n d i n g  o f  t h e  des ign v a l i d a t i o n  program i s  t h e  

d i f f e r e n c e  between c l o s u r e  p red ic ted  from labo ra to ry  t e s t  da ta  and t h e  
c losu re  a c t u a l l y  o c c u r r i n g  i n  t h e  underground f a c i l i t y .  The s torage 

area r e f e r e n c e  des ign  con f igu ra t i ons  were designed b e f o r e  long- term i n  

s i t u  da ta  were a v a i l a b l e .  Closure ra tes  were es t imated  us ing  creep 

constants  d e r i v e d  f rom t h e  l abo ra to ry  analyses o f  s a l t  cores f rom 

boreho le  E R D A 4 .  These est imates r e s u l t e d  i n  t h e  es tab l i shment  o f  a 

c losu re  l i m i t  o f  12 inches i n  t h e  f i r s t  5 years f o l l o w i n g  excavat ion.  

Eva lua t i on  o f  t h e  i n  s i t u  data demonstrates t h a t  t h i s  c l o s u r e  l i m i t  i s  

i n s u f f i c i e n t .  The p r e d i c t e d  c losu re  based on l a b o r a t o r y  analyses 
underest imates t h e  a c t u a l  c losu re  a t  3 years by about a f a c t o r  o f  t h r e e  

(F igu re  11-35). E s t a b l i s h i n g  t h e  causes f o r '  t h i s  underp red ic t i on  o f  

c losu re  r e q u i r e s  a d d i t i o n a l  study and research and i s  beyond t h e  scope 

o f  t h i s  r e p o r t .  

V e r t i c a l  and h o r i z o n t a l  c l o s u r e  demonstrated by t h e  i n  s i t u  da ta  w i l l  
n o t  a l l o w  t h e  re fe rence des ign t o  meet t h e  des ign  c r i t e r i a  

requirements.  The waste conta iners  w i l l  most l i k e l y  be crushed and 

breached. Furthermore, because o f  t h e  i n  s i t u  c l o s u r e  t h e  waste 

con ta ine r  s t a c k i n g  con f igu ra t i ons  and t r a n s p o r t  v e h i c l e  would n o t  be 

compat ib le  w i t h  t h e  re fe rence design room and d r i f t  c o n f i g u r a t i o n s .  I n  

o rder  f o r  t h e  re fe rence  des ign t o  comply w i t h  t h e  des ign  c r i t e r i a .  t h e  

s torage area des ign  con f igu ra t i ons  o r  t h e  design c r i t e r i a  w i l l  have t o  

be mod i f i ed .  F i v e  a l t e r n a t i v e  mod i f i ca t i ons  are  presented i n  t h e  nex t  

h 

h 

subsect ion.  
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The a n a l y t i c a l  r e s u l t s  f o r  t h e  s torage area show t h e  r e d i s t r i b u t i o n  o f  

stresses around t h e  openings due t o  t h e  e f f e c t s  o f  creep. Based on t h e  
computed v e r t i c a l ,  h o r i z o n t a l ,  and e f f e c t i v e  s t resses ,  t h e  magnitude o f  

s t resses i m n e d i a t e l y  ad jacen t  t o  t h e  openings decreases and t h e  s t r e s s  

arch  around t h e  openings migra tes  away w i t h  t ime.  The maximum s t r e s s  

occurs imned ia te l y  a f t e r  excavat ion  and i s  f o l l o w e d  by  r e l a x a t i o n  due 

t o  creep behavior .  Therefore,  t h e  s t resses w i l l  n o t  cause a f u t u r e  

s t a b i l i t y  problem i n  t h e  s torage area except i n  MB-139. where a gradual  

bu i l dup  of  s t r e s s  may cause l o c a l  f a i l u r e  o f  t h e  a n h y d r i t e .  Th is  

f a i l u r e  i s  expected t o  be i n  t h e  form o f  f l o o r  s labb ing  and should n o t  

a f f e c t  t h e  s t r u c t u r a l  performance o f  t h e  openings n o r  h i n d e r  t h e  waste 

storage opera t ions .  I n v e s t i g a t i o n s  of  t h e  t e s t  room f l o o r s  i n d i c a t e  

t h a t  major  f r a c t u r i n g  has occurred o n l y  i n  t h e  south  h a l f  o f  Test  

Room 3 (Room T) .  A l l  o t h e r  f l o o r  f r a c t u r i n g  has been minor .  

- 

The ana lys i s  shows t h e  l o c a t i o n s  o f  e f f e c t i v e  creep s t r a i n  

concentrat ions a t  d i f f e r e n t  t imes around t h e  openings. Based on t h e  

p red ic ted  values o f  e f f e c t i v e  creep s t r a i n  and t h e  s t r a i n  l i m i t  

d iscussed i n  Chapter 6. e f f e c t i v e  creep s t r a i n  may l o c a l l y  exceed t h e  

c r i t i c a l  s t r a i n  which Ss based on l abo ra to ry  t e s t  data.  However, t h i s  

i s  n o t  expected t o  d i s t u r b  t h e  o v e r a l l  s t r u c t u r a l  s t a b i l i t y  w i t h i n  t h e  

l i m i t s  requ i red  f o r  s a f e t y  du r ing  t h e  5-year demonst ra t ion  p e r i o d  and 

permanent storage. M ino r  s p a l l s  and f a i l u r e s  on t h e  w a l l  sur faces,  

s i m i l a r  t o  t h e  ones d iscussed i n  Chapter 11. a r e  expected t o  occur  and 

can be e a s i l y  i d e n t i f i e d  and monitored. S c a l i n g  c i  tnese minor  

f a i l u r e s ,  when necessary. i s  considered a normal maintenance opera t ion .  

The f a c i l i t y  s t r a t i g r a p h y  i s  cont inuous and un i fo rm.  No anomalous 

cond i t i ons  have been encountered t h a t  would j e o p a r d i z e  f a c i l i t y  

operat ions o r  waste s torage i n t e g r i t y .  The f r a c t u r i n g  t h a t  i s  

occu r r i ng  beneath t h e  t e s t  room f l o o r s  may develop t o  some degree 

beneath t h e  s to rage rooms. These f r a c t u r e s  a r e  n o t  cons idered t o  be 

de le te r j ous  t o  s to rage room performance. There have been no 

occurrences o f  gas o r  b r i n e  i n  q u a n t i t i e s  t h a t  would adverse ly  a f f e c t  

waste s torage opera t ions .  
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d r i f t s  con ta ins  a reduced c ross  s e c t i o n  i n  t h e  p l u g  a i  2 i i .  :is= minimum 
dimensions f o r  t h e  p l u g  area . w i l l  be d i c t a t e d  by o p e r a t i n g  
requirements.  The dimensions may a l s o  r e q u i r e  a l t e r a t i o n  i f  d i s t u r b e d  

zone e f f e c t s  a r e  p resent  t h a t  n e c e s s i t a t e  a d d i t i o n a l  excavat ion.  

An independent s tudy has concluded t h a t  spontaneous combustion i n  t h e  

waste con ta ine rs  i s  n o t  a c r e d i b l e  event .  I n  t h i s  case, crushed s a l t  

b a c k f i l l  w i l l  n o t  be requ i red  f o r  f i r e  p r o t e c t i o n .  Because i t  has been 

determined t h a t  t h e  s torage rooms w i l l  c l ose  a t  a r a t e  f a s t e r  t han  

o r i g i n a l l y  a n t i c i p a t e d .  d e l e t i o n  o f  t h e  b a c k f i l l  requirement w i l l  
p r o v i d e  a d d i t i o n a l  a l lowance f o r  v e r t i c a l  c losure .  Th is  has f a v o r a b l e  

i m p l i c a t i o n s  i n  terms o f  recomended m o d i f i c a t i o n s  discussed i n  t h e  

n e x t  subsect ion.  

12.6.2 R e c m e n d a t i o n s  

The re fe rence des ign w i l l  be v a l i d a t e d  when any o f  t h e  f o l l o w i n g  

a l t e r n a t i v e  m o d i f i c a t i o n s  o r  combinat ions the reo f  a r e  incorporated:  

(1 )  Ma in ta in  t h e  re fe rence des ign  room dimensions (13 t o  14 f e e t  

h igh  and 33 t o  34 f e e t  wide).  r e t a i n  t h e  s a l t  b a c k f i l l  b u t  

reduce t h e  volume o f  waste t o  be s to red  and modify t h e  waste 

s tack ing  c o n f i g u r a t i o n  i n  each room and e n t r y  d r i f t  

(F igu re  12-32). These changes would be requ i red  o n l y  d u r i n g  

t h e  5-year demonstrat ion pe r iod .  Revise t h e  c r i t e r i a  t o  

r e q u i r e  t h a t  r e t r i e v a l  opera t ions  be accomplished w i t h i n  7 

years o f  excavat ing each room. This  w i l l  assure t h a t  t h e  

waste conta iners  w i l l  n o t  be crushed or breached. However, 

i t  w i l l  r e q u i r e  a s i g n i f i c a n t  number o f  a d d i t i o n a l  rooms 

d u r i n g  and a f t e r  t h e  demonstrat ion pe r iod .  

(2)  Ma in ta in  t h e  re fe rence  des ign  room dimensions and t h e  waste 

s torage volume. Revise t h e  c r i t e r i a  t o  de le te  t h e  

requirement f o r  s a l t  b a c k f i l l  and t o  r e q u i r e  t h a t  i f  t h e  
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any room i n  whirl, waste _ _  - years.  

Th is  w i l l  p rec lude t h e  pos.. mtj: ~ t y  o f  c rush ing  and/or  

b reach ing  any waste conta iners  and w i l l  make r e t r i e v a l  

e a s i e r  and more rap id .  No a d d i t i o n a l  rooms w i l l  be requ i red .  

( 3 )  M a i n t a i n  t h e  re fe rence  des ign room dimensions, t h e  waste 

s to rage volume. and t h e  s a l t  b a c k f i l l .  Revise t h e  s to rage 

opera t i ons  d u r i n g  t h e  5-year demonstrat ion p e r i o d  so t h a t  

t h e  waste s to red  f i r s t  can be r e t r i e v e d  f i r s t .  Excavate t h e  

rooms t o  14 x 34 f e e t  i n i t i a l l y  and then t r i m  them t o  

14 x 34 f e e t  a year  l a t e r .  Rooms having waste r e t r i e v e d  
w i l l  not  be o l d e r  than  6 years and t h e  wa l l - t o -wa l l  c l o s u r e  

w i l l  be approx imate ly  12 inches. This  would min imize t h e  

c rush ing  and breaching o f  t h e  waste con ta ine rs .  The 

c r i t e r i a  a r e  t o  be rev i sed  as s ta ted  under (5) o f  these 

recomnendations. However, due t o  t h e  f i r s t - i d f i r s t - o u t  

recomnendation. more rooms w i l l  be r e q u i r e d  d u r i n g  t h e  

5-year demonstrat ion pe r iod  t o  accomnodate t h e  expected 

volume of waste. Tr imning t o  t h e  f i n a l  dimensions w i l l  a l s o  
i nc rease  opera t i ng  costs.  The t o t a l  number o f  rooms 

r e q u i r e d  w i l l  be t h e  same as prov ided by t h e  re fe rence  

design. 

( 4 )  For  t h e  5-year demonstrat ion per iod,  reduce t h e  s torage room 

w i d t h  f rom 33 f e e t  t o  28 fee t ,  ma in ta in  t h e  13 t o  14-fOOt 

he lgh t .  and reduce t h e  p i l l a r  w i d t h  t o  84 f e e t .  M a i n t a i n  

t h e  f i r s t  room f o r  RH emplacement a t  33 f e e t  t o  34 f e e t  wide 

and 13 f e e t  t o  14 f e e t  h igh  as prov ided i n  t h e  re fe rence  

design. Reduce t h e  volume o f  waste t o  be s to red  i n  each 
room and ma in ta in  t h e  s a l t  b a c k f i l l .  Excavate t h e  rooms t o  

1 4  x 28 f e e t  then, a f t e r  approximately 1 year ,  t r i m  them t o  
14 x 28 f e e t  again. Provide f o r  f i r s t - i d f i r s t - o u t  

emplacement and r e t r i e v a l  du r ing  t h e  5-year demonstrat ion 
pe r iod .  Th is  w i l l  reduce t h e  r a t e  of creep t o  approx imate ly  
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t h e  r a t e  f o r  t h e  13 x 25- foot  d r i f t s .  The p o t e n t i a l  f o r  

c rush ing  and breaching of  t h e  waste c o n t a i n e r s  w i l l  be 

m!nimized and t h e  s t a b i l i t y  should be b e t t e r  t h a n  t h a t  f o r  a 

33- foot  w ide  room. The t o t a l  volume o f  excava t i l  

approx imate ly  t h e  same. I f  t h i s  a l t e r n a t i v e  i s  

a d d i t i o n a l  eng ineer ing  eva lua t i on  w i l l  be requ i red .  

(5) H a i n t a i n  a l l  o f  t h e  fea tu res  o f  t h e  re fe rence des 

i s .  m a i n t a i n  t h e  s torage room c o n f i g u r a t i o n  o f  13 

I w i l l  be 

se lec ted ,  

gn. That 

f e e t  h i g h  

and 33 f e e t  wide, ma in ta in  t h e  s a l t  b a c k f i l l ,  m a i n t a i n  t h e  

planned volume o f  waste t o  be s to red  i n  each room and d r i f t ,  

and m a i n t a i n  t h e  same opt imized excavat ion  p l a n  f o r  t h e  

5-year demonstrat ion pe r iod  and permanent s torage.  Revise 

t h e  design c r i t e r i a  t o  a l l o w  c rush ing  and breach ing  o f  t h e  

CH waste con ta ine rs  du r ing  t h e  5-year demonstrat ion p e r i o d  

as w e l l  as d u r i n g  permanent storage. Also, r e v i s e  t h e  

c r i t e r i a  r e q u i r i n g  a demonstrat ion o f  waste package hand l i ng  

t o  i n c l u d e  a demonstrat ion o f  t h e  r e t r i e v a l  o f  crushed and 

breached con ta ine rs  p r i o r  t o  r e c e i v i n g  waste. Th is  

a l t e r n a t i v e  w i l l  no t  on l y  demonstrate t h e  sa fe  r e t r i e v a l  o f  

waste i f  r e q u i r e d  du r ing  t h e  5-year demonstrat ion p e r i o d  b u t  

a l s o  a t  any t i m e  du r ing  permanent storage. 

I n  a d d i t i o n  t o  these recomnended a l t e r n a t i v e  m o d i f i c a t i o n s ,  t h e  

f o l l o w i n g  m o d i f i c a t i o n s  a r e  recomnended: 

(6) The d r i f t s  used f o r  storage w i l l  have t o  be ma in ta ined  and 

t r imned t o  p rov ide  t h e  requ i red  equipment and s torage 

clearances. The c losu re  ra tes  are  n o t  c r i t i c a l  f o r  s torage 

because these d r i f t s  w i l l  be used on ly  f o r  permanent s torage 

near  t h e  end o f  t h e  p e m n e n t  s torage per iod .  
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the plugs in m e  

(8) Install instrumentation in the storage rooms to obtain in 
situ data to monitor storage room behavior. 



GLOSSARY 
.- 

6.1 TERMINOLOGY 

- Back - The r o o f  o f  underground h o r i z o n t a l  openings 

Bunton - H o r i z o n t a l ,  t u b u l a r  s t e e l  s e c t i o n  i n s t a l l  d i n  t h e  C H 
s h a f t  t o  suppor t  t h e  wood gu ide  r a i l s  which c e n t e r  t h e  s h a f t  conveyance 

as they  t r a v e l  i n  t h e  sha f t .  

CH TRU waste - Contact-handled t ransuran ic  waste t h a t  i s  packaged so 

t h a t  t h e  dose r a t e  a t  t h e  su r face  o f  t h e  waste package i s  n o t  g rea te r  

than 200 m i l l i r e d h .  

Closure - The gradual  decrease i n  d is tance between two opposing p o i n t s  

i n  an underground opening as a r e s u l t  o f  rock o r  s a l t  movement. 

Converqence - See "c losure" .  

D a t a l o w e r  - Computer system t h a t  c o l l e c t s  and records  t h e  ou tpu t  of 

geomechanical i ns t rumen ta t i on .  

Desiqn bases - D e t a i l e d  requirements es tab l i shed  f rom t h e  des ign 

c r i t e r i a  t o  p rov ide  a d d i t i o n a l  d i r e c t i o n  i n  development of t h e  

engineer ing des ign  of t h e  WIPP underground f a c i l i t i e s .  

Desiqn conf i q u r a t i o n  - Engineered design dimensions o f  underground 

f a c i l i t y  openings based on requirements o f  des ign  c r i t e r i a  and des ign 

bases. 

Desiqn c r i t e r i a  - General requirements e s t a b l i s h e d  t o  govern t h e  

engineer ing des ign  o f  t h e  W I P P  underground f a c i l i t i e s .  
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Desian v a l i d a t i o n  - The process o f  c o n f i r m i n g  the  W I P P  underground 

opening reference des ign by de te rm in ing  t h e  c o m p a t i b i l i t y  o f  t h e  des ign  

c r i t e r i a .  des ign bases and re fe rence  des ign  con f igu ra t i ons  us ing  s i t e  

s p e c i f i c  in fo rmat ion .  V a l i d a t i o n  i s  achieved through an assessment o f  

t h e  c o n d i t i o n  and behav io r  o f  t h e  underground oQenings. and on 

p r e d i c t i o n s  o f  t h e i r  f u t u r e  behavior ,  based on i n  s i t u  observa t ions  and 

measurements. 

Orumny - Term used t o  desc r ibe  rock  that  sounds ho l low o r  loose when 

tapped w i t h  a s o l i d  ob jec t ;  used e s p e c i a l l y  i n  r e l a t i o n  t o  a mine r o o f .  

F a c i l i t v  l e v e l  - The underground h o r i z o n t a l  p o r t i o n  o f  t h e  WIPP 

f a c i l i t y  developed f o r  waste s to rage  purposes. 
. .  

- The rock th i ckness  between t h e  f l o o r  o r  r o o f  o f  an 

excavated opening and t h e  f i r s t  u n d e r l y i n g  o r  o v e r l y i n g  c l a y  seam. 

Galloway - A mult i -decked s t e e l  p l a t f o r m  suspended i n  a s h a f t  and 

r a i s e d  o r  lowered by means o f  a cab le  h o i s t .  It i s  used t o  t r a n s p o r t  

m a t e r i a l  and personnel  i n  t h e  s h a f t ,  p a r t i c u l a r l y  d u r i n g  s h a f t  

o u t f i t t i n g .  

- Guide - V e r t i c a l  s h a f t  member o f  s t e e l  o r  wood which i s  used t o  c e n t e r  

t h e  conveyance equipment as i t  t r a v e l s  i n  t h e  sha f t .  

Lonq-term mon i to r i ng  - The extended a c q u i s i t i o n  and eva lua t i on  o f  da ta  

t o  determine the  geomechanical response o f  the  r o c k / s a l t  t o  

excavat ion.  These data w i l l  supplement t h e  R 6 D program. 
' (:-:\, ..,. 
,~ 
' I ':I ) 

Muck - The broken rock and o t h e r  m a t e r i a l  t h a t  i s  removed d u r i n g  s h a f t  ',%.' .i .._ .,. - 
o r  h o r i z o n t a l  opening excavat ion.  

Penecontemporaneous - Term used t o  i n d i c a t e  a geologic  process t h a t  

occurs concurrent w i t h  o r  a f t e r  sediment depos i t i on  b u t  b e f o r e  
l i t h i f i c a t i o n .  
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GLOSSARY (continued) . . 

Potash - Any potassium-rich rock mined and refissd to produce products 
used in agriculture or industry. 

Preliminarv desian validation - The process of achieving a preliminary 
evaluation of the underground design criteria. design bases and design 
configurations early in construction, primarily by visual observations 
of the underground openings and geomechanical instrumentation 
measurements. 

R 6 D Proaram - The WIPP mission designed to provide a technical 
understanding of systems design, safety and environmental assessments 
for the disposal o f  radioactive waste from U.S. defense programs. The 
program includes technology development through laboratory testing of 
theoretical analysis and in situ testing to evaluate the techniques 
used to monitor the responses of materia.ls and facility systems. 

RH TRU waste - Remote-handled transuranic waste that is packaged so 
that the dose rate at the surface of the package is greater than 200 
millirem/h but less than 100 rem/h. 

- R i b  - The vertical wall of underground horizontal openings. 

Scaling - The removal of  loose rock from underground opening surfaces. 

' Shaft outfittinq - The process of installing shaft furnishings 
(utilities, buntons, guides, conveyance equipment, etc.). as well as 
stabilizing the wall by means o f  rock bolts, wire mesh or lining. 

1 

Short-term monitorinq - The acquisition and evaluation of data to 
determine the initial geomechanical response of the rock/salt to 
excavation. .. .. . 

~ x, 
i 

,' .. .. .. # 
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Site and Preliminary Desian Validation (SPDV) - A WIPP program 
consisting of two integrated -subprograms, Site Validation and 
Preliminary Design Validation, that are defined in their individual 
1 istings. 

Site characterization - The process of obtaining geotechnical data and 
conducting experiments to determine the suitability of the WIPP site 
for a research and development facility to demonstrate the safe 
disposal of defense-related nuclear waste. 

Site validation - The process of achieving the highest practicable 
level of confidence in the site's suitability and overall qualification 
through subsurface investigations. 

Slabbinq - The weakening of rock fragments or segments along fractures 
parallel to the excavation surface. 

spud - To begin drilling a well, hole or shaft. 

SDallinq - The breaking loose of chips, thin slabs, o r  fragments from 
the outer surface of a rock mass. 

Telltale DiDe - A pipe used to monitor the effectiveness of the 
chemical water seals in the shaft keys. The pipe provides a pathway 
for water to flow through the concrete beneath the seals from the 
salt/concrete interface to the inside face of the concrete key. 

Transuranic (TRU) waste - Radioactive waste containing transuranic 
elements created by the absorption of neutrons into uranium atoms. 

_, -. -.. 
' ' ~ ',. 

!\ * ,' 

, . .  
Underqround development level - See "facility level". 
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GLOSSARY (cont inued)  

Underaround f a c i l i t v  h o r i z o n  - The s t r a t i g r a p h i c  i n t e r v a l  w i t h i n  t h e  

Salado format ion.  f rom a depth o f  approximately 2,100 t o  2.170 f e e t  

(e lev .  1240 t o  1310 f e e t ) ,  which was se lected f o r  t e s t i n g  and s to rage 

o f  low- level  nuc lea r  waste. 

6.2 ACRONYMS 

AC I 
AEC 

B N I  

BTP 

C h SH 

CH TRU 

DOE 

F E I S  

GFDR I 

. GSA 

GTP 

LTC 

M I I T  

MOC 

MSHA 

NAS 

R & D  
RH TRU 

R M C - I I A  

SAR 

SME 

SNL 

SPDV 

TRU 

TSC 

USGS 

WIPP 

American Concrete I n s t i t u t e  

Atomic Energy Comnission 

Bechte l  Na t iona l ,  Incorpora ted  

B r i n e  T e s t i n g  Program 

Cons t ruc t i on  and s a l t  hand l ing  

Contact-handled t r a n s u r a n i c  
U.S. Department o f  Energy 

F i n a l  Environmental  Impact Statement 

Geotechnical  F i e l d  Data Report 

Geologica l  Soc ie ty  o f  America 

Gas T e s t i n g  Program 

Local  t e r m i n a t i o n  c a b i n e t  

M a t e r i a l  I n t e r f a c e - I n t e r a c t i o n s  T e s t  

Management and Operat ing Contractor  

Mine S a f e t y  and Hea l th  Admin i s t ra t i on  

Nat iona l  Academy o f  Sciences 

Research and development 

Remotely-handled t ransu ran ic  
Revised M iss ion  Concept I I A  

Sa fe ty  Ana lys i s  Report  

Soc ie ty  o f  M in ing  Engineer ing 

Sandia Na t iona l  Labora to r ies  

S i t e  and P r e l i m i n a r y  Design Va l i da t i on  

1 ransuran i  c 

Technical  Support  Cont rac tor  

Un i ted  S ta tes  Geologica l  Survey 

Waste I s o l a t i o n  P i l o t  P lan t  

! ,' . '~, 
! ,  1 I 
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