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FOREWORD 

The reference 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 l a n t  was developed us ing t h e  bes 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  design e f f o r t .  These design c r i t e r i a  a re  

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

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 Miss ion 

Concept-IIA ( R M C - I I A ) ,  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 resu l ted  i n  

v a l i d a t i o n  o f  t h e  reference design 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 he  

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

t h e  reference design as presented i n  t h i s  r e p o r t  permi ts  t he  

cons ide ra t i on  o f  f u t u r e  design o r  design' c r i t e r i a  mod i f i ca t i ons  

necess i ta ted  by these changes o r  by experience gained a t  t he  WIPP. Any 

f u t u r e  mod i f i ca t i ons  t o  the  design c r i t e r i a  and/or t he  reference design 

w i l l  be governed by a DOE Standard Operat ion Procedure (SOP) cover ing 
I 

underground design changes. This  procedure wi 11 exp la in  the  process t o  

be fo l lowed i n  descr ib ing ,  eva lua t i ng  and approving t h e  change. 
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WASTE ISOLATION PILOT PLANT 

DESIGN VALIDATION 

EXECUTIVE SUMMARY 

INTRODUCTION 

The Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) i s  being developed by the  U.S. 

Department o f  Energy (DOE) as a research and development f a c i l i t y  t o  

demonstrate t h e  sa fe  d isposa l  o f  r a d i o a c t i v e  waste from 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  eas t  o f  t h e  c i t y  o f  Carlsbad. Underground development i s  a t  a  

depth o f  about 2,150 f e e t  i n  t h i c k  depos i ts  o f  bedded s a l t .  The 

f a c i l i t y  ope ra t i on  w i l l  i n c l u d e  i n  s i t u  experiments addressing 

t e c h n i c a l  issues f o r  defense waste programs and storage o f  defense 

r e l a t e d  contact-handled (CH) and remote-handled (RH) t ransuran ic  (TRU) 

waste. 

b I n  1979, t h e  DOE es tab l i shed  a S i t e  and P re l im ina ry  Design V a l i d a t i o n  

(SPDV) Program t o  p rov ide  a d d i t i o n a l  conf idence i n  t he  s i t i n g  and 

design o f  t h e  W I P P  f a c i l i t y .  On J u l y  1, 1981, t h e  DOE entered i n t o  an 

agreement w i t h  t h e  S t a t e  o f  New Mexico whereby t h e  DOE would per form 

c e r t a i n  work t o  v a l i d a t e  t h e  re fe rence design o f  t he  WIPP underground 

openings. The r e s u l t s  o f  t h e  s i t e  v a l i d a t i o n  p o r t i o n  o f  -the program 

a r e  presented i n  t h e  r e p o r t  t i t l e d  Resul ts  o f  S i t e  V a l i d a t i o n  

Experiments, Volumes I and 11, TME document 3177, dated March 1983. 

The r e s u l t s  o f  t h e  p r e l i m i n a r y  design v a l i d a t i o n  p o r t i o n  o f  t h e  program 

a r e  presented i n  t h e  r e p o r t  t i t l e d  Waste I s o l a t i o n  P i l o t  P lan t  

P re l im ina ry  Desiqn V a l i d a t i o n  Report, dated March 30, 1983. 

Design v a l i d a t i o n  o f  t h e  WIPP i s  de f ined  as t h e  process by which t h e  

re fe rence  design o f  t h e  underground openings i s  conf irmed by 

de termin ing  t h e  corr~pati b i  1  i t y  o f  t h e  design c r i t e r i a ,  design bases and 

re fe rence design c o n f i g u r a t i o n s  us ing  s i t e  s p e c i f i c  in fo rmat ion .  The 

design v a l i d a t i o n  process cons i s t s  o f  an assessment o f  t h e  c o n d i t i o n  
L~ and behavior  o f  sha f ts ,  d r i f t s  and a f u l l - s i z e d ,  four-room t e s t  panel 



excavated dur ing the SPDV Program and f u l l  WIPP  construct ion.  Based on 

t h i s  assessment o f  these excavations, and on pred ic t ions o f  t h e i r  

f u tu re  behavior, any modi f icat ions t o  the  design c r i t e r i a ,  design bases 

o r  design conf igurat ions required t o  achieve a va l idated reference 

design w i l l  be developed. I n  addi t ion,  the  val idated reference design 

may be modif ied i n  the  f u t u r e  as s t i l l  more data and experience are 

gained dur ing a 5-year demonstration per iod (per iod dur ing which a l l  

waste must be re t r ievab le )  and permanent storage operations. 

The WIPP  Prel iminary Desisn Val idat ion Report was an i n t e r i m  repor t  

prepared as p a r t  o f  t he  ove ra l l  va l l da t i on  o f  t he  WIPP  underground 

opening reference design. The WIPP Desisn Va l ida t ion  F ina l  Report 

contains add i t iona l  informat ion gathered a f t e r  completion o f  t he  SPDV 

Program. This informat ion has been analyzed and evaluated t o  complete 

the  design va l i da t i on  process f o r  the  WIPP. 

Four types o f  in format ion were gathered f o r  the WIPP  Desiqn Va l ida t ion  

F ina l  Reoort: 

(1) observations o f  the  behavior o f  the  underground openings; 

(2 )  descr ip t ions o f  the  geologic condi t ions encountered dur-i ng 

underground construction; 

- ,. : 

(3)  descr ip t ions o f  core samples from instrumentat ion and other  

holes i n  the  roo f  and f l o o r  o f  the underground openings; and 

(4) data from i n s t a l l e d  geomechanical instrumentation. 

The design va l i da t i on  process provides f o r  the  co l lec t ion ,  analys is  and 

evaluat ion o f  i n  s i t u  data. This process i s  designed t o  permit 

determination o f  the need t o  modify elements o f  the  underground opening 

reference design so t h a t  construct ion and operation o f  the  f u l l  

f a c i  1 i t y  can proceed i n  a t imely,  safe, environmental ly acceptable and 

cost  e f f e c t i v e  manner. Observation and instrumentat ion data have been 



c o l l e c t e d  and evaluated f o r  each o f  t h e  underground design elements. C Tables 1 through V 1  a t  t h e  end o f  t h i s  sunnary present  t h e  eva lua t ion  

r e s u l t s  f o r  t h e  design c r i t e r i a ,  design bases and design con f i gu ra t i ons  

o f  t h e  sha f t s  and h o r i z o n t a l  openings. 

BACKGROUND OF UNDERGROUND DESIGN 

Geologic 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  began w i t h  a l i t e r a t u r e  review 

and cont inued w i t h  t h e  c o l l e c t i o n  o f  f i e l d  data. Specia l  emphasis was 

placed on c o r r e l a t i n g  da ta  obta ined f rom seismic r e f l e c t i o n  and 

r e s i s t i v i t y  surveys and borehole d r i  11 i ng .  Design i n fo rma t ion  

regard ing  s i t e - s t r a t i g r a p h y  f rom t h e  ground sur face 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  was developed from geologic  da ta  

obta ined f rom d r i l l  ho les ERDA-9, WIPP-12 and DOE-1, and from 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  shaf ts .  

'The engineer ing designs f o r  t h e  WIPP sur face and underground f a c i  1  i t i e s  

Cl began w i t h  t h e  conceptual design, i n i t i a t e d  i n  1975 and completed i n  

1977. The conceptual design prov ided t h e  bas is  f o r  t h e  development o f  

t h e  p r e l i m i n a r y  design o f  bo th  t h e  sur face and underground f a c i l i t i e s ,  

which was completed i n  January 1980. The p re l im ina ry  design 

incorpora ted  t h e  convent ional  room and p i l l a r  method f o r  underground 

devel opment . 

Design o f  t h e  W I P P  prov ided f o r  t h e  access and storage openings t o  

remain s t a b l e  and prov ide  minimum clearance f o r  equipment du r ing  waste 

emplacement and t h e  5-year demonstrat ion period, even though these 

openings w i  11 even tua l l y  c lose  due t o  s a l t  creep. Modeling techniques 

were used t o  est imate t h e  geomechanical behavior  and s t r u c t u r a l  

s t a b i  1 i t y  o f  'the openings. The p r e l i m i n a r y  design inc luded numerical 

model ing o f  t h e  se lec ted  underground opening conf igura t ions .  These 

models were used t o  p r e d i c t  opening c losures and augmented o the r  

. convent ional  min ing  i n d u s t r y  methods o f  s t a b i l i t y  eva lua t ion .  



UNDERGROUND FACILITIES 

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 .  These hor izons were chosen f rom 

examinations o f  a v a i l a b l e  geotechnical  data and on ho r i zon  s e l e c t i o n  

c r i t e r i a  es tab l i shed  by t h e  WIPP 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  

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

The W I P P  f a c i l i t y  i s  composed o f  t h r e e  s h a 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 6 SH s h a f t  p rov 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  designed t o  p e r m 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  sur face waste-handling 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  

f rom t h e  underground f a c i l i t y .  A l l  t h r e e  s h a f t s  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  sec t i on  pene t ra t i ng  t h e  rock overburden; an 

un l i ned  s e c t i o n  pene t ra t i ng  t h e  s a l t ;  and a  key a t  t h e  r o c k l 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  

sec t ion .  

The storage l e v e l  conta ins  a l l  o f  t h e  underground f a c i l i t i e s  f o r  waste 

hand1 ing, waste storage, opera t ions  and maintenance. A1 1 o f  t h e  

underground h o r i z o n t a l  openings a re  rec tangu la r  i n  cross sec t ion .  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 i g h  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 f rom May 1981 through March 1983. The 

second phase, f u l l  const ruc t ion ,  was accomplished from October 1983 

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

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



SUPPORTING VALIDATION DOCUMENTS 

The pr imary  documents suppor t ing  design va l  i d a t i o n  a r e  t h e  WIPP 

Pre l im ina ry  Desiqn V a l i d a t i o n  Report  and q u a r t e r l y  geotechnica 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  design 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  design c r i t e r i a  and design 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  11 i n g  and logging,  and geomechanical ins t rumenta t ion  da ta  were 

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

p r e l i m i n a r y  conclus ions presented ' i n  t h e  WIPP Pre l  im inarv  Design 

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

per fo rming  as expected and were s tab le .  I n  add i t i on ,  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  du r i ng  excavat ion and no b r i n e  

pockets had been encountered. 

L The GFDRs were i n i t i a t e d  by t h e  DOE t o  p rov ide  data from the  SPDV 

Program and f u l l  c o n s t r u c t i o n  i n  a t ime ly .  manner. The GFDRs were 

in tended t o  present  i n  s i t u  data on t h e  geomechanical behavior  o f  t h e  

s t r a t a  surrounding t h e  underground openings a long w i t h  v i s u a l  

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

design elements. 

METHODOLOGY 

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

t h e  design c r i t e r i a ,  des ign bases and reference design us ing s i t e  

s p e c i f i c  i n fo rma t i on .  The design v a l i d a t i o n  process cons is ts  o f  t h r e e  

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

o f  f u t u r e  behavior.  

The data c o l l e c t i o n  program was designed t o  p rov ide  i n fo rma t i on  on the  

geo log ic  cond i t i ons  encountered throughout  t he  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 



included geologic mapping, core d r i  1 l i n g  and logging, laboratory  

tes t ing,  v i sua l  inspections, and geomechanical instrumentat ion 

measurements. The data co l lec ted  from these a c t i v i t i e s  were analyzed 

and evaluated t o  determine the  behavior of the  various components o f  

the  underground f a c i l i t y  and p red i c t  t h e i r  f u tu re  behavior by 

p ro jec t ing  the  resu l t s  of  both f i n i t e  element model and regression 

analyses. 

The geomechanical instrumentat ion measurements provided i n  s i  t u  data on 

t he  behavior of  the  underground openings. These data were then used i n  

empir ical  equations r e l a t i n g  t ime and closure. Laboratory t e s t  r esu l t s  

were used t o  ca lcu la te  the  s a l t  creep and e l a s t i c  parameters. S a l t  

creep parameters were a lso  determined by the  regression analys is  of  i n  

s i t u  data. Long-term behavior o f  the  underground openings was 

predicted by ex t rapo la t ion  o f  the  resu l t s  of  the  regression analysis.  

I GEOLOGIC CHARACTERIZATION 

I Geologic character i  r a t i o n  of  the  WIPP underground openings began i n  
I 

3 

I June 1981 . Data c o l l e c t i o n  a c t i v i t i e s  included geologic mapping, core 

d r i l l i n g  and logging, and f l u i d  measurements. The SPDV exploratory  
I sha f t  was mapped p r i o r  t o  se lec t ing  the  storage horizon. The waste 
I 

I 
I sha f t  was mapped, f i r s t  as the  SPDV v e n t i l a t i o n  shaf t  and again a f t e r  

l i t  was enlarged t o  i t s  f i n a l  diameter. Geologic mapping was a lso  

1 conducted i n  the  exhaust shaft .  

Geologic mapping of  the  hor i zon ta l  openings was conducted dur ing design 

va l ida t ion .  This mapping was performed p r ima r i l y  t o  determine 

s t ra t i g raph i c  con t inu i t y .  Mapping was conducted along one wa l l  of  the  

d r i f t s  t o  the  northern extent  of  the f a c i l i t y  and along the f u l l  length 

of  the  south exploratory d r i f t .  Geologic mapping was a lso conducted t o  

. the east and west f a c i l i t y  boundaries i n  the experimental area and i n  

the  t e s t  rooms. 



Geologic mapping conf irmed 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  

C t h e  h o r i z o n t a l  openings t o  t h e  f a c i  1  i t y  boundaries. Core d r i  1  l i n g  and 

l ogg 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 is tance 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 core 

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  geologic  structures..  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  WIPP reference 

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  c h a r a c t e r i  r e  t h e  two water-bearing do lomi te  members o f  t h e  Rust1 e r  

f o rma t i on  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  f rom t h e  R u s t l e r  fo rmat ion  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 ressur ized  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  

q u a n t i t i e s  and i s  sometimes associated 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  

j eopa rd i ze  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  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  being 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 ia ted  w i t h  design v a l i d a t i o n .  

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

p i l l a r  area. The design 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 nch  w i t h i n  a  500-foot rad ius  o f  

t h e  waste sha f t .  It i s  n o t  poss ib le  a t  t h i s  t ime t o  determine ac tua l  

subsidence; t h i s  w i l l  occur  over  t he  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 design 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. 



C & SH SHAFT 

The C & SH shaft consists of a lined section, a shaft key, an unlined 

section and a shaft station. The shaft liner is made of structural 

steel that increases in thickness with depth to withstand increasing 

hydrostatic pressure. The reinforced concrete shaft key serves as a 

transition between the lined and unlined sections of the shaft. 

Chemical water seals behind the concrete key are designed to prevent 

ground water from flowing behind the key, into the. unlined section of 

the shaft. The shaft station is excavated near the bottom of the 

unlined section. 

Validation of the C & SH shaft reference design was accomplished by 

acquir'lng a variety of geotechnical data for analysis, evaluation and 

prediction of future behavior. The condition of the shaft liner and 

key are monitored by geomechanical . instrumentation and visual 

inspections. Convergence points measure diametric closure; piezometers 

monltor ground-water pressures; strain gauges and pressure cells 

monitor the effect of salt creep on the concrete key. Telltale pipes 

in the shaft key provide information on the effectiveness of the 

chemical water seals. The unlined section of the shaft is monitored by 

extensometers and convergence points and is visually inspected for 

fracturing and rock slabbing. The shaft station has an extensive 

geomechanical instrumentation monitoring system and is inspected 

regularly. 

The design basis hydrostatic pressure is suitable. Plezometer 

measurements indicate that the hydrostatic pressure is currently much 

less than the design pressure. Analysis of the shaft key indicates 

that lateral pressure on the key at the end of the operating period 

will be much less than the design basis lateral pressure requirement. 

Diametric closure of the key will be minimal. Computational analyses 

of stresses and strains indicate that the shaft will be stable and 

remain within the required safety limits during its operating life. ~ 

Analysis of computed diametric closure near the bottom of the shaft 



i n d i c a t e d  t h a t ,  w h i l e  t h e  c losu re  w i l l  be w i t h i n  the  design c r i t e r i a  

and design bas is  l i m i t s ,  t h e  lower buntons w i l l  be impacted. 

The s h a f t  design complies w i t h  the  design c r i t e r i a  requirements f o r  

ground-water c o n t r o l .  Regular inspect ions  o f  s h a f t  cond i t ions  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  1  i t y .  

The C & 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  1  i t y .  The f r a c t u r i n g  and separat ion observed 

has been s t a b i l i z e d ,  bu t  w - i l l  cont inue t o  develop. Closure du r ing  t h e  

25-year opera t ing  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  1y. These cond i t ions  w i  11 requ i re  

maintenance t o  ensure sa fe ty  and t o  main ta in  t h e  requ i red  rnicimum 

clearances f o r  equipment and operat ions.  

WASTE SHAFT 

F-- The waste s h a f t  a l s o  cons i s t s  o f  a  l i n e d  sect ion,  a  key, an un l ined 

i 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 inforced 

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

s h a f t  l i n e r  te rminates  w i t h  a  re in fo rced  concrete key a t  t h e  

Rust ler/Salado fo rmat ion  contact .  The s h a f t  i s  unl 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 he  sha 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 consis ted o f  

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

i ns t rumen ta t i on  measurements and p e r i o d i c  v i sua l  inspect ions .  Except 

f o r  convergence po in t s ,  t h e  geomechanical instruments are  monitored 

remotely by t h e  datalogger. 

The waste s h a f t  da ta  was analyzed w i t h  respect  t o  design parameters f o r  

each component o f  t h e  shaf t .  As p a r t  o f  t h e  engineer ing ana lys is ,  

p r e d i c t i o n s  o f  f u t u r e  behav ior  were made f o r  each o f  t h e  components. 



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 confirmed. The water  pressure 

exer ted  on it i s  s i g n i f i c a n t l y  below t h e  design h y d r o s t a t i c  pressure. 

I f  t h e  pressure should reach t h e  design 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 shrinkage cracks 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  

creep equ iva len t  t o  50 percent  o f  t h e  v e r t i c a l  overburden pressure. A 

numerical ana lys i s  was u t i l i z e d  t o  s imula te  t h e  long-term e f f e c t  o f  

s a l t  creep on t h e  concrete key. It showed t h a t  t h e  computed l a t e r a l  

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

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

pressure capac 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  o n 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  conclus ion t h a t  t h e  water  sea ls  a r e  
I f unc t i on ing ,  t h a t  no water  i s  seeping a long t h e  conc re te /sa l t  contact ,  

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  occu r r i ng  behind t h e  key. 

The design c r i t e r i a  r e q u i r e  t h a t  no uncon t ro l l ed  ground water  reach t h e  

f a c i l i t y  l e v e l  through t h e  shaf ts .  Although 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 u n l i n e d  sec t i on  o f  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  opera t i ng  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  behavior  o f  t h i s  sec t i on  was analyzed us ing a f i n i t e  element 

model and creep parameters determined from t h e  C & 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 r e s s  occurred 

immediately a f t e r  excavat ion and w i  11 decrease w i t h  t ime. St ress  

behavior  w i l l  n o t  cause a s t a b i l i t y  problem. Diametr ic  c losu re  due t o  

s a l t  creep w i l l  n o t  exceed t h e  design l i m i t s .  



The des ign  o f  t h e  waste s h a f t  s t a t i o n  i s  based p r i m a r i l y  on ope ra t i ona l  

parameters. The c l o s u r e  and s t a b i l i t y  o f  t h e  s t a t i o n  was evaluated 

us ing  i n  s i t u  da ta  from t h e  C & SH s h a f t  s t a t i o n .  The est imated 

v e r t i c a l  c l o s u r e  r a t e  w i l l  r e s u l t  i n  a  t o t a l  c l o s u r e  o f  over  7 f e e t  

d u r i n g  t h e  25 yea r  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 .  Ac tua l  c l o s u r e  may 

be l ess ,  b u t  remedia l  work w i l l  s t i l l  be requ i red  t o  ma in ta i n  t h e  

p rope r  c learances.  

EXHAUST SHAFT 

The exhaust s h a f t  i s  cons t ruc ted  s i m i l a r l y  t o  t h e  waste sha f t .  It 

c o n s i s t s  o f  a  conc re te  l i n e d  sec t ion ,  a  s h a f t  key and an un l i ned  

sec t i on .  The l i n e d  s e c t i o n  i s  cons t ruc ted  o f  un re in fo r ced  concre te  and 

t h e  s h a f t  key o f  r e i n f o r c e d  concrete.  The u n l i n e d  s e c t i o n  con ta ins  

o n l y  rock  b o l t s  and w i r e  mesh. 

Data c o l l e c t i o n  i n  t h e  exhaust s h a f t  has been on a  much sma l l e r  sca le  
pp-i t h a n  i n  t h e  o t h e r  two sha f t s .  Geomechanical i ns t rumen ta t i on  was n o t  

b r e q u i r e d  by t h e  o r i g i n a l  s h a f t  des ign  because geo log ic  and s t r u c t u r a l  

c o n d i t i o n s  were assumed t o  be s i m i l a r  t o  t h e  o t h e r  two nearby sha f t s .  

However, remote ly  moni tored i n s t r u m e n t a t i o n  has been i n s t a l l e d  t o  

p r o v i d e  s h a f t - s p e c i f i c  i n f o r m a t i o n  f o r  use i n  t h e  s e a l i n g  program. 

Geolog ic  mapping and v i s u a l  i nspec t i ons  have conf i rmed t h a t  t h e  

geo log i c  and geohydro log ic  environment i s  s i m i l a r  t o  t h a t  o f  t h e  o t h e r  

two sha f t s .  Data f r om these  two s h a f t s  have been used t o  p r e d i c t  t h e  

f u t u r e  performance o f  t h e  exhaust s h a f t .  

Geohydrologic and geomechanical da ta  from t h e  C & SH s h a f t  and t h e  

waste s h a f t  have been compared t o  model s imu la t i ons  f o r  each s e c t i o n  o f  

t h e  exhaust s h a f t .  These models, f i e l d  observa t ions  and 

i n s t r u m e n t a t i o n  da ta  c o n f i r m  t h a t  t h e  exhaust s h a f t  re fe rence  des ign i s  

s u i t a b l e  f o r  i t s  25  yea r  o p e r a t i n g  l i f e .  

The s h a f t  l i n e r  i s  s t a b l e  and has a  wate r  pressure aga ins t  i t  t h a t  i s  

cl l e s s  than  t h e  des ign  b a s i s  h y d r o s t a t i c  pressure. I f  t h e  pressure 



1 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  

1 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 s h a f t ,  an ana lys 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 ca l cu la ted  f o r  25' years w i l l  s l i g h t l y  exceed 

t h e  design 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  un l i ned  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  opera t ing  l i f e .  The 

computed d iamet r i c  c losu re  w i l l  be w i t h i n  design c r i t e r i a  and des ign 

bas is  1  i m i  t s  . 

1 Water i s  en te r ing  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 small  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  remedial g rou t ing  program. When t h e  exhaust 

fans a r e  on, t h i s  water  evaporates be fo re  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. 

OR I FTS 

The d iscuss ion o f  d r i f t s  contained i n  t h i s  s e c t i o n  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 ta t i ons ,  t e s t  rooms, 

and storage area rooms and t h e i r  associated 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  design c r i t e r i a  and design 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 enlarged 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- foot  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  of geotechnical  a c t i v i t i e s  were conducted t o  eva luate  t h e  

behavior  of t h e  excavated d r i f t s .  These 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,  v i s u a l  inspect ions ,  and 

geomechanical ins t rumenta t ion  measurements. 



f-- Visua l  i nspec t i ons  cons is ted  o f  q u a l i t a t i v e  observat ions and 
b documentation o f  var 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  categor 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  d i  splacements and separat ions; and f l o o r  f r a c t u r i n g ,  

d i  sp'lacements 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  displacements have been detected 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  

behav io r  a re  expected and w i  11 cont 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 occurred i n  marker bed 139 (MB-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 he  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  

t&) 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 losu re  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 he  maximum c losu re  and c losure  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  ra tes  a re  a f f e c t e d  by the  

presence o f  nearby para1 l e l  d r i f t s  and crosscuts as we1 1  as d i f f e rences  

i n  s a l t  p rope r t i es .  Based on a v a i l a b l e  measurement da ta  and the  

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

s torage 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 ng le ,  

i n f i n i t e l y  l ong  d r i f t  w i t h  t h e  same dimensions. 

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

bo th  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 oca t i ons  o f  

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

immediately 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  C c a t a s t r o p h i c  f a i l u r e .  



The eva lua t ion  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  design c r i t e r i a  were approp r ia te  f o r  design 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 ion  

were determined t o  be su i tab le .  The re ference design 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 ida 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  

recommended 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 trimmed t o  t h e  requ i red  dimensions. Sca l i ng  and rock b o l t i n g  

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

TEST ROOMS 

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 

instrumented, observed and analyzed t o  evaluate t h e  behavior  o f  t h e  

f u t u r e  storage 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 ions  and 

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

inc ludes borehole extensometers, inc l inometers ,  convergence po in ts ,  

convergence meters and r i g i d - i n c l u s i o n ,  v ib ra t i ng -w i re  stressmeters. 

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

r o o f  and wa l ls ,  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 ,  minor  displacements 

and separat 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 o f  drummy rock detected by roof  and w a l l  

inspect ions  immediately 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 lzonta l  f r a c t u r l 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  a r e  on a  small  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 rac tu r ing  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 



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 WlPP f a c i l i t y .  

The a n a l y s i s  o f  c l o s u r e  o f  t h e  t e s t  rooms us ing  creep constants  der ived  

f r om l a b o r a t o r y  da ta  underest imate a c t u a l  c losure .  The des ign 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-re la ted CH and RH TRU waste. The s torage 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  s torage space 

f o r  6,330,000 cub ic  f e e t  o f  CH TRU waste and 1,000 c a n i s t e r s  o f  RH TRU C waste. 

V a l i d a t i o n  o f  t h e  s to rage 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  da ta  f rom t h e  f o u r  t e s t  rooms. Eva lua t i on  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 f rom 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 de te rmina t 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  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,  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 rch  around t h e  opening migra tes  away 

w i t h  t ime.  The maximum s t r e s s  occurs immediately 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 h e r e f o r e  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, MB-139, t h e  a n h y d r i t e  bed approx imate ly  4 f e e t  below t h e  

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  i nc reas ing  s t r e s s  and 6' may e x h i b i t  l o c a l  f a i l u r e .  



E f f e c t i v e  creep s t r a i n s  w i  11 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. While minor  spa1 1s and f a i  l ures a re  

expected t o  occur  on t h e  excavat 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 torage room reference design 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  using labo ra to ry -de r i  ved average creep 

parameters. This design a l lowed f o r  12 inches o f  v e r t i c a l  c losu re  and 

9 inches o f  h o r i z o n t a l  c losu re  5 years a f t e r  excavation. Th is  

accommodates t h e  design bases requirements 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 to red  waste and a 12- foot  minimum 

h e i g h t  f o r  s torage 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. For permanent storage, t h e  a d d i t i o n a l  

10 inches o f  c losu re  can be accommodated by excavat ing t h e  storage 

rooms t o  a h e i g h t  o f  13 f e e t  10 inches. 

If a dec is ion  I s  made t o  r e t r i e v e  t h e  s to red  waste, t h e  design c r i t e r i a  

assumed, us ing  a one-shift-per-day basis,  t h a t  a room may be as much as 

15 years o l d  before  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 red ic ted  v e r t i c a l  c losu re  o f  54 inches. Th is  

c losu re  i s  14 inches g r e a t e r  than t h e  maximum acceptable c losu re  and 

would r e s u l t  i n  crushing 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  design 

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

I A 10 year maximum f o r  r e t r i e v a l  i s  conservat ive.  I f  t h r e e  s h i f t s  p e r  
I 
I 

I 
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  

I 

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

I 

I c losure .  A d d i t i o n a l  c losure  b e n e f i t s  can be gained by excavat ing a 
I 

I room t o  i s  maximum dimensions and then t r imming t h e  room t o  those 

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

t o  c lose  a t  t h e  r a t e  determined by secondary creep and w i l l  r e s u l t  i n  
I 
I 21 inches o f  v e r t i c a l  c losu re  7 years a f t e r  tr imming. Th is  w i l l  meet 

1 t h e  design c r i t e r i a  requirements. 



The des ign  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 l o s u r e  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  

l oose  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.  

Fo r  r e t r i e v a l ,  t h e  h o r i z o n t a l  c l o s u r e  15 years a f t e r  excava t ion  w i l l  be 

app rox ima te l y  36 inches.  Th i s  c l o s u r e  w i l l  r e s u l t  i n  some c rush ing  and 

p o s s i b l e  b reach ing  o f  t h e  waste con ta 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 con ta ine rs  may s t i l l  be crushed and 

breached . 

The t i m i n g  o f  r e t r i e v a l  ope ra t i ons  and two-stage excava t ion  can be used 

t o  reduce wa l l - t o -wa l l  c l osu re .  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  approx imate ly  20 inches.  I f  a f i r s t  i d f i r s t  

o u t  s t o rage  and r e t r i e v a l  ope ra t i ons  i s  u t i l i z e d ,  and waste i s  removed 

b e f o r e  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 

C 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  c r u s h i n g  o r  b reach ing  t h e  con ta ine rs .  I f  a 34- foot  wide room i s  

tr immed a f t e r  1  year  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 l o s u r e  a t  7 years w i l l  be about  14 inches.  Th i s  w i l l  f u r t h e r  min imize 

c r u s h i n g  o r  b reach ing  o f  t h e  con ta iners .  The e x t e n t  t o  which c rush ing  

w i l l  be min imized i s  unknown. Th i s  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  

p resen t  t ime.  

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

o f  t h e  s to rage  a rea  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  

25- foo 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 l o s u r e  o f  about 20 inches. Th i s  i s  s u i t a b l e  

f o r  waste s to rage  b u t  t r imming  w i l l  be r e q u i r e d  f o r  equipment c learance. 

The s to rage  area e n t r y  d r i f t s  w i l l  c o n t a i n  p lugs  f o r  t h e  i s o l a t i o n  o f  

t h e  s to rage  panels.  The f i n a l  des ign o f  these p lugs  i s  n o t  y e t  



complete. However, t h e  conceptual design env is ions  a  m u l t i p l e -  

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

The re ference design f o r  t h e  storage 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 01 lowing recommended a1 t e r n a t i  ve 

mod i f i ca t i ons ,  o r  combinat ion o f  these mod i f i ca t i ons ,  a r e  incorpora ted :  

(1) Ma in ta in  t h e  re ference design 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 t o r e d  and 

modi 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  design 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 fo re  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  t h e  waste con ta ine rs  

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. 

(2 )  Ma in ta in  t h e  re ference design s to rage room dimensions and 

ma in ta in  t h e  planned waste volume. Revise t h e  design 

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  be fo re  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 w i t h o u t  requ i  r i n g  

a d d i t i o n a l  s tc rag6 rooms. 

(3 )  Ma in ta in  t h e  re ference design storage 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 opera t 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  be fo re  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  min imize con ta ine r  c rush ing  

and breaching. More storage 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 prov ided by t h e  re ference 



design, This  m o d i f i c a t i o n  w i l l  r e q u i r e  changing t h e  design 

c r i t e r i a  t o  a l l o w  crushing and breaching o f  t h e  CH waste 

conta iners  p r i o r  t o  r e t r i e v a l  and t o  requ i re  a demonstration 

o f  t h e  r e t r i e v a l  and handl ing o f  crushed and breached 

conta iners.  

( 4 )  Reduce t h e  reference design storage room w id th  f rom 33 f e e t  

t o  28 f e e t ,  ma in ta in  t h e  room he igh t  a t  13 t o  14 fee 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  the  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  reference design 

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

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

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

f i r s t - i n / f  i r s t - o u t  storage operat ion.  This wi 11 reduce the  

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

S tab i  1 i t y  wi 11 be enhanced and c rush ing  and breaching w i  11 be 

minimized. The volume o f  excavat ion w i l l  be approximately 

t h e  same as f o r  t h e  reference design storage rooms, b u t  w i t h  

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

selected, a d d i t i o n a l  engineer ing eva lua t ion  w i l l  be required. 

(5 )  Ma in ta in  t h e  reference design storage room dimensions, t h e  

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

reference design opt imized excavat ion and storage plan. 

Revise t h e  design 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  crush 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 .  Require a demonstrat ion o f  t he  r e t r i e v a l  

and hand1 i n g  o f  crushed and breached conta iners  p r i o r  t o  t he  

r e c e i p t  o f  waste. This  w i l l  no t  on l y  demonstrate t h e  safe 

r e t r i e v a l  o f  waste du r ing  the  5-year demonstration period, 

b u t  a l s o  du r ing  permanent storage. 



I n  a d d i t i o n  t o  these recommended 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  a r e  recommended: 

(6 )  'The d r i f t s  used f o r  s torage w i l l  r e q u i r e  maintenance and 

t r imming t o  accommodate t h e  requ i  red equipment and s torage 

clearances. T h e i r  c losu re  r a t e s  a r e  n o t  c r i t i c a l  f o r  s torage 

because they  w l l l  be used on ly  f o r  permanent s torage near t h e  

end o f  t h e  permanent s torage per iod.  

( 7 )  Add a d d l t l 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  storage area e n t r y  d r i f t s .  

(8) I n s t a l l  ins t rumenta t ion  i n  t h e  storage rooms t o  o b t a i n  i n  

s i t u  da ta  t o  moni to r  s torage room behavior.  



Table I 

EVALUATION RESULTS FOR ABRIDGED DESIGN CRITERIA 

RESULT AND 
ELEMENT CHAPTER REFERENCE 

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

a. Designed f o r  an ope ra 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- S u i t a b l e  
mentshal l  be designed t o  be corn- 12.3.3 
p a t i b l e  w i t h  r e t r i e v a l  operat 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  dec i s i on  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 decommis- 
sioned 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  
s h a f t s  and decommissioning 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 
c u b i c f e e t .  . . 

b. Est imated volume a t  t h e  end o f  t h e  
5 year  r e t r i e v a l  dec i s i on  pe r i od  
i s  1,410,000 cub ic  f e e t .  

c. Est imated t o t a l  s torage capac i t y  
i s  6,330,000 cub ic  f e e t .  

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 e s s  than 20 m i l l i w a t t s  f o r  
average boxes, and 10 wat ts  f o r  
few drums con ta in ing  heat  source 
plutonium. 

* I n d i c a t e s  element f o r  which eva lua t i on  i s  no t  requi red.  
** See Foreword. 
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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. 

f. Est imated t o t a l  q u a n t i t i e s  a r e  
121,700 six-packs and 30,430 
modular s t e e l  boxes. 

g  . Underground f ac i 1  i ti es and equi  p- 
ment s h a l l  be designed t o  p rov ide  
f o r  a  de te rm ina t i on  t o  e f f e c t  
r e t r i e v a l  o f  waste s to red  f o r  a  
p e r i o d  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. 

(3)  RH TRU waste ** 

a. Assumed t o t a l  r e c e i p t  o f  1,000 
cans i s te rs .  

b. 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  pe r  day and 250 
c a n i s t e r s  p e r  year. 

c. 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 
storage w i l l  be accommodated 
w i t h i n  e x i s t i n g  storage rooms. 

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

e. 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  1  i t y  per iod.  

~ u i  t a b l e  
12.6.1 
12.6.2 

Su i  tab1 e  
12.3.3 
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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  1 i t y  
pe r i od  has terminated, CH waste 
may be emplaced i n  t h a t  room. 

(4) S h a f t  des ign 

a. Shaf ts  s h a l l  be designed 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  
ope ra t i ng  l i f e  o f  t h e  underground 
f a c i l i t y  and t h e  decommissioning 
per iod .  

b. Time-dependent c l osu re  o f  sha f t s  
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 -  
qu i red  f o r  s h a f t  f unc t i ons  a r e  
mainta ined d u r i n g  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 
uncon t ro l l ed  ground water  reaches 
t h e  storage ho r i zon  v i a  t h e  shaf ts .  - . 

( 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 unc t i ons .  

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

c. 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 .  

S u i t a b l e  
7.4.1 
8.4.1 
9.4.1 

S u i t a b l e  
7.4.1 
8.4.1 
9.4.1 

S u i t a b l e  
7.4.1 
8.4.1 
9.4.1 

S u i t a b l e  
7.4.1 
8.4.1 
9.4.1 
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d. Preclude r i s k  o f  rock  f a l l  f rom 
s h a f t  wa l l .  

(6)  Mine design 

a. The underground openings s h a l l  be 
designed so t h a t  deformat ion o f  
excavat ions and p i l l a r s  w i l l  
remain w i t h i n  l i m i t s  requ i red  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 sa fe ty .  

b. Rock b o l t s  s h a l l  be used where 
necessary t o  prov ide  p o s i t i v e  
support  o f  r o o f  and wa l l s .  

c. 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 nch  w i t h i n  a 500-foot 
rad ius  o f  t h e  waste sha f t .  

d. Excavations and p i l l a r s  s h a l l  be 
l oca ted  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 re  encountered, re -  
medial  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. 

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

f .  Pred 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 t h  c o n s t r u c t i o n  o f  t h e  storage 
area. 

g. Designed t o  accommodate creep 
c losu re  and ma in 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. 

S u i t a b l e  
7.4.1 
8-4.1 
10.4.1 

Sui t a b l  e 
6.5 

Sui t a b l  e 
3.4 
6.3.1.2 
6 . 3 . 3  

S u i t a b l e  
10.4.1 
12.6..1 
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h. Creep c losu re  r a t e s  used f o r  S u i t a b l e  
design s h a l l  be conf irmed by i n -  11.3.2 
strument observa t ions  i n  t h e  12.3.2 
excavat ions. 

i. Excavat ion dimensions s h a l l  i n -  
c lude al lowance f o r  creep c losu re  
s u f f i c i e n t .  t o  p revent  con ta ine r  
breaching by creep-i  nduced 
s t resses  d u r i n g  t h e  r e t r i e v a b i l i t y  
p e r i o d  . 

j. Minimize t h e  p o t e n t i a l  f o r  repos i -  
t o r y  rock f r a c t u r i n g .  

k. Underground waste s torage pro- 
cedures s h a l l  i n c l u d e  a  designed 
b a c k f i l l  p l an  f o r  f i r e  p ro tec t i on .  
The b a c k f i l l  th ickness  s h a l l  be 1  
t o  2  f e e t .  

1. 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 torage and 
b a c k f i l l i n g  a r e  coa~pleted. 

m. A i r  locks,  dampers, regu la to rs  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 accommodate creep w i thou t  im- 
pai rment  t o  t h e i r  a b i l i t y  t o  main- 
t a i n  v e n t i l a t i o n  separat ion.  

(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 i c le ,  w i t h  waste con- 
t a i n e r  s izes,  shapes, weights and 
s tack ing  con f i gu ra t i ons ,  and w i t h  
waste emplacement equipment. 

S u i t a b l e  
12.6.1 
12.6.2 

Su i tab le  
11.4.1 

Su i tab le  
12.6.1 

Sui tab1 e  
12.6.1 

S u i t a b l e  
12.6.1 
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b. P r o v i s i o n s  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 conta iners .  

c. Each s to rage panel s h a l l  have pro-  
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 comple t ion  o f  
s to rage  ope ra t i ons  i n  t h a t ' p a n e l .  

(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  WIPP 
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 ope ra t i ona l  repos- 
i t o r y  f o r  permanent d i sposa l  o f  
wastes. 

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 . b e  s i zed  t o  
min imize breach ing  o f  t h e  CH waste 
con ta ine rs  f o r  a  pe r i od  o f  10 
years. 

(9)  Underground excavat ion  and haulage 

a. M in ing  s h a l l  be performed w i t h  
cont inuous miners o r  e q u i v a l e n t  
machine t y p e  devices. D r i l l  and 
b l a s t - t y p e  min ing  s h a l l  be pro-  
h i  b i  t e d  except  where au thor 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 -. 

Sui  t a b l  e  
12.6.1 

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  
7.4.1 
8.4.1 
10.4,1 
11.4.1 
12.6.1 
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c. Meet o r  exceed t h e  i n t e n t  o f  the  
appl icable  requirements o f  the  
MSHA i n  30 CFR 57.9 and the  New 
Mexico Mine Safe ty  Code f o r  A l l  
Mines. 



Table I1 

EVALUATION RESULTS FOR C & SH SHAFT DESIGN BASES 

RESULT AND 
ELEMENT CHAPTER REFERENCE 

(1 ) Shaf 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 the  ground 
surface and extend t o  t he  top  o f  
the  key. 

Sui t a b l  e  
7.4.1 

b. Water s h a l l  be prevented from Su i tab le  
f l ow ing  down the  unl ined sha f t  " 7.4.1 
from behind the  l i n e r .  

(2) Shaf t  key 

a. Key sha l l  be designed t o  r e s i s t  
t he  l a t e r a l  pressure from the  
sa l t .  (Assumed t o  be 75 percent 
o f  t he  overburden pressure.) 

b. Key sha l l  be designed t o  r e s i s t  
t he  hydros ta t i c  pressure from 
above the  sa l t .  

(3 )  Unlined sect ion 

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

Sui t a b l  e  
7.4.1 

Sui tab le  
7.4.1 

Sui t a b l  e  
7.4.1 
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EVALUATION RESULTS FOR WASTE SHAFT DESIGN BASES 

RESULT AND 
ELEMENT CHAPTER REFERENCE 

(1)  Sha f t  l i n e r  

Hyd ros ta t i c  pressure i s  considered 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  of t h e  
key. 

(2)  Shaf t  key 

Design l a t e r a l  pressure s h a l l  be 50 
percent  o f  t h e  v e r t i c a l  pressure due 
t o  s o i  1, rock and s a l t  overburden. 

Sui t a b l  e  
8.4.1 

S u i t a b l e  
8.4.1 

(3 )  Un l ined  s e c t i o n  

Prov ide 20-foot d iameter  t o  a l l o w  f o r  Sui tab1 e  
f u t u r e  s a l t  creep deformation. 8.4.1 



Table I V  

EVALUATION RESULTS FOR EXHAUST SHAFT DESIGN BASES 

RESULT AND - 
ELEMENT CHAPTER REFERENCE 

(1) Sha f t  l i n e r  

Hydros ta t i c  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  t h e  
key. 

(2)  Sha f t  key 

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

(3 )  Unl ined sec t ion  

Provide 15-foot  diameter t o  a l l o w  f o r  
f u t u r e  . s a l t  creep deformation. 

S u i t a b l e  
9.4.1 

S u i t a b l e  
9.4.1 

S u i t a b l e  
9.4.1 



Table V 

EVALUATION RESULTS FOR STORAGE AREA DESIGN BASES 

RESULT AND 
ELEMENT CHAPTER REFERENCE 

(1  ) Opera t iona l  requirements 

a. The s to rage area rooms, d r i f t s  and 
c rosscu ts  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 to red  f o r  a pe r i od  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 f o rm  
h e i g h t  o f  13 f e e t .  

(2 )  Essen t i a 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  a1 lowance f o r  creep c l o s u r e  
t o  ma in ta in  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 )  S a f e t y  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 

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 
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(1)  C d SH shaf t  

a. Provide 5/8 t o  1 1/2-inch t h i c k  
and 10-foot  I . D .  s t i f f e n e d  s t e e l  
l i n e r  i n  upper 846 f e e t .  

S u i t a b l e  
7.3.2.1 
7.3.3.1 

b. Provide 30-inch t h i c k ,  10-foot Sui tab1  e 
I.D. and 39-foot long concrete key 7.3.2.2 
a t  r o c k / s a l t  I n t e r f a c e .  7.3.3.2 

c. Provide 11-foot  10-inch diameter 
un l i ned  s h a f t  below t h e  key. 

d. Provide 17-foot h i g h  and 32-foot 
wide s t a t i o n .  

(2) Waste s h a f t  

a. Provide 10 t o  20-inch t h i c k  and 
19-foot I .D.  concrete l i n e r  i n  
upper 837 f e e t .  

b. Provide 51-inch t h i c k ,  19- foot  
I .D .  and 63-foot l ong  concrete key 
a t  r o c k / s a l t  i n t e r f a c e .  

c. Provide 20-foot diameter un l ined 
s h a f t  below the.key.  

d. Provide 17-foot  h igh  and 30-foot 
wide s t a t i o n .  

(3) Exhaust s h a f t  

a. Provide 10 t o  16-inch t h i c k  and 
14-foot  I .D .  concrete l i n e r  i n  
upper 844 f e e t .  

S u i t a b l e  
7.3.2.3 
7.3.3.3 

S u i t a b l e  
7.3.2.4 
7.3.3.4 

Su i tab le  
8.3.2.1 
8.3.3.1 

S u i t a b l e  
8.3.2.2 
8.3.3.2 

S u i t a b l e  
8.3.2.3 
8.3.3.3 

S u i t a b l e  
8.3.2.4 
8.3.3.4 

Sui t a b l  e 
9.3.2.1 
9.3.3.1 
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b. Provide 42-inch th i ck ,  14-foot 
I.D. and 63-foot long concrete key 
a t  rock /sa l t  i n t e r f a c e .  

c. Provide 15-foot diameter un l ined 
s h a f t  below t h e  key. 

(4)  Storage area 

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

b. Provide 13- foot  h igh  and 33-foot 
wide storage rooms. 

Su i tab le  
9.3.2.2 
9.3.3.2 

Su i tab le  
9.3.2.3 
9.3.3.3 

Sui tab1 e 
12.6.1 
12.6.2 

Su i tab le  
12.6.1 
12.6.2 





CHAPTER 1  

INTRODUCTION 

1.1 PURPOSE 

Th is  r e p o r t  presents t h e  r e s u l t s  o f  v a l i d a t i o n  o f  t h e  underground 

opening re fe rence design f o r  t h e  Waste I s o l a t i o n  P i l o t  P lan t  (WIPP). 

The bas is  f o r  t h e  r e p o r t  i s  de f i ned  i n  t h e  Design V a l i d a t i o n  Plan ( r e f .  

1-1) which, i n  pa r t ,  i nc ludes  c e r t a i n  da ta  requirements de f ined  i n  t h e  

S t i p u l a t e d  Agreement ( r e f .  1-2) reached between t h e  U .S. Department o f  

Energy (DOE) and t h e  S t a t e  o f  New Mexico on J u l y  1, 1981. 

Design v a l i d a t i o n  o f  t h e  WIPP i s  de f ined  as t h e  process by which t h e  

re fe rence design o f  t h e  underground openings i s  conf i rmed by 

de termin ing  t h e  compati b i  1  i t y  o f  t h e  design c r i t e r i a ,  design bases and 

re fe rence design c o n f i g u r a t i o n s  us ing  s i t e  s p e c i f i c  in fo rmat ion .  The 

design v a l i d a t i o n  process cons i s t s  o f  an assessment o f  t h e  c o n d i t i o n  

and behav io r  of shaf ts ,  d r i f t s  and a  f u l l - s i z e d ,  four-room t e s t  panel 

C excavated d u r i n g  an i n i t i a l  stage known as t h e  S i t e  and P re l im ina ry  

Design Val i d a t i o n  (SPDV) Program and d u r i n g  f u l l .  WIPP cons t ruc t ion .  

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  design c r i t e r i a ,  des ign 

bases o r  design c o n f i g u r a t i o n s  requ i  red t o  achieve a  va l  i da ted  

re fe rence design wi  11 be developed. I n  add i t i on ,  t he  va l i da ted  

re fe rence design may be mod i f i ed  i n  t h e  f u t u r e  as s t i  11 more da ta  and 

experience a re  gained du r i ng  a  5-year demonstrat i  on pe r i od  (per iod  

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 torage 

operat ions.  

I n  f u l f i l l i n g  t h e  da ta  requirements f o r  des ign v a l i d a t i o n ,  t h i s  r e p o r t  

p rov ides  documentation o f  a c t u a l  underground cond i t i ons  encountered as 

t h e y  r e l a t e  t o  t h e  design c r i t e r i a ,  des ign bases and design 

c o n f i g u r a t i o n s  f o r  t h e  re fe rence design o f  t h e  underground openings. 

The conten ts  o f  t h i s  r e p o r t  i n c l u d e  a l l  r e l e v a n t  da ta  and f i e l d  

observa t ions  acqui red f o r  des ign v a l i d a t i o n .  The underground openings 

excavated t o  da te  p rov ide  a  f i r m  bas i s  f o r  eva lua t i on  o f  t he  c u r r e n t  

and expected f u t u r e  behav io r  o f  t h e  underground development. 



The purpose o f  design 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 ference design, t hus  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  design c r i t e r i a ,  design bases 

and des ign  c o n f i g u r a t i o n s  es tab l i shed  s p e c i f i c a l l y  f o r  t h e  

re ference design o f  t h e  underground openings; 

o  re-conf i r m  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 ference design o f  t h e  W I P P  underground openings. 

Th i s  process was i n i t i a l l y  descr ibed i n  t h e  W I P P  P re l im ina ry  Design 

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 ference design based on a c t i v i t i e s  conducted d u r i n g  t h e  SPDV 

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

response t o  cond i t i ons  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 ta te  o f  New Mexico which 

pe rm i t t ed  a  p r e l i m i n a r y  eva lua t i on  o f  design cons idera t ions  a t  an e a r l y  

s tage i n  underground development and a l lowed f o r  any re ference design 

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 W I P P  

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  o f  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  re ference 

design 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 WIPP Design V a l i d a t i o n  F i n a l  Report presents: 

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

re fe rence design; 



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

re ference design f o r  t h e  underground openings; 

o geo log ic  cha rac te r i za t i ons  o f  t h e  shaf ts ,  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  ana lys is  and 

eva lua t ion ,  and t h e  p r e d i c t i o n s  o f  f u t u r e  behavior 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  shaf ts ,  

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

o analyses and eva lua t ions  o f  t h e  geologic  behavior  o f  t h e  rock 

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

v i s u a l  inspect ions  and geomechanical ins t rumenta t ion  

measurements; 

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

openings based on model s imu la t ions  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  of t h e  design c r i t e r i a  and 

design bases and v a l i d a t i o n  o f  t h e  reference design 

conf igura t ions ,  w i t h  recommendations f o r  design mod i f i ca t ions ,  

if any; 

o recommendations f o r  opera t ion  and maintenance o f  t he  

underground f a c i l i t y  as they  p e r t a i n  t o  design va l i da t i on ;  and 

o a l l  data and reference sources t h a t  support design va l i da t i on .  

1.2 SCOPE 

Design va l  i d a t i o n  o f  t h e  WIPP underground openings has been 

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

p red i c ted  f u t u r e  behavior.  Observat ion and ins t rumenta t ion  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 ob jec t i ves  have been 



c o l l e c t e d  and eva lua ted f o r  each o f  t h e  major  design elements: sha f t s ,  

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

I n i t i a l  analyses and eva lua t i ons  o f  t h e  underground data  ob ta ined f o r  

design va1 i d a t i o n  were prov ided i n  t h e  WIPP P r e l i m i n a r y  Design 

V a l i d a t i o n  Report. The WIPP Design V a l i d a t i o n  F i n a l  Report p resents  

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  i nc luded  f i e l d  da ta  c o l l e c t i o n  and 

analyses o f  these data  t o  determine t h e  v a l i d i t y  o f  t h e  re fe rence  

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  des ign  

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

(1)  observa t ions  o f  t h e  behav ior  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  

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  r o o 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 i ns t rumen ta t i on .  

F i e l d  tasks  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  es tab l ishment  o f  survey c o n t r o l  f o r  underground excavat ions and 

re fe rence  p o i n t s  f o r  geo log 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 excavat ions; 

o  geo log ic  mapping i n  t h e  shaf ts  and h o r i z o n t a l  openings; 



o examinat ion and l ogg ing  o f  rock cores f rom boreholes t o  o b t a i n  

geo log ic  in fo rmat ion ;  

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 the  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 (MB-139) and t h e  he igh t  o f  c l a y  seams 

above t h e  r o o f s  us ing  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 termina t ion  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 ,  roo 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  unstable 

cond i t i ons .  

1.3 HISTORICAL BACKGROUND 

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

( R  & D) f a c i l i t y  t o  demonstrate t he  sa fe  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  loca ted  i n  

southeastern New Mexico, about 25 m i l es  eas t  o f  t h e  c i t y  o f  Carlsbad 

(F igu re  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  depos i ts  o f  bedded s a l t .  The 

f a c i l i t y  w i l l  i nc lude  space f o r  t h e  permanent s torage o f  defense 

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

t e c h n i c a l  issues f o r  h igh - l eve l  defense waste programs. The WIPP1s 

p h a s e d d e s i g n a n d 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 m a t i o n o f t h e  

underground opening re fe rence design through t h e  SPDV Program. Design 
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v a l i d a t i o n  w i l l  p r o v i d e  c o n f i r m a t i o n  of t h e  d e c i s i o n  t o  con t i nue  

6' f a c i  1  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 ong  ago as 1955 when t h e  U.S. 

Atomic Energy Commission (AEC) requested t h a t  t h e  Na t i ona l  Academy o f  

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

geo log i c  fo rmat ions .  The NAS recommended bedded s a l t  as t h e  geo log i c  

f o r m a t i o n  p r o v i d i n g  t h e  h i g h e s t  con f idence  f o r  long-term i s o l a t i o n  o f  

waste f r om t h e  b iosphere.  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 ma jo r  

accomplishments o f  t h e  program a r e  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  W I P P  i n c l u d e  ex tens i ve  

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

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

was prepared which p rov 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 l ys i s  Repor t  (SIR) 

( 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 ope ra t i on  o f  

t h e  WIPP. 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  1  y. 

The WIPP i s  be ing  developed i n  phases. A t  t h e  t ime  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  f o 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  

o b s e r v a t i o n  o f  t h e  underground f a c i  1  i t y  geology th rough two s h a f t s  and 

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

p r e l  i m i n a r y  eva l  u a t i o n  and con f  i rmat 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  

s u r f a c e  f a c i  1  i ti es have proceeded v-i r t u a l  1y independent of t h e  
0 u underground opening des ign  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 .  



Table 1-1 

MAJOR ACCOMPLISHMENTS OF THE WIPP PROGRAM 

DATE DATE 
ITEM STARTED COMPLETED 

(1)  Na t iona l  Academy o f  Sciences recomnends - 1957 
s a l t  as bes t  geologic fo rmat ion  f o r  
disposal.  o f  nuc lear  waste. 

(2)  S a l t  depos i t  s tud ies  conducted i n  New 1972 1975 
Mexico by U.S. Geological  Survey and 
Sandia Na t iona l  Laborator ies.  

(3 )  Conceptual design o f  t h e  WIPP. 1975 1977 

(4)  Charac te r i za t i on  o f  t h e  WIPP s i t e .  1975 1983 

(5)  Pub l i c  law author izes  c a p i t a l  funding 
f o r  t h e  WIPP. 

(6)  T i t l e  I - Pre l im ina ry  design o f  t h e  WIPP. 

(7)  Sa fe ty  Ana lys is  Report issued f o r  t h e  WIPP. 

(8)  F i n a l  Environmental Impact Statement 
issued f o r  t h e  WIPP. 

(9)  SPDV Pre l im ina ry  Design V a l i d a t i o n  Program. 

(10) De ta i l ed  design f o r  S i t e  and Pre l im ina ry  
Design V a l i d a t i o n  (SPDV). 

(11) SPDV S i t e  V a l i d a t i o n  Experiments Program. 

(12) T i t l e  I 1  - Deta i l ed  design o f  t h e  WIPP. 

(13) Const ruc t ion  o f  SPDV shaf ts .  

(14) Design v a l i d a t i o n .  

(15) SPDV s h a f t  o u t f i t t i n g  and t e s t  room 
development. 

(1  6) Au tho r i za t i on  f o r  f u l l  WIPP const ruc t ion .  



1.4 THE WIPP HISSION 

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 isposa l  o f  r a d i o a c t i v e  waste f rom U.S. 

defense programs. I t s  miss ion  i s  a l s o  t o  p rov ide  i n fo rma t ion  from s i t e  

cha rac te r i za t i on ,  l abo ra to ry  experiments, geomechanical ins t rumenta t ion  

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 echno log i ca l  app l i ca t i ons .  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 & D areas a t  t h e  WIPP. 

The WIPP R & D Program cons 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 evaluat 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 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 s torage o f  defense r e l a t e d  

TRU waste, these program areas i nc lude  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 thou t  r a d i o a c t i v e  ma te r ia 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  ma te r ia 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  experiments w i t h  h igh- level  defense waste. A1 1  

h igh - leve l  wastes w i l l  be removed from t h e  WIPP a t  t he  conclus 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 associated 

a c t i v i t i e s  a r e  n o t  p a r t  o f  design v a l i d a t i o n  and, there fore ,  a re  no t  

discussed i n  t h i s  repo r t .  An i n i t i a l  d e s c r i p t i o n  o f  t he  i n  s i t u  

t e s t i n g  p lan  f o r  t he  WIPP R & D Program was provided i n  Sandia 

Na t iona l  Labora tor ies  (SNL) Report 2628 ( r e f .  1-6). 

1.5 DESIGN VALIDATION PROGRAM 

Val i d a t i o n  o f  t h e  WIPP f a c i  1  i t y  underground reference design i s  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  reference design elements. A d e s c r i p t i o n  o f  t h i s  s t ra tegy  i s  
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conta ined i n  t h e  document t i t l e d  Design V a l i d a t i o n  St ra tegy  ( r e f .  

, 1-7). The elements compr is ing t h e  s t ra tegy  f o r  design v a l i d a t i o n  are: 

(1)  I d e n t i f y  t h e  design approaches and cons t ruc t i on  a c t i v i t i e s  

f o r  t h e  underground openings. 

( 2 )  I d e n t i f y  t h e  design c r i t e r i a ,  design bases and design 

con f i gu ra t i ons  t o  be va l ida ted .  

( 3 )  Develop t h e  methodology f o r  v a l i d a t i o n .  

(4 )  Acquire data on t h e  underground development l e v e l  f rom core 

samples, geologic  mapping, l abo ra to ry  tes ts ,  i n  s i t u  t es t s ,  

v i s u a l  observat ions and mines i n  s i m i l a r  geologic  formations. 

( 5 )  Synthesize t h e  data obtained f rom t h e  a c t i v i t i e s  i n  element 4 

t o  d e f i n e  t h e  geologic  e.nvironment o f  t h e  f a c i l i t y  l e v e l .  

(6 )  Evaluate i n  s i t u  geomechanical inst rument  measurements and 

v i s u a l  observat ions t o  determine t h e  response o f  t h e  geologic 

ma te r i a l s  t o  changes r e s u l t i n g  f rom excavat ion o r  o the r  

d is turbances.  

(7 )  P r e d i c t  t h e  f u t u r e  behavior  o f  t h e  underground openings and 

s a l t  surrounding t h e  openings based on c u r r e n t  i n  s i t u  

measurements, v i s u a l  observat ions and computational analyses. 

(8 )  Provide f o r  comparisons o f  p red ic ted  and e x i s t i n g  cond i t ions  

a t  r e g u l a r  t ime i n t e r v a l s .  

(9 )  Document design v a l i d a t i o n  r e s u l t s  and conclusions. 

(10) Provide recommended design mod i f i ca t i ons  as requi red.  

(1  1) Provide data and reference sources t o  support t h e  performance 

o f  t h e  above a c t i v i t i e s .  



Design v a l i d a t i o n  e f f o r t s  f o r  t h e  W I P P  began w i t h  t h e  SPDV Program. 

Th is  program invo lved  t h e  excavat ion o f  underground openings, shaf ts ,  

d r i f t s  and t e s t  rooms, representa t ive  o f  t h e  f u l l  WIPP  f a c i l i t y .  These 

underground openi ngs permi t ted  t h e  d i r e c t  examination o f  geologic 

fea tures  and m a t e r i a l  behavior a t  t h e  f a c i l i t y  l e v e l .  Add i t i ona l  

observat ions and geomechanical ins t rumenta t ion  measurements were 

obtaSned f o l  lowing complet ion o f  t h e  SPDV Program t o  complete t h e  

design 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  design 

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  subsections. 

1.5.1 S i t e  and Pre l iminary  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  charac te r i ze  and v a l i d a t e  t h e  

W I P P  s i t e  geology and prov ide 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 reference design. The SPDV Program was composed o f  two 

i n t e g r a t e d  par ts :  

(1 )  s i t e  v a l i d a t i o n  ( r e f .  1-8) t o  increase confidence 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  design 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 

behavior  o f  excavated shaf ts,  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 

storage area. 

The general SPDV underground layou t  i s  shown on F igure  1-3. The 

underground development l e v e l  i s  located 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 ineates  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  design 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  o f  e a r l y  observat ions and analyses of 

t h e  c o n d i t i o n  and behavior  o f  t h e  SPDV excavations and i s  discussed i n  

Chapter 4. 



Figure  1-3 

THE SPDV UNDERGROUND LAYOUT 



1.5.2 Deslan V a l i d a t i o n  

Major  a c t i v i t i e s  r e l a t e d  t o  deslgn v a l i d a t i o n  a r e  c i t e d  i n  Table 1-2. 

As i n d i c a t e d  by t h i s  tab le ,  f i e l d  data  c o l l e c t i o n  a c t i v i t i e s  t h a t  began 

w i t h  t h e  SPDV Program were cont inued beyond t h e  end o f  t h e  program t o  

p rov ide  a d d i t i o n a l  da ta  f o r  design v a l i d a t i o n .  The design v a l i d a t i o n  

process inc ludes t h e  eva lua t ion  and ana lys i s  o f  da ta  obta ined by these 

a c t i v i t i e s .  The r e s u l t s  o f  these eva luat ions  and analyses have been 

presented i n  q u a r t e r l y  geotechnical  f i e l d  data repor t s  (GFDR) , each o f  

which presents a d iscuss ion o f  d i f f e r e n t  se lec ted elements o f  t h e  WIPP  

underground development . These repor t s  prov ide  suppor t ing  

documentation f o r  t h e  WIPP Desisn V a l i d a t i o n  F i n a l  R e ~ o r t  and a r e  

discussed i n  Chapter 4. 

Some o f  t h e  f i e l d  data c o l l e c t i o n  a c t i v i t i e s  shown i n  Table 1-2 w i l l  

cont inue a f t e r  submi t ta l  o f  t h e  WIPP  Desiqn V a l i d a t i o n  F i n a l  Report and 

beyond t h e  complet ion o f  f u l l  WIPP const ruc t ion .  C o l l e c t i o n  o f  t h i s  

data w i l l  p rov ide  a d d i t i o n a l  i n fo rma t ion  on t h e  behavior  o f  t h e  

underground openings through t h e  5-year demonstrat ion p e r i o d  and 

through permanent s torage operat ions.  The data w i l l  a l s o  pe rm i t  

cont inuous mon i to r i ng  o f  t h e  s a f e t y  o f  t h e  openings . Underground 

f a c i l i t y  re ference design mod i f i ca t i ons  w i l l  be made as requ i red  by an 

eva lua t ion  and ana lys i s  o f  these data. The data obta ined w i l l  be 

p e r i o d i c a l l y  d i s t r i b u t e d  t o  t h e  p r o j e c t  p a r t i c i p a n t s ,  t h e  S ta te  o f  New 

Mexico, and w i l l  be placed i n  WIPP p u b l i c  reading rooms. 



Table 1-2 

DESIGN VALIDATION ACTIVITY SCHEDULE 

ACTIVITY RESPONSIBILITY SCHEDULE 

(1) Prepare and issue Design Val idat ion B/DOE 7/82 - 1/83 
Plan 

(2) F ie l d  data co l lec t ion :  

a. Geologic mapping o f  
v e r t i c a l  and hor izonta l  
underground excavations- 

b. Geomechanical instrumentation 
measurements and v isua l  
observations i n  shafts, d r i f t s ,  
and t e s t  rooms 

c. Log core from holes i n  hor izontal  TSC/B 10/82 - 3/83 
underground openings 

d. F lu i d  i n f l ow  measurements TSC/B 9/81 - 3/83 

e. Shaft v e r t i c a l i t y  surveys DOE/TSC 1/82 - 3/83 

(3) Evaluate f i e l d  data; prepare 
Prel iminary Design Val idat ion 
Report 

(4)  Issue Prel iminary Design 
Val idat ion Report 

(5 )  Continue w i t h  (2a), (2b), (2c). 
and (2d) above 

(6)  Evaluate/analyze f i e l d  data; 
prepare Design Val i da t i on  F ina l  
Report 

DOE 3/83 

(7)  Design Val idat ion Final  Report B 5/86 - 6/86 
review by Peer Review Panel 

(8 )  Issue Design Val idat ion Final  
Report 

DOE 10/86 

B = Bechtel National, Inc.; DOE = U.S. Department of Energy; TSC = 
Technical Support Contractor (Westinghouse E l e c t r i c  Corp.) 





CHAPTER 2 

BACKGROUND OF UNDERGROUND DESIGN 

2.1 SITE CHARACTERIZATION AND EVALUATION 

WIPP s i t e  c h a r a c t e r i z a t i o n  programs have consisted o f  geologic and 

hydro log ic  s tud ies  as w e l l  as b i o l o g i c ,  meteorologic and economic 

studies-. Geologic and geohydrologic cha rac te r i za t i on  o f  t he  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, continued 

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

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 .  Special  emphasis was 

placed on c o r r e l a t i n g  data obtained by geophysical techniques and 

borehole d r i l l i n g .  The geophysical techniques most w ide ly  used were 

seismic 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  in format ion  on o r  

near t h e  s i t e  and holes d r i l l e d  a t  t he  edge o f ,  o r  away from, t h e  s i t e  

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

iP-- 

were d r i l l e d  through t h e  Salado format ion t o  acqu i re  geologic data on 

' h ~  deeper s t r a t a  outs ide  the  Zone I1  boundaries of t h e  s i t e  ( re f s .  2-1, 
2-2 and 2-3). W i th in  Zone 11, t h e  d r i l l i n g  o f  deep exp lora tory  holes, 

i.e., t o  t h e  depth o f  t h e  WIPP 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  SPDV exp lora tory  and 

v e n t i l a t i o n  sha f t s  (subsequently known as the  C & SH and waste 

shafts,  respec t i ve l y ) ,  ERDA-9 was t h e  on ly  borehole w i t h i n  Zone I1  t h a t  

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

The general ized 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 formations 

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

and f ine-gra ined sandstone are t h e  main rock types forming t h e  Dewey 

Lake red beds. The R u s t l e r  formation, composed p r i m a r i l y  o f  anhydr i te  

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

water-bearing do lomi te  beds. Sa l i ne  water i s  found i n  these beds, t h e  

Magenta and Culebra members, and a t  t h e  contact  between t h e  Rus t le r  and 

Salado formations. The Salado fo rmat ion  cons is ts  l a r g e l y  o f  h a l i t e  

con ta in ing  t h i n  beds o f  anhydr i te  and p o l y h a l i t e  w i t h  occassional t h i n  cf c l a y  seams. The C a s t i l e  i s  a t h i c k  anhydr i te  and h a l i t e  format ion 
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- under ly ing  the  Salado. The B e l l  Canyon format ion cons is ts  p r i m a r i l y  o f  

- <  >' 
sandstone, l imestone and shale. No aqu i fe rs  are  present  i n  the  Salado 

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

S i t e  s t r a t i g r a p h y  from t h e  ground sur face t o  about 250 f e e t  below the 

underground f a c i l i t y  l e v e l  i s  presented i n  Appendix B, F igure B-1, 

Sheets 1 through 5. The s t r a t i g r a p h y  shown i s  based on geologic data 

obtained f rom boreholes W~PP-12, ERDA-9 and DOE-), and from the  

C & SH and waste shaf ts .  An ana lys is  o f  these data shows a st 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  borehol es and shaf ts  from 

t h e  ground sur face t o  below the underground f a c i l i t y  l e v e l .  This 

c o r r e l a t i o n  i s  based p r i m a r i l y  on the  geophysical logs because core 

sample logg ing o r  'hands-onb1 mapping was n o t  always c a r r i e d  ou t  through 

t h e  e n t i  r e  i n t e r v a l .  Where possib le,  graphic 1 i t h o l o g i  c  descr ip t ions  

based on logg ing o r  mapping of t h e  rock s t r a t a  have been inc luded on 

Figure B-1 i n  Appendix B. This helps t o  more f u l l y  de f ine  the  

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 logs. 
/ -=% 

L The ana lys i s  between boreholes WIPP-12 t o  the  no r th  and DOE-1 t o  the  

south resu l ted  i n  c o r r e l a t i o n  o f  the  major format ion contacts and most 

marker beds i n  the  Salado formation. Due t o  a lack  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, the  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  both the  l i t h o l o g i c  and geophysical logs. The 

R u s t l e r  formation, however, e x h i b i t s  a much greater  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 he  anhydr i te,  dolomite and 

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

t h a t  the  Rus t le r  th ickens s l i g h t l y  t o  the  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  contacts occur r ing  i n  the  area o f  t he  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 he  Salado format ion s t ra t i g raphy  between WIPP-12 and 

DOE-1 v e r i f i e s  t h e  consistency 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 anhydr i te  

beds occur i n  t h e  l a r g e l y  h a l i t i c  rock s t ra ta .  The major 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 he  Salado format ion shown on Figure B-1 
5@-T 

L 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  the  north. This th inn ing  



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 MB-124 between W I  PP-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. This  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 B 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  

WIPP 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  design assumptions which were made 

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

add i t i ona ' l  da ta  ob ta ined f rom geo log ic  mapping o f  t h e  underground 

openings and l ogg ing  o f  underground core  holes. Theref ore, 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 sur 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 iona l  and special-purpose t e s t s  i n  many boreholes . ( r e f .  1-5). 

Geophysical l ogg ing  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 permeabi 1 i t y  were obta ined f o r  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  ma jor  a q u i f e r  systems were contoured 

by us ing  measured water  l e v e l  e l e v a t i o n s  i n  boreholes. 

Eva lua t i on  o f  da ta  obta ined f rom e a r l y  s i t e  s e l e c t i o n  s tud ies  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  candidate f o r  t h e  

es tab l 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  regard ing  t h e  s u i t a b i  1 i t y  o f  t h e  WIPP s i t e ,  i n c l u d i n g  

t h e  Geoloqical  Charac te r i za t i on  Report. Waste I s o l a t i o n  P i l o t  P l a n t  



(WIPP) S i te ,  Southeastern New Mexico ( r e f .  2-4), F i n a l  Environmental 
v 1 

Impact Statement: Waste I s o l a t i o n  P i  l o t  P lan t  ( r e f .  1 4 )  and t h e  

Waste I s o l a t i o n  P i l o t  P lan t  Safe ty  Analvs is  Report ( r e f .  1-5). F ina l  

s i t e  v a l i d a t i o n  was achieved i n  1983 by an eva luat ion  o f  t h e  data 

contained i n  a r e p o r t  t i t l e d  Results o f  S i t e  V a l i d a t i o n  Experiments, 

Waste   sol at ion P i l o t  P lant  (WIPP)  Pro ject .  Southeastern New Mexico 

( r e f .  2-5) which presented t h e  r e s u l t s  o f  s tudies performed t o  f u l l y  

s a t i s f y  a l l  s i t e  q u a l i f i c a t i o n  c r i t e r i a .  This r e p o r t  was fo l lowed by a 

con f i rma t ion  o f  o v e r a l l  s i t e  s u i t a b i l i t y  i n  a r e p o r t  t i t l e d  Sumary 

Eva luat ion  o f  t he  Waste I s o l a t i o n  P i l o t  P lant  (WIPP) S i t e  S u i t a b i l i t y  

( r e f .  2-6). 

2.2 DESIGN CRITERIA 

The Desisn C r i t e r i a ,  Waste I s o l a t i o n  P i l o t  P lant  (WIPP) .  S i t e  and 

Pre l im inary  Design V a l i d a t i o n  (SPDV) ( r e f .  2-7), and the  Design 

C r i  t e r i a .  Waste I s o l a t i o n  P i  l o t  P lan t  ( W I P P )  . Revised Mission c, Concept-IIA ( R M C - I I A )  ( r e f .  2-8) were used as guides by t h e  

Archi tect-Engineer (Bechte l  Nat ional ,  Inc . )  i n  developing the  reference 

design f o r  t h e  W I P P  underground openings. The documents conta in  

general requirements which were addressed i n  the  reference design. The 

Design C r i t e r i a ,  RMC- I IA ,  i s  t h e  h ighest  l e v e l  design document f o r  t he  

p r o j e c t .  A l l  o the r  design documents, such as design bases, drawings 

and s p e c i f i c a t i o n s ,  were requ i red  t o  be i n  compliance w i t h  t h i s  

document. 

The design c r i t e r i a  a l s o  s t i p u l a t e  the  ' t y p e  and estimated o r  assumed 

r a t e  o f  waste t o  be received a t  t he  W I P P .  The m a j o r i t y  o f  t he  c r i t e r i a  

presented i n  t h e  R M C - I I A  document are: requirements which do not  need 

eva luat ion  as t o  t h e i r  s u i t a b i l i t y  and have no impact on v a l i d a t i o n  

cons idera t ions  f o r  t h e  underground opening reference design. The major 

c r l  t e r l a  t h a t  governed development o f  t he  reference design are  

presented i n  Table 2-1. Although some o f  t h e  c r i t e r i a  i n  t h i s  t a b l e  

a re  elements which cannot be evaluated, they are  inc luded because o f  

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

t h a t  can be evaluated a re  discussed i n  l a t e r  chapters o f  t h i s  r e p o r t  as 



Table 2-1 

ABRIDGED WIPP DESIGN CRITERIA 

(1)  F a c i l i t y  design 

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

b. Underground f a c i l i t i e s  and equipment s h a l l  be designed t o  be 
compat ib le 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 i t i a l  
ernplacement o f  each species. (Chapter 12) 

c. The f a c i l i t y  w i l l  be decommissioned a f t e r  i t  has f u l f i l l e d  i t s  
in tended purposes. Th is  w i  11 i n c l u d e  backf  i 11 i n g  t h e  
underground f a c i l i t i e s ,  s e a l i n g  t h e  s h a f t s  and decommissioning 
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 cubic f e e t .  

b. Est imated volume a t  t h e  end o f  t h e  5 year  r e t r i e v a l  d e c i s i o n  
p e r i o d  i s  1,410,000 cubic f e e t .  

c. Est imated t o t a l  s to rage capac i t y  i s  6,330,000 cubic f e e t .  

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 e s s  
than 10 m i l l i w a t t s  f o r  average drums, l e s s  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  hea t  
source p l  u t o n i  um. 

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. 

f .  Est imated t o t a l  q u a n t i t i e s  a r e  121,700 six-packs and 30,430 
modular s t e e l  boxes. 

g. Underground f a c i l i t i e s  and equipment s h a l l  be designed t o  
p rov ide  f o r  a de terminat ion  t o  e f f e c t  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  dec i s ion  i s  made. (Chapter 12) 

(3)  RH TRU waste * 

a. Assumed t o t a l  r e c e i p t  o f  1,000 can is te rs .  

b. 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  pe r  day and 250 
c a n i s t e r s  pe r  year.  

* See Foreword. 

2 -6 
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c. I f  assumed q u a n t i t i e s  a re  i n s u f f i c i e n t ,  a d d i t i o n a l  RH waste 
storage w i l l  be accommodated w i t h i n  e x i s t i n g  storage rooms. 

d. Heat generated from the  waste i s  on t h e  order  o f  60 watts per  
can is te r .  

e. Access s h a l l  be a v a i l a b l e  t o  a l l  emplacement pos i t i ons  
throughout t h e  r e t r i e v a b i l i t y  per iod.  (Chapter 12) 

f. When both  CH and RH waste are  scheduled f o r  t he  same room, the  
RH waste s h a l l  be einplaced 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  1 i t y  pe r iod  has terminated, CH waste may be emplaced 
i n  t h a t  room. 

(4)  S h a f t  design (Chapters 7, 8 and 9) 

a. Shaf ts  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  throughout 
t h e  opera t ing  l i f e  . o f  t h e  underground f a c i l i t y  and the  
decommissioning per iod.  

b. Time-dependent c losure  o f  sha f t s  due t o  s a l t  creep s h a l l  be 
-considered. Shaf ts  s h a l l  be designed so t h a t  minimum 
dimensions requ i  red f o r  s h a f t  func t ions  are  maintained dur ing  
design l i f e .  

c. Ground-water f l o w  i n t o  t h e  shaf ts  s h a l l  be c o n t r o l l e d  so t h a t  
no uncont ro l led  ground water reaches t h e  storage hor izon v i a  
t h e  sha f t s .  

( 5 )  Shaf 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  required f o r  
s h a f t  func t ions .  

b. Prevent ground-water f l o w  i n t o  t h e  shaf t .  (Chapters 7, 8 and 9) 

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

d. Preclude r i s k  o f  rock f a l l  f rom s h a f t  w a l l .  

(6 )  Mine design 

a. The underground openings s h a l l  be designed so t h a t  deformation 
o f  excavations and p i l l a r s  w i l l  remain w i t h i n  l i m i t s  required 
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 safety. (Chapters 7, 
8 and 10) 
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ABRIDGED WIPP DESIGN CRITERIA 

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  r o o f s  and w a l l s .  

Su r f  ace 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 l oca ted  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 re  
encountered, remedial  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 ior  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) be fo re  proceeding w i t h  c o n s t r u c t i o n  o f  t h e  
s to rage area. 

Designed t o  accommodate creep c l o s u r e  and m a i n t a i n  t h e  minimum 
dimensions requ i red  f o r  t h e  ope ra t i ng  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  observat ions i n  t h e  excavat ions. (Chapters 11 and 
12) 

Excavat ion dimensions s h a l l  i n c l u d e  al lowance f o r  creep 
c l o s u r e  s u f f i c i e n t  t o  prevent  con ta ine r  breaching by 
creep-induced s t resses  d u r i n g  t h e  r e t r i e v a b i  1 i t y  per iod .  
(Chapter 12) 

Min imize t h e  p o t e n t i a l  f o r  r e p o s i t o r y  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 
backf i 11 p lan  f o r  f i r e  p r o t e c t i o n .  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 of rooms w i t h  p lugs  a f t e r  s torage 
and b a c k f i l l i n g  a r e  completed. (Chapter 12) 

A i r  locks ,  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 accommodate creep 
w i t h o u t  impa-irment t o  t h e i r  a b i l i t y  t o  m a i n t a i n  v e n t i l a t i o n  
separa t ion .  



Table 2-1 (cont inued) 

ABRIDGED WIPP DESIGN CRITERIA' 

(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 compatible w i t h  t h e  waste t ranspor t  vehic le,  
w i t h  waste con'tainer sizes, shapes, weights and stacking 
conf igura t ions ,  and w i t h  waste emplacement equipment. (Chapter 
12) 

b. Prov is ions  s h a l l  be made t o  accommodate b a c k f i l l i n g  over and 
around CH waste conta iners.  (Chapter 12) 

c. Each storage panel s h a l l  have prov is ions  f o r  being i s o l a t e d  
from o the r  panels upon complet ion o f  storage operat ions i n  
t h a t  panel. (Chapter 12) 

(8 )  Re t r i evab i  1 i t y  

a. A l l  wastes placed i n t o  t h e  W I P P  a re  re t r i evab le ,  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 the  
p i l o t  p l a n t  i s  converted t o  an opera t iona l  repos i to ry  f o r  
permanent d isposa l  o f  wastes. (Chapter 12) 

b. Each storage 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 ized t o  minimize breaching o f  t h e  CH waste conta iners f o r  a 
pe r iod  o f  10 years. (Chapter 12) 

(9 )  Underground excavation and haulage 

a. Min ing s h a l l  be performed w i t h  continuous miners o r  equivalent  
machine type devices. D r i l l  and b las t - type mining s h a l l  be 
p r o h i b i t e d  except where authorized. 

b. Underground design s h a l l  prov ide maximum s t a b i l i t y  f o r  
excavated rooms and en t r i es .  (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  app l i cab le  requirements o f  
t h e  MSHA i n  30 CFR 57.9 and t h e  New Mexico Mine Safety Code 
f o r  A1 1 Mines. 



indicated i n  the  tab le .  

2.3 DESIGN BASES 

The design bases i d e n t i f y  the  de ta i l ed  design requirements f o r  t he  WIPP 

underground f a c i  1 i t i e s .  They are derived from the  more genera1 

concepts presented i n  t he  design c r i t e r i a .  The design bases cover a l l  

aspects o f  the design and f a c i l i t y  operations. Design bases app l i cab le  

t o  design v a l i d a t i o n  a re  l i s t e d  i n  references 2-9 through 2-20. The 

essent ia l  elements o f  t h e  design bases per ta in ing  t o  design val  i d a t i o n  

o f  the C & SH shaft ,  waste shaf t ,  exhaust shaf t ,  d r i f t s  and storage 

area a re  discussed i n  Chapters 7 through 10 and Chapter 12. The 

discussions cover on ly  those bases t h a t  requ i re  evaluat ion.  A1 1 o ther  

bases a re  requirements determined dur ing design reviews and need no 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 reference design conf igurat ions are  the engineered f a c i l i t i e s  

designed t o  comply w i t h  the  design c r i t e r i a  and design bases. They are 

described i n  various con t rac t  drawings and spec i f i ca t ions .  The 

essent ia l  elements o f  the design conf igurat ions are  discussed i n  

Chapters 3 and 12. 

2.5 DESIGN DEVELOPMENT 

Design o f  the WIPF surface and underground f a c i l i t i e s  consisted o f  

th ree  stages : 

(1) t he  conceptual design; 

(2 )  t he  p re l im inary  design; and 

( 3 )  t he  de ta i led  design, inc lud ing  the  underground opening 

reference design. 

A t  both the  conceptual and pre l iminary  design stages, an extensive, 

indep.endent review of t he  underground layout  and design was made by t h e  



DOE and i t s  consul tants,  SNL and Westinghouse E l e c t r i c  Corporation. 

The rev iew inc luded assessment o f  t h e  underground design concept and 

consu l ta t i on  w i t h  Carlsbad area potash mine operators t o  obta in  

i n fo rma t ion  from t h e i r  experience. The p re l im ina ry  design was a lso  

reviewed by o t h e r  Federal agencies, t h e  S ta te  o f  New Mexico and the  NAS. 

From these reviews and consu l ta t ions ,  t h e  DOE concluded t h a t  t h e  

d e t a i l e d  design, based on t h e  cu r ren t  s t a t e  o f  t h e  a r t ,  was sound. 

However, f o r  f u r t h e r  conf i rmat ion,  i t  was decided t h a t  t he  impact o f  

s i t e - s p e c i f i c  geologic cond i t i ons  on t h e  underground opening reference 

design should be v e r i f i e d  by d i r e c t  observat ion. Consequently, t he  DOE 

i n i t i a t e d  t h e  SPDV Program described i n  Chapter 1. The SPDV Program 

provided i n  s i t u  data on t h e  l o c a l  geology and on t h e  geomechanical 

response o f  t h e  s t r a t a  t o  t h e  underground openings. 

2.5.1 Conceptual Design 

Design o f  t h e  W I P P  sur face and underground f a c i l i t i e s  began w i t h  the  

C conceptual design, i n i t i a t e d  i n  1975 and completed i n  1977 ( r e f .  

2-21). The conceptual design provided t h e  basis f o r  development o f  t h e  

p r e l i m i n a r y  design o f  both t h e  sur face and underground f a c i l i t i e s .  

2.5.2 Pre l im inary  Desiqn 

The W I P P  p r e l i m i n a r y  design was begun i n  1978 and completed i n  1980 

( r e f .  2-22). The p r e l i m i n a r y  design (F igure  2-2) was based on 

emp i r i ca l  methods and l o c a l  min ing prac t ices ,  incorpora t ing  the  

convent ional  room and p i l l a r  method f o r  underground development. It 

i n c l  uded a n a l y t i c a l  eval  ua t ions  o f  underground openings i n  bedded s a l t  

us ing t h e  f i n i t e  element method and labo ra to ry  t e s t  data ( r e f s .  2-23 

and 2-24). The roo f  and f l o o r  o f  t h e  rooms and e n t r i e s  were checked 

f o r  s t a b i l i t y  by methods described i n  t h e  SHE Mining Engineering 

Handbook ( r e f .  2-25). I n  a d d i t i o n  t o  Bechtel, SNL performed conf i rming 

numerical analyses ( r e f s .  2-26 and 2-27). These analyses pred ic ted 

shor t -  and long-term s t ress  d i  s t r i  but ions around t h e  selected openings 

c1 as w e l l  as e l a s t i c  and creep deformations. 
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<rrh 2.5.3 Deta i led  Desiqn 
t 1 
b&dl~I' De ta i led  design o f  t he  WIPP, begun i n  1981 and completed i n  1984, 

inc luded design o f  t h e  sur face and underground f a c i l i t i e s  and the  

ref.erence design f o r  t h e  underground openings. This was based on an 

extensive amount o f  data der ived from the  s i t e  charac ter iza t ion ,  

i n c l u d i n g  in fo rmat ion  f rom boreholes, sur face geophysical measurements 

and labo ra to ry  t e s t s .  These data were used t o  e s t a b l i s h  the  f a c i l i t y  

l e v e l  and t h e  design parameters. The number o f  holes 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  order  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  surface. The layou t  and con f igu ra t i on  o f  t he  underground 

openings were based main ly  on empi r ica l  data which incorporates the  

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 the r  min ing areas, and an storage e f f i c i e n c y .  The design was a l so  

based on mining and engineering standards u n i v e r s a l l y  app l ied  t o  

underground p ro jec ts .  

Analyses were performed t o  evaluate t h e  s t a b i l i t y  o f  underground 

openings .us ing  ma te r ia l  p roper t i es  obtained from labora tory  t e s t s  o f  

core samples ( r e f ,  2-28). Va l i da t i on  o f  t he  underground opening 

reference design w i t h  respect  t o  the  ac tua l  underground environment 

- r equ i res  d i r e c t  observat ion o f  geologic cond i t ions  a t  t he  f a c i l i t y  

l e v e l  and the  behavior o f  t h e  underground openings. This i n t e r a c t i o n  

between observat ion o f  underground excavation and development o f  design 

i s  cons is ten t  w i t h  engineer ing p r a c t i c e  f o r  underground const ruc t ion  

and w i t h  achiev ing t h e  most cos t -e f fec t i ve  f a c i l i t y  conf igura t ion .  

Deta i led  design 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 ow  the  

inco rpo ra t i on  o f  i n i t i a l  i n fo rma t ion  obtained from excavation dur 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  

cons t ruc t i on  o f  t he  underground f a c i l i t i e s .  Ca lcu la t ions  t h a t  appl ied 

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 from labora tory  

t e s t s  were performed t o  evaluate the  behavior o f  t he  underground 

openings. In format ion  obtained from the  design v a l i d a t i o n  program was 

used t o  conf irm, r e f j n e ,  o r  a l t e r  t he  underground opening reference 

C design as requ i red  t o  accommodate i n  s i t u  cond i t ions .  The d e t a i l e d  



design i nc luded  t h e  development o f  c o n s t f 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 to rage area. It' a l s o  

i nc luded  design o f  t h e  sur face f a c i l i t i e s  b u t  t h i s  i s  n o t  inc luded i n  

t h e  design 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  c o n s t r u c t i o n  o f  s a l t  and potash mines 

extends over  many years. Empi r ica l  knowledge on t h e  sa fe  s i zes  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 re  ava i l ab le .  D i f f e r e n t  methods of 

a n a l y s i s  a r e  requ i red  t o  determine t h e  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  1  u re  c o n d i t i o n s  were 

analyzed by o t h e r  app rop r ia te  methods. I n  general,  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 bas ic  requirements a r e  

s a t i s f i e d :  

(1) t h e  deformation of t h e  opening conforms t o  t h e  c learance 

envelope a l lowed f o r  sa fe  ope ra t i on  o f  t h e  workings d u r i n g  

design l i f e ;  and 

(2)  t h e  load bear ing  capac i t y  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. 

Subsect ions 2.6.1 through 2.6.3 d iscuss  t h e  emp i r i ca l  methods, c losed 

fo rm s o l u t i o n s  and model s imu la t i ons  used f o r  t h e  re ference design o f  

t h e  WIPP underground openings. 

2.6.1 Emp i r i ca l  Method 

Most o f  t h e  seven potash mines i n  t h e  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  design evolved. The 

p r e l i m i n a r y  room and p i l l a r  con f i gu ra t i ons ,  i n c l u d i n g  t h e  w i d t h  and 



F~IYI,, spacing o f  t he  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 

bzi+d experiences gained from general mining p rac t i ces  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 he  W I P P  f a c i l i t y  

hor izon i s  s i g n i f i c a n t l y  l ess  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  Carlsbad area and i n  o the r  pa r t s  o f  North America; 

2.6.2 Closed Form So lu t ions  

Closed form so lu t i ons  i n  the  SME Mining Enqineering Handbook were used 

t o  check t h e  design o f  t he  room-and-pi 11ar system, i nc lud ing  room 

dimensions, room spacing, p i l l a r  s t resses and p i l l a r  width-to-height 

r a t i o s .  These types of so lu t i ons  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  st resses on the  roof  beams, and t o  est imate 

sur face subsidence ( r e f .  2-30). Closed form so1,utions f o r  s t e e l  and 

concrete s t r u c t u r a l  design were used f o r  design o f  t he  s h a f t  l i n e r s  and 

keys. 

2.6.3 Model S imula t ion  

To determine t h e  geomechanical and s t r u c t u r a l  behavior around the  

underground openings, mathematical models o f  t he  openings were 

generated and p re l im ina ry  f i n i t e  element analyses were performed t o  

s imula te  t h i s  behavior. These analyses used mate r ia l  p roper t ies  

obtained from . laboratory t e s t s  o f  d r i  11 core samples t o  est imate 

c losure  o f  t h e  openings. I n  order  t o  main ta in  the  operat ional  

c a p a b i l i t y  o f  t h e  cnderground f a c i l i t y  dur ing  i t s  design l i f e ,  

allowances for+ roof ,  f l o o r  and w a l l  c losures were added t o  the  

opera t iona l  clearance envelope o f  t he  underground openings. The design 

c r i t e r i a  r e q u i r e  conf i rmat ion  o r  mod i f i ca t i on  o f  t he  estimated c losure 

based on geomechanical inst rument  measurements obtained i n  the  

excavations. 

Pre l im inary  analyses were on ly  considered parametr ic s tudies since 

impor tant  feedback from t h e  design v a l i d a t i o n  program observat ions and 

geomechanical inst rument  measurements was requ i red  t o  complete the  

understanding o f  t he  mechanism o f  creep deformation i n  the  s a l t  a t  t he  





CHAPTER 3  

UNDERGROUND FACILITIES 

3.1 INTRODUCTION 

Th is  chapter  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  con f i gu ra t i ons  o f  t h e  

WIPP shaf ts ,  d r i f t s  and rooms, and sumnarizes 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  inc ludes  those d e t a i l s  

p e r t a i n i n g  t o  t h e  "as-bui 1  t1I 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  reference design. The re fe rence design o f  t he  

underground openings was based on requ i  rements contained 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 WIPP 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  genera1 areas 

( F i g u r e  3-1). The no r the rn  p o r t i o n  i s  t he  experimental  area con ta in ing  

t h e  design v a l i d a t i o n  t e s t  rooms and technology experiments. 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  sha f t s .  This  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 torage area. Although 

some min ing  has been .conducted i n  t h i s  area, 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  repo r t .  

3.2 SELECTION 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  1  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 oca t i ons  

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 geophysical  logs from 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  es tab l i shed by t h e  WIPP 

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  recomended 

d is tances  between t h e  underground opening sur faces and t h e  nearest  

o v e r l y i n g  o r  unde r l y i ng  c l a y  seams o r  pa r t i ngs .  
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Geologic mapping o f  t h e  SPDV exp lo ra to ry  s h a f t  i n  A p r i l  and Hay 1982 

C perm i t t ed  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 .  This  

assessment inc luded an eva lua t i on  o f  t h e  i n t e r v a l s  o f  i n t e r e s t  aga ins t  

a  mod i f i ed  ve rs ion  o f  t h e  1979 hor izon s e l e c t i o n  c r i t e r i a .  These 

mod i f i ed  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  reduc t i on  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 ize .  The modi f ied  c r i t e r i a  were as fo l l ows :  

( 1  ) The rock comprising t h e  underground f a c i  1  i t y  hor izon 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  features,  f a u l t s ,  o r  

f rac tu res ,  I f  any such fea tures  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. (Th i s  element was n o t  

e x p l i c i t l y  s ta ted  i n  t h e  1979 c r i t e r i a . )  

(2 )  There should be a  minimum 4- foo t  th ickness  o f  h a l i t e  between 

t h e  t o p  o f  MB-139 and t h e  f a c i l i t y  f l o o r .  The undulatory 
p-, 

I L. 
upper contac t  o f  MB-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  requ i red  a  

5- foo t  th ickness  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 ly ing  c l a y  seam o r  par t ing . )  

(3 )  There should be a  minimum 14 1/2-foot sec t i on  o f  h a l i t e  f o r  

cons t ruc t i on  o f  nominal 13-foot h igh  rooms. M i  nor  

i m p u r i t i e s ,  such as a rg i l l aceous  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  design i n  1979 c a l l e d  f o r  

12- foot  h igh  rooms.) 

(4 )  There should be a  minimum of 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  roo f  and t h e  f i r s t  o v e r l y i n g  c l a y  seam (def ined as 

1/4 i n c h  t h i c k  o r  g rea te r )  f o r  purposes o f  r o o 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-foot 

th ickness  a t  t h e  verbal  request o f  SNL personnel.) 

(5)  Horizons con ta in ing  subs tan 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 ined i n  t h e  . 



t h i r d  c r i t e r i o n  l i s t e d  above was increased f rom 14 1/2 f e e t  n 
t o  17 f e e t  o r  more t o  accommodate t h e  17- foot  h i g h  SPDV d 
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 eva lua ted 

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 fee t .  A meeting, a t tended by 

rep resen ta t i ves  f rom 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 resent  a  recommendation 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 lec ted  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 recommendation was 

accepted by t h e  DOE and l a t e r  reviewed 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 Mexico 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 a n t i c i p a t e d ,  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  of an a d d i t i o n a l  anhydr i  t e  bed, anhydr i  t e  

"b", and i t s  under l y ing  c l a y  seam. Figures 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 s torage rooms. 

Th i s  p r e l i m i n a r y  design was based on the  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 igures  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 t h e  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  ERDA-9 core. 

Th is  would have produced 12 f e e t  o f  un in te r rup ted  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 the  storage rooms. However, s h a f t  

mapp-ing revealed an i n te rmed ia te  bed, a n h y d r i t e  llbll, approx imate ly  7 

f e e t  below t h e  known bed, a n h y d r i t e  'la" Th is  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  r o o 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  t h e  waste storage 

area. Desp i te  t h i s  f i n d i n g ,  t h e  underground f a c i  1  i t y  ho r i zon  chosen 

was judged t o  adequately meet a l l  o f  t h e  es tab l i shed  c r i t e r i a .  
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I . A t  a meeting h e l d  on February 13, 1986, cons idera t ion  was g iven t o  t h e  

.L A/ 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  hor izon ( r e f .  3-2). The d iscuss ion  was prompted by the  

f o l l o w i n g  observat ions o f  t h e  behavior 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 the  

underground openings are being i nves t i ga ted  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 permeabi 1  i t y  due t o  f r a c t u r i n g ,  and p ropo r t i ona l  t o  

t h e  s i z e  o f  t h e  opening, have developed between the  f l o o r  o f  

t h e  openings and t h e  base o f  MB-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 the r  

l o c a t i o n s  i n  t h e  N1420 d r i f t .  Increased pe rmeab i l i t y  has 

a l s o  been detected w i t h i n  anhydr i te  "b1I above t h e  roo f  o f  t he  

t e s t  rooms. (Add i t i ona l  pe rmeab i l i t y  t e s t i n g  i s  being 

conducted by  SNL. The f i n a l  r e s u l t s  from t h i s  program are  

n o t  y e t  ava i lab le . )  

( 2 )  F rac tu r i ng  has been encountered both  w i t h i n  and above 

MB-139. It i s  e s p e c i a l l y  w e l l  developed i n  the  southern h a l f  

o f  Test Room 3  (Room T) .  This f r a c t u r i n g  i s  discussed i n  

Chapter 10, subsect 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  displacements 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  anhyd r i t e  "bI1 and are  associated 

w i t h  t h e  under l y ing  c l a y  seam. This i s  discussed i n  Chapter 

10, subsect ion 10.3.2.1, and i n  Chapter 11, subsection 

11.3.2.1. 

(4 )  I n  s i t u  c losu re  r a t e s  are  almost t h ree  t imes g rea te r  than t h e  

r a t e s  o r i g i n a l l y  p red i c ted  from labo ra to ry  t e s t  data. This 

i s  discussed i n  Chapters 10, 11 and 12. 



The underground opening behavior  occu r r i ng  a t  t h e  W I P P  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  

format ions.  The cond i t i ons  a re  understood and any problems encountered 

can be adequately m i t i g a t e d  us ing  standard mining eng ineer ing  

proceduies. The behavior  experienced a t  t h e  present  f a c i  1 i t y  l e v e l  i s  

l i k e l y  t o  occur  t o  some ex ten t  a t  any a l t e r n a t e  hor izon selected.  

These conclusions, and t h e  f a c t  t h a t  t h e  behav iora l  c h a r a c t e r i s t i c s  and 

geologic environment a t  t h e  e x i s t i n g  l e v e l  a r e  known, r e s u l t e d  i n  a 

dec is ion  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  present  l oca t ion .  Studies o f  t h e  behavior  o f  t h e  rooms and d r i f t s  

w i l l  cont inue beyond design v a l i d a t i o n  as discussed i n  Chapter 1, 

subsect ion 1.5.2. 

3.3 DESCRIPTION OF UNDERGROUND FACILITIES 

3 .3 .1  C & SH S h a f t  

The c o n s t r u c t i o n  and s a l t  handl ing (C & 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 WTPP 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  designated t h e  'exp lora tory  s h a f t  du r ing  t h e  SPDV Program. 

The s h a f t  provides a means o f  access f o r  personnel and m a t e r i a l s  t o  and 

'from 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  provides impor tan t  

da ta  f o r  mon i to r i ng  t h e  behavior  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  

surrounding t h e  shaf t .  and ground-water pressures. 

The s h a f t  i s  l i n e d  w i t h  s t e e l  casing having a 10- foot  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- foot  d iameter  

extends through t h e  concrete s h a f t  key t o  a depth o f  880 f e e t .  From 

t h e  key t o  t h e  bottom 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  sha f t .  The l i n e r  was 

designed f o r  bo th  cons t ruc t i on  and permanent loads. The c o n s t r u c t i o n  

load was considered t o  be 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  



(u by t h e  f l u i d  used t o  I1 f loa t1 l  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 load i s  t h e  hyd ros ta 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 ions  i n  t h e  water-bearing zones. 

Rock pressure was n o t  used i n  design due t o  the  c o n t r o l l i n g  i n f l uence  

o f  t h e  h y d r o s t a t i c  pressure. Since hyd ros ta t i c  pressure 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 he  

bottom. The l i n e r  i s  he ld  i n  p lace  w i t h  cement g rout .  

The C & SH s h a f t  key i s  a  37 1/2-foot long reinforced-concrete 

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 important  

func t ions .  F i r s t ,  i t  provides 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 ions  o f  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-bearing 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. This  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 tee l  

l i n e r  and concrete key, prevents water from f l o w i n g  out  a t  t he  

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 rench  was constructed behind t h e  concrete above t h e  lower o f  t h e  two 

seals t o  i n t e r c e p t  water  m i g r a t i o n  pas t  t he  upper seal .  This 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 he  key sur 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. 

The s h a f t  i s  un l i ned  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 re  smooth and 

undamaged. No support o r  p r o t e c t i v e  w i r e  mesh was requi red.  

3.3.2 Waste Sha f t  

The waste s h a f t  serves t o  connect t h e  waste handl ing b u i l d i n g  on the  

ground sur face w i t h  t h e  WIPP underground f a c i  l i t y .  The s h a f t  I s  pr imary 

f u n c t i o n  i s  t o  permi t  t he  t r a n s f e r  o f  r a d i o a c t i v e  waste from the  

sur face t o  t h e  underground storage area. It w i l l  a l s o  serve as an 

(y i n t a k e  s h a f t  f o r  small volumes o f  a i r  du r ing  storage operat ions and as 

an emergency escape route.  The waste s h a f t  was i n i t i a l l y  excavated as 



a 6 - foo t  d iameter  vent1 l a t l o n  shaf t ,  which was t h e  pr imary  exhaust 

r o u t e  d u r i n g  t h e  SPDV phase o f  cons t ruc t i on .  As i n  t h e  C & SH sha 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 rov ide  

impor tan t  geotechn ica l  da ta  w i t h  which t o  mon i to r  t h e  behav ior  o f  t h e  

s h a f t  and i t s  surrounding geo log ic  environment. 

The waste s h a f t  i s  l i n e d  w i t h  unre in forced 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 f e e t .  The purpose o f  

t h e  1  I n e r  i s  t o  r e t a i n  t h e  surrounding rock and t o  p revent  ground water  

f rom e n t e r i n g  t h e  sha f t .  The l i n e d  s e c t i o n  of t h e  s h a f t  has a  f i n i s h e d  

i n s i d e  d iameter  o f  19 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  sur face t o  20 inches a t  t h e  key. A water  

c o l  l e c t i o n  r i n g  was incorpora ted  i n t o  t h e  1  i n e r  immediately beneath 

bo th  t h e  Magenta and Culebra water-bearing 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  t h e  C & SH s h a f t  

key. It serves as a  t r a n s i t i o n  f rom t h e  concre te- 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 water  f rom 

reaching 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 bot tom o f  

t h e  key i s  a t  a  depth o f  900 fee t .  I n  c o n t r a s t  t o  t h e  C & 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  su r face  'of  t h e  key and conducts it, as w e l l  as water  f rom t h e  

two upper r i ngs ,  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 ipe .  

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  (PVC) 

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  fo rmat ion  w i t h  t h e  Salado fo rmat ion .  

The s e c t i o n  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 i s t s  o f  exposed s a l t  l i n e d  w i t h  w i r e  mesh anchored by rock b o l t s .  

The 20- foot  d iameter  s h a f t  enlarges t o  23 f e e t  j u s t  above t h e  waste 



s h a f t  s ta t i on .  This 23-foot diameter extends t o  t h e  bottom o f  the  

shaf t ,  approximately 122 f e e t  below the  f a c i l i t y  l e v e l .  

3 . 3 . 3  Exhaust' Sha f t  . 

'The exhaust s h a f t  i s  t he  pr imary v e n t i l a t i o n  exhaust f o r  the  

underground f a c i l i t i e s .  It i s  designed as a  duct  t o  remove a i r  from 

t h e  underground areas up through the  exhaust f i l t e r  b u i l d i n g  a t  t he  

ground surface. 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 rou te  du r ing  emergencies. This 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  15 kV power cab le  and s igna l  cables underground. These 

redundant cables serve as emergency a l te rna tes  should the  pr imary 

cables i n  t h e  C & SH s h a f t  become inoperat ive.  The exhaust shaf t ,  

l i k e  t h e  C & SH and waste shaf ts ,  conta ins a  s u i t e  o f  geomechanical 

instruments. 

The exhaust s h a f t  i s  l i n e d  w i t h  unreinforced concrete from the  ground 

sur face t o  the  t o p  o f  t h e  s h a f t  key a t  a  depth o f  844 fee 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  the  o the r  two shaf ts .  The 

l i n e r  has an i n s i d e  diameter o f  14 f e e t .  The l i n e r  th ickness increases 

f rom 10 t o  16 inches w i t h  depth. 

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  the  o the r  

two shaf ts .  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 sec t i on  o f  t h e  s h a f t  and the  exposed s a l t  i n  the  lower 

sec t ion .  It i s  a l so  designed t o  prevent ground water i n  t h e  upper 

water-bearing members from reaching the  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  dra-ins a t  a  depth o f  857 f e e t  and 'nine dra ins  each a t  855 f e e t  

and 870 f t .  The key a l s o  conta ins two water seals, a  water c o l l e c t i o n  

r i n g ,  and two guide pipes f o r  d r i l l - i n g  t e s t  holes. The bottom o f  the  

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  

C1 t h e  f a c i l i t y  l e v e l ;  t h e r e  i s  no s h a f t  sump. 



3.3.4 D r i f t s  

The underground s h a f t  s t a t i o n s  and d r i f t s  have been designed t o  

f a c i l i t a t e  t h e  hand1 i n g  and t r a n s p o r t  of r a d i o a c t i v e  waste. They a l s o  

p rov ide  access f o r  c o n s t r u c t i o n  opera t ions .  and exper imenta l  

a c t i v i t i e s .  The d r i f t s  a r e  designed t o  p rov ide  adequate v e n t i l a t i o n  

supply and exhaust f o r  a l l  areas o f  t h e  underground f a c i l i t y .  

A l l  d r i f t s  a r e  rec tangu la r  i n  cross s e c t i o n  w i t h  t y p i c a l  dimensions 

t h a t  range f rom about  8 t o  12 f e e t  h i g h  and 14 t o  25 f e e t  wide. Access 

d r i f t s  serve as t h e  main haulageways between t h e  s h a f t s  and t h e  

exper imenta l  and waste storage areas. Cross-cut d r i f t s  ( c rosscu ts )  a r e  

designed t o  accommodate equipment, shops and t r a f f i c  f l ow .  The 

c rosscuts  a r e  g e n e r a l l y  sma l l e r  i n  c ross-sec t iona l  dimensions than t h e  

access d r i f t s .  The excavated dimensions o f  major  d r i f t s  and rooms a r e  

presented i n  Table 3-1. The h o r i z o n t a l  underground openings a r e  

o r i e n t e d  e i t h e r  nor th-south o r  east-west and a re  l abe led  based on a 

g r i d  system having t h e  c e n t e r l i n e  o f  t h e  C & SH s h a f t  as i t s  o r i g i n .  

For  example, t h e  EO d r i f t  runs nor th-south i n  l i n e  w'ith t h e  C & SH 

s h a f t  and t h e  NllOO d r i f t  i s  an east-west d r i f t  1100 f e e t  n o r t h  o f  t h e  

C & SH sha f t .  

The no r the rn  p a r t  o f  t h e  f a c i  1 i t y  conta ins  t h e  exper imenta l  areas. 

Four t e s t  rooms were excavated west o f  t h e  EO d r i f t  as p a r t  o f  t h e  SPDV 

Program. These rooms a re  discussed i n  subsect ion 3.3.5. The remain ing 

exper imenta l  areas have been excavated f o r  long-term exper imenta l  

programs t o  be conducted under t h e  d i r e c t i o n  o f  SNL. These experiments 

a r e  n o t  p a r t  o f  design v a l i d a t i o n  and a r e  addressed i n  t h i s  r e p o r t  o n l y  

when necessary t o  c l a r i f y  t h e  d iscuss ion .  

The s h a f t  p i l l a r  area (F igu re  3-1) i s  designed t o  p r o t e c t  t h e  su r face  

s t r u c t u r e s  and s h a f t s  f rom se t t l emen t  r e s u l t i n g  f rom t h e  n a t u r a l  

c l o s u r e  o f  underground openings. The s h a f t  p i  1 l a r  dimensions were 

de r i ved  i n  accordance w i t h  standard analyses developed by t h e  U.S. 

Bureau o f  Mines ( r e f .  2-30). Excavat ion w i t h i n  t h e  s h a f t  p i l l a r  area 

was designed t o  ma in ta in  an e x t r a c t i o n  r a t i o  o f  l e s s  than 15 percent .  



Table 3-1 

FACILITY LEVEL CONFIGURATIONS 
NOMINAL EXCAVATED DIMENSIONS OF MAJOR DRIFTS AND ROOMS 

Pase 1 o f  2 

D r i f t  o r  Room 
Width Height 
( f t )  ( f t )  

E 0 
El40 
E l  40 
El40 
E300 
W30 
W30 
W170 
N140 
N140 
N460 
N780 
Nl 1 00 
N l l O O  
Nl 1 00 
N l  1 00 
N1420 
N1420 
S90 
S90 
S400 
S400 
S400 
S700 
S700 
S700 
Sl  000 
S l  000 
Sl  000 
S1300 
S1300 
S1300 
S1600 
S1600 
S1600 
S1600 
S1950 
S1950 
S2180 

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 
From 
From 
From 
From 
From 
From 
From 
From 
From 

N1420 2 5 
N1420 14 
S2210 2 5 
S3264 (Exploratory D r i f t )  25 
S1980 14 
S700 . 2 0 
S1950 14 
S1300 14 
E l  40 12 
W170 12 
El40 (Conference Room) 20 
E l  40 12 
E l  546 14 
W667 2 0 
W1800 (Room G Entry D r i f t )  20 
W2990 (Room G )  20 
E l  546 14 
W647 20 
E l  40 12 
E300 14 
E l  40 20 
E300 14/18 
E500 20 
W30 20/25 
E l  40 2 0 
E300 20/35 
W30 2 0 
E l  40 25 
E300 20 
W30 20 
E l  40 2 0 
E300 20 
W30 20 
E l  40 2 0 
E300 2 0 
E520 14 
E l  40 14 
E300 2 0 
E300 14 



Table 3-1 (continued) 

FACILITY LEVEL CONFIGURATIONS 
NOMINAL EXCAVATED DIMENSIONS OF MAJOR DRIFTS AND ROOMS 

Page 2 o f  2 . 

Width Height 
D r i f t  o r  Room ( f t )  ( f t )  

Test Rooms 1, 2, 3 & 4 (300 f e e t  long) 
Experimental Rooms A l ,  A2, A3, B & D (306 f e e t  long) 
Alcove I 1  (43 f e e t  long) 
Alcoves 12, 13, 14, 15, I 6  & 17 (33 f e e t  long) 
Rooms C1 & C2 (98 and 102 f e e t  long) 
Room J (98 f e e t  long) 
Rooms L1 & L2 (98 f e e t  long) 
Room H Ent ry  
Room H (outs ide radius = 54 f e e t )  



A geomechanical ins t rumenta t ion  program was implemented t o  gather  

geotechni c a l  data 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 

deformat ional  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 losure  ra tes .  

o f  t y p i c a l  d r i f t s ,  rooms and i n te rsec t i ons .  I n  add i t ion ,  an extensive 

program o f  geologic  mapping, core d r i  11 i ng, l abo ra to ry  t e s t i n g  and 

v i s u a l  observat ions has been conducted. The methodology used and t h e  

r e s u l t s  o f  these programs are  discussed i n  o t h e r  chapters o f  t h i s  

repo r t .  

3.3.5 Test Rooms 

Four t e s t  rooms were excavated i n  t he  no r the rn  sec t i on  o f  t h e  f a c i l i t y  

du r ing  t h e  SPDV phase o f  cons t ruc t ion .  These rooms represent 

f u l l - s c a l e  models of t h e  f u t u r e  waste storage rooms and have the  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  

planned storage rooms. 

The t e s t  rooms a re  designed t o  pe rm i t  an assessment o f  deformation and 

c losu re  r a t e s  due t o  s a l t  creep as w e l l  as the  s t a b i l i t y  o f  t h e  f u t u r e  

storage rooms. This  has been accomplished by eva lua t ions  and analyses 

o f  geotechni c a l  data gathered f rom geomechani c a l  inst ruments i n s t a l  1  ed 

i n  each room and t h e  r e s u l t s  o f  geologic  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  o f  samples from t h e  surrounding s t ra ta ,  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  geotechnical  personnel. 'The 

r e s u l t s  o f  these eva lua t ions  and analyses a re  presented i n  Chapters 11 

and .12. 

3.3.6 Waste Storaqe Area 

The waste storage area w i l l  be developed i n  t h e  southern p o r t i o n  o f  t he  

f a c i l i t y  (F igure  3-1). The reference design 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 storage rooms i n  each panel. 'The 

room dimensions a re  13 f e e t  high, 33 f e e t  wide and 300 f e e t  long. The 

w id th  o f  t h e  p i l l a r s  between rooms i s  100 f e e t .  This  con f i gu ra t i on  

r e s u l t s  i n  a storage area e x t r a c t i o n  r a t i o  o f  l e s s  than 25 percent 

based on a l i n e  100 f e e t  beyond t h e  storage area excavat ion neat  l i n e .  



F u l l  development o f  t h e  waste s to rage area w i l l  e v e n t u a l l y  encompass 

about 140 acres. The re ference design 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 t h  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 rosscuts  i n  t h e  waste 

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  W I P P  underground f a c i l i t y  was cons t ruc ted  i n  two phases. 

The f i r s t  phase, SPDV (F igu re  3-I) ,  was conducted f rom 1981 t o  1983 and 

cons is ted  o f  t h e  excavat ion  o f  t h e  exp lo ra to ry  and v e n t i l a t i o n  s h a f t s  

as w e l 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 ob jec t i ves :  (1 )  i t  perm i t t ed  t h e  complet ion o f  

experiments and geotechn ica l  a c t i v i t i e s  requ i red  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  provided 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 i s  

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 t h  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  

designated as f u11 c o n s t r u c t i o n  on F igure  3-1 . Th is  excavat ion  

inc 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  sha 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 & D 

experiments. The ope ra t i ona l  name o f  t h e  exp lo ra to ry  s h a f t  changed t o  

t h e  C & SH s h a f t  du r ing  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 du r ing  which excavat ion  o f  t h e  

storage rooms w i l l  occur  concu r ren t l y  w i t h  waste emplacement. Min 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 



emplacement i s  c u r r e n t l y  n o t  scheduled t o  begin u n t i l  l a t e  1988. No 

d iscuss ion  o f  t he  operat ions phase i s  presented i n  t h i s  repor t ,  

a l though it w i l l  be s t r o n g l y  a f f e c t e d  by the  design v a l i d a t i o n  r e s u l t s  

presented here in.  

3.4.1 C & SH Sha f t  

C & SH s h a f t  cons t ruc t i on  was performed dur ing  1981 and 1982. 

Const ruc t ion  s t a r t e d  i n  May 1981 w i t h  t h e  excavat ion o f  a 98-foot deep 

p i l o t  hole. The p i l o t  ho le  was augered us ing  a crane-mounted d r i l l i n g  

u n i t .  S tee l  sur face casing w i t h  an i n t e r i o r  diameter o f  12 f e e t  was 

grouted i n t o  p lace  t o  a depth o f  93.4 fee t .  

Sha f t  d r i l l i n g  s t a r t e d  on J u l y  4, 1981, and was completed 112 days 

l a t e r .  The d r i l l i n g  was performed using a j a c k n i f e  d e r r i c k  w i t h  draw 

works capable o f  suppor t ing  a suspended load o f  500 tons. The d r i l l i n g  

method used cons is ted  o f  a i  r - l i f t e d  reverse c i r c u l a t i o n  performed 

through double-walled d r i l l  p ipe. The d r i l l i n g  f l u i d  (b r i ne )  was 

mainta ined a t  a r e l a t i v e l y  constant  l e v e l  above t h e  d r i l l  b i t .  The 

d r i l l  b i t  consis ted o f  a 142-inch diameter f u l l - f a c e  r o l l i n g  c u t t e r  

head. S h a f t  d r i  1  l i n g  was completed t o  a depth o f  2,298 f e e t  on 

October 24, 1981. Table 3-2 conta ins an abridged h i s t o r y  o f  t he  

C & SH s h a f t  d r i l l i n g  program. 

L i n e r  i n s t a l l a t i o n  began on November 12, 1981, and was completed on 

December 3, 1981. A s t e e l  l i n e r  was i n s t a l l e d  i n  20- and 40-foot 

sec t ions  i n  t h e  'shaf t  above t h e  s a l t  format ion.  The s tee l  sect ions 

were connected du r ing  i n s t a l l a t i o n  us ing f u l l - p e n e t r a t i o n  bevel welds. 

Nondestruct ive rad iograph ic  examination was performed on each welded 

sec t ion .  The l i n e r  was p a r t i a l l y  f l o a t e d  i n t o  p lace  by f i l l i n g  the  

s h a f t  w i t h  b r i n e  and adding b r i n e  t o  t h e  i n s i d e  o f  t h e  l i n e r  t o  

overcome t h e  e f f e c t  o f  buoyancy. Add i t i ona l  support f o r  i n s t a l l a t i o n  

was prov ided by t h e  d r i l l i n g  d e r r i c k  and draw works. A f t e r  t h e  l i n e r  

was i n  place, t h e  annular  space was grouted by t h e  tremmie method. The 

g r o u t i n g  was completed on December 8, 1981. 

C 



Table 3-2 

C C SH SHAFT - ABRIDGED DRILLING HISTORY 

Locat ion:  

E leva t i on :  

D r i  11 i ng Cont rac tors /R ig  Types: 

D r i  11 i ng Data Augered : 

Spudded : 

Completed: 

Casing: 

D r i l l  Hole: 

D r i l l i n g  F lu id :  

D i  r e c t i  onal Survey Cont rac tor :  

Bottom Hole Coordinates: 

H o r i z o n t a l  Displacement: 

Eddy County, New Mexico; 
New Mexico Gr id  Coordinates 
X 666894.89, Y 499687.23 

Ground Surface = 3410.5 f t  MSL 

Mered i th  D r i l l i n g  Company/Auger 
(11.0 f t  t o  97.5 f t*); 

Chal lenger D r i l l i n g  Company/ 
Na t i ona l  125 Jackn i fe  Rotary 
(97.5 f t  t o  2,298 f t )  

May 18 t o  June 17, 1981 

J u l y  4, 1981 

October 24, 1981 

180-in. corrugated metal  p ipe,  
ground sur face t o  11 f t ;  

144-in. s t e e l  casing, 
ground sur face t o  93.4 f t ;  

120-in. s t e e l  l i n e r ,  ground 
sur face t o  846 f t  

142-in. (nominal)  d iameter  uncased 
borehole t o  a t o t a l  depth o f  
2,298 f t  . 

B r i n e  

Sperry-Sun (Gyroscopic M u l t i s h o t  
Surveys) 



Table 3-2 (cont inued) 

C & SH SHAFT - ABRIDGED DRILLING HISTORY 

Paqe 2 o f  2 

Geophysical Logging Contractors:  B i  rdwel 1 (B) and ~ r e s s e r  A t l a s  (D) 

Geophysical Logs: 
F l u i d  Densi ty  (D) 
F l u i d  Densi ty  (B) 

Densi ty  (0 )  
C a l i p e r  (3-diameter/aver.) (0)  

Epithermal Neutron (B) 
Gamma Ray ( 0 )  

F l u i d  Densi ty  (B) 
Nuclear  Cement Top Locator  (NCTL) (B) 

Nuclear  Annulus I n v e s t i g a t i o n  
Log (NAIL) (B) 

F l u i d  Densi ty  (D) 

October 16 t o  December 17, 1981 
1,200 f t  t o  550 f t  

750 f t t o  20 f t  
2,294 f t  t o  50 f t  
2,294 f t  t o  50 f t  
2,294 f t  t o  50 f t  
2,300 f t  t o  0 ft 

400 f t  t o  100 ft 
8 2 7 f t t o  O f t  

- - - - - 

* A l l  depths measured f rom ground surface. 



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  d u r i n g  March and 

A p r l l  1982. The key i s  37 1/2 f e e t  long 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  diameter.  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 inst 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  severa l .  l i f t s  f rom t h e  bot tom 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 placed by i n j e c t i o n .  

3.4.2 Waste S h a f t  

D r l l  l l n g  o f  t h e  SPDV v e n t l  l a t l 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  ope ra t i on  was performed w i t h  t h e  same d r i l l  r i g  used t o  d r i l l  

t h e  C & S H  sha 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- foot  long su r face  casing, t h e  

v e n t i l a t i o n  s h a f t  was unl ined.  The v e n t i l a t i o n  sha f t ,  and l a t e r  t h e  

waste sha 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  bottom o f  t he  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- foot  rounds t h a t  

pe rm i t t ed  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 forced concrete l i n e r  c l o s e l y  f o l l o w e d  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 fo re  p l a c i n g  one 24- foot  sec t i on  o f  concrete.  Th i s  

arrangement normal ly  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.  



Locat ion  : 

Table 3-3 

WASTE SHAFT - ABRIDGED CONSTRUCTION HISTORY 

Elevat ion :  

V e n t i l a t i o n  Sha f t  

D r i l l i n g  Contractors/Rig Types: 

D r i l l i n g  Data Auge red  : 

Spudded : 

Completed: 

Casing: 

Eddy County, New Mexico; 
New Mexico Gr id  Coordinates 
X 666920.76, Y 499286.92 

Ground Surface = 3407.5 f t  MSL 
Shaf 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 )  
Sha f t  C o l l a r  = 3409.0 f t  MSL 

(waste s h a f t )  

Meredi 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 )  

June 13 t o  17, 1981 

Decernber 24, 1981 

March 10, 1982 

108-i n. corrugated metal pipe, 
ground sur face t o  8 ft; 

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   ole': 72-in. (nominal) diameter 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 lu id :  Br ine  

D i r e c t i o n a l  Survey Contractor :  Sperry-Sun (Gyroscopic M u l t i s h o t  
Surveys) 

Bottom Hole Coordinates: X 66691 8.81 , Y 499285.81 a t  
2,177 f t  

Hor i zon ta l  Displacement: 2.25 f t  S 60.2" W a t  2,177 f t  



Table 3-3 (con t inued)  

WASTE SHAFT - ABRIDGED CONSTRUCTION HISTORY 

Pane 2 o f  2 

Shaf t  Survey Cont rac to r :  Cementation West, I nc .  

H o r i z o n t a l  Displacement: 1.37 f t  SW a t  2,150 f t  

Geophysical Logging Cont rac to r :  - B i  rdwe11 

Geophysical Logs: March 8 t o  10, 1982 
C a l i p e r  (3-diameter/aver. ) 2,190 f t  t o  0 f t  

Epi thermal  Neutron 2,190 f t  t o  0 f t  
Dens i ty  2,190 f t  t o  0 f t  

Gamna Ray 2,100 f t  t o  0 f t  
F l u i d  Dens i ty  2,191 f t  t o  1,800 f t  

Waste S h a f t  

Excavat ion Cont rac to r :  Ohbayashi Corpora t ion  

Excavat ion Method: 

F in i shed  S h a f t  Diameter: 

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 : 

C o l l a r  Pads and S i n k i n g  Headframe 
Foundat ions Poured: 

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  Magenta Dolomi te 
Grouted : 

L i n e r  P l a t e  a t  Culebra Dolomite 
Grouted: 

S a l t  Sec t i on  Excavated: 

Sump Excavated: 

L i n e r  Grouted : 

Smooth-wall d r i  11 and b l a s t  

L ined = 19 f t  . 

Un l ined  = 20 f t  minimum 

October 11, 1983 

November 12, 1983 

November 14, 1983 

November 30, 1983, t o  A p r i l  3, 
1984 

March 8 t o  10, 1984 

A p r i l  3 t o  5, 1984 

A p r i  1 7 t o  June 11, 1984 

June 20 t o  August 8, 1984 

August 11 t o  25, 1984 

* A l l  depths measured f rom ground sur face.  



As p a r t  o f  t h e  s h a f t  design, bo th  t h e  Magenta and Culebra dolomi te 

u, members o f  t h e  R u s t l e r  fo rmat ion  were 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  concrete placement. 'The space between t h e  

l i n e r  p l a t e  and t h e  rock prov ided room f o r  water f rom these 

water-bearing zones t o  accumulate. This a1 lowed t h e  concrete l i n e r  t o  

reach f u l  1  s t reng th  w i t h o u t  damage f rom h y d r o s t a t i c  pressure bui ldup.  

A f t e r  t h e  concrete l i n e r  had reached f u l l  s t rength,  t h i s  annular  space 

was grouted w i t h  Por t land cement g rou t  a t  a 1 : l  cement-to-water r a t i o .  

Const ruc t ion  o f  t h e  waste s h a f t  key was n e a r l y  i d e n t i c a l  w i t h  t h a t  of 

t h e  C & SH s h a f t  key. The key i s  63-feet l ong  and composed of 

r e i n f o r c e d  concrete. The shaf t  was overexcavated and t h e  r e i n f o r c i n g  

s t e e l ,  dra inpipes,  geomechanical inst ruments and chemical seal 

b lockouts  were i n s t a l l e d .  Un l i ke  i n  t h e  C & SH shaf t ,  t h e  chemical 

seals  were placed between l i f t s  o f  concrete. Concrete was placed f rom 

t h e  bot tom o f  t h e  key t o  t h e  t o p  i n  several  l i f t s ,  w i t h  cons t ruc t i on  

j o i n t s  a t  t h e  t o p  o f  each l i f t  and a t  each chemical seal b lockout .  A t  

t h e  chemical seal  l o c a t i o n s  t h e  seal ma te r i a l  was placed i n t o  t h e  
L1 b l ockou t  p r i o r  t o  p l a c i n g  t h e  nex t  l i f t  o f  concrete. Construct ion 'of  

t h e  s h a f t  l i n e r  and key was completed on A p r i l  3, 1984. 

Excavat ion o f  t h e  s h a f t  t o  i t s  20-foot f i n i s h e d  diameter below t h e  key 

began on A p r i l  7, 1984. This  sec t i on  o f  t h e  s h a f t  i s  l i n e d  w i t h  w i r e  

mesh anchored by 3- foo t  long rock b o l t s .  Mesh i n s t a l l a t i o n ,  l i k e  l i n e r  

i n s t a l l a t i o n ,  was accomplished concur ren t ly  w i t h  excavation. The s h a f t  

enlargement reached t h e  f a c i l i t y  l e v e l  on June 11, 1984. The s h a f t  

sump was excavated between June 30 and August 8, 1984. The sump 

extends approximate ly  122 f e e t  below t h e  f a c i l i t y  l e v e l .  

The concrete l i n e r  and g r o u t i n g  a t  bo th  water-bearing zones d i d  n o t  

complete ly  prevent  water  f rom e n t e r i n g  t h e  shaf t .  Water seeped through 

t h e  l i n e r  a t  cons t ruc t i on  j o i n t s  and some cracks f rom a depth o f  about 

560 f e e t  t o  835 f e e t .  A g r o u t i n g  program was undertaken t o  seal these 

leaks i n  August 1984. ' A t o t a l  o f  628 bags o f  Por t land Type V cement, 
F""\\ u 103 bags o f  MC-500 m i c r o f i n e  cement, and 76 ga l lons  o f  Scotch-brand 



5600 foam chemical g r o u t  were i n j e c t e d  i n t o  293 d r i l l e d  holes ( r e f .  

3-3). The g r o u t i n g  s i g n i f i c a n t l y  reduced, b u t  d i d  n o t  e l im ina te ,  water  

.seepage through t h e  concrete l i n e r .  , 

3.4.3 Exhaust S h a f t  

-The exhaust s h a f t  was cons t ruc ted  i n  two phases over  a  16 month 

per iod.  The f i r s t  phase was t h e  excavat ion o f  a  6 - foo t  d iameter  p i l o t  

s h a f t  us ing  upreaming techniques. The second phase cons i s ted  o f  

enlargement o f  t h i s  s h a f t  by convent ional  d r i l l  and b l a s t  methods and 

l i n i n g  o f  t h e  upper 907 f e e t .  The c o n s t r u c t i o n  h i s t o r y  i s  summarized i n  

Table 3-4. 

Shaf t  excavat ion  began on September 22, 1983, w i t h  t h e  d r i l l i n g  o f  a  

p i l o t  hole.  The p i l o t  h o l e  was a  7  7/8-inch d iameter  ho le  d r i l l e d  f rom 

t h e  ground su r face  t o  i n t e r s e c t  w i t h  t h e  S400 d r i f t  a t  a  depth o f  about 

2,150 f e e t .  Therefore, d i r e c t i o n a l  c o n t r o l  o f  t h e  ho le  was c r i t i c a l .  

The upper 80 f e e t  o f  t h e  p i l o t  h o l e  was augered, then l i n e d  w i t h  a  

su r face  casing. D r i l l i n g  progressed t o  a  depth o f  744 f e e t  us ing  a  

t r i - c o n e  r o l l e r  b i t  and compressed a i r .  A I 1Dynadr i l l u  was then used t o  

c o r r e c t  h o l e  a1 ignment f rom 735 t o  1.1 83 f e e t  based on t h e  r e s u l t s  o f  

gyroscopic h o l e  surveys. 'The c i r c u l a t i n g  medium was a l s o  changed a t  

t h i s  t i m e  f rom a i r  t o  b r i ne .  The t r i - c o n e  b i t  was used t o  complete t h e  

p i l o t  hole.  The h o l e  d iameter  was then reamed t o  11 inches f rom t h e  

su r face  t o  t h e  f a c i l i t y  l e v e l ,  again us ing  a  t r i - c o n e  r o l l e r  b i t .  

P i l o t  h o l e  d r i l l i n g  was completed on December 16, 1983. 

Excavat ion o f  t h e  p i l o t  s h a f t  was performed by reamlng the  11 - inch  

d iameter  p i l o t  h o l e  t o  a  d iameter  o f  6  f e e t .  Th is  was accomplished by 

t h e  ra ise-bore method. Reaming was performed f rom t h e  f a c i l i t y  l e v e l  

t o  t h e  ground sur face.  The ra ise-bor ing  ope ra t i on  was conducted f rom 

December 31 , 1983, t o  February 10, 1984, us ing  a  Robbins s e r i e s  61 R1131 

ra ise-bore machine. Th is  machine u t i l i z e s  a  f u l l - f a c e  r o l l i n g  c u t t e r  

head p u l l e d  t o  t h e  sur face w i t h  h y d r a u l i c  jacks .  D r i l l  c u t t i n g s  f e l l  

t o  t h e  f a c i l i t y  l e v e l  and were hauled t o  t h e  sur face v i a  t h e  C & SH 

sha f t .  



Table 3-4 

EXHAUST SHAFT - ABRIDGED CONSTRUCTION HISTORY 

Locat ion:  Eddy County, New Mexico; 
New Mexico Gr id  Coordinates 
X 667370.39, Y 499287.23 

E leva t i on :  Sha f t  C o l l a r  = 3411.5 f t  MSL 
S h a f t  Reference = 3409.0 f t  MSL 

Excavat ion Contractor :  

Excavat ion Method: 

Ohbayashi Corporat ion 

Raise-bore 6 - f t  diameter p i l o t  
sha f t ;  smooth-wall d r i l l  and 
b l a s t  t o  f i n a l  dimensions 

Subcontractors f o r  Raise-Bore 
Excavation: Raisebore, Inc., and 

J. S. Redpath Co. 

F in ished Sha f t  Diameter: L ined = 14 f t  
Unl ined = 15 f t  

L' P i l o t  Hole D r i l l e d :  September 22 t o  December 16, 1983 

Rai se-Bore Excavation: December 31, 1983, t o  February 10, 
1984 

S h a f t  C o l l a r  Excavat ion Began: J u l y  15, 1984 

L i n e r  P l a t e  and Concrete 
B a c k f i l l  Completed: J u l y  17, 1984 

Concrete L i n e r  Constructed: 
( i n c l u d i n g  key) 

J u l y  18 t o  November 29, 1984 

L i n e r  P l a t e  a t  Culebra 
Do1 om1 t e  Grouted : December 2 t o  4, 1984 

L i n e r  P l a t e  a t  Magenta 
Dolomite Grouted: December 4 t o  5, 1984 

S a l t  Sec t ion  Excavated: December 7, 1984, t o  January 17, 
1985 

L i  n e r  Grouted : June 1 t o  J u l y  31, 1985 



' ~n la rgement  o f  t h e  p i l o t  s h a f t  from 6 f e e t  t o  t h e  f i n a l  exhaust s h a f t  

diameter o f  15 f e e t  began on J u l y  15, 1984, and was accomplished by 

d r i  11 i n g  and b l a s t i n g  i n  10-f o o t  rounds. Excavation 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 las ted  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  

cou ld  be removed and hauled t o  t h e  surface v i a  t h e  C & 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  unre in forced 

concrete. As i n  t h e  waste shaft ,  cons t ruc t ion  o f  t h e  exhaust sha f t  

1  i n e r  occurred concurrent  w i t h  t h e  d r i  11 and b l a s t  excavation. 

Concrete placement f o r  t h e  l i n e r  was completed on November 29, 1984. 

The two water-beariqg zones i n  t h e  ~ u s t l e k  formation, t h e  Magenta and 

Culebra dolomites, received t h e  same spec ia l  t rea tment  t h a t  was 

performed i n  t h e  waste sha f t .  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 lac ing  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 the  l i n e r  p la tes .  

Exhaust s h a f t  key const 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 ts  o f  re in fo rced  concrete 

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  contained 2 

chemical seals, 8  t e l l t a l e  drains,  2  guide pipes f o r  t e s t  h o l e  

d r i l l i n g ,  and geomechanical ins t rumenta t ion .  Placement o f  t h e  concrete 

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 

sha 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 ra ins  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 s  const ruc t ion .  Each s e t  conta ins  n i n e  

dra ins .  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 igh t -d ra in  set.  

The exhaust s h a f t  i s  15 f e e t  i n  diameter from 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 safety,  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 .  Excavation 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 shaf 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 ion  j o i n t s  and small  cracks. Tota l  water  i n f l o w  



through t h e  l i n e r  was measured a t  0.35 ga l l ons  pe r  minute i n  January 

1985. A g r o u t i n g  program, us ing  Por t land cement and chemical grout,  

was conducted f rom June 1 through J u l y  31, 1985, t o  seal 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 ga l l ons  of Terragel 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 quan t i t y .  

3.4.4 D r i f t s  

The exp lo ra to ry  (C & 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 exp lo ra to ry  

and v e n t i l a t i o n  shaf ts .  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 trimmed 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  subsection. 

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  high. 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  long and 

tj 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 is tance o f  54 f e e t  and 14 f e e t  f o r  t h e  remaining 36 fee t .  

Ca r t r i dge  water-gel explos ives detonated by e l e c t r i c  detonators were 

used f o r  t h e  d r i l l  and b l a s t  excavat ion. 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 exp lo ra to ry  s h a f t  s t a t i o n  excavat ion i s  presented i n  t h e  W I P P  

P re l im ina ry  Design V a l i d a t i o n  Report ( r e f .  1-3). 

Fo l 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 rov ide  a connection 

between t h e  two sha f t s  so v e n t i l a t i o n  could be establ ished.  This  d r i f t  

was approximate ly  310 f e e t  long, 18 f e e t  wide and 9 f e e t  high. 

Excavat ion of t h e  d r i f t  was accomplished from June 3 t o  June 13, 1982. 

The o n l y  o t h e r  major  use o f  t h e  d r i l l  and b l a s t  method a t  t he  f a c i l i t y  

l e v e l .  was f o r  cons t ruc t i on  o f  t he  load ing  pocket i n  t he  SPDV 

exp lo ra to ry  shaf t .  This  pocket was construc'ted f rom June 1 through 30, 

1982, on t h e  n o r t h  s i d e  of 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 eve 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 tedaw 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 f i o n  phase was, conducted by 

Cementation West, Inc., o f  Tucson, Arizona. A Br i t ish-made Dosco LH 

1300, boom-type cont inuous min ing  machine was mobi 1  i zed 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 i s  

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  

r a t e s  o f  1,000 t o  1,200 tons  p e r  24 hours (excavat ion  was conducted on 

a  three-shi f ts-per-day,  seven-days-per-week bas is ) .  However, t h e  

excavat ion  r a t e  was o f t e n  much l e s s  due t o  numerous c o n s t r u c t i o n  and 

eng ineer ing  r e l a t e d  cons t ra in t s .  The min ing  machine wns demobi l ized i n  

May 1983 a t  t h e  complet 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 Corpora t 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 M 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  summary 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 igu re  3-4. This  f i g u r e  shows t h e  min ing  

progress on a  d a i l y  bas is  f rom October 14, 1982, through March 31, 

1986. The underground min ing  ope ra t i on  was performed i n  t h e  same 

manner d u r i n g  bo th  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 being 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 f rom t h e  work ing face. The "muck1' 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  hau l  veh i c les  were underground t r u c k s  

capable o f  c a r r y i n g  about 5 tons  o f  muck. Other veh i c les  used i nc luded  

LHDs (Load-Haul-Dump, a  t ype  o f  f ront-end loader )  and a  telescoping-bed 

haul  t r u c k .  The t r u c k s  c a r r i e d  t h e  muck t o  t h e  C & SH s h a f t  s t a t i o n  
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C and dumped i t i n t o  t h e  load ing  pocket. From there,  t h e  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  t h e  sur face i n t o  50-ton C a t e r p i l l a r  o r  Euc 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  sur face s a l t  storage area. 

Dur ing and immediately a f t e r  excavat ion, a sounding survey o f  t he  roo fs  

i n  t h e  h o r i z o n t a l  openings was made using a s c a l i n g  ba r  t o  i d e n t i f y  

areas o f  drurnmy o r  s labby rock which could pose sa fe ty  o r  s t a b i l i t y  

problems. Remedial work was performed immediately 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  unstable. This  work consis ted o f  

hand-scaling t h i n  drummy areas, removing l a r g e r  drummy 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  add i t ion ,  

two fo l low-up surveys were made o f  t h e  roo fs  i n  a l l  o f  t h e  ho r i zon ta l  

openings excavated a t  t h e  t ime  o f  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 'In November 1984. Remedial work 

was performed on problem areas i d e n t i f i e d  du r ing  these surveys. This 

work consis ted o f  sca l ing ,  excavat ion, o r  rock b o l t i n g .  It should be 

C noted t h a t  t h e  drummy areas i d e n t i f i e d  du r ing  t h e  J u l y  1983 survey were 

sounded again 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 re  used s e l e c t i v e l y  throughout t h e  underground d r i f t s  f o r  

bo th  remedial  work and sa fe ty .  The roo fs  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  bo l ted  and covered w i t h  w i r e  mesh as an 

a d d i t i o n a l  s a f e t y  precaut ion.  

The C & 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 

associated w i t h  r o o 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  ove r l y i ng  c l a y  seams, t he  

roo f  - i n  t h e  s t a t i o n  has requ i  red support 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 roo f  separat ion 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  roo f  

C 



from May 9 t o  June 20, 1982. These b o l t s  were 1 i n c h  i n  diameter,  8, 

10 o r  12 f e e t  i n  length,  and made o f  grade 60 s t e e l .  They were 

anchored us ing  r e s i n  ca r t r i dges .  

These resin-anchor b o l t s  began f a i l i n g  a t  t h e  head assemblles s h o r t l y  

a f t e r  t h e i r  i n s t a l l a t i o n  was completed. The f a i l e d  b o l t s  were replaced 

w i t h  8- foo t  long, 5/8-inch diameter mechanical-anchor b o l t s  w i t h  2 x 12 

x 12-inch wooden blocks i n s t a l l e d  between t h e  s t e e l  head assembly p l a t e  

and t h e  s a l t .  A t o t a l  of over  400 resin-anchor and mechanical-anchor 

b o l t s  were i n s t a l l e d  i n  t h e  s h a f t  s t a t i o n  r o o f  through A p r i l  1983. 

During December 1983 and January 1984, 146 a d d i t i o n a l  mechanical -anchor 

b o l t s ,  5/8 i n c h  i n  diameter and 8 f e e t  long, were 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  roo f .  I n  May 1984, another  91 s i m i l a r  anchor 

b o l t s  were i n s t a l l e d .  A f t e r  t h e  mechanical-anchor b o l t s ,  were 

i n s t a l l e d ,  t h e  n u t  and head assembly p l a t e  were c u t  o f f  those o l d e r  

resin-anchor b o l t s  showing evidence o f  excessive deformation. Th is  was 

t o  prevent  i n j u r y  t o  personnel from f a l l i n g  nuts  and p l a t e s  should 

these resin-anchor b o l t s  f a i l .  

From mid-Apr i l  through e a r l y  August 1985, approximately 133 3/4-inch 

diameter mechanical-anchor b o l t s ,  6 and 8 f e e t  long, were i n s t a l l e d  i n  

t h e  s t a t i o n  r o o f .  on' approximately 3 1/2- foot  centers.  I n  a d d i t i o n ,  245 

resin-anchor b o l t s ,  1 i nch  i n  diameter, were anchored above anhydr i  t e  

"b" and across anhydr i t e  "a" . These b o l t s  were 12 .and 14 f e e t  i n  

length .  The e n t i r e  s t a t i o n  roo f  was covered a t  t h i s  t ime  w i t h  w i r e  

mesh secured w i t h  2- foot  long, 5/8-inch diameter mechanical-anchor 

b o l t s .  Approximately 750 o f  t he  2- foo t  long b o l t s  were i n s t a l l e d .  

Although some resin-anchor b o l t s  were used i n  t h e  SPDV d r i f t s  and t e s t  

rooms excavated i n  1982 and 1983, mechanical-anchor b o l t s  have been 

used i n  a l l  subsequently excavated areas. B o l t  lengths vary f rom 2 t o  

8 f e e t  i n  t h e  d r i f t s  and rooms. Wire mesh secured by 2- foot  long 

mechanical-anchor b o l t s  has been i n s t a l l e d  on t h e  r o o f s  o f  a l l  

h l g h - t r a f f i c  personnel areas. This inc ludes instrument-shed and 



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 C t h e  e n t r i e s  t o  t h e  waste experimental  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  roo f  o f  t h e  N140 crosscut.  

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  roo f  support  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 inch  i n  

d iameter  and 12 f e e t  long, a re  mechanical-anchor s t e e l  b o l t s  s e t  on 

nominal & foo t  centers.  

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 min 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 ,  fo l lowed by Test  Rooms 3, 1  and 4, i n  t h a t  order .  Each room was 

excavated i n  a s e r i e s  o f  s i x  passes a long i t s  l ong i t udua l  a x i s  (F igure  

3-5). The f i r s t  pass was t h e  l a r g e s t  i n  cross sec t i on  and was 

conducted down t h e  cen te r  o f  t h e  planned room along i t s  roo f .  This  

pass was approx imate ly  15 f e e t  wide and 8 f e e t  high. The second and 

t h i r d  passes were conducted on e i t h e r  s i de  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  high. The l a s t  t h ree  

passes lowered t h e  f l o o r  5 f e e t  t o  complete t h e  room excavat 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 .  



F i g u r e  3-5 
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CHAPTER 4 

SUPPORTING VALIDATION DOCUHENTS 

4.1 INTRODUCTION 

This chapter discusses the  p r i n c i p l e  documents conta in ing  in format ion  

used t o  support design v a l i d a t i o n .  These documents are the  Waste 

I s o l a t i o n  P i l o t  P lant  Pre l im inary  Desiqn Va l i da t i on  Report ( r e f .  1-3) 

and geotechnical f i e l d  data repor t s  ( r e f s .  4-1 t h r u  4-19). These 

documents conta in  a l l  o f  t he  data which has been co l lec ted,  analyzed 

and evaluated f o r  design v a l i d a t i o n  s ince s i t e  const ruc t ion  a c t i v i t i e s  

began i n  J u l y  1981. Other documents pe r ta in ing  t o  design and s i t e  

character1 z a t i o n  a re  referenced throughout t h i s  repor t .  However, they 

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  the  design 

v a l i d a t i o n  process and, there fore ,  a re  no t  described i n  t h i s  repor t .  

Because these o the r  repo r t s  are  p u b l i c  documents, they are  a v a i l a b l e  t o  

anyone i n t e r e s t e d  i n  ob ta in ing  a d d i t i o n a l  background in format ion  o r  

d e t a i l e d  data on the  WIPP p r o j e c t .  

4.2 PRELIMINARY DESIGN VALIDATION REPORT 

The f 01 lowing subsections present a summary o f  t he  W I P P  Pre l im inary  

Desicln V a l i d a t i o n  R e ~ o r t  produced f o r  t he  SPDV Program described i n  

Chapter 1. 

4.2.1 P u r ~ o s e  and Ob jec t i  ves 

The purpose o f  t he  W I P P  Pre l im inary  Design Va l i da t i on  Report was t o  

prov ide  documentation on the  behavior o f  t he  i n i t i a l  underground 

openings. Four types o f  i n fo rma t ion  were gathered f o r  t h i s  purpose: 

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

(2 )  desc r ip t i ons  o f  t he  geologic cond i t ions  encountered dur ing  

SPDV underground const ruc t ion ;  



(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 

e x p l o r a t o r y  ho les  i n  t h e  r o o 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  geomechanlcal ins t rumenta t ion .  

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 rov ide  i n i t i a l  eva lua t i ons  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 design bases and i n i t i a l  

conf i rmat ion  of t h e  underground opening re ference design i n  o rde r  t o  

pe rm i t  f u l l  f a c i  1  i t y  cons t ruc t i on .  Th i s  i n i t i a l  con f i rma t ion  was based 

on data  ob ta ined f rom geo log ic  f i e l d  a c t i v i t i e s  and geomechanical 

i ns t rumen ta t i on  which were subjected t o  p r e l i m i n a r y  a n a l y s i s  and 

eva lua t i on .  

4.2.2 Data A c q u i s i t i o n  Prosram 

The p r e l  im ina ry  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 i s ted  o f  

geo log ic  f i e l d  a c t i v i t i e s  which prov 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  W I P P  underground opening re ference design. Data was 

obta ined f rom 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  1ogg.ing; 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 ,  t hen  

sent  t o  t h e  DOE/Technical Support Cont rac tor  (TSC) o f f i c e s  i n  

Albuquerque, New Mexico, f o r  p repa ra t i on  and i n c l u s i o n  i n t o  t h e  GFDRs 

and o t h e r  repo r t s .  Due t o  t h e  q u a l i t a t i v e  na tu re  o f  t h e  geo log ic  

mapping and co re  ho le  data, e f f o r t s  f o r  p repa ra t i on  o f  t h i s  m a t e r i a l  

g e n e r a l l y  requ i red  o n l y  1  i m i t e d  eva lua t ion ,  e d i t i n g  and d r a f t i n g .  The 

geomechanical i ns t rumen ta t i on  data, however, requ i red  more ex tens ive  

p repa ra t i on  and a n a l y s i s  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  

underground opening behav ior  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  

p rope r t i es .  



sfllll I Dl'4 4.2.3 Geomechanical Ins t rumenta t ion  

C.I~ The SPDV geomechanical ins t rumenta t ion  program f o r  t h e  W I P P  was 

designed t o  prov ide  emp i r i ca l  data on t h e  behavior o f  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 ins t rumenta t ion  program f o r  SPDV was t o  

provide:  

(1 )  short- term i n  s i t u  measurements f o r  assessment o f  the  

p r e l  im inary  design performance o f  t h e  underground openings; 

( 2 )  e a r l y  de tec t i on  o f  cond i t ions  t h a t  cou ld  a f f e c t  t h e  sa fe ty  o f  

personnel du r ing  const ruc t ion ;  and 

( 3 )  data on adverse ground cond i t ions  t h a t  may be developing, i n  

order  t o  i d e n t i f y  p o t e n t i a l  problems and p lan  and implement 

remedial measures. 
p".\ 

\ci' ~ 

Instruments were i n i t i a l l y  i n s t a l l e d  i n  the  SPDV exp lora tory  shaf t ,  

exp lo ra to ry  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, El40 and 

NllOO d r i f t s ,  and t h e  S90 crosscut  t o  prov ide  data i n p u t  f o r  the  W I P P  

P re l  im inary  Design Val i d a t i o n  Report. The exp lora tory  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  the  SPDV Program t o  provide 

a d d i t i o n a l  i n fo rma t ion  on the  geology i n  the  area proposed f o r  

excavation o f  t h e  waste storage rooms. Geomechanical instruments were 

i n s t a l l e d  a t  several  l oca t ions  i n  t h i s  d r i f t .  

For t h e  WIPP P re l  im inary  Desisn Val i d a t i o n  Report, borehol e 

extensometer and convergence p o i n t  data from the SPDV exp lora tory  

shaf t ,  as w e l l  as data 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  est imate long-term c losure  rates.  Most d r i f t  

extensometers and convergence po l  n t s  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 ime before  t h e  r e p o r t  was prepared. A pe r iod  o f  1 

year o r  more was thought  t o  be requ i red  before a r e l a t i v e l y  steady 

C c losu re  r a t e  cou ld  be establ ished.  The data were usefu l  i n  



demonstrating short-term s t a b i l i t y  o f  the  excavations and f o r  

developing cumulative c losure amounts. Instruments w i t h  t he  most 

extensive data t y p i c a l l y  showed a  maximum o f  on ly  3  o r  4 months o f  

regu la r  moni tor ing s ince i n s t a l l a t i o n .  

4.2.4 Pre l iminary  Conclusions 

Pre l iminary  conclusions presented i n  t he  WIPP Pre l  iminarv Desisn 

Val i d a t i  on Report were: 

(1) 'The wa l l s  o f  the  * f in ished sha f ts  are  stable, both i n  the  

overburden and s a l t  formations. The mapped sha f t  

s t ra t ig raphy  i s  genera l ly  comparable t o  t he  s t ra t ig raphy  used 

i n  the  design. Gro~lnd-water con t ro l  i s  sa t i s fac to ry .  The 

sha f t  l i n e r  and sha f t  key are performing as expected. No 

major r ev i s i on  o f  design elements o r  parameters i s  foreseen 

f o r  f u t u r e  WIPP shaf ts  as a  ' r esu l t  o f  the  f i nd ings  o f  

p re l im inary  design va l ida t ion .  

(2 )  The underground hor i zon ta l  openings are a lso  stable.  A f t e r  

excavation, repeated inspect ions o f  the  exp lora tory  and 

v e n t i l a t i o n  sha f t  s ta t ions,  en t r y  d r i f t s ,  crosscuts and t he  

south exp lora tory  d r i f t  revealed essent ia l  l y  no de te r i o ra t i on  

i n  rock s t a b i l i t y .  The underground d r i f t s  and sha f t  s t a t i ons  

are  s tab le  and provide safe working condi t ions.  

(3)  Encounters o f  gas were expected and are 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 the  l i m i t  permit ted i n  the  underground f a c i l i t y  by MSHA 

regulat ions.  No b r i n e  pockets have been encountered o r  

detected dur ing excavation o f  the  shaf ts  and underground 

openings. 



4.3 GEOTECHNICAL FIELD DATA REPORTS 

4.3.1 Backsround 

The comp i la t i on  of GFDRs was i n i t i a t e d  by t h e  DOE t o  prov ide 

geotechnical  and r e l a t e d  i n fo rma t ion  f rom t h e  WIPP underground 

a c t i v i t i e s  t o  i n t e r e s t e d  persons o r  groups i n  a  t i m e l y  manner. 'These 

r e p o r t s  prov ided data f rom t h e  two major  phases o f  WIPP development: 

SPDV and f u l l  cons t ruc t ion .  As discussed prev ious ly ,  SPDV was 

es tab l i shed  as an e a r l y  cons t ruc t i on  phase t o  permi t  v a l i d a t i o n  o f  t h e  

WIPP s i t e  and 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  reference design o f  t h e  

underground openings. The - f u l l  cons t ruc t i on  phase f o l l o w i n g  SPDV was 

u t i l i z e d  t o  cont inue v i s u a l  inspect ions  o f  t h e  underground openings, 

mon i to r i ng  and i n t e r p r e t a t i o n  o f  data f rom geomechanical instruments, 

and eva lua t ions  and computat ional analyses o f  t h e  behavior o f  t h e  

underground openings fo r ' des ign  v a l i d a t i o n .  

The GFDRs were even tua l l y  produced on a  q u a r t e r l y  basis.  These 

q u a r t e r l y  repo r t s  con ta in  an eva lua t ion  o f  se lected aspects o f  t h e  WIPP 

Ci underground environment based on p r e l i m i n a r y  i n t e r p r e t a t i o n  and 

analyses o f  da ta  c o l l e c t e d  f rom t h e  above a c t i v i t i e s .  The analyses and 

eva lua t ions  conta ined i n  t h e  GFDRs prov ide  t h e  support ing documentation 

requ i red  f o r  design v a l i d a t i o n .  

4.3.2 Object ives 

As s t a t e d  i n  t h e  GFDRs, t h e  geomechanical ins t rumenta t ion  program f o r  

SPDV and design v a l i d a t i o n  was designed and implemented t o  prov ide i n  

s i t u  da ta  on t h e  behavior  o f  t h e  rock ( p r i m a r i l y  s a l t )  around the  

sha f t s  and h o r i z o n t a l  underground openings. More spec i f  i ca1  l y ,  t he  

i ns t rumen ta t i on  program was designed t o  provide:. 

( 1 )  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  could a f f e c t  opera t iona l  

s a f e t y  ; 

(2)  mon i to r i ng  o f  c losu re  r a t e s  t o  a l l o w  eva lua t ion  o f  waste 

storage and r e t r i e v a b i  1  i t y ;  



( 3 )  a  g r e a t e r  understanding o f  t h e  i n  s i t u  behav io r  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  1  i t y  

re fe rence  design c a l c u l a t i o n s ;  and 

( 4 )  measurements o f  s a l t  de fo rmat ion  and s t resses  t o  c o n f i r m  o r  

i n d i c a t e  t h e  necess i t y  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  1  i t y  

des ign  based on c learance requirements. 

4.3.3 Geomechanical I ns t rumen ta t i on  

An ex tens i ve  geomechanical i ns t rumen ta t i on  program was implemented t o  

p r o v i d e  i n  s i t u  da ta  on t h e  s h a 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  da ta  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  a n a l y s i s  and eva lua t i on .  Ins t ruments  

f o r  measuring t h e  geomechanical response o f  t h e  s h a f t s  and h o r i z o n t a l  

underground openings i n c l  ude convergence po in t s ,  convergence meters, 

m u l t i p l e - p o i n t  and s i n g l e - p o i n t  borehole extensometers, load  c e l l s ,  

pressure c e l l  s, s t ressmeters,  s t r a i n  gauges, i n c l  inometers, piezometers 

and l a t e r a l  movement gauges. 

Data f rom these geomechanical ins t ruments  a r e  read remote ly  by an 

automat ic  da ta logge r  system and/or c o l l e c t e d  manually. A l l  da ta  

ob ta ined a r e  en tered  on magnetic t ape  f o r  da ta  reduc t ion ,  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 .  Data c o l l e c t e d  f rom t n e  geomechanical 

ins t ruments  have been documented i n  t h e  GFDRs. These da ta  a r e  t h e  

b a s i s  f o r  a n a l y s i s  and 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  and o t h e 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  va r i ous  l o c a t i o n s ,  

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 & 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  sha f 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 wa l l - t o -wa l l  

c l o s u r e  i n  t h e  s h a f t  s t a t i o n s ,  d r i f t s  and rooms, and displacements a t  

depth  i n t o  t h e  w a l l s ,  r o o 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. 



The frequency o f  data c o l l e c t i o n  i s  determined on a  per  inst rument  

bas is  and i s  dependent upon inst rument  loca t ion ,  method o f  inst rument  

read ing  (manual o r  data logger) ,  and t h e  number o f  days elapsed s ince  

excavat ion a t  t h e  inst rument  l oca t i on .  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 requent ly ,  bu t  w i t h  t ime t h i s  reading frequency 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 geomechanical ins t rumenta t ion  data a re  presented g r a p h i c a l l y  i n  t h e  

GFDRs and represent  readings c o l l e c t e d  f rom t h e  WIPP s i t e  s ince  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 data p l o t s  a re  

updated as new data  become ava i l ab le .  Sumnary tab les  o f  t he  

instruments, w i t h  t h e  l a t e s t  readings and t h e  opera t ing  h i s t o r i e s ,  a re  

a l s o  presented i n  t h e  repor ts .  

4.3.4 Geoloqic Data 

G Geologic da ta  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 observat ions o f  t h e  

c o n d i t i o n  and behavior  o f  underground opening surfaces. Geologic maps 

o f  t h e  sha f t s  and rep resen ta t i ve  h o r i z o n t a l  opening surfaces have been 

presented p e r i o d i c a l l y  i n  t he  GFDRs o r  i n  t o p i c a l  repor ts  issued 

separate ly .  Geologic logs  con ta in ing  desc r ip t i ons  o f  core samples 

obta ined f rom core  holes i n  t h e  underground openings were presented i n  

t h e  SFDRs as they  became ava i l ab le .  

Frequent observat ions by p r o j e c t  geotechnical  personnel have provided 

q u a l i t a t i v e  determinat 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  basis .  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 rock b o l t s  i n  s h a f t  s ta t ions ,  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, 

behavior  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 ho r i zon ta l  

displacements. v e r t i c a l  separat ions and f r a c t u r i n g  detected i n  open 



borehol es were documented. This i n fo rmat ion  has provided impor tant  

i n p u t  f o r  design eva luat ion  and s a f e t y  assessments. 

4.3.5 Geomechanical/Structural Analyses 

'The q u a r t e r l y  GFDRs con ta in  sec t ions  on both geotechnical  and 

computational analyses. These sect ions  present  analyses o f  var ious 

elements o f  t h e  underground excavations. The analyses a r e  updated 

p e r i o d i c a l l y  t o  i nc lude  t h e  most c u r r e n t  data a v a i l a b l e  a t  t h e  t ime t h e  

repor ts  a re  publ ished. They have provided a  s i g n i f i c a n t  amount o f  

i n fo rmat ion  r e l a t e d  t o  the  geomechanical and s t r u c t u r a l  behavior  o f  t h e  

underground openings. 



CHAPTER 5 

METHODOLOGY 

5.1 INTRODUCTION 

Design v a l i d a t i o n  o f  t h e  W I P P  underground openings i s  accomplished by 

determin ing t h e  c o m p a t i b i l i t y  o f  t h e  design c r i t e r i a ,  design bases and 

re ference design con f i gu ra t i ons  us ing s i t e  s p e c i f i c  in fo rmat ion .  

Design v a l i d a t i o n  a l s o  a l l ows  f o r  t h e  development o f  recommendations t o  

improve o r  op t im ize  t h e  reference design. The methods used t o  v a l i d a t e  

t h e  re ference design may a l s o  be used t o  v a l i d a t e  any recommended 

design mod i f i ca t i ons .  Mathematical models con ta in ing  t h e  mod i f i ca t i ons  

can be generated and analyses performed t o  p r e d i c t  t h e  f u t u r e  behavior 

o f  t h e  mod i f ied  reference design. 

The design v a l i d a t i o n  process cons i s t s  o f  t h ree  major  steps: 

(1)  da ta  c o l l e c t i o n ;  

(2 )  ana lys i s  and eva lua t ion ;  and 

(3 )  p r e d i c t i o n  o f  f u t u r e  behavior.  

Sect ions 5.2 through 5.4 present  t h e  methods used f o r  data 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. 

One o f  t h e  p r i n c i p a l  areas o f  e f f o r t  i n  support o f  design v a l i d a t i o n  

was t h e  compil.ation o f  geotechnical  data. This  data formed t h e  basis  

f o r  l a t e r  ana lys i s  and eva lua t i on  and f o r  p r e d i c t i v e  modeling. Data 

c o l l e c t e d  f rom geologic  mapping, core d r i  11 i n g  and logging, l abo ra to ry  

t e s t i n g ,  geomechanical ins t rumenta t ion  and f i e l d  observat ions have 

prov ided i n fo rma t ion  f o r  va1 i d a t i o n  o f  t he  underground opening 

r reference design. These data can be categor ized based on t h e i r  

b r e l a t i o n s h i p  t o  observat ions o f  geologic  cond i t i ons  o r  t o  s t r u c t u r a l  
behavior.  Geologic observat ions i nc lude  an assessment o f  t he  rock 



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  

behavior  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 Geologic Happing 

Geologic mapping o f  t h e  shaf ts ,  d r i f t s  and t e s t  rooms was conducted by 

s i t e  geo log i s t s .  The o b j e c t i v e s  o f  t h e  mapping were: 

(1 )  p rov ide  c o n f i r m a t i o n  and documentation o f  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 ,  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;  

(2 )  eva lua te  any geo log ic  c o n d i t i o n s  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; 

(3 )  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  

design based on t h e  geo log ic  c o n d i t i o n s  encountered; and 

(4)  f i n a l i z e  geomechanical ins t rument  l oca t i ons .  

5.2.2 Core D r i l l i n q  and Logging 

I n f o r m a t i o n  on s t r a t i g r a p h y  and 1  i t h o l o g y  was obta ined f rom co re  ho les  

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 f ea tu res  w i t h i n  t h e  immediate zone o f  

i n f l u e n c e  o f  t h e  excavat ions; and 



(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 r d e r  t o  determine 

extensometer anchor depths. 

~ e t a i l s  o f  t h e  co re  d r i l l i n g  program a r e  d iscussed i n  Chapter 6. 

5.2.3 Labora to ry  T e s t i n g  

I n l t i a l  l a b o r a t o r y  t e s t s  were performed on co re  samples o f  e v a p o r i t e  

m ine ra l s  and c l a y  f r om 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 e v a p o r i t e  samples were t e s t e d  i n  

t r i a x i a l  vesse ls  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  

p ressures  and v a r i a b l e  a x i a l  loads i n  steps, each load  s tep  be'ing 

ma in ta i ned  f o r  about  10 minutes. Q u a s i - s t a t i c  compression t e s t s  were 

cons idered 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  determine 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  1  i t y  p rov ide  da ta  

on deformat ion,  pressure,  loads and s t ress .  Ins t ruments  f o r  measuring 

t h e  geomechanical response o f  t h e  s h a f t s  and o t h e r  underground openings 

i n c l  ude convergence p o i n t s ,  convergence meters, mu1 t i p l e - p o i  n t  and 

s ing le -po- in t  boreho le  extensometers, load  c e l  l s ,  pressure c e l l s ,  

s t ressmeters ,  s t r a i n  gauges, i nc l i nome te rs ,  piezometers and l a t e r a l  

movement gauges. Data f r om t h e  geomechanical ins t ruments  a r e  c o l l e c t e d  

manua l l y  as we1 1 as read remote ly  by an automat ic  da ta l ogge r  system a t  

t h e  sur face .  A l l  da ta  a r e  en te red  on magnet ic tape  f o r  da ta  reduc t ion ,  

t a b u l a t i o n ,  a n a l y s i s  and arch iv ing ' .  These da ta  a r e  a bas i s  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  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 rov ide  i n  s i t u  da ta  on t h e  behav io r  o f  t h e  



rock ( p r i m a r i l y  s a l t )  around t h e  s h a f t s  and underground openings. More 

s p e c i f i c a l l y ,  t h e  i ns t rumen ta t i on  program was designed t o  provide:  

(1  ) 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  c o n s t r u c t i o n  

and opera t i ona l  sa fe ty ;  

(2 )  c losu re  mon i to r i ng  f o r  eva lua t ion  o f  t h e  a b i l i t y  o f  t h e  

underground openings t o  permi t  waste storage and r e t r i e v a l  ; 

( 3 )  a  g r e a t e r  understanding o f  t h e  i n  s i t u  behav ior  o f  bedded 

s a l t  by a  comparison o f  t h e  observed responses w i t h  

underground opening re ference design ca l cu la t i ons ;  and 

(4 )  measurements o f  s a l t  deformat ion t o  pe rm i t  con f i rma t ion  o r  

r e v i s i o n  o f  t h e  opening con f igu ra t i ons  and t h e  parameters 

used i n  t h e  underground opening re ference design based on 

c learance requirements. , 

Tables 5-1 through 5-5 present  i n fo rma t ion  on t h e  d i s t r i b u t i o n  o f  

geomechanical inst ruments i n s t a l l e d  a t  t h e  W I P P .  The inst ruments 

p rov ide  data f o r  t h e  eva lua t ion  and analyses o f  severa l  phenomena a t  

var ious  l oca t ions ,  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 & SH and waste s h a f t  l i n e r s ,  r a d i a l  c losu re  o f  

t h e  shaf ts ,  pressures between t h e  concrete s h a f t  keys and w a l l  rock, 

r o o f - t o - f l o o r  and wa l l - to -wa l l  c losu re  i n  t h e  s h a f t  s t a t i o n s ,  d r i f t s  

and rooms, and displacements a t  depth i n t o  t h e  wa l ls ,  r o o f  and f l o o r  o f  

s h a f t  s ta t i ons ,  d r i f t s  and rooms. 

Data f rom t h e  geomechanical inst ruments a r e  c o l l e c t e d  manual l y  o r  read 

remotely by an automatic da ta logger  system. The data logger i s  a  

computer system t h a t  automat ical  l y  c o l  l e c t s  and records output  f rom 

instruments a t  s p e c i f i e d  p o l l i n g  t imes. The s i g n a l s  f rom t h e  

inst ruments a r e  f i r s t  sent  t o  l o c a l  t e r m i n a t i o n  cabinets (LTC) where 

t h e  s i g n a l  i s  d i g i t i z e d  and then t ransmi t ted  t o  t h e  data logger f o r  d i s k  

storage. Manual readings a re  manual ly entered i n t o  t h e  computer 

system. Changes f rom i n i t i a l  readings and r a t e s  o f  change a r e  



Table 5-1 

C 6 SH SHAFT 
INSTRUMENTS 

Locat ion  and Type Purpose 

Lined Sect ion  

Convergence p o i n t s  

Piezometer 

Key 

Piezometer 

Pressure c e l l  

Welded s t r a i n  gauge 

Embedment s t r a i n  gauge 

Un 1 i ned Sect 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 po in t s  
( i nc ludes  permanent and 
temporary convergence po in t s  
and w a l l  shor ten ing  p o i n t s )  

Extensometer ( s ing le -po in t  
and m u l t i p l e - p o i n t )  

Rock b o l t  load c e l l  

La te ra l  movement gauge 

Measure wa l l - to -wa l l  c losure  o f  s h a 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 accumulation 

Measures contac t  pressure bu i ldup 
between concrete 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 tee l  
o f  s h a f t  key 

Measures s t r a i n  i n  concrete o f  s h a f t  
key 

Measures s a l t  creep deformation 

Measure wa l l - to -wa l l  c losure  o f  s h a f t  

Measure roo f  - to-f  1 oor  and w a l l  -to-wal 1  
c losure  o f  openings and p i l l a r  
shor tening 

Measures s a l t  creep deformation i n  
roo 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  



Table 5-2 

WASTE SHAFT 
INSTRUMENTS 

Location and Type Purpose 

Lined Section 

P i  ezometer 

Key 

P i  ezometer 

Pressure c e l l  

Unlined Section 

Convergence po in ts  

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 accumulation 

Measures contact  pressure bu i ldup  
between concrete key and wa l l  rock 

Measure wal l - to-wal l  c losure o f  sha f t  

Mu l t ip le -po in t  extensometer Measures s a l t  :creep deformation 

S ta t i on  

Convergence po in ts  Measure roof  -to-f 1  oor and wa l l  -to-wal 1  
( inc ludes permanent and c losure o f  openings 
temporary po in t s )  

Mu l t ip le -po in t  extensometer Measures s a l t  creep deformation i n  
roof ,  f l o o r  and wa l l s  



Table 5-3 

EXHAUST SHAFT 
INSTRUMENTS 

- 

Locat ion  and Type 

- - 

Purpose 

L ined Sect ion  

P i  ezometer 

Key 

P i  ezometer 

Pressure c e l l  

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  accumulation 

Measures con tac t  pressure bu i l dup  
between concrete 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 deformation 



Table 5-4 

DRIFTS 
INSTRUMENTS 

Locat ion and Type Purpose 

Convergence p o i n t s  Measure roof - to - f loor  and wal l - to-wal l  
( includes permanent and c losure  o f  openings and p i  1  l a r  
temporary convergence p o i n t s  shortening 
and w a l l  shortening p o i n t s )  

Extensometer (s ing le -  and Measures s a l t  creep deformation i n  
mul t ip le -po int )  - r o o f ,  f l o o r  and w a l l s  o f  openings 



TEST ROOMS 
INSTRUMENTS 

Locat ion  and Type Purpose 

Convergence p o i n t s  Measure 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  

H u l t i p l e - p o i n t  extensometer Measures s a l t  creep deformation i n  
roo f ,  f l o o r  and w a l l s  

I nc l i nomete r  Measures d i r e c t i o n  and amount o f  s a l t  
movement above t h e  roof ,  below t h e  
f l o o r ,  and i n  t h e  w a l l s  

R ig id - i nc lus ion  st ressmeter  Moni tors changes i n  s t ress  w i t h i n  
anhydr i  t e  

Convergence meter Measures v e r t i c a l  c losure  



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 .  

Ins t ruments  connected t o  t h e  da ta logge r  i n c l u d e  extensometers, 

piezometers, s t r a i n  gauges, p ressure  c e l l s ,  convergence meters and 

st ressmeters.  A l l  convergence po in t s ,  i nc l i nomete rs ,  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 

manual ly.  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  i ns t rumen t  

b a s i s  and i s  dependent upon i ns t rumen t  l o c a t i o n ,  method o f  i ns t rumen t  

read ing  (manual o r  da ta logger ) .  and t h e  number of 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  

i ns t rumen t  i s  read f requen t l y ,  b u t  w i t h  t i m e  t h i s  read ing  f requency i s  

decreased s i n c e  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  readings has been i n f l u e n c e d  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, read ings  were taken f r e q u e n t l y  t o  reco rd  t h e  e a r l y  rock  

response. M o n i t o r i n g  pe r i ods  i n  these ins tances  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. Ins t ruments  connected t o  t h e  da ta logge r  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 pe 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  read ings  

i s  shown i n  Table 5-6. Each i n s t r u m e n t l 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 s o  presented i n  t h i s  t a b l e .  These 

parameters a r e  impor tan 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 readings 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 .  



Table 5-6 

GEOMECHANICAL INSTRUHENTATION SPECIFICATION SUmURY 

scheduled 
Inst rument  Phenomenon Parameters t o  Frequency of  Readings Range (R). S e n s i t i v i t y  (S) 

Locat ion Tvoe Monitored be Evaluated as o f  t h i s  Report Resolut ion (E). Precis ion (P I  

C&SH s h a f t  Borehole 
ex tensmete rs  

Deformation Za*. g m  
At  

Weekly (D) (R): 0-2 in .  (P): 0.001 in .  
(€1:  0.001 In. 

(R): 0-3000 rln./in.-enbedded 
(R): 0-2500 rln./ ln.-spot uelded 
(S): 1 ~ i n . / i n .  

C&SH S t r a i n  
s h a f t  key gauges 

S t r a i n  Z S t ra in *  As accesslb le (M) 

As accessib le (M) (R): 0-1000 p s i  
(S): 1 p s i  

C&SH Pressure 
s h a f t  key c e l l s  

Pressure X Pressure* 

CbSH s h a f t  Piezometers 
l i n e r  & key 

water  Z Pressure* 
pressure 

Monthly (M) (R) : 0-500 p s l g  
(E): f0.5 p s i  

C&SH s h a f t  Convergence 
p o i n t s  

Deformation Zb*. &** 
A t  

As accesslb le (H) (R): 2-50 f t  
(P): M.005 in. 

Deformation Zb*, a** 
A t  

Waste s h a f t  Borehole 
extenscmeters 

As accesslb le (D) 

Weekly (0)  

0-2 In .  
0.001 in .  

(P): 0.001 in .  

Waste s h a f t  Pressure 
Key c e l l s  

Pressure ZPressure* (R): 0-1000 P S I  
(5.): 1 p s i  

Waste s h a f t  Plezometers 
l i n e r  & key 

Water Z Pressure* 
Pressure 

Deformation Zb*. a** 
A t  

Deformation , Xb', a** 
A t  

Weekly (0) (R): 0-500 p s l g  
(E): f0.5 p s i  

As accesslb le (H) 

Weekly (0) 

Waste s h a f t  Convergence 
p o i n t s  

(R): 2-50 f t  
(P): f0.005 In.  

Exhaust Borehole 
s h a f t  extensometers 

(R): 0-2 In.  (P): 0.001 in .  
(E): 0.001 in.  

Exhaust Piezometers 
s h a f t  l i n e r  
6 key 

Water XPressure* 
pressure 

Monthly (M) (R): 0-500 p s l g  
(E): k0.5 p s i  

Exhaust Pressure c e l l s  
s h a f t  key 

Pressure BPressure* As accessib le (M) (17): 0-1000 p s i  
(S): 1 p s i  

Monthly (H) O r l f t s  Rockbolt ' 

load c e l l s  
(R): 0-300 k i p s  
(5) :  16 l b  

D r i f t s  Borehole Deformation Zb*, &** Weekly (D)/ 
extenso~neters d t  Monthly (M) 

0-2 in .  
0.001 I n .  

(P): 0.001 in.  

D r i f t s  Convergence Deformation Zd*. &** Monthly t o  every (R): 2 - 5 0 f t  
p o i n t s  At 2 months (M)( l )  (P): f0.005 in.  

D r i f t s  i a t e r a l  movement Deformation Zd NO ionger read (R): 0-5 i n .  (E): 1/64 i n .  
gauges (PI :  +1/64 In. 

Test rooms V e r t i c a l  "x, "Y z dx*. xdy*. (R): 0-30. 
i n c l  lnometers xdxy*. Every 2 m n t h s  (M) (P): k0.3 ln./100 f t  of casing 

Azimuth*. (€1: fO.OO1 ln./2 f t  o f  casing 
(S): fO.OO1 f t / 2  f t  of casing 

bru,. my. 
At At 

Test rooms Hor i zon ta l  "z w Every 2 months (M) (R): 0-30. 
I n c l  lnometers b t  (P): t0.3 in./lOO f t  o f  casing 

(E): fO.OO1 in./2 f t  o f  casing 
(S ) :  fO.OO1 f t / 2  f t  of casing 

Test rooms V i b r a t i n g  w i r e  Stress n*. p Weekly (0. H) (R): 12.000-44.000 p s i  w i re  s t ress  
stressmeters n t  

Test rooms Convergence Deformation Xb*. a** Weekly (0)  (R): Approximately 2.5 f t  
meters At (5): tO.OO1 i n .  

Test rooms Convergence Deformation Za*. a** Monthly (H) (R): 2-50 f t  
po in ts  b t  (P): 0.005 In.  

Test rooms Borehole O e f o m t l o n  B*. &* Weekly (0)  (R): 0-2 In.  (P): 0.001 In. 
extensometers At (E): 0.001 in.  

Notes: - 
(0) = read through data logger (1)  New convergence p o i n t s  a re  read weekly 
(H) = read m n u a l l y  f o r  the f i r s t  m n t h  a f t e r  I n s t a l l a t i o n .  
X b  = t o t a l  change from t = 0 *Design/val ldat lon parameter 
s = angle **Safety/operatlonal parameter 
A1 = change from l a s t  reading 
At = elapsed t ime s ince l a s t  reading 



5.2.5 F i e l d  Observat ions 

The de te rm ina t i on  o f  underground c o n d i t i o n s  i nc ludes  a  q u a l i t a t i v e  

assessment based on f requen t  observa t ions  by WIPP s i t e  geotechn ica l  

personnel.  Changes i n  rock  c o n d i t i o n s  and i n  t h e  behav io r  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 i n s p e c t i o n s  

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 l o w l y  t h a t  t hey  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 .  

Pe r i od i c  i nspec t i ons  o f  t h e  C & SH s h a f t  have b e e n  made s i n c e  t h e  

s h a f t  was completed. Cond i 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 water  f l o w  i n t o  t h e  s h a f 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 e s s  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 .  

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 i tems as t h e  

c o n d i t i o n  o f  t h e i r  r o o f s  and w a 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 loors ; '  and h o r i z o n t a l  

displacements 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  des ign and s a f e t y  

eva lua t i ons .  

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 eva lua ted  by 

q u a l i f i e d  engineers and s c i e n t i s t s .  Engineer ing exper ience 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 c o n d i t i o n s .  

Labora tory  t e s t s  were performed on co re  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  h o s t  rocks. 'Theoret ical  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 eva lua te  geomechanical ins t rument  data. 



5.3 . I  Observat ions 

C The observat ions o f  geologic  cond i t ions  documented dur ing  v i s u a l  - 

inspec t ions  a re  used t o  eva lua te  t h e  performance o f  t h e  underground 

openings. These eva lua t ions  are  made i n  con junc t ion  w i t h  t h e  

a n a l y t i c a l  techniques. The eva lua t ions  a re  q u a l i t a t i v e ,  however, and 

a re  s u b j e c t i v e  assessments o f  t h e  behavior o f  t he  s a l t  surrounding the  

excavat ions. 

5.3.2 Laboratory Tests 

The r e s u l t s  o f  t h e  l abo ra to ry  t e s t i n g  described i n  subsect ion 5.2.3 on 

samples o f  h a l i t e ,  a r g i  1 laceous ha1 i t e ,  anhydr i te ,  polyhal  i t e  and c l a y  

f rom 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  equations f o r  each 

o f  these ma te r ia l s  were es tab l ished and t h e i r  ma te r i a l  p roper ty  

constants were determined ( r e f .  5-3). The ma te r ia l  p roper ty  constants 

based on t h e  l abo ra to ry  t e s t  r e s u l t s  a re  presented i n  Chapter 6. 

e: 5.3.3 I n  S i t u  Measurements 

S t a t i s t i c a l  and numerical  methods were used t o  analyze i n  s i t u  data and 

t o  eva lua te  t h e  phys ica 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 inst ruments i n  t h e  

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  equations us ing 

regress ion  procedures. Since e a r l y  data are  l ack ing  f o r  most o f  t h e  

instruments, one approach was t o  c a l c u l a t e  the  c losure  ra tes  and f i t  an 

equat ion t o  t h e  c losu re  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 losure  n o t  measured by the  instruments was 

independently der ived.  

5.4 PREDICTION OF FUTURE BEHAVIOR 

Val i d a t i o n  o f  t h e  underground opening reference design requ i res  

p r e d i c t i n g  t h e  f u t u r e  behavior  o f  t h e  openings. This  was achieved by 

c o l l e c t i n g  i n  s i t u  data c o n s i s t i n g  o f  f i e l d  observat ions and 



geomechanical ins t rument  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.  Selected 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 

form s o l u t i o n s  and eng ineer ing  experience were a1 so u t i  1 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 constants 

de r i ved  f rom 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  

numer ica l  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.  Th is  i nc 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  ope ra t i ng  1 i f e  

o f  t h e  f a c i l i t y .  

Design reviews were performed as requ i red  d u r i n g  design o f  t h e  WIPP  

underground f a c i  1 i t y .  Experience 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  behavior  o f  t h e  underground openings. 

More than 3 years o f  cont inuous data  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.  

Subsect ions 5.4.1 th rough 5.4.3 descr 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 ior  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  data 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  behavior  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  r a t e .  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 i m e  i n t e r v a l .  



5.4.2 Closed Form So lu t i ons  
/' 

Closed fo rm s o l u t i o n s  prov ided i n  t h e  SME Mining Engineering Handbook 

( r e f .  2-25) were used t o  evaluate t h e  se lec ted  room and p i  1  l a r  s izes 

and t h e i r  s t a b i l i t y .  Closed form so lu t i ons  f o r  s t e e l  and concrete 

s t r u c t u r a l  design were a l s o  used t o  subs tan t i a te  t h e  adequacy o f  t he  

. 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 Simulat ions 

Numerical analyses were performed t o  compute t h e  pred 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 i t e r i a  developed f o r  h a l i t e  and non -ha l i t i c  ma te 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  incorporated 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 ions  corresponding t o  

t h e  mathematical model, and dev ia t ions  i n  t h e  ma te r ia l  p rope r t i es  

obta ined f rom the  l a b o r a t o r y  t e s t s ,  analyses using. l abo ra to ry  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  design v a l i d a t i o n .  Therefore, an 

engineer 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 he  

analyses. A d d i t i o n a l  i n fo rma t ion  p e r t a i n i n g  t o  ma te r i a l  p roper ty  

dev ia t i ons  based on l abo ra to ry  t e s t s  i s  presented i n  Chapter 6. 

Numerical models were generated f o r  t h e  l oca t i ons  o f  s p e c i f i c  

inst ruments t o  s imu la te  t h e  inst rument  response and compute the  creep 

parameters. 

A f t e r  generat ing t h e  numerical  models f o r  these loca t ions ,  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 simulated by 

per forming an ana lys i s  us ing  the  s t a t i s t i c a l  method presented i n  

Appendix C and t h e  f o l l o w i n g  procedures: 

(1) A t  t h e  i n i t i a l  stage, t h e  sur face o f  t he  open-ings were 

r e s t r a i n e d  t o  s imu la te  the  unexcavated cond i t ion .  



( 2 )  An I n t e r n a l  s t r e s s  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 ta te ,  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 f t a t i o n a l  constant ;  and 

y i s  t h e  depth. 

(3)  The overburden and suppor t  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  su r 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 i m e  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 l ys i s .  A t  t h e  f i r s t  t i m e  step, t h e  t i m e  

increment  was c a l c u l a t e d  by an i t e r a t i v e  scheme us ing  a 

predetermined i n i t i a l  t i m e  increment.  

(6)  I n  subsequent t i m e  steps, t h e  t i m e  increment  f o r  each t i m e  

s tep  was c a l c u l a t e d  based upon t h e  prev ious  t i m e  steps and 

t h e  s p e c i f i e d  maximum to le rances  o f  s t r e s s  and s t r a i n  

increments a t  t h e  prev ious  and c u r r e n t  t i m e  steps. The 

s t r u c t u r a l  responses were computed a t  each normal ized t i m e  

step. 



CHAPTER 6 

GEOLOGIC CHARACTERIZATION 

6.1 INTRODUCTION 

Geologic c h a r a c t e r i z a t i o n  o f  t he  underground excavations f o r  design 

v a l i d a t i o n  o f  t he  WIPP began i n  June 1981. I n i t i a l  cha rac te r i za t i on  

a c t i v i t i e s  consisted o f  moni to r ing  the  d r i l l i n g  and geophysical logging 

o f  t h e  SPDV exp lo ra to ry  sha f t .  As s h a f t  o u t f i t t i n g  and underground 

excavat ion progressed, the  geologic 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, performing ground-water 

i n f l o w  t e s t s ,  mon i to r ing  geomechanical ins t rumenta t ion  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, logging underground 

core ho le  samples, and per forming o the r  tasks r e l a t e d  t o  d e f i n i n g  the  

geologic i n t e g r i t y  o f  t h e  W I P P  s i t e .  Data from these a c t i v i t i e s  were 

evaluated i n  con junc t ion  w i t h  i n fo rma t ion  from previous s i t e  s tudies t o  

more accu ra te l y  d e f i n e  s i t e  geologic cond i t ions  as they r e l a t e d  t o  

f- 
deslgn v a l i d a t i o n  o f  t he  WIPP underground f a c i l i t y .  

L 
6.2 DATA COLLECTION ACTIVITIES 

6.2.1 Geoloqic Mapping 

An impor tant  aspect o f  v a l i d a t i n g  the  W I P P  underground opening 

reference design inc luded geologic mapping o f  t he  shaf ts  and d r i f t s .  

The ob jec t i ves  o f  t h i s  mapping were discussed i n  Chapter 5. 

6.2.1.1 C & SH Shaf t  

Geologic c h a r a c t e r i z a t i o n  o f  t he  C & 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 he  SPDV exp lo ra to ry  s h a f t  (see Chapter 3, 

subsect ion 3.3.1, f o r  an explanat ion o f  t he  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  cha rac te r i za t i on  consisted 

o f  logg ing the  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  permi t  a 

de terminat ion  o f  rock types and t o  prov ide  a  d e s c r i p t i o n  o f  the  

geologic format ions penetrated (Appendix D, F igure D l  ) These 
,- format ions included, i n  descending order, the  Dewey Lake red beds, the  

L Rust le r  fo rmat ion  and t h e  Salado formation. 



A f t e r  complet ion o f  t h e  d r i l l i n g  operat ion,  geophysical  l ogg ing  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 a c c u r a t e 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 ogs  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  va r 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 B, F igu re  B-1). 

Reconnaissance and d e t a i l e d  geo log ic  mapping o f  t h e  C & 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 fo rma t ion  

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  1  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 t h  

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 ion  3.2). The mapping r e s u l t s  a r e  shown i n  Appendix D, 

F igures  D-2 th rough D-4. A d e t a i l e d  d i scuss 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  prov ided b y  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  s h a f t .  One i n t e r v a l  

f rom about 1,832 f e e t  (e lev .  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 .  

DetaI  l e d  c i  r cumfe ren t i a l  geo log ic  mapping was performed i n  t h e  key area 

f rom t h e  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 .  



ll I-b De ta i led  mapping was a l s o  performed from a  depth o f  about 2,083 f e e t  t o  

%,L+J about 2,193 f e e t .  De ta i l ed  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  ob ta in  s u f f i c i e n t  geologic in format ion  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  se lec t ion .  The f a c i l i t y  l e v e l  se lec t i on  

mapping was performed by several teams o f  geo log is ts  working over a  

3-day pe r iod  f rom A p r i l  30 t o  May 2, 1982. The d e t a i l e d  mapping was 

genera1 1y performed independently 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  

permi t  b e t t e r  observat ion and i n t e r p r e t a t i o n  o f  t he  s h a f t  geologic 

c h a r a c t e r i s t i c s .  

Representat ive samples o f  t h e  geologic s t r a t a  surrounding the  s h a f t  

were obtained du r ing  mapping f o r  l a t e r ,  more de ta i  l ed  c l a s s i f i c a t i o n .  

Photographs were taken a t  var ious l oca t ions  along the  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 he  mapping r e s u l t s  and record-keeping purposes. As 

mapping progressed, observat ions o f  the  shaf t  w a l l  were a l s o  made t o  

determine the  c o n d i t i o n  o f  t he  s a l t  as a  r e s u l t  of i t s  behavior 

f o l l o w i n g  excavation. 

i; Based on the  data obtained f rom the above a c t i v i t i e s ,  charac ter iza t ions  

were made of t h e  geologic formations penetrated by the  C 6 SH shaft .  

The charac te r i za t i ons  consisted p r imar i  l y  o f  descr ip t ions  o f  t he  

s t ra t i g raphy ,  1  i t h o l o g y  and s t r u c t u r e  o f  t he  formations. Other 

d e t a i  l e d  data were included, where re levant ,  t o  more accura te ly  

cha rac te r i ze  the  s a l t  s t r a t a  i n  areas o f  pr imary concern t o  the  design 

of t he  WIPP underground f a c i l i t y .  

The C 6 SH s h a f t  geologic 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 

conf i rm t h e  data obtained f rom previous s i t e  i nves t i ga t i ons .  The 

geologic cond i t ions  observed i n  the  C & SH s h a f t  w i t h i n  the  mapped 

i n t e r v a l  corresponded t o  the  cond i t ions  expected from previous 

i nves t iga t i ons .  Borehole ERDA-9, i n  p a r t i c u l a r ,  showed condi t ions 

s i m i l a r  t o  the  C 6 SH sha f t .  Although 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 loss. i n  ERDA-9 which prevented the  e a r l y  

.detect ion o f  these cond i t ions .  

Cl 



Only minor  m o d i f i c a t i o n s  t o  t h e  re ference design o f  t h e  C & SH s h a f t  

key s t r u c t u r e  and t h e  geomechanical i ns t rumen ta t i on  1  eve1 s  were made t o  

accommodate t h e  ~ b s e r v e d ~ g e o l o g y .  

6.2.1.2 Waste Sha 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 f rom 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  t h e  

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  geophysical  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- foo t  d iameter  s h a f t  began i n  J u l y  1982 i n  

con junc t i on  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 o u t  by t h e  d r i l l i n g  

ope ra t i on  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  was 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  MB-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 f rom 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  o f  t h i s  mapping a r e  shown i n  Appendix E, F igures  

E-1 th rough E-6. I n  add i t i on ,  a  l i t h o l o g i c  log, based on t h e  geo log ic  

mapping, and a  geophysical d e n s i t y  l o g  a r e  shown i n  Appendix B, F igu re  

B-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-1. 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  contained i n  re fe rence 4-3. 

Mapping 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 geo log 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  f rom t h e  t o p  o f  t h e  



war, surface casing. Or ien ta t i on  i n  the  s h a f t  was maintained by fo l l ow ing  a  

J ~ u ~  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  the  

work p l a t f o r m  used i n  the  shaf t .  Most o f  t he  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 along the  s t e e l  guide. Although on ly  a  

p o r t i o n  o f  t he  s h a f t  w a l l  was mapped, v i sua l  examination was made o f  

t h e  e n t i r e  w a l l  t o  determine i f  any geologic abnormal i t ies ex is ted.  

Below a  depth o f  about 1,180 f e e t  (e lev .  2229 fee t ) ,  mapping was 

performed on a  l i m i t e d  basis due t o  s a l t  i n c r u s t a t i o n  on the  s h a f t  

w a l l .  This c r u s t  was apparent ly  the  r e s u l t  o f  dus t  from the  f a c i l i t y  

l e v e l  t h a t  was exhaust ing through the  s h a f t  and depos i t ing  on the  wet 

s h a f t  w a l l .  Representat ive samples o f  the  rock s t r a t a  were co l l ec ted  

t o  permi t  a  more d e t a i l e d  descr ip t ion .  Photographs were taken a t  

var ious l oca t ions  along the  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  the  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 rov id ing  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 he  s h a f t  w a l l  were 

made t o  determine, where possib le,  t he  reac t i on  o f  t h e  rock t o  

excavation. 

De ta i l ed  mapping around t h e  f u l l  c ircumference o f  t he  6-foot diameter 

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 dolomite member, 

( 2 )  Culebra dolomite member, 

(3 )  Rus t le r  fo rmat ion  f r a c t u r e  zone; 

( 4 )  Rust ler/Salado fo rmat ion  contact;  and 

( 5 )  MB-139. 

Because o f  s a l t  i n c r u s t a t i o n  on the  s h a f t  w a l l  imnediate ly  above the  

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 could no 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 the  c r u s t  t o  permi t  mapping of t he  s h a f t  w a l l  f o r  a  d is 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  the  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  1  i z i n g  e leva t ion  po in ts  

es tab l ished i n  the  C & SH s h a f t  s t a t i o n .  

0 



The enlargement o f  t h e  SPOV 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 isua 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 1  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 t h  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  1  were noted 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 i ed  accord ing ly .  

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 concre te  segment was prov ided by t h e  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 occasional  

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  

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, 

v e r t i c a i  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 o f  2,167 f e e t  (e lev .  1242 f e e t ) .  

Deta i  1  ed, f u l  1  c i rcumference geo log ic  mapping was performed i n  areas of 

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  SPDV v e n t i l a t i o n  sha f t ,  t h e  p o s s i b l e  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  

format ion;  and 

( 6 )  t h e  Rust ler /Salado fo rmat ion  con tac t  and key area. 



I 
The d e t a i l e d  mapping i n  t h e  waste s h a f t  was genera l ly  conducted as 

L .A,, o u t l i n e d  i n  reference 6-1. Mapping 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 establ ished by the  con t rac to r  

from the  base o f  t he  previous concrete segment, a  5  x 5-foot g r i d  was 

pa in ted on t h e  s h a f t  sur face around i t s  circumference t o  permi t  t he  

accurate l o c a t i o n  o f  any l i t h o l o g i c  contacts and geologic features. 

Reconnaissance geologic 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 ,  approximately 5 f e e t  wide, was cleaned and mapped 

along t h e  e n t i r e  l eng th  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 he  geotechnical a c t i v i t i e s  conducted i n  t h e  

waste s h a f t  i s  contained i n  reference 6-2. The r e s u l t s  o f  t he  mapping 

a r e  shown i n  Appendix E, F igure  E-1. 

The geo log ic  mapping and v i s u a l  inspect ions  o f  t h e  SPOV 

ven t i l a t i on /was te  s h a f t  has provided a d d i t i o n a l  documentation o f  t he  

s t r a t a  above and below t h e  WIPP underground development l eve l .  Based 

on t h e  data obtained from t h e  s h a f t  mapping a c t i v i t i e s ,  a  general 

c h a r a c t e r i z a t i o n  o f  t h e  s t ra t i g raphy ,  l i t h o l o g y  and s t r u c t u r e  o f  the  

geologic format ions penetrated by the  waste s h a f t  was made. 

The waste s h a f t  penetrates f i v e  formations. I n  descending order, they 

a r e  t h e  Gatuna format ion o f  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, Rus t le r  format ion and Salado 

formation, a l l  o f  Permian age. I n  add i t ion ,  t he  waste s h a f t  a lso  

penetrates t h i n  s u r f i c i a l  Quaternary dune sands and the  Mescalero 

ca l i che .  I n  t h e  WIPP s i t e  area, t h e  Santa Rosa sandstone and the  

Gatuna fo rmat ion  a re  represented by t h i n  layers  o f  sandstone ( r e f .  

6-3). They were n o t  mapped i n  the  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 he  waste s h a f t  c o r r e l a t e  we l l  

w i t h  t h e  SPOV v e n t i  l a t i o n  s h a f t  mappjng r e s u l t s .  The s t r a t i g r a p h i c  

r ,  u n i t s  penetrated by the  waste s h a f t  a re  the  same as those encountered 

by t h e  C & SH shaf t .  



Post- t leposi t ional  d i s s o l u t i o n  fea tu res  were n o t  observed i n  any 

s t r a t i g r a p h i c  hor izons  i n  t h e  waste sha f t .  Several zones p r e v i o u s l y  

i d e n t i f i e d  as c o n t a i n i n g  d i s s o l u t i o n  res idues i n  boreho le  ERDA-9 a r e  

now considered t o  con ta in  pronounced pr imary  sedimentary fea tures .  

6.2.1.3 Exhaust Sha f t  

The exhaust s h a f t  was enlarged f rom a  6-f o o t  d iameter  ra ise-bored 

s h a f t  t o  i t s  f i n i s h e d  14- t o  15- foot  d iameter  us ing  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 e n g t h  

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 ,  approximate ly  5  f e e t  wide, 

was cleaned and mapped. The procedures used f o r  t h e  reconnaissance 

mapping a re  conta ined i n  re ference 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 inc luded those p r e v i o u s l y  descr ibed i n  

t h e  C & SH and waste s h a 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 con ta in  gypsum f i l l e d  f r a c t u r e s .  

The areas o f  d e t a i l e d  mapping i n  t h e  exhaust s h a f t  were: 

(1 ) gypsum-f i l l e d  f r a c t u r e s  a t  a  depth o f  195.0 t o  21 0.0 f e e t ;  

(2 )  gypsum- f i l led  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 ;  

(3 )  gypsum-f i l led 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 ;  

(4 )  t h e  Dewey Lake/Rust ler  format ion con tac 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 do lomi te  member (602.5 t o  627.0 f e e t ) ;  

(7 )  t h e  Tamarisk mernber c lays tone (689.0 t o  695.5 f e e t ) ;  

(8 )  t h e  Culebra do lomi 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 

f e e t )  ; and 

(1  0) t h e  Rust ler /Salado fo rmat ion  con tac t  and key (845.0 t o  91 2.0 

f e e t )  . 
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The d e t a i l e d  geologic mapping was performed i n  a  manner s i m i l a r  t o  t h a t  

Gb,d i n  the  waste shaf t ,  us ing a  5  x  5- foot  g r i d .  V e r t i c a l  survey con t ro l  

was provided by t h e  s h a f t  excavation cont rac tor .  As the  s h a f t  l i n e r  

was constructed, the  depth t o  the  base o f  each successive concrete 

segment was provided by t h e  cont rac tor .  V e r t i c a l  con t ro l  f o r  mapping 

was then es tab l ished f rom t h e  base o f  the  previous segment. During 

excavat ion o f  t he  un l i ned  sec t i on  o f  t he  shaf t ,  v e r t i c a l  con t ro l  was 

es tab l  i shed w i t h  survey chains suspended from con t rac to r - i ns ta l  l ed  

survey c o n t r o l  po in ts .  

The r e s u l t s  o f  t h e  exhaust s h a f t  mapping are  shown i n  Appendix F, 

F igure  F-1. A d e t a i l e d  d e s c r i p t i o n  o f  t he  geotechnical a c t i v i t i e s  i n  

the  exhaust s h a f t  a re  inc luded i n  the  r e p o r t  t i t l e d  Geotechnical 

A c t i v i t i e s  i n  t h e  Exhaust Shaf t  ( r e f .  6-4). 

I n  general, t he  exhaust s h a f t  mapping r e s u l t s  c o r r e l a t e  w e l l  w i t h  the  

r e s u l t s  from the  waste sha f t .  S l i g h t  l a t e r a l  v a r i a t i o n s  i n  the  geology G produce minor exceptions. The exhaust s h a f t  geologic mapping 

a c t i v i t i e s  have produced a d d i t i o n a l  conf i rmat ion  o f  data obtained from 

previous s i t e  i nves t i ga t i ons .  This mapping conf irms the  s u i t a b i l i t y  o f  

t h e  s h a f t  reference design, w i t h  some minor modi f i ca t ions ,  based on the  

o r i g i n a l  design parameters. 

6.2.1.4 D r i f t s  and Test Rooms 

Geologic mapping o f  t h e  d r i f t s  and t e s t  rooms was performed t o  

cha rac te r i ze  t h e  f a c i l i t y  l e v e l  geology, demonstrate i t s  con t inu i t y ,  

and prov ide permanent documentation o f  t he  geology exposed i n  the  

underground excavations. Those d r i f t s  and rooms t h a t  were no t  mapped 

were v i s u a l l y  inspected by s i t e  geo log is ts  t o  v e r i f y  t h a t  the  

s t r a t i g r a p h y  i s  l a t e r a l l y  continuous and s i m i l a r  t o  t h a t  exposed i n  the  

mapped areas o f  t h e  f a c i l i t y .  No unusual geologic features were 

observed. 

Geologic mapping was conducted i n  accordance w i t h  the  procedures 

G estab l  i shed i n  reference 6-1 . A ho r i zon ta l  1  eve1 -1 i ne referenced t o  



t h e  C d 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 .  A1 1  s t r a t i g r a p h i c ,  

contac ts  and geo log ic  f ea tu res  were referenced t o  t h i s  l e v e l - l i n e  

datum. H o r i z o n t a l  d is tances  were measured w i t h  an eng ineer 's  tape 

us ing  t h e  C d SH s h a f t  c e n t e r l i n e  as t h e  zero re ference p o i n t .  

D e t a i l e d  mapping was performed a t  10- foo t  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 tu re  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  EO d r i f t ,  t h e  NllOO d r i f t  and t h e  N1420 d r i f t .  Selected 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 B. 

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- foot  wide s t r i p  surrounding t h e  ins t rument  a r r a y  i n  t h e  c e n t e r  o f  

each room. Both w a l l s  and t h e  r o o 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 G, F igures G-1 . through 6-4. 

6.2.2 Core D r i l l i n q  

6.2.2.1 Purpose 

V e r t i c a l  core  ho les  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 rov ide  geo log ic  i n f o r m a t i o n  f o r  design 

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  ho les  a r e  descr ibed i n  

Support ing Document 3 o f  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  r e p o r t .  

6.2.2.2 Summary 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  core  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 l e d  

as p a r t  o f  SNL's i n  s i t u  t e s t s .  Th is  number inc ludes  16 ho les  d r i l l e d  

t o  rep lace  ho les  t h a t  had poor  co re  recovery and f o u r  ho les  d r i l l e d  t o  

o b t a i n  i n f o r m a t i o n  on non-cored sec t ions  i n  t h e  o r i g i n a l  holes.  The 



I .. 
holes were genera l l y  d r i l l e d  i n  pa i r s ,  one hole d r i l l e d  v e r t i c a l l y  i n t o  I I /  

t h e  roo f  and one ho le  d r i l l e d  v e r t i c a l l y  i n t o  t h e  f l o o r .  Core was 

obta ined i n  each ho le  t o  a  nominal depth o f  50 fee t .  Table 6-1 

presents a  summary o f  t h e  core ho le  data. A map showing the  core hole 

l o c a t i o n s  i s  presented on Figure 6-1. Geologic cross sect ions a t  

se lec ted core ho le  l oca t ions  i n  t h e  d r i f t s  a re  contained i n  

Appendix H. Geologic d r i l l  l ogs  o f  a l l  o f  t h e  core holes are  contained 

i n  Appendix I. 

D r i  11 i n g  was performed by t h e  underground excavation cont rac tor .  The 

d r i l l  r i g  was s e t  up by t h e  d r i l l e r  and t h e  a t t i t u d e  o f  the  core hole 

was checked by s i t e  geotechnical personnel. Logging and handl ing o f  

t h e  core  were performed by geotechnical personnel -in conformance w i t h  

t h e  procedures o u t l i n e d  i n  Support ing Document 3  o f  reference 2-5. 

A l l  core  holes were d r i l l e d  us ing r o t a r y  equipment and compressed a i r  

o r  sa tura ted b r i n e  as t h e  c i r c u l a t i n g  medium. The holes were d r i l l e d  C w i t h  a  d ia iond impregnated b i t  which produced 2-inch o r  2  318-inch 

diameter core. A 5-foot long double-tube o r  s p l i t  double-tube core 

b a r r e l  was used t o  r e t a i n  t h e  core. 

The core  was logged underground as it was removed from the core b a r r e l  

o r  a f t e r  t h e  d r i l l i n g  o f  t h e  ho le  was completed. Logging was genera l ly  

performed by t h e  same g ~ s l o g i s t  t o  main ta in  consistency i n  t h e  

d e s c r i p t i o n s  o f  t h e  geologic mater ia ls .  The f o l l o w i n g  data are 

recorded on each log: 

( 1 )  l o c a t i o n  o f  core ho le  and d i r e c t i o n  o f  d r i l l i n g  (up o r  down); 

(2 )  beginning and complet ion dates o f  d r i l l i n g ;  

( 3 )  length  and number o f  core run; 

( 4 )  amount and percentage o f  core recovery; 

( 5 )  s t r a t i g r a p h i c  and 1  i t h o l o g i c  descr ip t ions  ( c o l o r  descr ip t ions  

a r e  based on the  Geological Society o f  America (GSA) 

Rock-Color Chart); 

(6 )  graphic l i t h o l o g i c  p r o f i l e ;  and 



Col l  a r  
Core Hole E levat ion 

No. D i r e c t i o n  (ft-MSL 

MB-139-1 Down 1264.1 
MB-139-2 Down 1251.2 
MB-139-3 Down 1260.5 
MB-139-4 Down 1258.7 

OH-01 UP 131 8.2 
0 ~ - 0 2 (  ) Down 
OH-OZA( 1 ) Down 
OH-O2B Down 1306.3 
OH-03 UP 1318.1 
OH-03A UP 131 7.4 
OH-04 Down 1309.6 
D H - O ~ A ( ~  ) Down 1309.6 
DH-049 Down 1309.7 
OH-05 UP 1329.9 
OH-06 Down 1317.9 
OH-07 UP 1326.7 
OH-08 Down 131 8.8 
OH-OBA(~  ) Down 1318.7 
OH-089 Down 1318.0 
OH-09 UP 1324.5 
OH-1 0 Down 1312.1 
OH-1 1 UP 1320.5 
OH-1 2 Down 1311.1 
DH-1 3 UP 1311.4 
OH-13A UP 1311.5 
OH-1 39 UP 1311.4 
OH-1 4 Down 1299.5 
OH-1 5 Up . 1308.9 
OH-1 6 Down 1300.3 
OH-1 7 UP 1316.5 
OH-1 8 Down 1305.1 
OH-1 9 UP 1314.7 
OH-20 Down 1306.2 
OH-21 UP 1331 .O 
OH-22 Down 131 8.8 
OH-23 UP 1328.0 
OH-24 Down 1319.5 
OH-24A Down 1319.5 
OH-25 UP 1318.8 
DH-26 Down 1307.2 
OH-27 UP 1300.8 
OH-28 Down 1289.9 
OH-29 UP 1298.3 
OH-29A UP 1298.1 
OH-30 Down 1289.2 
OH-31 UP 1298.5 
DH-31A UP 1298.5 
OH-31 B UP 1298. !5? 
OH-32 Down 1289.6 
OH-32A Down 1289.5 
OH-33 UP 1298.6 
OH-33A UP 1297.4 
OH-34 Down 1289.4 
OH-34A Down 1 289.2 
OH-35 UP 1294.4 
OH-36 Down 1284.6 
OH-37 UP 1297.4 
OH-38 Down 1287.0 
OH-39 UP 1296.0 
OH-40 Down 1286.1 
OH-41 UP 1295.8 
DH-42 Down 1 285.9 
OH-42A Down 1285.7 

(1)  Survey data not  avai lable.  

Table 6. 

SUMMARY OF CORE 

Approximate 
S ta t i on  

( f t )  

N79 id6 

N1107 W682 
N1107 W682 
N1099 W982 
N1099 W987 
N1099 W982 
N1099 W1282 
N1099 W1280 
N1099 W1261 
N1099 W1282 
N1099 W1261 
N1099 W1582 
N1099 W1570 
N1099 W1582 
N1099 W1570 
N1102 W1882 
N1102 W1882 
N l lO l  LJ2182 
N l lO l  W2182 
N l lO l  W2482 
Nl lOl  W2482 
N l l O l  W2782 
N l lO l  W2782 
N l lO l  W2789 

HOLE DATA 

F a c i l i t y  
Coordinates 

( f t )  

Depth/ 
Penetrat ion 

( f t )  

10.0 
15.7 
16.11 
16.2 

50.8 
50.2 
49.2 
53.0 
48.8 
49.9 
45.8 
11.2 
51.4 
51.0 
49.75 
49.8 
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Instrument 
Designation 

None 
None 
None 
None 

None 
hone 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
hone 
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 



Table 6-1 (continued) 

SUMMARY OF CORE HOLE DATA 

Core Hole 
No. 

DH-207 
DH-208 
DH-211 
DH-212 
DH-215 
DH-216 
DH-219 
DH-219A 
DH-220 
DH-223 
DH-224 
DH-227 
DH-228 
DH-301 
DH-302 
DH-303 
DH-304 
DH-306 
OH-306A 
DH-307 
DH-309 
DH-311 
DH-313 
DH-313A 
DH-314 
DH-315 
DH-316 

D i r e c t i o n  

UP 
Down 
u P 
Down 
UP 
Down 
UP 
UP 
Down 
UP 
Down 
UP 
Down 
UP 
Down 
UP 
Down 
Down 
Down 
UP 
UP 
UP 
UP 
UP 
Down 
UP 
Down 
u P 
UP 
UP 
Down 
UP 
UP 
UP 

UP 
Down 
UP 
Down . 
UP 
Down 
UP 
Down 
Down 
UP 
Down 
UP 
UP 
Down 
Down 
UP 
UP 
Down 
u P 
Down 
UP 
Down 
UP 

UP 
UP 
Down 
Down 

c o l l a r  
E levat ion 
( f t-MSL ) 

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 
1244.1 
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 .2  
1280.4 
1266.6 
1296.8 
1288.1 
1310.6 
1301.5 
1296.8 
131 0.1 
1294.6 
1307.7 
1305.9 
1292.1 
1292.1 
1304.9 
1262.2 
1248.6 
1298.2 
1290.5 
1316.5 
1 308.0 
1259.8 

131 0 
1308 
1298 
1296 

Approximate Faci  l i t y  
S ta t i on  Coordinates 

( f t )  ( f t )  

N254 
N254 
N146 
N146 
N621 
N621 
N l l l O  
N1110 
N1265 
N1265 
N1270 
N1270 
N1265 
N1265 
N1275 
N1275 
5406 
5406 
N624 
N640 
N1410 
N1410 
54 01 

Depth/ 
Penetrat ion 

( f t )  

53.0 ' 

49.2 
50.0 
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Instrument 
Designation 

GE-246 
None 
None 
None 
GE-247 
GE-248 
None 
None 
None 
GE-244 
None 
None 
None 
None 
None 
None 
None 
None 
None 
GE-263 
GE-265 
GE-264 
None 
hone 
None 
None 
None 
None 
None 
None 
None 
None 
GE-268 
GE-267 

GE-230 
None 
GE-226 
None 
GE-234 
None 
GE-243 
GE-221 
GE-220 
GE-21 b 
GE-216 
GE-214 
GE-212 
GE-210 
GE-209 
GE-207 
None 
None 
GE-235 
None 
None 
None 
None 

None 
None 
None 
None 







NOTE - 
CORE HOLES IN ROOMS AI.IZ,AS.B ANDO 
ARE NOT SHOWN 



( 7 )  o the r  p e r t i n e n t  in format ion  r e l a t e d  t o  core cond i t ions  and 

observat ions made dur ing  d r i l l i n g .  

Inc luded on t h e  logs o f  many o f  t h e  core holes i s  a  core sample 

reference number f o r  each d i s t i ngu ishab le  s t r a t i g r a p h i c  u n i t  (except 

anhydr i te ) .  This number ( i n  some cases several numbers) i s  shown i n  

brackets a t  t h e  en'd o f  t h e  u n i t  descr ip t ion .  The number i d e n t i f i e s  a  

s p e c i f i c  core sample t h a t  has undergone a  labora tory  ana lys is  t o  

determine i t s  percentage o f  inso lub les  ( c l a y / p o l y h a l i t e )  . A l i s t i n g  o f  

t h e  reference core samples and t h e i r  l abo ra to ry  t e s t  r e s u l t s  f o r  

i n s o l u b l e  residues a re  presented i n  Table 6-2. The reference sample 

system was used t o  prov ide  u n i f o r m i t y  i n  the  logging o f  t he  core and t o  

f a c i l i t a t e  t h e  comparison o f  u n i t  desc r ip t i ons  w i t h  samples having a  

known i n s o l u b l e  content .  The sample number o r  numbers which appear on 

t h e  l o g  a re  those which are  v i s u a l l y  most s i m i l a r  t o  t h e  o v e r a l l  u n i t .  

The c r y s t a l  s i z e  i n  t h e  reference samples may n o t  be t h e  same as i n  the  

u n i t s  w i t h  which they  are  cor re la ted.  

s"", 
Cj Each box o f  core was photographed and then stored i n  the  UIPP core 

l i b r a r y .  A f t e r  data from several  o f  t h e  core holes was co l lec ted,  

c o r r e l a t i o n s  between t h e  holes were developed. 

'6.2.2.3 Summary o f  Results 

The underground core d r i  1  l i n g  program has demonstrated t h e  l a t e r a l  

c o n t i n u i t y  o f  s t r a t i g r a p h y  throughout the  underground f a c i l i t y  

hor izon.  Three anhydr i t e  u n i t s  were i d e n t i f i e d  i n  the  upholes and two 

anhydr i t e  u n i t s  were i d e n t i f i e d  i n  t h e  downholes. These u n i t s  are 

c o n s i s t e n t l y  under la in  by c l a y  seams. I n  add i t i on ,  a  c l a y  seam 

designated c l a y  I was found i n  most o f  t h e  upholes and a c l a y  seam 

designated c l a y  D was found i n  many o f  t he  downholes. Anhydri te i s  

commonly associated w i t h  these two seams. The remaining u n i t s  cons is t  

o f  ha1 i t e  w i t h  vary ing  amounts o f  a r g i  1  laceous mate r ia l  and 

p o l y h a l i t e .  I n d i v i d u a l  u n i t s  vary s l i g h t l y  from ho le  t o  hole i n  

th ickness,  c r y s t a l  s ize,  and the  percentage o f  accessory const i tuents  

such as a r g i  1  laceous m a t e r i a l  and polyhal  i t e .  The s t ra t i g raphy  



Table 6-2 

Reference 
Sample 
Number 

Hole 
Number 

DO- 52 

DO-52 

DO-52 

DO-53 

DO-53 

DO-53 

DH-4B 

DO-52 

DH-12 

DH-11 

DH-12 

DH-11 

DO-53 

DO- 52 

DO-52 

00-52 

DH-10 

INSOLUBLE RESIDUES OF REFERENCE CORE SAMPLES 
SAND I A  NATIONAL LABORATORIES 

Water-Insol ub le  tUIA- Inso lub le  ( 1  ) 
Depth Sample Residue 3 a m ~ l e  Residue 

I n t e r v a l  Weight Weight Percent Weight Weight Percent 
( f e e t )  (grams) (grams) Weight (grams) (grams) Weight 

Notes: 

(1 )  F o r  d e s c r i p t i o n  o f  sample p repa ra t i on  see 

I s o l a t i o n  P i l o t  P lan t  (WIPP) Pro jec t ,  Southeastern New Mexico, Sect ion  5.4 ( re f .  2-5). 

( 2 )  Small sample volume may have produced inaccura te  resu l t .  

( 3 )  Reference sample used f o r  v i sua l  comparison i s  i d e n t i c a l  t o  t he  sample t e s t e d  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  t he  same un i t .  



I .. encountered i n  t h e  core holes was used t o  prepare the  reference 

\L , s t r a t i g r a p h i c  column discussed i n  subsect ion 6.3.1.3. 

The presence o f  any gas o r  b r i n e  detected dur ing  d r i l l i n g  i s  recorded 

on t h e  d r i l l  logs. Usua l ly  w i t h i n  2 weeks o f  complet ing an a i r - d r i l l e d  

uphole, b r i n e  weeps o r  moisture halos appear a t  t he  c o l l a r  o f  t he  

hole. B r ine  has a l s o  c o l l e c t e d  i n  some downholes which were d ry  dur ing  

d r i l l i n g .  Observations o f  gas and b r i n e  occurrences are 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 Desc r ip t i on  

Ground-water i n f l o w  measurements were taken i n  both the  SPDV 

exp lo ra to ry  and v e n t i l a t i o n  shaf ts  as p a r t  o f  t he  geologic 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  add i t ion ,  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  design va l i da t i on .  

r""". 
Gas and b r i n e  have been encountered i n  boreholes and a t  excavation 

Lad 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. Studies a re  being 
performed by o the 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 nves t i ga te  and 

evaluate these occurrences. 

6.2.3.2 C & SH Shaf t  

Measurements o f  f l u i d  i n f l o w  were taken dur ing  the  SPDV exp lora tory  

s h a f t  d r i l l i n g  opera t ion  when the  d r i l l  t o o l s  were o u t  o f  t he  hole f o r  

a  b i t  change. The measurements were taken by moni to r ing  changes i n  the  

d r i l l i n g  f l u i d  l e v e l  over  a  per iod  o f  several hours. These data were 

then used t o  est imate approximate ground-water f l o w  ra tes  i n t o  the  

sha f t .  

6.2.3.3 Waste Shaf t  

Ground-water i n f l o w  measurements were taken i n  the  6- foot  diameter SPDV 

v e n t i l a t i o n  s h a f t  dur ing  s h a f t  o u t f i t t i n g .  These measurements were 

taken i n  t h e  s h a f t  sump and a t  t he  base o f  the  Rus t le r  formation. The 

@ measurements i n  the  s h a f t  sump were used t o  determine t o t a l  f l o w  i n t o  



t h e  s h a f t  f rom a1 1  ground-water sources penetrated.  Pe r iod i c  

measurements t o  d e t e r m i n e ' w a t e r  l e v e l  r i s e  w i t h  respect  t o  a  known 

p o i n t  a t  t h e  t o p  o f  t h e  sump were obta ined d u r i n g  t e s t  i n t e r v a l s  

rang ing  f rom about 1.5 t o  90 hours. The data  obta 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 rom 0.3 t o  0.9 g a l l o n s  p e r  minute (gpm). The 

average f l o w  r a t e  was determined t o  be about 0.6 gpm. 

An a t tempt  t o  measure ground-water i n f l o w  f rom 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 cons t ruc ted  a t  t h e  base o f  t h e  

R u s t l e r  fo rmat 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 dra 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  o f  approximate ly  0.3 t o  0.4 gpm f rom a l l  sources 

above t h e  Salado format ion.  

No d i r e c t  i n f l o w  f rom t h e  Magenta o r  Culebra do lom i te  members o r  a t  t h e  

Rust ler /Salado fo rma t ion  con tac t  was measured. The Magenta do lom i 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 lom i te  f o r  a  d i s tance  

o f  about 20 f e e t .  Below t h i s  d i s 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  t h e  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 isua 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  immediately above and below t h i s  contac 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 do lomi te  member was c o n z r i b u t i n g  t h e  

m a j o r i t y  o f  ground water  reaching t h e  SPDV v e n t i l a t i o n  s h a f t  sump. 

The 6- foot  d iameter  SPDV v e n t i l a t i o n  s h a f t  was l a t e r  enlarged 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 d u r i n g  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 



f- 
obvious f l u id -bea r ing  zones. The Magenta e x h i b i t e d  o n l y  a  few weeps 

and general  l y  produced very  1  i t t l e  water. The e n t i r e  Culebra sect ion,  

however, was wet, b u t  no obvious l o c a l  concentrat ions o f  water i n f l o w  

were observed. Wherever a  ledge was present, a  steady d r i pp ing  o f  

water  occurred. 'The Rust ler/Salado fo rmat ion  contact ,  o f t e n  considered 

a  f lu id -produc ing  zone, d i d  n o t  con ta in  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 constructed, ground water was observed 

seeping through cracks and cons t ruc t i on  j o i n t s  i n  it. These 

observat ions a re  discussed i n  Chapter 8, subsect ion 8.3.1.1. 

6.2.3.4 Exhaust Sha f t  

A water  i n f l o w  measurement o f  approximately 0.4 gpm i n t o  t h e  7  7/8-inch 

diameter p i l o t  ho le  f o r  t h e  exhaust s h a f t  was taken on December 1, 

.1983. On December 21, 1983, a  water 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. 
,-\ 

(kWJ 
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  

through cracks and cons t ruc t i on  j o i n t s  i n  t h e  1  i n e r  was measured. 

Measurement was made f rom t h e  2-inch dra inp ipe  t h a t  connects t h e  th ree  

water  c o l l e c t i o n  r i n g s  i n  t h e  sha 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  shaf t ,  reduced t h i s  i n f l o w  t o  a  

non-measurable q u a n t i t y .  

6.2.3.5 D r i f t s  and Test Rooms 

Small amounts o f  gas under pressure have been encountered by some 

underground borehol es and a t  t h e  working face o f  underground ho r i zon ta l  

excavat ions. B r ine  i s  observed t o  weep l o c a l l y  from w a l l s  and i n t o  

some boreholes. The b r i n e  occurrences a re  v i s i b l e  dur ing  o r  

immediately 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 several  weeks t o  more than 3 years. The 

fo rmat 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  



h o l e  c o l l a r s  a r e  common. S a l t  i n c r u s t a t i o n s  fo rming on t h e  r o o f  a r e  

be ing  moni tored a t  t h r e e  l o c a t i o n s :  W30/S1600, E140/S2190 and 2 ,  
The gas occurrences encounterd by boreholes a r e  i n d i c a t e d  on t h e  

geo log ic  d r i  11 logs.  Pressure t r a n s i e n t  t e s t i n g  and gas sampling were 

performed i n  severa l  holes 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  t h e  work ing 

face  were documented p r i o r  t o  t h e  end o f  December 1985. I n  b o t h  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 occu r r i ng  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 iscuss 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  

presented i n  re fe rence 4-1 5. 
P-4 

'The f l d w  o f  gas f rom moni'tored ho les  has been low and e r r a t i c .  It 

appears t o  be associated w i t h  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  a n h y d r 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. Although very few weeps have been 

observed on t h e  r o o f  surface, boreholes i n  t h e  r o o f  sometimes weep 

b r i ne .  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 observat 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 associated p r i m a r i l y  w i t h  a r ~ h y d r i t e  

beds and t h e i r  under l y 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 of t h e  

occurrences. Work on t h e  B r i n e  Tes t i ng  Program (BTP) i s  present1 y  



being conducted and w i l l  cont inue through 1987. The Gas Test ing 
. , 

Program (GTP) i s  a l s o  c u r r e n t l y  i n  progress. 

As p a r t  o f  t h e  BTP, 36 accessib le boreholes conta in ing  b r i n e  have been 

monitored. These holes i nc lude  t h e  shal low holes f o r  t h e  Mater ia l  

I n t e r f  ace- Interact ions Test (MIIT)  i n  Room J, inc l inometer  holes i n  

Test Rooms 1  and 2  (SIX-IG-00201 and SIX-IG-00202), an abandoned 

st ressmeter  ho le  (SIX-NG-00252) i n  Test Room 2, ho le  L1-X00 i n  Room L1, 

n ine  s t r a t i g r a p h i c  core holes i n  Room G (DH-35 through DH-42A), and 

e i g h t  s t r a t i g r a p h i c  core holes i n  experimental Rooms A l ,  A2, A3 and B 

(A1 XO1, A1 XO2, A2X01, A2X02, A3X01, A3X02, 0x01 and BXOZ) . The s t a t i c  

l e v e l  o f  any b r i n e  i n  the  holes i s  measured and recorded on a  regu la r  

basis. The b r i n e  i s  then evacuated from t h e  ho le  and i t s  volume 

measured. 

The BTP moni to r ing  o f  b r i n e  occurrences i n  t h e  MIIT holes i n  Room J  was 

suspended at- t h e  end o f  A p r i l  1985 due t o  i n te r fe rence  w i t h  

C experimental a c t i v i t i e s  i n  the  room. Moni to r ing  o f  t he  remainder o f  

t h e  boreholes 1  i s t e d  above continues. As new moni to r ing  locat ions  f o r  

t h e  BTP are  i d e n t i f i e d ,  they w i l l  be added t o  t h e  program. 

An inventory  o f  a l l  boreholes d r i l l e d  i n  t h e  underground f a c i l i t y  has 

been assembled. Data contained i n  the - inven to ry  i nc lude  hole locat ion ,  

diameter, depth, present  s tatus,  d r i l l i n g  f l u i d  used, and any 

observat ions on t h e  occurrence o f  gas o r  b r ine .  Over 1400 holes are 

p resen t l y  l i s t e d ,  most o f  which conta in  geomechanical instruments o r  

a re  otherwise inaccess ib le .  The l i s t  w i l l  be used t o  l oca te  accessib le 

boreholes t h a t  may be s u i t a b l e  f o r  use i n  t h e  gas and b r i n e  t e s t i n g  

programs. 

6.3 DESCRIPTION OF FACILITY GEOLOGY 

6.3.1 S t r a t i s r a p h y  

The s t r a t i g r a p h y  w i t h i n  t h e  WIPP  underground f a c i  1  i t y  hor izon has been 

C) determined through v e r t i c a l  core ho le  d r i l l i n g  and geologic mapping o f  



t h e  excavat ion  w a l l s .  A d e s c r i p t i o n  o f  t h e  genera l i zed s t r a t i g r a p h y  

and evidence f o r  s t r a t i g r a p h i c  c o n t i n u i t y  i s  presented i n  t h e  f o l l o w i n g  

subsect ions. F igures showing t h e  s t r a t i g r a p h y  w i t h i n  t h e  WIPP 

underground f a c i l i t y  ho r i zon  are  presented i n  Appendix B. 

6.3.1 .I General ized S t r a t i g r a p h y  

The WIPP underground f a c i  1  i t y  ho r i zon  cons i s t s  p r i m a r i l y  o f  ha1 i t e  

c o n t a i n i n g  , v a r y i n g  amounts o f  p o l y h a l i t e  and c lay .  Th i s  h a l i t e  i s  

i n t e r r u p t e d  by 5  a n h y d r i t e  beds, 12 c l a y  seams and 6  a r g i l l a c e o u s  

l aye rs .  F igu re  6-2 conta ins  a  genera l i zed s t r a t i g r a p h i c  column showing 

t h e  r e l a t i o n s h i p  o f  these ma te r ia l s .  Deta i  l e d  d e s c r i p t i o n s  o f  t h e  

i n d i v i d u a l  u n i t s  (except  c l a y  seams) a r e  presented i n  Table 6-3. 

F igu re  6-3 shows t h e  i n d i v i d u a l  c l a y  seams and t h e i r  d e s c r i p t i o n s .  

Because o f  t h e  d i f f e r e n c e  i n  t h e  behav ior  o f  h a l i t e  and anhyd r i t e ,  t h e  

f i v e  a n h y d r i t e  beds represent  s i g n i f i c a n t  boundaries above and below 

t h e  h o r i z o n t a l  underground openings. Three o f  t h e  beds, abouth 1  1/2 

t o  12 inches t h i c k ,  occur  approximate ly  7, 14 and 35 f e e t  above t h e  

r o o f  o f  t h e  storage l e v e l  d r i f t s  and rooms. The remain ing two beds 

occur  beneath t h e  f l o o r  o f  t h e  d r i f t s  and rooms. The most s i g n i f i c a n t  

o f  these two beds i s  MB-139 which occurs approximate ly  3  1/2 t o  4  1/2 

f e e t  below t h e  f l o o r  o f  t h e  storage l e v e l  and v a r i e s  f rom 2.5 t o  4  f e e t  

i n  th ickness .  The remaining bed occurs about 32 f e e t  below t h e  s to rage 

l e v e l  and i s  approximate ly  4 inches t h i c k .  Th in  c l a y  seams u n d e r l i e  

a l l  o f  t h e  a n h y d r i t e  beds. 

F i f t e e n  l i t h o l o g i c  u n i t s  have been i d e n t i f i e d  du r ing  geo log ic  mapping 

w i t h i n  t h e  f a c i l i t y  l e v e l  d r i f t s ,  rooms and waste exper imenta l  area. 

The m a j o r i t y  o f  these u n i t s  a r e  h a l i t e  con ta in ing  va ry ing  amounts o f  

p o l y h a l i  t e  and a r g i l l a c e o u s  m a t e r i a l ,  u s u a l l y  l e s s  than 2  percent .  The 

remaining u n i t s  c o n s i s t  o f  2  a n h y d r i t e  beds, 2  a r g i l l a c e i o u s  h a l i t e  

u n i t s  and 1  p o l y h a l i t i c  h a l i t e  u n i t .  Each o f  t h e  15 mapped u n i t s  has 

been assigned a numerical  des igna t i on  as shown on F igu re  6-2 and 

conta ined i n  Table 6-3. 
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AND VISUAL INSPECTION OF EXPOSURES IN UNDERGROUND DRIFTS AND ROOMS. 

3. DETAILED DESCRIPTIONS OF CLAY SEAMS ARE PRESENTED ON FIGURE 6-4. 

Fiqure 6-2 

WIPP GENERALIZED STRATIGRAPHIC COLLIHN 

4. PERCENTAGES OF ARGILLACEOUS MATERIAL AND POLYHALITE ARE BASED 

ON VISUAL ESTIMATES FROM EXAMINATION OF DRILL CORE AND EXPOSURES 

IN THE UNDERGROUND EXCAVATIONS. SANDIA NATIONAL LABORATORIES' MEA- 

SUREMENTS OF INSOLUBLES FROM SELECTED CORE WEFiE USED AS A POINT 

OF REFERENCE. 



Table 6-3 

DESCRIPTION OF GENERALIZED STRATIGRAPHY 

Approximate 
Di  stance From * 

. Clay G ( F t )  . S t ra t ig raph ic  U n i t  Descr ipt ion 

55.2 t o  57.3 Argt l laceous h a l i t e  Clear t o  moderate brown, medium t o  coarsely c r y s t a l l i n e .  
<I t o  3% brown clay. I n t e r c r y s t a l l i n e  and dfscontinuous 
breaks. I n  one core hole, consis ts  o f  a 1 in .  t h i c k  c lay 
seam. U n i t  can vary up t o  4 f t  thickness. Contact w i t h  
lower u n i t  i s  gradat ional .  

4 6 . 5 t 0 5 5 . 2  H a l i t e  Clear t o  moderate reddish orange and moderate brown, 
coarsely c r y s t a l l f n e ,  some medium. <I% brown c lay,  l o c a l l y  
a rg i l l aceous  (c lays  M-1 and M-2). SFattered anhydr i te  
s t r i n g e r s  l o c a l l y .  

42.8 t o  46.5 P o l y h a l i t i c  h a l i t e  Clear t o  moderate reddish orange, some moderate brown, 
. coarsely c r y s t a l l i n e .  < 1 t o  3% po lyha l i te .  None t o  1% 

brown and some gray clay. Scattered anhydr i te  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. 

38;O t o  42.8 Arg i l laceous h a l i t e  Clear t o  modera,te brown, medium t o  coarsely c r y s t a l l i n e ,  . some f ine .  <1  t o  5% brown clay. Loca l l y  contains 1UZ 
c lay.  I n t e r c r y s t a l l i n e  and scat tered breaks. Loca l l y  
conta ins par t ings  and seams. Contact w i t h  lower u n i t  i s  
gradat ional  based on increased c lay  content. Average range 
o f  unf t i s  38.0 t o  42.8 f t  above c l a y  G bu t  does vary from 
33.8 t o  46 ft. 

3 4 . 0 t 0 3 8 . 0  H a l i t e  

30.1 t o  34.0 H a l i t e  

Clear  t o  moderate brown, some moderate reddish brown, 
coarsely  c r y s t a l l i n e ,  some f i n e  and medium. <I% brown 
c lay,  t race  gray c l a y  l o c a l l y .  Scattered brezks. Local ly  
arg i l laceous.  <1% po lyha l i te .  Contact w i t h  u n i t  below i s  
gradat ional  based on c lay  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% polyhal i t e .  Comnonly polyhal i t i c .  Scattered 
anhydr i te  s t r i n g e r s  w i t h  anhydr i te  layers  up t o  1/2 in. 
t h i c k  l o c a l l y .  Scattered brown c lay  l o c a l l y .  Contact w i t h  
MB-138 below i s  sharp. 

29.4 t o  30.1 Anhydr i te  (MB-138) L i g h t  t o  medium gray, m ic roc rys ta l l  ine. P a r t l y  laminated. 
Scat tered h a l i t e  growths. Clays seam K found a t  base o f  
u n i t .  

25 .0 t029 .4  A r g i l l a c e o u s h a l i t e  C l e a r t o ~ d e r a t e b r o w n , s o m e l i g h t m o d e r a t e r e d d i s h  
orange. Medium t o  coarsely c r y s t a l l i n e .  <1 t o  3% brown 
c lay,  some gray. Loca l l y  up t o  5% clay. Clay i s  
i n t e r c r y s t a l l i n e  w i t h  scat tered breaks and par t ings  
present. < 112% dispersed polyhal  l t e .  Contact w i t h  lower 
u n i t  i s  gradational based on c lay  content. Upper contact  
i s  sharp w i t h  c l a y  K. 

2 3 . 0 t 0 2 5 . 0  H a l i t e  Clear, some l i g h t  moderate brown, coarsely c r y s t a l l i n e .  
<1/2% brown clay. Contact w i t h  c lay  J below var ies from 
sharp t o  gradat ional  depending i f  c lay  J i s  a d i s t i n c t  seam 
o r  merely an arg i l laceous zone. 

21.0 t o  23.0 Arg i l laceous h a l i t e  Usual ly  cons is ts  o f  scat tered breaks o r  arg i l laceous zone 
conta in ing<]  t o  3% brown c lay.  I n  C 8 SH shaf t ,  i t  i s  a 
1/2 in .  t h i c k  brown c lay  seam. 

16.7 t o  21.0 H a l i t e  (Map U n i t  15) Clear, coarsely c r y s t a l l i n e ,  scat tered medium. None t o  <I% 
dispersed polyhal i t e  and brown clay. Scattered anhydrite. 
Lower contact  i s  sharp w i t h  c lay  I. 

15.8 t o  16.7 H a l i t e  (Map U n i t  14) Clear  t o  gray ish orange-pink, coarsely c r y s t a l l i n e ,  some 
medium. <I/?% dispersed polyhal  i te. Scattered 
discontinuous gray c l a y  st r ingers.  Clay 1 i s  along upper 
contact .  Contact w i t h  lower u n i t  i s  d i f fuse.  

11.5 t o  15.8 H a l i t e  (Map U n i t  13) Clear t o  moderate reddish orange and moderate brown, medium 
t o  coarsely c r y s t a l l i n e ,  some f ine .  <1% brown clay, 
l o c a l l y  up t o  3%. Trace o f  gray clay: Scattered 
discontinuous breaks. <1% dispersed polyhal i t e  and 
p o l y h a l i t e  blebs. Contact w i t h  u n i t  below i s  gradational 
based on c lay  and p o l y h a l i t e  content. 



.Table 6-3 (cont inued) 

DESCRIPTION OF GENERALIZED STRATIGRAPHY 

Approximate 
Distance From * 
Clay G ( F t )  S t r a t i g r a p h i c  U n i t  Descr ip t ion  

7.5 t o  11.5 Polyhal i t i c  ha1 i t e  C lear  t o  moderate reddish orange, coarsely  c r y s t a l  1  ine. 
(Map U n i t  12) <1 t o  3% d i  spersed polyhal  i t e  and polyhal  i t e  blebs. 

Sca t te red  anhydr i te  s t r ingers .  Contact i s  sharp w i t h  u n i t  
be1 ow. 

6.8 t o  7.5 Anhydri t e  "a' L i g h t  t o  medium gray, l i g h t  brownish gray and sometimes 
(Map U n i t  11) l i g h t  moderate reddish orange. M ic roc rys ta l  1  ine. H a l i t e  

growths w i th in .  P a r t l y  laminated. Clear, coarsely  
c r y s t a l l i n e  h a l i t e  layer ,  up t o  2 in .  wide, found w i t h i n  
exposures i n  waste experimental area. Thin gray c l a y  seam 
H a t  base o f  u n i t .  

5.5 t o  6.8 H a l i t e  (Map U n i t  10,) 

0.2 t o  5.5 H a l i t e  (Map U n i t  9 )  

0.0 t o  0.2 Anhydr i te  "b" 
(Map U n i t  8)  

I 

-2.2 t o  -7.0 H a l i t e  (Map U n i t  6 )  

-7.0 t o  -9.0 H a l i t e  (Map U n i t  5 )  

Clear  t o  moderate reddish orange/brown, f i n e  t o  coarsely  
c r y s t a l l i n e .  <1% brown and/or gray c l a y  and dispersed 
polyhal  i t e .  DTsconttnuous c l a y  s t r i n g e r s  l o c a l l y .  Contact 
w i t h  lower u n i t  t s  d t f f u s e  based on c r y s t a l  s i z e  and 
vary ing  amounts o f  c l a y  and p o l y h a l i t e .  

C lear  t o  1 i g h t  moderately reddish orange, coarsely  
c r y s t a l l i n e ,  some medium. None t o  <1% p o l y h a l l  te. Trace 
o f  gray c l a y  l o c a l l y .  Scat tered anhydri t e  s t r ingers .  
Contact w i t h  u n i t  below i s  sharp. 

L i g h t  t o  medium gray, m i c r o c r y s t a l l i n e  anhydr i te .  
Scat tered h a l i t e  growths. Thin gray c l a y  seam G a t  base o f  
u n i t .  

Clean t o  l i g h t h e d i u m  gray, some moderate redd ish  
orange/brown. Coarsely c r y s t a l  1  ine, some f i n e  and medium. 
<1 brown and gray c lay.  Loca l l y  up t o  2% c lay .  <1% 
A s p e r s e d  p o l y h a l i t e .  Upper con tac t  i s  sharp w i t h  c l a y  G. 
Contact w i t h  lower u n i t  i s  gradat ional .  

Clear, some moderate reddish orange, coarsely  c r y s t a l l i n e ,  
some f i n e  t o  medium l o c a l l y .  <1/2% gray c l a y  and 
p o l y h a l i t e .  Contact w i t h  lower u n i t  gradat ional  and/or 
d i f fuse .  

Clear  coarsely  c r y s t a l l i n e .  <1/2% gray c lay .  Contact w i t h  
lower u n i t  i s  usua l l y  sharp w i t h  c l a y  F. 

-9.0 t o  -11 4 Argt l laceous h a l i t e  Clear  t o  moderate brown and moderate reddish brown, coarsely  
(Map U n i t  4) c r y s t a l l i n e .  <l% p o l y h a l i t e .  c 1  t o  5% arg i l l aceous  

, mate r ia l  ; predominantly brown, some gray, l o c a l l y .  
I n t e r c r y s t a l  1  i n e  and discontinuous breaks and p a r t i n g s  
comnon i n  upper p a r t  o f  u n i t .  Decreasing a rg i l l aceous  
content  downward. Contact w i t h  lower u n i t  i s  gradat ional .  

-1 1.4 t o  -13.7 H a l i t e  (Map U n i t  3 )  Clear  t o  moderate reddish orange, coarse ly  c r y s t a l l i n e .  
5 1 %  dispersed p o l y h a l i t e  and p o l y h a l i t e  blebs. L o c a l l y  
p o l y h a l i t i c .  Scat tered gray c l a y  l o c a l l y .  Contact w i t h  
lower u n i t  i s  sharp. 

-13.7 t o  -14.0 Arg i l laceous h a l i t e  Moderate reddish brown t o  medium gray, medium t o  coarsely  
(Map U n i t  2) c r y s t a l l i n e .  <l t o  3% arg i l l aceous  mate r ia l .  Contact w i t h ,  

lower u n i t  i s  usua l l y  sharp. 

-14.0 t o  -14.5 H a l i t e  (Map U n i t  1 )  L i g h t  reddish orange t o  moderate reddish orange, medium t o  
coarsely  c r y s t a l 1  ine. t 1% dtspersed polyhal  i te .  Contact 
w i t h  lower u n i t  t s  sharp. 

-14.5 t o  -22.0 H a l i t e  (Map U n i t  0 )  C lear  t o  moderate reddish orange/brown, moderate brown and 
g ray ish  brown. Medium t o  coarsely  c r y s t a l l i n e .  <1 t o  5% 
a r g i  11 aceous mater i  a1 . Predominantly brown, some gray, 
i n t e r c r y s t a l l  i n e  a rg i l l aceous  mate r ia l  and d iscont inuous 
breaks and par t ings.  Upper two f e e t  o f  u n i t  i s  
a r g i  11 aceous ha1 i t e  decreasing i n  a r g i  11 aceous mater i  a1 
content  downward. None t o  <l% polyhal  i te. Contact w i t h  
lower u n i t  i s  gradat ional  based on p o l y h a l i t e  content. 
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DESCRIPTION OF GENERALIZED STRATIGRAPHY 
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Approximate 
Distance From * 
Clay G ( F t )  S t ra t ig raph ic  U n i t  Descr ipt ion 

-22.0 t o  -25.3 P o l y h a l i t i c  h a l i t e  Clear  t o  moderate reddish orange. Coarsely c r y s t a l l i n e ,  
some medium loca l l y .  (1 t o  3% po lyha l i te .  Scattered 
anhydri te. Scattered gray c l a y  l o c a l l y .  Contact w i t h  
lower u n i t  (ME-139) i s  sharp, bu t  comnonly i r r e g u l a r  and 
undulating. Trace o f  gray l o c a l l y  present along t h i s  
contact. 

-25.3 t o  -28.1 ~nhydr i te ' (M0-139)  Moderate reddish orange/brown,,to l i g h t  and medium gray, 
microcrysta l  1  i n e  anhydrite. Swal lowtai lY pat tern,  
cons is t ing  o f  h a l i t e  growths w i t h i n  anhydrite, c m o n  i n  
upper p a r t  o f  un i t .  Locally, h a i r l i n e ,  c l a y - f i l l e d ,  
low-angle f rac tu res  found i n  lower p a r t  o f  un i t .  Thin 
h a l i t e  l a y e r  common c lose t o  lower contact. Clay seam E 
found a t  base o f  un i t .  Upper contact  i s  i r regu la r .  
undulat ing and sometimes c o n t a i n s c l / l 6  in .  gray clay. 

-28.1 t o  -31.2 H a l i t e  Clear t o  moderate reddish orange, and l i g h t  gray. Coarsely 
c r y s t a l l i n e ,  some f i n e  and medium. < I %  p o l y h a l i t e  and 
i n t e r c r y s t a l  l i n e  gray c lay.  Contact-with lower u n i t  i s  
gradat ional  based on increased p o l y h a l i t e  content. 

-31.2 t o  -36.0 P o l y h a l i t i c  h a l i t e  Clear  t o  moderate reddish orange. coarsely c r y s t a l l i n e .  c 1 
t o  3% po lyha l i te .  Contact w i t h  lower u n i t  i s  usual ly  sharp 
along c lay  D. 

-36.0 t o  -37.8 H a l i t e  Clear t o  moderate reddish orange, some l i g h t  gray. Medium 
t o  coarsely  c r y s t a l l i n e .  c l %  p o l y h a l i t e  and gray clay. 
Contact w i t h  lower u n i t  i s g r a d a t i o n a l  based on increased 
polyhal  i t e  content. 

-37.8 t o  -42.7 Polyhal i . t lc  h a l i t e  Clear  t o  moderate reddish orange/brown, coarsely 
c r y s t a l l i n e .  < 1 t o  3% po lyha l i te .  Trace o f  c lay  l o c a l l y .  
Scattered anhydr i te  l o c a l l y .  Contact w i t h  lower u n i t  i s  
gradational, based on decreased polyhal i t e  content. 

-42.7 t o  -47.3 H a l i t e  Clear t o  moderate reddish orange, medium t o  coarsely 
c r y s t a l 1  ine. c 1% dispersed polyhal  i t e .  c 1% brown and/or 
gray c lay.  Contact w i t h  lower i n i t  i s  gradational and/or 
d i f fuse .  

-47.3 t o  -53.3 Polyhal i t i c  ha1 l t e  Clear  t o  moderate reddish orange. Coarsely c r y s t a l l i n e  
w i t h  some medium sometimes present. c lose t o  lower contact. 

(1 t o  3% polyhal  i t e ;  ,,Scattered anhydr i te  espec ia l l y  common 
c lose t o  anhydr i te  c  . Lower contact  i s  sharp w i th  
anhydri t e  "c". 

-53.3 t o  -53.5 Anhydrlte "c" L i g h t  t o  medium gray, m i c r o c r y s t a l l i n e  anhydrite. 
Scattered h a l i t e  growths. F a i n t l y  laminated l o c a l l y .  Clay 
seam B found a t  base o f  un i t .  

-53.5 t o  -65.7 H a l i t e  Clear  t o  medium gray and moderate brown. Medium t o  
coarsely  c r y s t a l l i n e ,  some f i n e  l o c a l l y .  C l X  po lyha l i te .  
l o c a l l y  p o l y h a l i t i c .  (1 t o  3% clay, both Erown and gray. 
I n t e r c r y s t a l l i n e  c l a y  w i t h  discontinuous breaks and 
par t ings.  Zones o f  arg i l laceous h a l i t e  found w i t h i n  uni t .  
Seams o f  c l a y  mixed w i t h  h a l i t e  c r y s t a l s  present l o c a l l y .  
Upper contact  o f  t h i s  u n i t  i s  sharp w i t h  c l a y  0. 

* Descr ipt ions are based on examination o f  d r i l l  core and exposures o f  u n i t s  i n  shafts and other  
underground openings. 



Hap u n l t s  1 th rough 6 occur  w i t h i n  t h e  s to rage l e v e l  d r i f t s  and rooms. 

U n i t  1  i s  a  d l s t i n c t ,  r e l a t i v e l y  t h l n ,  orange-colored u n i t  commonly 

r e f e r r e d  t o  as t h e  "orange marker bedu. Th i s  u n i t  i s  cont 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 t h i n  t h e  

p rope r  s t r a t l g r a p h y .  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  t h e  1  l 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  var ious  l o c a t i o n s  b u t  t h e y  a r e  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  gene ra 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  1  i t y  have conf  i rmed t h e  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 i c  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 l nuous l y  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 l o n s  between t h e  v e r t l c a l  co re  ho les  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  data. 

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  B-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 .  F igures  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 borehol  es W I  PP-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  cont inuous across t h e  WIPP s i t e .  

A l though t h e  genera l  cha rac te r  o f  each s t r a t l g r a p h i c  u n i t  remains 

cons tan t  th roughout  t h e  underground f a c i  1  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  o r  p inch  out .  The d i s r u p t i o n s  of 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 syndepos i t iona l  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  t h e  a r g i  1  laceous and p o l y h a l  i t e  
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I. DISTANCES ARE MEASURED FROM CLAY G AND ARE AVERAGED FROM 

REPRESENTATIVE CORE HOLE LOGS AND SHAFT MAPPING. 

2. DESCRIPTIONS OF CLAY SEAMS ARE BASED ON CORE HOLE DATA. 

SHAFT MAPPING AND VISUAL INSPECTION OF EXPOSURES IN UNDERGROUND 
DRIFTS AND ROOMS. F i g u r e  6-3 

CLAY SEAMS 
3. ONLY CLAY SEAMS ARE SHOWN ON THIS FIGURE. ALL OTHER UNITS 

ARE SHOWN ON FIGURE 6-2 AND DESCRIBED IN TABLE 6-3. 



content  o f  t h e  h a l i t e  u n i t s  a re  conmon. The s i z e  o f  h a l i t e  c r y s t a l s  

\,/ v a r i e s  f rom f i n e  t o  coarse both l a t e r a l l y  and v e r t i c a l l y  w i t h i n  
i n i d v i d u a l  u n i t s .  Although t h e  anhyd r i t e  i s  m i c r o c r y s t a l l i n e ,  t h e  beds 

vary  l a t e r a l l y  i n  co lo r ,  th ickness  and p o l y h a l i t e  o r  h a l i t e  content.  

The upper sur face o f  HB-139 I s  undulatory w i t h  ampl i tudes o f  up t o  12 

inches. 

The h a l i t e  around t h e  underground openings e x h i b i t s  s l i g h t l y  var ied  

behavior  i n  response t o  excavat ion a t  d i f f e r e n t  l oca t i ons .  This may be 

due t o  minor v a r i a t i o n s  -in c r y s t a l  s i z e  o r  c l a y  content.  The c l e a r  

h a l i t e  i n  t h e  roo f  o f  t h e  El40 d r i f t  south o f  t h e  waste s h a f t  e x h i b i t s  

more s p a l l i n g  than i s  apparent i n  s i m i l a r  h a l i t e  i n  o the r  areas o f  t h e  

underground openings. S p a l l i n g  a long t h e  upper p o r t i o n  o f  map u n i t  4  

occurs i n  many 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 rooms. I n  t h e  

l o c a t i o n s  where t h i s  u n i t  conta ins abundant a rg i l l aceous  ma te r ia l ,  t h e  

spa1 l i n g  appears t o  be more pronounced. Th is  behavior i s  discussed i n  

Chapters 10 and 11. 

6.3.1.3 Reference S t r a t i g r a p h y  

A meeting was he ld  on November 15, 1979, t o  determine a  reference 

s t r a t i g r a p h y  f o r  t h e  WIPP s i t e .  'This was t i t l e d  the  "November '79 

Reference S t ra t i g raphy "  and was based on data obtained from exp lo ra to ry  

boreholes. The purpose o f  t h e  reference s t r a t i g r a p h y  was t o  p rov ide  

i n p u t  da ta  f o r  t he rma l / s t ruc tu ra l  analyses o f  sha f t s ,  d r i f t s  and rooms 

a t  t h e  WIPP t h a t  cou ld  be referenced by a l l  s t r u c t u r a l  ana lys ts  and 

updated as more da ta  became avai  lab1 e. 

The "November '79 Reference S t ra t i g raphy "  was rev ised i n  Ju l y  1981 and 

again i n  September 1983 as more data were c o l l e c t e d  from const ruc t ion  

a c t i ' v i t i e s  and underground core holes. The 1983 r e v i s i o n  was t i t l e d  

"September '83 Reference S t ra t i g raphy " .  Th is  r e v i s i o n  was based on t h e  

eva lua t i on  o f  39 core ho le  logs and the  geologic  mapping performed i n  

t h e  SPOV exp lo ra to ry  and v e n t i l a t i o n  shaf ts .  



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 l  ana l ys i s ,  t h e  e n t i r e  

s t r a t i g r a p h i c  s e c t i o n  was found t o  va ry  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  sepa ra t i on  

between u n 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 1  i m i  t s  o f  t h e  underground f a c i  1  i t y  

h o r i  zon ( r e f .  5-3). 

F i g u r e  6-4 shows t h e  reference 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  a n a l y s i s .  Th i s  s t r a t i g r a p h y  c o n s i s t s  o f  1  po l yha 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 a n h y d r i t e  beds, 12 c l a y  seams, and 

h a l i t e  as t h e  remain ing c o n s t i t u e n 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  s h a f t s  and t h e  l o g  o f  boreho le  ERDA-9 were 

used fo - r  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  ho les  and sha f t s ,  t h e  l a c k  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 l e v a t i o n ,  

and t h e  expected smal l  i n f l uence  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  d e c i s i o n  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 .  

Subsequent t o  t h e  development o f  t h e  September 1983 re fe rence  

s t r a t i g r a p h y ,  a d d i t i o n a l  co re  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  gene ra l i zed  

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 i g u r e  6-2 and Table 6-3). Th i s  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 re fe rence  s t r a t i g r a p h y .  Theref  ore, 

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 

c a l c u l a t i o n s .  
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6.3.2 L i t h o l o q v  

The Salado fo rma t ion  i s  predominant ly  ha1 i te,  b u t  o t h e r  e v a p o r i t e  

minera ls  and a r g i l l a c e o u s  m a t e r i a l s  a r e  present  t h a t  may l o c a l l y  

compose up t o '  50 percent  o f  t h e  s a l t .  Anhydr i te ,  an e a r l y - p r e c i p i t a t e d  

evapor i t e  minera l ,  i s  found i n  beds ( u s u a l l y  l e s s  than 5 f e e t  t h i c k )  

which a r e  t y p i c a l l y  u n d e r l a i n  by a  c l a y  seam (1/16 t o  3/4 i n c h  t h i c k ) .  

Polyhal  i t e ,  a  l a t e - f  ormi ng evapor i t e  minera l  , i s  commonly found as an 

accessory m ine ra l  i n  t h e  Salado format ion.  Clay and s i l t  may be found 

disseminated through t h e  h a l i t e  o r  i n  t h i n  seams, pa r t i ngs ,  o r  breaks. 

Fo l lowing i s  a  d e s c r i p t i o n  o f  t h e  major  l i t h o l o g i e s  o c c u r r i n g  w i t h i n  

t h e  underground f a c i  l j t y  hor izon.  

. 
Clear  H a l i t e .  These u n i t s  c o n s i s t  o f  h a l i t e  w i t h  o n l y  t r a c e  amounts o f  

i m p u r i t i e s .  The ha1 i t e  i s  predominant ly  medium t o  coa rse l y  c r y s t a l  1  i n e  

and c l e a r  t o  very l i g h t  gray o r  moderate redd ish  orange. Less 

commonly, i t  occurs as f i n e l y  c r y s t a l l i n e ,  opaque, very  l i g h t  g ray  

h a l i t e  w i t h  a  sucrose t e x t u r e .  Trace i m p u r i t i e s  o f  c l a y  and/or 

po l yha l  i t e  a r e  g e n e r a l l y  d ispersed i n  t h e  ha1 i t e .  Scat te red  very  1  i g h t  

g ray  t o  w h i t e  a n h y d r i t e  o r  magnesite s t r i n g e r s  may be present .  
3 

P o l y h a l i t i c  H a l i t e .  These u n i t s  a r e  composed ma in l y  o f  medium t o  

coa rse l y  c r y s t a l l i n e  h a l i t e  w i t h  accessory amounts o f  p o l y h a l i t e .  As 

t h e  p o l y h a l i t e  content  increases, t h e  c o l o r  o f  t h e  rock changes f rom 

t ransparen t  l i g h t  orange-pink t o  t r a n s l u c e n t  moderately redd ish  

orange/brown o r  dark redd ish  brown. The po l yha l  i t e  occurs p r i m a r i  l y  as 

i n t e r s t i t i a l  b lebs  o r  patches and, l ess  commonly, i n  s t r i n g e r s  about 

1/4 t o  3/4 i n c h  t h i c k .  

A rg i l l aceous  H a l i t e .  S i x  a r g i l l a c e o u s  h a l i t e  u n i t s ,  t h r e e  above and 

t h r e e  below c l a y  G ,  occur  w i t h i n  t h e  underground f a c i l i t y  hor izon.  

General ly ,  these u n i t s  c o n s i s t  o f  medium t o  coa rse l y  c r y s t a l l i n e  and 

some f i n e l y  c r y s t a l l i n e  h a l i t e  w i t h  f rom l e s s  than 1  t o  as much as 5 

percent  s i l t y  c lay .  The c l a y  i s  predominant ly  brown i n  c o l o r  w i t h  some. 

gray. It i s  commonly i n t e r c r y s t a l l i n e  o r  forms sca t te red  breaks o r  

pa r t i ngs .  Discont inuous c l a y  seams a re  present  l o c a l l y .  The percent  



o f  c l a y  I s  a  v i s u a l  est imate; l abo ra to ry  measurements o f  inso lub les  

( r e f .  6-5) were used as a  reference. 

The contac ts  between these u n i t s  and t h e  surrounding mate r ia l s  vary 

f rom g rada t iona l  t o  d i s t i n c t .  Clays F,  K and L occur a t  t he  upper 

con tac t  o f  t h r e e  o f  these a rg i l l aceous  u n i t s .  The th ree  u n i t s  below 

c l a y  G a r e  exposed i n  t h e  underground d r i f t s  and rooms. These are 

geologic map u n i t s  2  and 4 and t h e  upper p o r t i o n  of  map u n i t  0  (F igure 

6-2). They a re  exposed cont inuously throughout the  openings except i n  

t h e  waste experimental area which i s  s t r a t i g r a p h i c a l l y  higher. Hap 

u n i t  2 i s  very t h i n  and absent i n  places. 

No s i g n i f i c a n t  moisture i s  associated w i t h  these arg i l laceous h a l i t e  

layers .  Commonly, they  are  s l i g h t l y  mois t  immediately a f t e r  excavation 
l 

and l o c a l l y  develop b r i n e  b l i s t e r s  on t h e  w a l l s  o f  t h e  underground 

openings. 

, C Anhydri te. These beds range i n  th ickness from a few inches t o  a  few 

1 f ee t .  Because they are  r e a d i l y  i d e n t i f i e d ,  t h e  anhydr i te  beds i n  the  
I 

v i c i n i t y  o f  t h e  f a c i l i t y  l e v e l  have served as reference u n i t s .  

Three anhydr i t e  beds, 0.15 t o  1.05 f e e t  t h i c k ,  a re  present above and 

two beds, 0.3 and 2.5 t o  4 f e e t  t h i ck ,  a re  present below t h e  f a c i l i t y  

l e v e l  (F igure  6-2). A l l  o f  t h e  beds are l a t e r a l l y  continuous and each 

i s  under la in  by a  t h i n  c l a y  seam. Loca l ly ,  very t h i n  anhydr i te  seams 

are  associated w i t h  i d e n t i f i e d  c l a y  seams and scat te red anhydr i te 

s t r i n g e r s  a re  common i n  several  o f  t he  h a l i t e  u n i t s .  The anhydr i te  i s  

m i c r o c r y s t a l l i n e  and commonly ranges from a very l i g h t  gray t o  medium 

gray-green co lo r ,  a l though it i s  sometimes a  moderate reddish t o  

p i n k i s h  c o l o r .  H a l i t e  growths a re  common, espec ia l l y  w i t h i n  MB-139. 

Anhydr i te "a" commonly conta ins a  c l e a r  h a l i t e  seam up t o  1  1/2 inches 

t h i c k .  

MB-139 i s  t h e  t h i c k e s t  anhydr i t e  u n i t  w i t h i n  the  underground f a c i l i t y  
I I ho r izon and i s  t h e  most va r iab le  i n  c o l o r  and composition. i t i s  



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 ior  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 ) . 

MB-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 subun i ts  (Appendix G, F igures G-10 through 

6-34). Subuni 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 i s t s  predominant 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 a n h y d r i t e  mixed w i t h  l i g h t  t o  medium gray 

anhyd r i t e .  Pods, lenses and seams o f  l i g h t  t o  very  l i g h t  g ray  

a n h y d r i t e  a r e  common-l y sca t te red  throughout  t h e  subuni t .  I r r e g u l a r  

h a l i t e  growths, rang ing  f rom l e s s  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. 

Commonly, a 1- t o  2-inch t h i c k  seam o f  moderately reddish-orange t o  

g ray  po l yha l  i t i c  a n h y d r i t e  w i t h  sca t te red  ha1 i t e  and po l yha l  i t i c  ha1 i t e  

growths occurs a long t h e  upper contac t .  Th is  corresponds t o  Zone I 

descr ibed i n  re fe rence 6-6. Swal lowtai  1 growth pa t te rns  and hopper 

c r y s t a l s  a r e  occas iona l l y  present  i n  t h e  upper 12 inches o f  subun i t  A, 

commonly w i t h i n  an upward undu la t i on  o f  t h e  marker bed. Hal i t e - f i  1 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 ions .  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  a n h y d r 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  1 i g h t  gray anhyd r i t e ,  which v a r i e s  f rom l e s s  

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  gray a n h y d r 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 r e n d  

o f  t h e  l a y e r j n g .  These pods and lenses a re  most p reva len t  i n  t h e  l a d e 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  c o n t a c 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  c o l o r .  

Subun i t  B c o n s i s t s  o f  l i g h t  t o  medium gray anhydr i te .  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  general  t r e n d  o f  t h e  

l a y e r i n g  i n  subun i t  A. H a l i t e  growths a re  present,  b u t  t o  a much 

l e s s e r  degree than i n  subun i t  A. Usua l l y  t h e  lower 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 i  zonta l  ha1 i t e  l aye r ,  u s u a l l y  l e s s  than 1/8 i n c h  t h i c k ,  i s  

occass iona l l y  p resent  c lose  t o  t h e  lower contac t .  



The upper con tac t  o f  MB-139 i s  undulatory.  The lower contac t  i s  
/ 

under la in  by c l a y  E. This  c l a y  ranges from 1/4 i nch  t o  1  1/2 inches 

t h i c k .  I t  i s  o f t e n  s l i g h t l y  mo is t  and sometimes wet. 

Clay Seams. C h a r a c t e r i s t i c s  o f  t he  c l a y  seams w i t h i n  the  underground 

f a c i l i t y  hor izon a re  shown on Figure 6-3 and summarized i n  Table 6-4. 

These i n c l u d e  qua1 i t a t 1  ve and/or q u a n t i t a t i v e  cha rac te r i za t i ons  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 he  fo l l ow ing :  

(1)  co lo 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 lana r  trend; and 

( 7 )  c o n t i  nu i  t y / u n i f  o rmi ty .  

1 

This  i n fo rma t ion  has been gathered through a  rev iew o f  core ho le  logs, 

geologic  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 under ly ing  anhyd r i t e  beds u s u a l l y  vary from less  than 

1/8 i n c h  t o  3/4 i n c h  I n  th ickness  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 other ,  l ess  continuous seams a re  

u s u a l l y  l ess  than 3/4 i n c h  t h i c k  b u t  may be as much as 2 inches t h i c k ,  

as i s  c l a y  L i n  t h e  C & SH sha f t .  Clay M-1 was as much as 3 1/2 

inches t h i c k  i n  one ho le  b u t  i t  consis ted o f  a  mix ture  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 .  

General 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  var ies  

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 he  c l a y  i n  

core and underground exposures have been performed. These 

c l a s s l f l c a t l 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 ly ,  f i n e  t o  coarse h a l i t e  c r y s t a l s  

a re  present  i n  some o f  t h e  seams. Clays F and M-1 commonly conta in  
L' 



Table 6-4 

CLAY SEN1 CHARACTERISTICS 

Consistency/ Planar  Con t inu i t y /  
Seam Rating' l' Color  -- Thickness Moisture Grain Size P l a s t i c i t y  Trend - Uni formi ty  Occurrence 

B 1 . Gray <1 /8  t o  1 / 4 i n .  Dry t o  s l i g h t l y  Passes %200 General ly  hard. S l i g h t l y  i r r e -  Continuous. 'Present i n  
average; l o c a l l y  moist. sieve. gul ar; general ly  co re  holes 
up t o  1 1/4 in .  low angle i n  core and C 8 SH and 

bu t  l o c a l l y  up waste s h a f t  
t o  35'. mapping. 

D 2 Gray 5 3 1 4  i n .  Dry except ho le  Passes #ZOO Hard t o  medium Near hor i zon ta l  Varies from Present i n  many 
00-57 where c l a y  sieve. s o f t ;  lneaium t o  i n  core. zone o f  breaks core holes and 
i s  moist; ho le h i g h l y  p l a s t i c .  t o  seam w i t h  i n  C & SH s h a f t  
d r i l l e d  w i t h  associated mapping 
f l u i d .  anhydrite. 

E 1 Gray 1/4 t o  1 1/2 in .  Loca l l y  mo is t  Passes FZOO S o f t  t o  hard; --- 
t o  wet. sieve. medium p l a s t i c  

F 2 Gray. sometimes t 1 / 8  t o  1/2 i n .  S l igh t .  Passes #20O S l i g h t l y  
brown. sieve. Comnor~ly p l a s t i c .  

mixed w i t h  h a l i t e  
c rys ta ls .  

G 1 Gray Trace up t o  3/8 S l i g h t l y  t o  Passes #200 S o f t  t o  hard; 
i n .  moderately sieve. medium p l a s t i c .  

moist; weeps 
a1 ong exposures 
i n  underground 
excavations. 

Very i r r e g u l a r ;  
undulat ions 
o f  2-in. t o  
&in. amplitude. 

F a i r l y  regular ;  
undulat ions 
average (2-i n. 
ampl i tude. 

Continuous. Present i n  many 
c o r e  holes and 
i n  C & SH and 
waste s h a f t  
mapping. 

This  i s  a t  t h e  Exposed a long 
upper con tac t  w a l l s  . o f  many 
o f  map u n i t  4; o f  t h e  f a c i l i t y  
l o c a l l y  discon- l e v e l  d r i f t s :  
t inuous; some- and rooms. 
t imes b i f u r c a t e s  
i n t o  two seams. 

Continuous. Found i n  most 
co re  holes. 
s h a f t  mapping 
and underground 
waste exper i -  
mental area 
excavation. 

H 1 Gray; brown Average 5 1 / 4  i n .  S l i g h t l y  t o  Passes #200 Medium p l a s t i c .  F a i r l y  i r r e g u l a r ;  Continuous. Found i n  most 
i n  several core b u t  ranges from moderately sieve. undulat ions o f  co re  holes. 
holes. t r a c e  up t o  moist. 1- in ,  t o  3-in. s h a f t  mapping 

1/2 i n .  amp1 i t ~ d e .  and underground 
waste exper i -  
mental area 
excavation. 



Table 6-4 (continued) 

CLAY SEAM CHARACTERISTICS 

Page 2 o f  3 
Consi stency/ Planar Contl nui t y l  

5 e a i  R a t i  n: ' Color Thickness Moi s ture Grain Size P l a s t i c i t y  Trend Uni f o n i  t y  Occurrence 

I 1 Brown-brownish <1/4 t o  5/8 i n .  S l i g h t l y  moist. Passes #200 Hard i n  some Regular; undula- F a i r l y  Conanonly 
gray i n  core; sieve; some core holes; t i o n s  general ly  continuous. found i n  core 
gray where scat tered h a l i t e  medium p l a s t i c .  C l - i n .  amplitude. holes, C & SH 
exposed i n  waste c r y s t a l s  l o c a l l y .  and exhaust 
experimental shafts; a lso  
rooms. exposed i n  

waste exper i -  
mental room 
excavation. 

J 3 Reddish-brown 1/2 in .  i n  --- 
C B SH Shaft 
only. 

Passes #ZOO --- 
sieve; t race  
s i l t ,  t race  t o  
some ha1 i t e  
c rys ta ls .  

General ly found Found i n  C & SH 
. as scat tered s h a f t  as 1/2 

breaks o r  i n .  seam; not 
loca l  i zed found i n  other  
arg i l laceous shafts; i n  core 
zone. holes, found 

as scat tered 
breaks o r  
l o c a l i z e d  
a r g i  1 laceous 
zone; absent 
i n  many core 
holes. 

K 1 Brown, sometimes 3/4 t o  1 112 in. Dry t o  moist; Passes #ZOO hard t o  medium General ly low Continuous. . Present i n  many 
gray t o  gray- l o c a l l y  wet. sieve; claystone hard; medium angle contact  i n  core holes and 
brown. i n  exhaust shaft. p l a s t i c .  core; f a i r l y  shafts. 

regular. 

L 3 Brown U p t o 2 I n . i n  - 
C & SH shaft; 
usua l l y  found 
only as top o f  
a r g i  1 laceous 
un i t .  

Passes #ZOO --- 
sieve; some 
ha1 i t e  crysta ls .  

Not a continuous Exposed i n  C 8 
seam; it I s  SH s h a f t  as 
found general ly  seam; other- 
as the top of wise only 
arg i l laceous noted as top o f  
zone throughout a rg i  11 aceous 
core holes and u n i t .  
shafts. 



Table 6-4 (cont inued) 

CLAY SEAM CHARACTERISTICS 

Page 3 o f  3 

Consistency/ Planar Con t inu i t y /  
ream ~ a t i n g " )  c o l o r  Thickness Moisture Grain Size P l a s t i c i t y  . Trend Un i fo rm i ty  Occurrence 

M-1 4 Brown 

M-2 4 Brown 

<1/16 t o  1/2 i n .  Dry Passes #20U _ _ _  
sieve. 

Up t o  3 1/2 in .  Ury Clay mixed w i t h  --- 
h a l i t e  c rys ta ls .  

Unknown. . These two 
layers  found i n  
co re  ho les  i n  

Unknown. waste exper i -  
mental area; 
n o t  noted i n  
s h a f t  mapping. 

Notes: 

(1 )  Key t o  nRating": 1 - continuous throughout f a c i l i t y  l eve l ;  
2 - genera l l y  continuous, b u t  var ies i n  character  and r e g u l a r i t y ;  
3 - d iscont inuous and n o t  always we l l  developed; 
4 - c o n t i n u i t y  unknown. 

QI ( 2 )  Clays B, E, G, H and K are sometimes noted as on ly  a t r a c e  o r  n o t  a t  a l l  on core logs. Th is  i s  usua l l y  because core g r ind ing  o r  washing dur ing 
I . d r i l l i n g  removed evidence o f  c lay.  

0 ( 3 )  Some core l o g s  note c lay  l a y e r s  are moist. In holes d r i l l e d  w i t h  br ine,  t h i s  may be due t o  d r i l l i n g  f l u i d .  Many l a y e r s  are dry I n  holes d r i l l e d  w i t h  
a i r .  These may a c t u a l l y  be s l i g h t l y  moist  i n  t h e  i n  s i t u  s tate,  b u t  d r i e d  o u t  by the  d r i l l i n g  process. 

( 4 )  Clays 0 ,  E, G, H and K always under ly  continuous anhydr i te  layers.  Clays I and U are commonly associated w i t h  t h i n  anhydr i te  layers.  

( 5 )  P l a s t i c i t y  and consistency based on evaluat ion o f  i n  s i t u  condi t ion.  



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 so  appears t o  
I 

,k .,- be more s i l t y  and less p l a s t i c  than the o the r  seams. 

General ly,  t he  c l a y  seams are  s l i g h t l y  moist  i n  t h e i r  i n  s i t u  state.  

However, some o f  t h e  seams are  wet and e x h i b i t  some b r ine  weeping i n  

places. This was observed f o r  c lays  E, 6, H and K i n  some core holes. 

The c l a y  seams i n  some o f  the  holes 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 moist. This was probably due i n  p a r t  t o  the  

d r i l l i n g  f l u i d .  I n  contrast ,  c l a y  seams were observed t o  be dry  i n  

many o f  the  core holes d r i l l e d  using a i r  c i r c u l a t i o n .  It i s  expected 

t h a t ,  i n  the  i n  s i t u  state,  these seams conta in  a s l i g h t  amount o f  

moisture which was evaporated as a r e s u l t  o f  the  d r i l l i n g  method. Some 

moisture can be seen along exposures o f  c l a y  H and c lay  G i n  the  waste 

experimental area. Hore moisture i s  ev ident  along c lay  G and some s a l t  

b l i s t e r s  have accumulated l o c a l l y  along t h i s  seam. The c l a y  seams 

exposed i n  the  underground openings are  genera l ly  s l i g h t l y  moist  dur ing  

and immediately a f t e r  excavation. Some seams have continued t o  expel 

moisture long a f t e r  excavation. Often, however, they d ry  out  a t  the  

sur face w i t h i n  a few days a f t e r  t h e i r  exposure. 

Clays 6, H and I, exposed i n  the  waste experimental area, commonly 

con ta in  wh i te  specks which may be s a l t  r e s u l t i n g  from the  a i r  d ry ing o f  

the  c lay .  The c l a y  usua l l y  has a s l i g h t l y  s a l t y  tas te .  These whi te  

specks are  s o f t ,  can be e a s i l y  crushed between the f ingers,  and have a 

s l i g h t l y  b i t t e r  tas te .  

The consistency o f  the  c l a y  encountered i n  the  core holes and 

excavations i s  r e l a t e d  t o  i t s  moisture content.  When wet o r  moist, the  

c l a y  i s  genera l ly  s o f t  t o  medium s t i f f  and can be picked ou t  w i t h  the  

f i n g e r s  and molded i n t o  a b a l l  i n  the  hand. When the c lay  i s  only 

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  

the  hand. 



6.3.3 S t r u c t u r e  

Geologic mapping o f  t h e  underground open'ings 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  fo lds ,  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  

could 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 '  WIPP 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 small  sca le  (approximately 1  foo t ) ,  l o c a l  i zed  

d i s r u p t i o n s  of t h e  bedding have been encountered. These a r e  a t t r i b u t e d  

t o  penecontemporaneous processes. 

De ta i l ed  c o r r e l a t i o n s  between v e r t i c a l  core holes, 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 igure  B-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  approximately 10 t o  15 f e e t  and i t s  

wavelength i s  approximately 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 ip .  

The deformat ion o f  t h e  s t r a t a  i s  pos t -depos i t iona l  i n  o r i g i n .  While 

undu la t ions  of depos i t i ona l  surfaces a re  common, a l l  o f  t h e  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.  Th is  consistency 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  con ta in ing  numerous depos i t i ona l  sequences 

suggests t h a t  t h e  beds were deformed a f t e r  depos i t ion .  The f o l d i n g  i s  

a  minor  f e a t u r e  which does n o t  adversely a f f e c t  t h e  s u i t a b i l i t y  o f  t h ~  

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  ho r i zon  i s  

composed o f  h a l i t e  con ta in ing  beds o f  a rg i l l aceous  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. Laboratory 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  equations and m a t e r i a l  p roper t y  constants 

f o r  these host  rocks ( r e f .  5-3). Subsections 6.4.1 and 6.4.2 present  

t h e  p r o p e r t i e s  o f  t h e  host  ' 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 ca l cu la te1 '  t h e  

creep parameters f o r  h a l i t e .  



6.4.1 Laboratorv Tests 

Laboratory t e s t s  were performed on core samples from surface boreholes 

a t  t h e  WIPP s i t e  p r i o r  t o  the  i n i t i a t i o n  o f  underground excavation 

( r e f .  5-3). Ma te r ia l  p roper ty  constants determined from the  labora tory  

t e s t s  are  presented i n  Tables 6-5 through 6-7. Table 6-5 shows the 

e l a s t i c  constants f o r  h a l i t e ,  a rg i l laceous h a l i t e ,  anhydr i te 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  both anhydr i te  and p o l y h a l i t e  were def ined 

based on the  r e s u l t s  o f  t h e  labora tory  tes ts .  One such c r i t e r i o n  i s  

Mohr-Coulomb, which def lnes f a i l u r e  i n  terms of  f r i c t i o n  and cohesion. 

F a i l u r e  means t h a t  t h e  mate r ia l  i s  unable t o  ho ld  a dev ia to r i c  s t ress  

beyond a c e r t a i n  value. Once t h i s  value i s  reached, the  mate r ia l  

s t a r t s  y ie ld ing .  However, the  Mohr-Coulomb c r i t e r i o n  ignores the 

e f f e c t  o f  in termediate p r i n c i p a l  s t ress  on f a i l u r e .  I n  terms of  

p r i n c i p a l  stresses a t  f a i l u r e ,  

where: eo and 0 are Mohr-Coulomb parameters; and 

a and a are  p r i n c i p a l  stresses t h a t  are p o s i t i v e  i n  tension. 
1 3 

Because the  process o f  y i e l d  must be independent o f  the  choice o f  axes, 

the  f a i l u r e  c r i t e r i o n  rr,l;st be independent o f  the  choice o f  axes and 

should be expressed I n  terms o f  s t ress  inva r ian ts .  The Drucker-Prager 

y i e l d  c r i t e r i o n  i s  expressed as fo l lows:  

- 
where: /J2I i s  t h e  second s t ress  i n v a r i a n t  and i s  equal t o  /i; and 

J i s  the  f i r s t  s t ress  inva r ian t :  
1 



Table 6-5 

ELASTIC CONSTANTS 0ETERM.INED FROM LABORATORY TESTS 

MATERIAL 

H a l i t e  647,450. 0.25 

A r g i  1 laceous ha1 i t e  647.450: 0.25 

Anhyd ri t e  1,568,500. 0.35 

Po lyha l  i t e  1,155,000. 0.36 

Note: 

E = e l a s t i c  modulus 

v = Po isson 's  r a t i o  

Table 6-6 

FAILURE CONSTANTS DETERMINED FROM LABORATORY TESTS 

ULTIMATE YIELD 

80 I3 a c 80 B a c 
MATERIAL ( k s f )  (O) (ks f  ( k s f )  ( o )  (ks f  

Anhydr i  t e  627. 37.0 0.279 752. 564. 29.0 0.226 689. 

Po lyha l  i t e  395. 51.0 0.395 414. 359. 46.5 0.361 403. 



Table 6-7 

CREEP CONSTANTS DETERMINED FROM LABORATORY TESTS 

PRIMARY CONSTANTS SECONDARY CONSTANTS 

A B ; * D n Q 
MATERIAL (sec-1) (ksf-4.9 sec'l ) (kcal/mole) 

H a l i t e  4.56 127 5 . 3 9 ~ 1 0 ' ~  4 .96~10- I  4.9 12.0 

Standard 
Error 

Argi 1 laceous 
Hallte 4.56 127 !I.~~xIO-8 1 . ~ ~ x I o - ~ *  4.9 12.0 



For anhydr l te ,  however, t h e  u l t i m a t e  s t reng th  decreases somewhat w i t h  

t h e  change i n  s t r a i n  ra te .  That i s ,  a  10 percent  decrease occurs as 
-1 

t h e  s t r a i n  r a t e  i s  decreased f rom sec-I . t o  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 reng th  i s  assumed t o  be independent o f  

t h e  s t r a i n  ra te .  Table 6-6 shows t h e  f a i l u r e  constants f o r  a n h y d r i t e  

and p o l y h a l i t e .  

Table 6-7 shows t h e  creep constants 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 .  Although t h e  data f o r  most i n d i v i d u a l  creep t e s t s  a re  

I n t e r n a l  l y  cons is ten t ,  steady-state creep ra tes  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 ly  same cond i t i ons  may s c a t t e r  by an 

o rde r  o f  magnl tude. 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 "best  f i t1 '  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  dev ia t i ons  o r  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 ,  ha1 i t e  no longer  supports 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: 

- 
where: c i s  t h e  e f f e c t i v e  creep s t r a i n  (see 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 (P)  = 

P(a - bP) f o r  p  5 125.26 k s f  

where: p, t h e  pressure i n  ks f ,  i s  expressed as 



and i s  p o s i t i v e  i n  compression; and 

a and b a r e  equal t o  2.122x10-~ k s f - I  and 

8 . 4 8 7 ~ 1 0 - ~  ksf -* ,  r e s p e c t i v e l y  ( r e f .  5-3). 

Equat ion 6-5 i n d i c a t e s  t h a t  i f  t 2 0.023 + f ( p )  a t  any p o i n t  i n  t h e  

h a l i t e ,  y i e l d i n g  w i l l  be i n i t i a t e d  a t  t h a t  p o i n t .  For p g r e a t e r  than 

120 k s f ,  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  i s  about 0.16. 

Laboratory t e s t  r e s u l t s  have a l s o  shown t h a t  a c l a y  seam w i l l  be a c t i v e  

f o r  a f r i c t i o n a l  c o e f f i c i e n t  o f  0.4, and t h a t  c l a y  seam separa t ion  i s  

u n l i k e l y  unless t h e  seam i s  very near  t h e  opening. 

The average u n i t  weight  of t h e  s a l t  w i t h i n  t h e  re fe rence s t r a t i g r a p h y  

i n t e r v a l  was determined t o  be 143.6 pounds pe r  cubic  f o o t  ( p c f )  ( r e f .  

5-3). 

6.4.2 I n  S i t u  Data 

I I n  s l t u  da ta  was gathered f rom geomechanical inst ruments a t  var ious 
I 
I underground l oca t i ons .  The creep law shown by equat ion C.4-1 i n  

I Appendix C was used t o  f i t  t h e  i n  s i t u  da ta  and t o  determine t h e  creep 

I parameters. The MARC General Purpose F i n i t e  Element Program ( r e f .  6-8) 

was used f o r  t h e  numerical  computation based on t h e  theory  discussed i n  

Appendix C. Table 6-8 shows t h e  pr imary and secondary creep parameters 

determined f rom t e s t  room i n  s i t u  data. Chapter 11 presents a more 

d e t a i l e d  discussion o f  t h e  procedures used f o r  computing these 

parameters. 

I 
I 

Secondary creep parameters were a l s o  computed us ing  i n  s i t u  data f rom 
I 
I t h e  C & SH sha f t .  The secondary creep parameters computed f rom 
I h o r i z o n t a l  deformat ions i n  t h e  c ' &  SH s h a f t  and i n  t h e  t e s t  rooms a re  
I 
i reasonably c lose.  The parameter based on t e s t  room wa l l - to -wa l l  



T a b l e  6-8 

CREEP PARAMETERS DETERMINED FROM I N  SITU DATA 
- - -  - 

PRIMARY PARAMETERS SECONDARY PARAMETER 

MATERIAL 

H a l i t e  

~ o o f  - t o - ~ 1  oor 1 .774 5 . 5 7 3 ~ 1 0 ' 8  2.588~1 o - ~ ~  



c losure  i s  1 . 3 6 ~ 1 0 - ~ ~  k s f  
-4.9 -1 

sec wh i l e  t h e  parameter based on 
Ll /' extensometer measurements i n  t h e  C & SH sha f t  i s  

1 . 3 0 ~ 1 0 - ~ ~  k s f  
-4.9 -1 

sec . 

6.5 SURFACE SUBSIDENCE MONITORING 

The design c r i t e r i a  s t a t e  t h a t  subsidence due t o  underground excavation 

s h a l l  n o t  exceed 1 inch w i t h i n  a 500-foot radius o f  t h e  waste shaf t .  

The layou t  o f  t h e  underground excavation and the  e x t r a c t i o n  r a t i o  

requ l  rements were es tab l  lshed 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 the  ground sur face above t h e  s h a f t  

p i l l a r  area (Chapter 2, F igure  2-2). Add i t i ona l  subsidence monuments 

are  scheduled t o  be i n s t a l l e d  above t h e  storage area i n  mid-1986. 

These monuments w i l l  be used t o  determine sur face subsidence dur ing  the  

25-year f a c i l i t y  opera t ing  l i f e .  

Because t h e  storage area has no t  y e t  been excavated, ac tua l  subsidence 

cannot be measured. This subsidence w i l l  occur over the  next  25 
k 

,L years. The c a l c u l a t i o n s  used f o r  the  reference design i n d i c a t e  t h a t  
subsidence i s  no t  l i k e l y  t o  exceed the  c r i t e r i a  l i m i t .  Therefore, t he  

reference design subsidence c r i t e r i a  i s  considered va l ida ted on a 

computational bas is  r a t h e r  than on ac tua l  measurement data. A review 

of t h i s  conclus ion may be requ i red  l a t e r  when a h i f t o r y  o f  ac tua l  

subsidence i s  ava i l ab le .  





CHAPTER 7  

C & SH SHAFT 

7.1 INTRODUCTION 

Th is  chap te r  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 & SH shaf 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 he  C & SH 

sha f t .  Th i s  i s  f o l l owed  by i n f o r m a t i o n  and da ta  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  a n a l y s i s  and 

eva lua t i on ,  and p r e d i c t i o n s  regard ing  f u t u r e  behav io r  .of 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 recommendations a r e  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  s e c t i o n  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  t h e  C & SH sha 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  d iscussed 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  genera l  concepts 

t h a t  were used as a  guide f o r  des ign o f  t h e  WIPP underground openings. 

Table 2-1 summarizes those des ign c r i t e r i a  elements t h a t  s.ca i o  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 iscuss ion  

p rov ides  a  summary 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 & 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  s h a 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 ope ra t i ng  l i f e  o f  25 years. The design 

s h a l l  a1 so cons ide r  t h e  requirements f o r  s h a f t  decommissioning and 

sea l i ng .  S h a f t  des ign s h a l l  p revent  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  s h a f t s .  Rock suppor t  s h a l l  be used as requ i red  t o  l i m i t  6' rock  deformations and t o  p revent  loosen ing  and f a l l o u t  o f  w a l l  rock. 



The time-dependent diametric closure of the shafts due to creep shall 

be considered in their design. The shafts shall be designed so that 

the minimum dimensions required for shaft functions are maintained 

throughout the operating life of the facility. Provisions for 

instruments to measure closure shall be included' in the design. 

Ground-water flow into the shafts shall be controlled so that no 

uncontrolled ground water reaches the facility level via the shafts. 

Ground-water pressures and inflows shall be measured throughout the 

construction period and operating life of the shaft. 

Shaft design shall consider the requirements of decommissioning and 

backfilling upon terminarion of operations. The design shall 

accommodate the need to ultimately seal potential pathways between the 

storage facility and the biosphere. 

The shaft liner shall be designed to help ensure that the shaft 

dimensions remain within the limits required for shaft functions, 

prevent ground-water flow into the shaft, protect wall rock from 

deterioration, and preclude the risk of rockfall from the shaft walls. 

The shaft stations shall be designed to provide structurally stable 

excavations and pillars. Deformations of excavations and pillars shall 

remain within the limits required for structural functions, ventilation 

and safety. The excavation design shall maintain the minimum 

dimensions required for the operating life of the opening by 

accommodating closure. Closure rates used for design shall be 

confirmed or modified by instrument observations in the excavations. 

Rock bolts shall be used where necessary to provide support of the roof 

and walls. 

7.2.2 Desiqn Bases 

The Desirln Basis. Ex~loratory Shaft (ref. 2-10) and the Desiqn Basis, 

Exploratorv Shaft Geomechanical Instrumentation (ref. 2-12) were the 

primary documents used as a basis for design of the C & SH shaft. 

These documents, described in Chapter 2, provided the detailed design 



requirements f o r  t h e  C & SH shaf t .  Table 711 summarizes those design 

bas is  elements which a re  t o  be evaluated by the  design v a l i d a t i o n  

process. The f o l l o w i n g  d iscussion provides a  summary o f  t he  major 

design bases f o r  t h e  C & SH shaf t .  Not a l l  o f  these bases requ i re  

eva luat ion  as seen by comparing the  d iscussion w i t h  Table 7-1. 

The design bases spec i f y  t h a t  the  C & SH s h a f t  s h a l l  be designed t o  

provide access f o r  personnel and equipment t o  excavate and operate the  

underground f a c i l i t y  and t o  provide a  means by which t h e  excavated s a l t  

can be t ranspor ted t o  t h e  surface. I t  s h a l l  a l s o  serve as the  

v e n t i l a t i o n  i n t a k e  shaf 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  

diameter o f  10 fee t .  The remainder o f  t he  s h a f t  s h a l l  be un l ined and 

have an approximate diameter o f  11 f e e t  8  inches. The s tee l  l i n e r  

s h a l l  extend from 1 f o o t  above the  ground sur face t o  t h e  top  o f  t h e  

s a l t  fo rmat ion  a t  a  depth o f  approximately 850 fee t .  The primary 

m a t e r i a l s  used t o  l i n e  the  s h a f t  s h a l l  be cement grout ,  s tee l  casing, 

corrugated metal pipe, s t r u c t u r a l  s t e e l  and re in fo rced  concrete. ' 

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  o f  

t h e  rock formations and s h a l l  prevent  water seepage i n t o  the  shaf t .  It 

s h a l l  have a  smooth i n n e r  surface 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  cons is t  o f  a  hyd ros ta 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 sur face and extending t o  

approximately 837 f e e t  below the  surface. Rock pressure s h a l l  no t  be 

used as a  f a c t o r  i n  the  design analys is .  I n s t a l l a t i o n  loads t o  be 

considered s h a l l  be the  compressive and t e n s i l e  forces r e s u l t i n g  from 

l a t e r a l  pressure due t o  unequal he ights  o f  d r i l l i n g  f l u i d  dur ing  t h e  

various 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 o w  i n t o  t h e  sha f t  s h a l l  be 

determined. I f  the  amount o f  ground water en te r ing  the  sha f t  i s  

determined t o  be unacceptable by t h e  DOE Contract ing O f f i ce r ,  approved 



Table 7-1 

VALIDATION ELEMENTS OF C & SH SHAFT DESIGN BASES 

( 1  Sha f t  L i n e r  

a. Hydros ta t 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  the  t o p  o f  t h e  key. 

b. Water s h a l l  'be prevented f rom f l o w i n g  down the  un l i ned  s h a f t  
f rom behind the  l i n e r .  

(2)  Sha f t  Key 

a. Key s h a l l  be designed t o  r e s i s t  t he  l a t e r a l  pressure from the  
s a l t .  (Assumed t o  be 75 percent  o f  t h e  overburden pressure.) 

b. Key s h a l l  be designed t o  r e s i s t  t he  hydros ta t i c  pressure from 
above t h e  s a l t .  

(3 )  Unl ined Sect ion 

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 
deformation. 



correct ive  action sha l l  be taken t o  control the  water inflow: The 

basis f o r  determining if the  amount of ground water flowing in to  the  

shaf t  i s  unacceptable shal l  be if  the  inflow exceeds an amount which 

can be to le ra ted  without appreciably a l t e r i ng  the d r i l l i n g  f lu id  

charac te r i s t i cs  as approved by the  DOE Contracting Officer. 

The shaf t  .key sha l l  be constructed using reinforced concrete and wi 11 

serve as the t r ans i t i on  element between the lined and the unlined 

sections of the shaf t .  I t  shal l  re ta in  the rock formation and sha l l  be 

provided with chemical water sea l s  and a water col lect ion ring w i t h  

drains t o  prevent water from flowing from behind the l i ne r  down the 

unlined shaf t .  The key sha l l  be designed t o  r e s i s t  l a te ra l  pressure 

generated by s a l t  creep, rock and so i l  overburden, and by hydrostatic 

pressure from above the  s a l t .  The design l a t e r a l  pressure was selected 

a s  75 percent of the  overburden pressure based on the configuration of 

mine shaf t s  i n  the  v ic in i ty  of the W I P P .  These shaf t s  generally have a 

concrete l i n e r  t h a t  i s  thinner and t h a t  extends t o  a greater  depth than 

the  s h a f t  key a t  the  W I P P .  Most of these  shaf ts  a r e  a t  l e a s t  25 years 

old and show no s ign i f ican t  deter iorat ion o r  s t ructural  i n s t ab i l i t y .  

No l i n e r  or wire mesh i s  planned f o r  the section of the shaf t  in the 

Salado formation. However, i f  f i e ld  conditions require, rock bolts  and 

wire mesh may be ins ta l led  i n  zones of fractured s a l t .  

The shaf t  s ta t ion  excavation shal l  be the  minimum required t o  meet the 

operational and safety  requirements in the  shaf t  p i l l a r  area of the 

waste storage l  eve1 . Supports of underground workings shal l  comply 

w i t h  Federal and New Mexico codes. The use of rock bol ts  and wire mesh 

i n  spec i f ic  areas shal l  be determined by excavation conditions and code 

requirements. The roof, walls and f loor  shal l  be checked periodically 

f o r  loose s a l t  i n  accordance with applicable codes. 

The bottom of the shaf t  shal l  extend below the f a c i l i t y  level t o  

accommodate the  s a l t  handling equipment and a sump t o  co l lec t  water 

C t h a t  might enter  the shaf t .  Should the strat igraphy of the f a c i l i t y  



l e v e l  be unsu i tab le  f o r  waste storage, t h e  s h a f t  bottom may be lowered 

t o  reach a  more s u i t a b l e  s t ra t i g raphy .  

Geomechanical instruments s h a l l  be provided t o  measure r a d i a l  

convergence (c losure)  o f  the  shaf t ,  water  pressure behind the  l i n e r ,  

s a l t  creep, fo rces on t h e  concrete key, and t h e  v a r i a t i o n  o f  load on 

rock b o l t s .  The type o f  instruments i n s t a l l e d  s h a l l  be s t r a i n  gauges, 

pressure c e l l  s, pietometers, stressmeters, extensometers, load c e l l s  

and r a d i a l  convergence po in ts .  

The sha f t  l i n e r ,  key, un l ined sec t ion  and fu rn i sh ings  s h a l l  be 

inspected a t  approximately 1  month i n t e r v a l s ,  o r  l esse r  i n t e r v a l s  as 

requ i  red, t o  d e t e c t  cracking, corrosion,  d e t e r i o r a t i o n  and water  

i n t r u s i o n .  

7.3 DESIGN VALIDATION PROCESS 

The design v a l i d a t i o n  process f o r  the  C & SH s h a f t  cons is ts  o f  data 

c o l l e c t i o n ,  ana lys i s  and evaluat ion,  and p r e d i c t i o n s  o f  f u t u r e  

behavior.  The f o l l o w i n g  discussions o f  each o f  these a c t i v i t i e s  have 

been d i v i d e d  i n t o  f o u r  sect ions: the  l i n e d  sec t ion  o f  the  shaf t ;  t h e  

s h a f t  key; t h e  un l i ned  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  an.d design cond i t i ons  i n  each o f  

these areas. 

7.3.1 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  C & S H  s h a f t  has cons is ted o f  geologic 

mapping, v i s u a l  inspect ions  and geomechanical instrument measuremerits. 

The r e s u l t s  o f  s h a f t  mapping have been discussed i n  Chapter 6. F i e l d  

observat ions and the  geomechanical ins t rumenta t ion  program a re  

discussed i n  t h e  f o l l o w i n g  subsections. 

7.3.1.1 Lined Sect ion 

F i e l d  Observations. The C & SH s h a f t  has been inspected on a  r e g u l a r  

bas is  s ince i t s  const ruc t ion .  During the  f a c i l i t y  l e v e l  cons t ruc t ion  



phase, the mining contractors conducted weekly shaft inspections for C 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 of 

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 in 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 11 

sets were installed in the lined section of the shaft (Figure 7-1). 

Plots of the convergence point data from the lined section are 
P 

k c 1  
presented in Appendix 3, Figures 3-205 through 3-209. 

Ten piezometers were instal led in the 1 ined section of the C & SH 

shaft above the shaft key between July 1 0  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 elevations of 2790 and 2684 feet are in the 

water-bearing dolomite members, the Magenta and Culebra, respectively. 

Graphic plots of piezometer data are presented in Appendix 3, 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 to 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 t o  the datalogger on 

October 30, 1982. The pneumatic units can only be read manually at the 

instrument location; however, most of the pneumatic units are no longer 

functioning. 
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The s h a f t  I n s t r u m e n t a t i o n  has had a h i s t o r y  o f  damage. Convergence C p o i n t s  and e s p e c i a l l y  piezometers a r e  suscep t i b l e  t o  damage f rom 

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  of t h e  s h a f t  has g e n e r a l l y  cons is ted  o f  sheared da ta  cables, 

sheared o r  ben t  convergence po in 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  

ins t ruments  and c o n t r o l  systems. One water  source has been t h e  holes 

d r i  1  l e d  i n t o  t h e  s t e e l  l i n e r  f o r  piezometer 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  piezometer was i n s t a l l e d  d i d  n o t  have 

tapered  threads, making i t  d i f f i c u l t  t o  seal  t h e  ho le  i n  t h e  l i n e r .  

Leakage th rough these ho les  has g e n e r a l l y  occurred 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 

piezometer was r e i n s t a l l e d  a f t e r  be ing  repa i red  due t o  o t h e 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 

entered damaged f i b e r g l a s s  j u n c t i o n  boxes and te rm ina l  boxes through 

cracks.  Water has a l s o  seeped i n t o  t h e  condu i t  connect ing piezometers 

w i t h  t h e  neares t  j u n c t i o n  box. Th is  water  has corroded te rm ina l  b locks  

and seeped down cables connect ing lower  t e rm ina l  boxes. 

A second water  source has been r a i n f a l l .  Dur ing per iods  of heavy ra in ,  

water  runs down t h e  s h a f t  a long  t h e  sur face  o f  t h e  l i n e r .  Th is  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 c o r r o s i o n  and cable damage. 

A g r e a t  deal  of 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, cables- were rep laced and rerouted, and 

piezometers were r e p a i r e d  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  from t h e  ins t ruments  i s  considered 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 moni tor 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, 

Cl p a r t i c u l a r l y  i n  t h e  t a b l e s  o f  ope ra t i ng  h i s t o r i e s .  



7.3.1.2 Shaf t  Key 

F i e l d  Observat ions. The s h a f t  inspect ions  conducted on October 1 and 

November 19, 1983, June 2 and October 13, 1984, and A p r i l  3  and 

December 9, 1985, pa id  p a r t i c u l a r  a t t e n t i o n  t o  t h e  s h a f t  key. The 

design o f  t h e  key prov ides  a means t o  determine i f  any water  f rom t h e  

water-bearing zones i n  t h e  R u s t l e r  fo rmat ion  i s  f l o w i n g  behind t h e  

key. Th is  s i t u a t i o n ,  i f  it ex is ted,  cou ld  cause d i s s o l u t i o n  o f  t h e  

s a l t  around t h e  key r e s u l t i n g  i n  eventual s t r u c t u r a l  i n s t a b i  1 i t y .  

During i n s p e c t i o n  o f  t h e  s h a f t  key, t h e  c o n d i t i o n  o f  f o u r  t e l l t a l e  

d r a i n s  t h a t  connect t o  a French d r a i n  behind t h e  key i s  observed. Any 

mois ture  i n  t h e  d r a i n s  i s  noted. S i m i l a r l y ,  o t h e r  capped p ipes  ( those 

f o r  p o s s i b l e  f u t u r e  i n j e c t i o n  o f  g r o u t  and those o r i g i n a l l y  used f o r  

chemical seal  i n j e c t i o n )  a r e  checked f o r  accumulated water.  The 

i n t e r f a c e  between t h e  s a l t  and t h e  bottom o f  t h e  key rece ives  

p a r t i c u l a r  a t t e n t i o n .  

The l a t e s t  geotechnical  i nspec t ion  o f  t h e  s h a f t  key was made on 

December 9, 1985. The f o u r  t e l l t a l e  d r a i n s  a t  t h e  key were inspected 

and cleaned. Only t h e  ho le  on t h e  nor thwest  s i d e  o f  t h e  s h a f t  was 

weeping, r e s u l t i n g  i n  s a l t  accumulat ion on t h e  te rm ina l  box below. 

A f t e r  ch ipp ing o f f  t h i s  s a l t ,  a  small  amount o f  l i q u i f i e d  chemical seal  

m a t e r i a l  began oozing o u t  o f  t h e  t e l l t a l e .  I nspec t ion  o f  t h e  bottom o f  

t h e  key showed no evidence o f  seepage below t h e  concrete. 

Geomechanical Ins t rumenta t ion .  Twenty-four embedment s t r a i n  gauges, 16 

spot-welded s t r a i n  gauges, and 4 pressure c e l l s  were i n s t a l l e d  i n  t h e  

C & SH s h a f t  key f rom A p r i l  11 t o  17, 1982. Two piezometers were 

i n s t a l l e d  i n  t h e  s h a f t  key on J u l y  10, 1982. The l o c a t i o n s  o f  these 

inst ruments a r e  shown on F igu re  7-2. A l l  inst ruments were read 

manual ly u n t i l  t hey  were connected t o  t h e  data logger  system on 

October 30, 1982. Appendix J conta ins  p l o t s  o f  t h e  data  from these 

inst ruments.  Piezometer da ta  are  presented on Figures 5-44 and 5-45. 

F igures 5-54 through 5-57 present  pressure c e l l  data. The s t r a i n  gauge 

data  a re  presented on Figures 5-58 through 5-97. 
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The instruments f o r  mon i to r i ng  t h e  s h a f t  key, and e s p e c i a l l y  t h e i r  

e l e c t r i c a l  boxes and cables, have had t h e  same performance problems as 

t h e  piezometers and convergence p o i n t s  i n  t h e  l i n e d  s e c t i o n  above. The 

two key piezometers have been damaged and repa i red  repeatedly.  

The major  problem i n  t h e  key has been water damage i n s i d e  t h e  var ious  

e l e c t r i c a l  boxes. The worst  damage was i n  te rm ina t ion  cab ine t  LTC-1. 

Water seeping down .inside cables connected t o  water-damaged boxes 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  corroded t h e  te rm ina ls  i n  t h e  LTC. 

LTC-1 l i n k s  t h e  piezometers, s t r a i n  gauges and pressure c e l l s  t o  t h e  

sur face data logger.  Several at tempts were made t o  r e p a i r  t h e  LTC 

components. The components were permanently removed i n  October 1984 i n  

o rde r  t o  avo id  f u r t h e r  damage. The s h a f t  i ns t rumen ta t i on  system i s  

schedul2d f o r  an overhaul du r ing  a f u t u r e  c o n s t r u c t i o n  contract . .  

Meanwhile, a l l  LTC-1-controlled inst ruments a r e  read manual ly dur-ing 

s h a f t  inspect ions .  

The te rm ina l  boxes f o r  t h e  pressure c e l l s  and s t r a i n  gauges have a l s o  

. been damaged. I n i t i a l  damage was t o  t h e  f i b e r g l a s s  boxes and data  

cables as they  were s t ruck  by f a l l i n g  ob jec ts  and c o n s t r u c t i o n  

m a t e r i a l s  t r a v e l i n g  on t h e  s h a f t  conveyance. Subsequent damage was by 

water  seeping i n t o  t h e  boxes. The boxes and cables have been repa i red  

numerous times. 

De ta i l ed  accounts o f  inst rument  damage a re  presented i n  t h e  GFDRs, 

p a r t i c u l a r l y  i n  t h e  tab les  o f  opera t ing  h i s t o r i e s .  The GFDRs a l s o  

d iscuss data c o l l e c t i o n ,  data p l o t s  and i n t e r p r e t a t i v e  problems w i t h  

t h e  C & SH s h a f t  key inst ruments.  

7.3.1.3 Unl ined Sect ion 

F i e l d  Observations. Shaf t  inspect ions  i nc lude  observat ions o f  t h e  

un l i ned  sec t i on  of t h e  C & SH sha f t .  Th is  sec t i on  o f  t h e  s h a f t  

cons is t s  o f  exposed s a l t  forming a smooth w a l l .  The inspec t ions  

c o n s i s t  p r i m a r i l y  o f  determining i f  any s p a l l i n g  o r  f r a c t u r i n g  o f  t h e  

s a l t  i s  occur r ing .  



The un l i ned  sec t i on  was inspected t o  a depth o f  2,057 f e e t  (e lev.  1353 C f e e t )  on December 9, 1985. One nea r -ve r t i ca 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 fee t  

(e lev .  2389 f e e t  and 2367 f e e t ) .  It ranged f rom closed t o  l ess  than 

1/4- inch wide a t  t h e  w a l l  sur face and extended about 10 f e e t  i n  

length .  It d i d  n o t  appear on t h e  east  s i d e  o f  t h e  shaf t .  Previous 

s h a f t  mapping showed t h e  presence o f  ha1 i t e - f  i 1 l e d  v e r t i c a l  f r ac tu res  

i n  anhyd r i t e  f rom a depth o f  approximately 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 rev ious 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  var ious areas commonly associated w i t h  c l a y  layers.  The most 

no tab le  area was a 4- foot  zone around t h e  e n t i r e  shaf t  c ircumference 

f rom a depth o f  approximate ly  1,038 f e e t  t o  1,042 f e e t  (elev. 2372 f e e t  

t o  2368 f e e t ) .  

Geomechanlcal Ins t rumenta t ion .  Nine borehole 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 he  C & SH s h a f t  between J u l y  6 el and 8, 1982. These extensometers a re  arranged i n  three-instrument 

a r rays  a t  e leva t i ons  o f  2337 fee t ,  1846 f e e t  and 1353 f e e t  (F igure  

7-3). Readings were taken manually 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  mu l t i p le -po in t ,  sonic-probe type cons i s t i ng  

o f  f o u r  anchors. The anchors f o r  each extensometer were s e t  a t  depths 

o f  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  the  extensometers are  presented 

i n  Appendix J, F igures 3-116 through 3-124. 

The extensometers have n o t  been damaged as much as the  o the r  

inst ruments i n  t he  sha f t .  The i r  opera t ing  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  t h e  data. This  l a c k  o f  damage i s  a r e s u l t  o f  several 

f ac to rs .  The diameter o f  t he  un l ined shaf 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 instruments a re  recessed and 

t h e r e f o r e  n o t  suscep t i b le  to '  damage f rom f a l l i n g  objects.  The 

G 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  
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l i n k e d  t o  LTC-1 and t h e  piezometers.  Thus, wa te r  damage has n o t  been a 

problem. 

S i x  s e t s  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  un l i ned  

s e c t i o n  o f  the. 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 t h e r  convergence po in t s .  Th is  

h i s t o r y  i s  d iscussed 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 r om t h e  u n l i n e d  s e c t i o n  a r e  presented i n  Appendix J, F igures  5-210 

th rough 5-214. Only f i v e  p l o t s  a r e  presented s i n c e  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  

read ings  . 

7.3.1..4 S h a f t  S t a t i o n  

F i e l d  Observat ions.  S i t e  g e o l o g i s t s  mon i t o r  t h e  de fo rmat iona l  behav io r  

o f  the. C & 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 v e n  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  

spa1 1 ing ;  f r a c t u r i n g  a t  p i l l a r  corners;  r o o f  displacements and 

separa t ions ;  and f l o o r  d i  splacements, separa t ions  and f r a c t u r i n g .  The 

obse rva t i ons  a r e  recorded a t  l e a s t  every  3 months and have been 

pub l i shed  i n  each GFOR 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 & SH s h a f t  s t a t i o n  excava t 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  resin-anchored 

rock  b o l t s  i n s t a l l e d  S 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 l ace  and s a l t  creep 

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  threaded 

s e c t i o n  o f  t h e  b o l t  ( improper  t o rque  and l a c k  o f  beveled o r  

s p h e r i c a l  washers) ; and 

( 3 )  c o n t r i b u t i n g  f a c t o r s  such as c o r r o s i o n  and hydrogen 

embri t t l e m e n t .  



Rock b o l t s  i n s t a l l i 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  

increases 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  

hole.  Although 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  t h e  r o o f  support  o f  

underground openings i n  hard rock,  i t  prov ides  more c o n t r o l  t han  r i g i d  

anchors t h a t  do n o t  y i e l d  b u t  ins tead 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 r e s s  c rea ted by c reep ing  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 reducing 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 r o o f  support  and prevents sudden roo f  f a l l s .  Each 

mechanical-anchor rock  b o l t  supports a  load t h a t  i s  l ess  than i t s  

capaci ty ,  b u t  t h e  aggregate support  prov 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 form 

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  inspected pnd maintained. 

The s t a t i o n  r o o f  and w a l l s  have e x h i b i t e d  c o n t i n u a l  s labb ing  and 

spa1 1  -ing which has requ i red  p e r i o d i c  sca l  -i ng. Wire mesh has been 

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 smal l ,  loose s a l t  

fragments. 

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 

c rosscut .  The c o n d i t i o n  o f  these f r a c t u r e s  has been moni tored and t h e  

r e s u l t s  repor ted  on a  r e g u l a r  bas is  i n  t h e  GFDRs. A d i scuss ion  o f  

f r a c t u r i n g  a t  p i l l a r  corners i s  presented i n  Chapters 10 and 11. 

Displacements, separat ions and f r a c t u r e s  have been detec ted  i n  

boreholes d r i l l e d  i n t o  t h e  s t a t i o n  roo f  and minor  separat ions have been 

detec ted  i n  some ho les  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  under l y ing  h a l i t e  were de tec ted  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 du r ing  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  o f  separa t ions  and 

f r a c t u r i n g  i n  t h e  roo f  and f l o o r .  Th is  d r i  11 i n g  was conducted as p a r t  



o f  a  program t o  cha rac te r i ze  excavat ion e f f e c t s  i n  t he  s a l t  surrounding 

t h e  openings and p a r t i c u l a r l y  i n  MB-139. This  program i s  discussed 

more f u l l y  i n  Chapters 10 and 11. 

The new boreholes were inspected f o r  t h e  ex is tence o f  separat ions and 

f r a c t u r e s .  E x i s t i n g  holes were inspected f o r  ho r i zon ta l  

displacements. The probe used f o r  t h i s  i nspec t i on  consis ted o f  an 

aluminum rod w i t h  a  1/16-inch t h i c k  n a i l  at tached perpendicular  t o  one 

end. When app ly ing  moderate pressure, t h e  n a i l  snags on the  borehole 

w a l l  i f  a  separat ion, f r a c t u r e ,  o r  c l a y  seam i s  encountered. The 

separa t ion  i s  considered t o  be l e s s  than 1/16 i nch  wide i f  t h e  n a i l  

catches on, b u t  does n o t  penet ra te  t h e  ho le  w a l l .  I f  t h e  separat ion a t  

t h e  w a l l  sur face i s  a t  l e a s t  t h e  n a i l  w id th  (approximately 1/16 inch)  

t h e r e  w i l l  be a  s l i g h t  penet ra t ion .  I f  t h e  separat ion i s  l a rge r ,  t h e  

n a i l  penetrates i t s  e n t i r e  1/2-inch l eng th  i n t o  t h e  wa l l .  When the  

probe catches on t h e  ho le  wa l l ,  t h e  fea tu re  i s  probed on a l l  s ides o f  

t h e  hole.  This  ensures t h a t  i t i s  a  cont inuous fea tu re  and not  a  c l a y  

pocket o r  an imper fec t i on  caused by t h e  d r i l l i n g .  

Frac ture  zones, anhyd r i t e  beds, o r  c l a y  seams were sometimes i d e n t i f i e d  

by p i c k i n g  o u t  pieces o f  t h e  ma te r ia l  w i t h  t h e  probe na i  1. An est imate 

o f  t h e i r  v e r t i c a l  dimension was made by moving t h e  probe rod up and 

down w i t h i n  t h e  l i m i t s  o f  t h e  fea ture .  Occassional ly a  s l i g h t  

pene t ra t i on  occurred a t  t h e  c l a y  seams due t o  a  very small separat ion 

o r  pene t ra t i on  i n t o  t h e  s o f t e r  c lay.  

I n  t h e  a r r a y  o f  holes d r i l l e d  no r th  o f  t h e  shaf t ,  no separat ions o r  

f r a c t u r e s  were detected i n  t h e  roo f .  I n  t h e  two arrays d r i l l e d  south 

o f  t h e  sha f t ,  m u l t i p l e  separat ions and f rac tu res ,  ranging from 

approximate ly  1/16 i n c h  t o  4 inches wide, were found i n  most o f  t h e  

roo f  ho les  w i t h i n  t h e  h a l i t e  below c l a y  G. Many o f  t h e  f rac tu res  occur 

w i t h i n  3 f e e t  o f  t h e  roo f .  Some separat ion and f r a c t u r i n g  appears t o  

be associated w i t h  c l a y  G based on data from o the r  holes i n  t he  s t a t i o n  

area and f rom the  c e n t r a l  roo f  holes i n  t h e  two arrays, b u t  no ' 

G s i g n i f i c a n t  occurrence appears t o  have developed i n  t h e  holes c l o s e s t  



to .  t h e  s t a t i o n  wa l l s .  A separat ion,  l e s s  than 1/16 i n c h  wide was 

detec ted  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 separat ions o r  f r a c t u r e s ,  l e s s  than 1/8 i n c h  wide, were 

de tec ted  i n  t h e  c e n t r a l  f l o o r  h o l e  o f  t h e  h o l e  a r r a y  d r i l l e d  n o r t h  o f  

t h e  s h a f t .  Some separat ions and f r a c t u r e s ,  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  h o l e  a r rays  d r i l l e d  south o f  

t h e  s h a f t .  These occurrences were i n  MB-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 ion  was encountered a t  c l a y  E a t  t h e  base o f  

MB-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  

concre te  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  separat ions.  The t o t a l  

accumulated 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 t h e 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 & 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  

design cons i s ted  o f  6  rock b o l t  load c e l l s ,  3  borehole extensometers, 

and 2 se ts  o f  convergence p o i n t s .  These inst 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  sets,  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  of inst 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  immediate r o o f  i n  t h e  

C & SH s h a f t  s t a t i o n .  The immediate 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  f rom separa t ion  a long t h e  t h i n  c l a y  seam 

beneath anhydr i  t e  "a1' . South o f  t h e  s h a 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  t h e  s h a f t  i t  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 i scuss ion  o f  t h e  underground 

f a c i l i t y  ho r i zon  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 l y ing  c l a y  seams and a n h y d r i t e  

1  ayers . 

The da ta  p l o t s  f o r  t h e  C & 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, 3-147, 3-163, and 3-170 through 5-173 show 
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t h e  extensometer data. Convergence p o i n t  data a re  presented on Figures 

3-188 through 3-194 and rock b o l t  load c e l l  da ta  a r e  shown on Figures 

3-1 92 through 3-1 97. 

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 intended t o  measure l a t e r a l  displacement o f  t h e  

s a l t  . above 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 o f  t h e  roo f  and a  meaningful  

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, reading o f  t h e  l a t e r a l  movement gauges was 

d iscont inued and t h e  data a re  no t  presented i n  t h i s  repo r t .  

7.3.2 Ana lys is  and Eva luat ion  

The data  c o l l e c t e d  f rom t h e  C & SH s h a f t  have been reviewed and 

subjected t o  s t a t i s t i c a l  ana lys is ,  c losed form s o l u t i o n  and model 

s imu la t i on  techniques f o r  eva lua t ion  aga ins t  t h e  re ference design 

parameters. The f o l l o w i n g  sub.sections present  d iscussions o f  these 

analyses and eva luat ions  f o r  t h e  f o u r  sec t ions  o f  t h e  sha f t .  

7.3.2.1 Lined Sect ion  

Observed Condi t ions.  Observations o f  t h e  s t e e l  1 i n e r  du r ing  s h a f t  

inspect ions  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  deformation. Water 

seepage has occurred o n l y  through the  p rev ious l y  discussed piezometer 

bushings. 

S t r u c t u r a l  Analys is .  As a  r e s u l t  of i nc reas ing  h y d r o s t a t i c  pressure 

w i t h  depth, t h e  th ickness o f  t h e  C & SH s h a f t  s t e e l  l i n e r  and the  

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  a re  3-inch t h i c k  s t e e l  r i n g s  welded t o  t h e  o u t e r  face 

o f  t h e  l i n e r .  The th ickness o f  t h e  l i n e r  and the  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: 



Depth 
( f e e t )  

0.00 t o  182.45 

182.45 t o  362.45 

362.45 t o  542.45 

542.45 t o  642.45 

642.45 t o  742.45 

742.45 t o  842.45 

P la te  
Thickness 
( inches)  

5/8 

S t i f f e n e r  
Width 

( inches)  

7-1 /2 

S t i f f e n e r  
Spacing 
( f e e t )  

10 

A s t r u c t u r a l  ana lys i s  was performed f o r  t h e  s h a f t  l i n e r  based on these 

depths and dimensions. The l i n e r  and s t i f f e n e r s  were made o f  A-441 

s t e e l  f a b r i c a t e d  i n t o  20-f oo t  sec t ions  by f u l l  penet ra t ion  bevel welds 

between t h e  l i n e r  sec t ions  and by f i l l e t  welds between the  l i n e r  and 

t h e  s t i f f e n e r s .  Radiographic acceptance examinations were performed on 

a l l  welds i n  accordance w i t h  t h e  American Welding Society  (AWS) ( r e f .  

7-1) and the  ASME B o i l e r  and Pressure Vessel Code, Sect ions V I I I  and I X  

( r e f .  7-2). 

A computer program was used t o  design t h e  s t e e l  l i n e r  agaimst e l a s t i c  

buck l i ng  between t h e  s t i f f e n e r s ,  e l a s t i c  buck l i ng  o f  t he  combined l i n e r  

and s t i f f e n e r ,  and t h e  y i e l d i n g  o f  t h e  l i n e r .  This program was 

developed j o i n t l y  by Fenix & Sci sson and Southwest Research I n s t i t u t e  

and was based on Theory o f  Plates and She l l s  by S. P. Timoshenko and 

S. Woinowsky-Krieger ( r e f .  7-3). 

The computat ional r e s u l t s  o f  t h e  ana lys i s  o f  t h e  l i n e r ,  based on the  

depths and dimensions presented above, show t h a t  t he  ex te rna l  pressure 

c a p a c i t i e s  and corresponding c losure  l i m i t s  (maximum d iamet r ic  changes) 

a t  t h e  midpo in t  o f  a s t i f f e n e r  and a t  t he  midpoint  between s t i f f e n e r s  

are: 



Depth 
( f e e t )  

0.00 t o  182.45 

182.45 t o  362.45 

362.45 t o  542.45 

542.45 t o  642.45 

642.45 t o  742.45 

742.45 t o  842.45 

Pressure 
Capacity 

( p s i )  

139 

Closure L i m i t  
a t  S t i f f e n e r  

( inches)  

0.007 

Closure L i m i t  
Between. S t i f f e n e r s  

( inches)  

0.054 

I n  s i t u  h y d r o s t a t i c  pressures determined f rom piezometer readings a t  

e leva t ions  o f  2830, 2790, 2719, 2684 and 2608 f e e t  (F igure  7-1) were 

compared w i t h  design pressures and t h e  pressure capac i t y  o f  t he  l i n e r  

as discussed below. 

Measured Water Pressure. Piezometers a re  used t o  moni to r  t h e  

h y d r o s t a t i c  pressure exer ted on t h e  s t e e l  l i n e r  by water  f rom t h e  two 

water-bearing zones i n  t h e  R u s t l e r  format ion.  Selected water  pressure 

measurements a re  presented i n  Table 7-2. Because o f  t h e  piezometer 

h i s t o r y  o f  damage and leakage, t h e  data must be used w i t h  caut ion .  

However, as expected, t h e  data show a general t rend  o f  i nc reas ing  

pressure (F igu re  7-5). The exceptions, 37X-PE-00211 and 37X-PE-00212, 

a re  discussed i n  t h e  nex t  subsection. 

As i n d i c a t e d  i n  Table 7-1, t h e  design bas is  h y d r o s t a t i c  prezsure i s  

assumed t o  begin a t  a depth o f  250 f e e t  below ground l e v e l .  Th is  

corresponds t o  t h e  po ten t iomet r i c  sur face o f  t h e  water-bearing members 

i n  t h e  R u s t l e r  format ion.  The h y d r o s t a t i c  design pressure g rad ien t  o f  

t h e  l i n e r  i n  t h e  R u s t l e r  fo rmat ion  i s  shown on F igure  7-5. Piezometer 

reading data f rom June 1986 i n d i c a t e  pressures s i g n i f i c a n t l y  l e s s  than 

the  design h y d r o s t a t i c  pressure. This can be expla ined by a 

combinat ion o f  t h e  f o l l o w i n g  cond i t ions :  

(1 )  drawdown o f  t h e  po ten t iomet r i c  sur face i n  t h e  v i c i n i t y  o f  t h e  

shaf ts ;  



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 21 1 212 
o f  Elev. Elev. Elev. Elev. Elev. E l  ev . 

Read -i ng 2830 2790 271 9 2684 2608 2560 

Pressure 51 8 51 8 595 595 684 
capac i t y  o f  
l i n e r  

Jun. 20,'83 

Dec. 3, '83 

Jun. 5,'84 

Dec. 27,'84 

Feb. 8,'85 

May 21 , I85 

J ~ n . 2 9 ~ ~ 8 5  

Dec. 9, '85 

Mar. 24, '86 

Jun. 02, '86 

NOTE: A l l  piezometers have leaked o r  su f fe red  damage a t  one t ime o r  - 
another. 

* Piezometer leaking.  

** Piezometer removed f o r  r e p a i r .  



MEASURED WATER PRESSURE, PSI  

NOTES:  

READINGS TAKEN ON JUNE 2.1'986 
3C. READING TAKEN ON MAY 21,1985 

C d SH SHAFT LINER AND KEY 
WATER PRESSURE DISTRIBUTION 



( 2 )  incomplete hyd rau l i c  c o n t i n u i t y  behind t h e  l i n e r ;  

(3)  water  leakage through t h e  piezorneter bushings and t e l l  t a les ;  

and 

(4 )  p a r t i a l  p lugg ing  o f  t h e  piezorneter f i l t e r s .  

Lowering o f  t h e  po tent io rne t r i c  sur face i s  p r i m a r i l y  t h e  r e s u l t  o f  water 

f l o w i n g  i n t o  t h e  un l i ned  SPDV v e n t i l a t i o n  s h a f t  and l a t e r  through 

cracks i n  bo th  t h e  waste and exhaust s h a f t  l i n e r s .  Hydrologic t e s t i n g  

a t  t h e  s i t e  by SNL has a l s o  con t r i bu ted  t o  lower ing t h e  potent iornetr ic  

sur face.  

The annu lar  space between t h e  s t e e l  l i n e r  and t h e  rock was f i l l e d  w i t h  

g rou t  du r ing  l i n e r  i n s t a l  l a t i o n  (Chapter 3).  I n  a d d i t i o n  t o  support ing 

t h e  l a \ne r ,  t h e  g rou t  was intended t o  he lp  prevent water i n  t h e  

water-bearing zones f rom con tac t i ng  t h e  s a l t  i n  t h e  key area. The 

v a r i a t i o n s  i n  water pressure a t  t he  d i f f e r e n t  piezorneter e levat ions,  

and e s p e c i a l l y  t h e  l ack  o f  a  l i n e a r  increase w i t h  depth, suggests t h a t  

t h i s  o b j e c t i v e  has been a t  l e a s t  p a r t i a l l y  achieved. The absence o f  

hydraul  i c  c o n t i n u i t y  a long t h e  rock / l  i n e r  i n t e r f a c e  could prevent t h e  

water  a t  i n d i v i d u a l  piezorneter e leva t ions  f'rorn achiev ing the  

a n t i c i p a t e d  pressures. 

Most o f  t h e  piezorneters have developed leaks a t  some t ime i n  t h e i r  

h i s t o r y .  This leakage would r e s u l t  i n  a  drop i n  water pressure a t  t he  

a f f e c t e d  piezorneter. The piezorneter would then measure a  water 

pressure t h a t  i s  lower than an t i c i pa ted .  The i n f l uence  o f  t h e  leaks on 

piezorneter readings i s  considered t o  be minor because, as i n d i v i d u a l  

piezorneters a r e  repa i red  o r  bushings are  sealed, t h e  data p l o t s  do n o t  

show a  s i g n i f i c a n t  change f rom t h e  normal v a r i a t i o n  w i t h i n  the  data. 

The f o u r t h  cause o f  v a r i a t i o n  i n  t h e  pressure readings could be a  

r e s u l t  o f  p a r t i a l  1y-plugged f i l t e r s .  Each piezometer conta ins a  

C s t a i n l e s s  s tee l .  porous stone f i l t e r .  It has been noted dur ing  t h e i r  



r e p a i r  t h a t  some f i l t e r s  a re  p a r t i a l l y  covered w i t h  s a l t  depos i ts  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  poss ib le  t h a t  t h e r e  i s  no e f f e c t  i f  t h e  

c o r r o s i o n  and s a l t  d e p o s i t i o n  occurred a f t e r  t h e  f i l t e r  was exposed t o  

t h e  atmosphere du r ing  piezometer removal. 

c losure.  Closure data 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 leva t ions  o f  31 14, 

2956, 2826 and 2680 f e e t  (F igu re  7-1). These data  a re  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  

excavation. 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. 

Radial  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 iamet r i c  c losu re  i s  l ess  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 0°F i n  t h e  

w i n t e r  t o  over  100°F i n  t h e  summer may a f f e c t  t h e  d iamet r i c  c losu re  by 

approximately 0.075 inch.  Consequently, on l y  c losu re  data recorded a t  

approximately 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.  Sha f t  key i nspec t ions  i n d i c a t e  t h a t  t h e  key i s  

s tab le .  Cer ta in  observat 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  dra 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 .  Several o t h e r  

capped pipes t y p i c a l l y  produce smal l  amounts o f  water  "hen opened a f t e r  

being c losed f o r  several  weeks. 

No water  has been observed bypassing t h e  lower chemical water  sea l .  

During t h e  June 2, 1984, inspect ion ,  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 seal  i n j e c t i o n  p ipes.  It 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  small  amounts 



were observed d r i p p i n g  f r om t h e  nor thwes t  t e l l t a l e  d r a i n  and f rom 

p iezometer  37X-PE-00211. These f l u i d  observa t ions  do n o t  p resen t  any 

immediate cause f o r  concern. However, t h e  key should be moni tored on a  

r e g u l a r  b a s i s  and a p p r o p r i a t e  a c t i o n s  taken  i f  r e q u i r e d  t o  m i t i g a t e  any 

s i g n i f i c a n t  i nc rease  i n  f l u i d  d ischarge.  

I n s p e c t i o n  o f  t h e  bo t tom o f  t h e  key has revealed no evidence o f  seepage 

below t h e  concre te .  Some s ' a l t  s t a l a c t i t e s  have been observed hanging 

f r o m  t h e  concre te  b u t  these  o r i g i n a t e  f r om b r i n e  d r i p p i n g  f rom t h e  

l e a k i n g  piezometers o r  t e l l t a l e  d r a i n s  above. 

Model .Simulat ion. The long- term impact  o f  C 6 SH s h a f t  s a l t  c reep on 

t h e  conc re te  key was eva lua ted  by a  n o n l i n e a r  computat ional  a n a l y s i s  

u s i n g  t h e  f i n i t e  element method ( r e f .  7-4). The o b j e c t i v e  o f  t h e  

a n a l y s i s  was t o  determine t h e  s t r u c t u r a l  adequacy o f  t h e  s h a f t  key 

based on t h e  a p p r o p r i a t e  A C I  Codes ( r e f .  7-5). S i t e  s t r a t i g r a p h y  was 

cons idered  i n  t h e  a n a l y s i s .  The creep behav io r  o f  t h e  s a l t  was 

u i n c o r p o r a t e d  i n t o  t h e  m a t e r i a l  p r o p e r t i e s  used i n  t h e  f i n i t e  element 

model. The shr inkage  o f  t h e  concre te  d u r i n g  i n i t i a l  c u r i n g  was a l s o  

s imu la ted  i n  t h e  computat ion ( r e f .  7-6). 

From t h e  s h a f t  geo log i c  mapping, i t  was determined t h a t  t h e  

s t r a t i g r a p h y  i n  t h e  s h a f t  key area c o n s i s t s  o f  h o r i z o n t a l  l a y e r s  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 ,  a n h y d r i t e  and s i l t s t o n e ,  w i t h  c l a y  seams 

between some o f  these  l a y e r s  ( F i g u r e  7-6). Th is  s t r a t i g r a p h y  was used 

as t h e  b a s i s  i n  model ing. 

The p r o p e r t i e s  f o r  t h e  h o s t  rock  a r e  based on l a b o r a t o r y  t e s t  r e s u l t s  

( r e f s .  5-3 and 7-7) as descr ibed  i n  Appendix C. Because t h e  a n a l y s i s  

was performed e a r l y  i n  des ign  v a l i d a t i o n ,  be fo re  t h e  methods o f  

comput ing p r ima ry  creep and us ing  i n  s i t u  m a t e r i a l  p r o p e r t i e s  were 

developed ( r e f .  5 - I ) ,  t h e  a n a l y s i s  i nc l uded  o n l y  t h e  secondary creep o f  

s a l t  based on l a b o r a t o r y  t e s t  data.  
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C The r e l a t i o n s h i p  f o r  concrete shrinkage ( r e f .  7-8) can be expressed as: 

- - t 
C C C C  C 'sh 35 + t 'shu the  h s cem f a  (7-1 ) 

f o r  t -in days, -or :  

- t 
c C C C C  C 'sh - 3,024,000 + t shu t h e  h s cem f a  (7-2) 

- where: t i s  t he  shrinkage t ime i n  seconds; 

c i s  t h e  u l t i m a t e  shrinkage s t r a i n ,  taken t o  be 0.0008; 
shu 

'the 
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); 

Ch 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 ty  (1.40 - 0.010H); 

C S  i s  t h e  c o r r e c t i o n  fac- tor  f o r  slump (0.89 + 0.0415); 

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  cement content  
c  em 

(0.75 + 0.0340); and 

' fa 
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. 

The th ickness  T o f  t h e  key w a l l  i s  30 inches; t h e  humid i ty  H i s  very ;;3 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 value f o r  5,000 p s i  

concrete; and 0 i s  t h e  number o f  sacks o f  cement per  cubic yard o f  

concrete, considered t o  be equal t o  seven. The values o f  t he  

c o r r e c t i o n  fac to rs  Cthe, 
Ch' Cs and Ccem. 

as cal 'culated from 

t h e  equat ions above, a re  0.3, 0.90, 1.05 and 0.99, respec t i ve l y .  

F igure  7-7 shows t h e  f i n i t e  element model f o r  t h e  creep ana lys is .  

Since t h e  s t r u c t u r e  i s  symmetrical about t h e  c e n t e r l i n e  o f  t he  shaf t ,  

t h e  s h a f t  key and the  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  geologic  

layers .  The MARC General Purpose. F i n i t e  Element Analys is  Program ( r e f .  

6-8) was used f o r  t he  ana lys is .  To reduce t h e  computation time, the  

s t ress  and s t r a i n  were computed a t  t h e  cen t ro id  o f  each element. Four 

c l a y  seams, a t  depths o f  848.9, 857.9, 866.2 and 900.9 fee 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  of f r i c t i o n  equal t o  0.4. The outs ide  
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P v e r t l c a l  boundary had zero h o r i z o n t a l  displacement and t h e  bottom 

b boundary had zero v e r t i c a l  displacement. The boundary cond i t ions  a t  

t h e  t o p  o f  t h e  model were un i fo rm ca l cu la ted  pressures based on t h e  

mass d e n s i t y  o f  t h e  geologic  fo rmat ion  from t h e  ground sur face t o  t h e  

e l e v a t i o n  o f  t h e  boundaries. The l i t h o s t a t i c  s t ress  s t a t e  was def ined 

as descr ibed i n  Chapter 5, equat ion 5-1. 

Creep ana lys i s  was performed on t h e  mathematical model by us ing t h e  

procedures described i n  Chapter 5. The ana lys i s  was c a r r i e d  ou t  f o r  a 

5-year i n t e r v a l  w i t h o u t  t h e  key and a comparison was made o f  t he  

corresponding r a d i a l  deformations t o  determine t h e  t ime  when creeping 

s a l t  would come i n t o  con tac t  w i t h  the  sh r ink ing  concrete key. The 

t imes computed f o r  var ious l aye rs  behind t h e  key were between 1.6 and 

3.9 years w i t h  an average value o f  2.7 years a f t e r  excavat ion o f  t h e  

s h a f t  ( o r  2 years a f t e r  cons t ruc t i on  o f  t h e  s h a f t  key). To s imulate 

con tac t  o f  t h e  s h a f t  w a l l  w i t h  the  concrete key, t h e  elements o f  t he  

key were t i e d  t o  t h e  p rope r .  l oca t i ons  on the  s h a f t  w a l l  and the  

L. ana lys i s  was cont inued f o r  a t o t a l  o f  27 years ( r e f s .  7-4 and 7-6). 

Deformation. Readings from t h e  s t r a i n  gauges embedded i n  t h e  concrete 

key show a range o f  s t r a i n s  from approximately 0.00014 i n  compression 

t o  0.00021 i n  tens ion  w i t h  an average compressive s t r a i n  o f  0.00004 

through December 9, 1985. The readings from t h e  s t r a i n  gauges welded 

t o  t h e  r e i n f o r c i n g  s t e e l  show a range o f  approximately 0.00031 i n  

compression t o  0.00054 i n  tens ion  w i t h  an average t e n s i l e  s t r a i n  o f  

0.00006. 

Table 7-3 summarizes t h e  changes i n  readings o f  t h e  embedment and 

welded gauges a t  a depth o f  856 f e e t  (e lev .  2554 f e e t )  s ince  A p r i l  22, 

1982, immediately a f t e r  concrete was placed f o r  t h e  s h a f t  key. The 

t r e n d  o f  t h e  change i n  s t r a i n  readings i nd i ca tes  t h a t  t h e  s a l t  had not  

made con tac t  w i t h  t h e  key by June 1985. 

Water Pressure. F igu re  7-5 shows water pressure readings from C piezometers 37X-PE-00211 and 37X-PE-00212. These piezometers have 



Table 7-3 

C & 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, 
No. 1984 1985 1985 1985 Remarks 

37X-ZE-209 -63 -59 -81 -9.5 Embedment 
21 1 -23 -1 6 -34 -51 s t r a i n  gauges 
21 3 -1 33 -1 04 -1 39 -1 44 14.5 inches 
21 5 -82 -67 -9 9 -1 1 1  f rom i n n e r  

sur face 

235 -1 2 16 -23 -47 Embedment 
236 56 88 37 16 s t r a i n  gauges 
237 -1 8 35 -23 -8 9 inches f rom 
238 -63 -23 -81 -9 9 i n n e r  s u r f  ace 

21 0 -1 10 -7 1 -1 23 -1 54 Embedment 
21 2 178 272 201 21 5 s t r a i n  gauges 
21 4 58 128 65 7 9 3.5 inches 
21 6 -5 3* -7 -61 -7 6 f rom i n n e r  

sur face 

20 1 -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 -37 1 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  b a r  

202 -4 3 - -6 1 -58 S t r a i n  gauges 
2 04 443 2066 1056 541 welded t o  t h e  
206 -1 93 -1 47 -230 -246 i n n e r  r e i n -  
208 - - -1 659** - f o r c i n g  b a r  

NOTE: Negative s t r a i n  change i n d i c a t e s  compression. 

* Reading taken on Hay 3, 1984. 
** Reading taken on Dec 30, 1982. 



nr"". shown a  range o f  read-ings f rom a  maximum o f  30 p s i  i n  1982 t o  a  c u r r e n t  
~W read ing  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 r e  a t  a  depth o f  850 

f e e t  ( e l ev .  o f  2560 f e e t ) ,  j u s t  above t h e  chemical  wa te r  seal  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  wa te r  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  f r om t h e  upper piezometers by t h e  g r o u 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 l ev .  2567 f e e t ) .  

The assumption t h a t  t h e  chemical  wa te r  sea l  j u s t  below t h e  piezometers 

may be breached i s  based on observa t ions  o f  piezometer behav io r  d u r i n g  

t h e  October 1983 i nspec t i on .  As discussed i n  subsect ion 7.3.1.2, 

seve ra l  capped p ipes  i n  t h e  key were found t o  c o n t a i n  smal l  amounts o f  

wa te r  d u r i n g  t h i s  i n s p e c t i o n  and were d ra ined .  P r i o r  t o  t h i s ,  

p i  ezometers 37X-PE-00211 and 37X-PE-00212 i n d i  cated - pressures o f  around 
&%. 

L 6 t o  8  p s i .  A f t e r  d r a i n i n g  t h e  p ipes,  b o t h  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  

wa te r  sea l .  

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 .  D e t a i l e d  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  probably  t h e  

source o f  t h e  wa te r  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  

l owe r  read ings  t han  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  

p robab l y  no h y d r a u l i c  connec t 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  wa te r  f rom t h e  g r o u t  p ipes  i n f l uenced  

o n l y  those  piezometers i n  t h e  key; none o f  t h e  upper piezometers showed 

any p ressure  drop. The ex i s tence  o f  a  source o f  wa te r  i n  t h e  key area 

p rov ides  a  b e t t e r  exp lana t i on  o f  t h e  d r i p p i n g  f rom t h e  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  wa te r  

f rom t h e  water-bear ing members h i g h e r  i n  t h e  s h a f t .  



S a l t  Pressure. The f o u r  e a r t h  pressure c e l l s  i n s t a l l e d  between t h e  

concrete o f  t h e  s h a f t  key and t h e  s a l t  have a  combined average reading 

o f  l e s s  than 10 p s i  i n  compression. These f o u r  c e l l s ,  l oca ted  

90 degrees a p a r t .  a t  e l e v a t i o n  2550 f e e t  (F igu re  7-2), a re  in tended t o  

r e g i s t e r  changes i n  l a t e r a l  pressures on t h e  s h a f t  key exer ted  by t h e  

creeping s a l t .  Table 7-4 shows t h a t  t h e  pressure c e l l s  have n o t  

r e g i s t e r e d  any s i g n i f i c a n t  change i n  readings f o r  a  pe r iod  o f  ove r  3  

years s ince  c o n s t r u c t i o n  o f  t he  concrete key. 

If we assume t h a t  t h e  pressure c e l l s  a re  f u n c t i o n i n g  p rope r l y ,  then t h e  

h a l i t e  between a  depth o f  858 f e e t  and 863 f e e t  (e lev .  2552 f e e t  and 

2547 f e e t )  had n o t  made con tac t  w i t h  t h e  pressure c e l l  diaphragms as o f  

December 9, 1985. According t o  t h e  r e s u l t s  o f  computat ional analyses, 

t h e  con tac t  between t h e  s a l t  and concrete w i l l  be rees tab l i shed  a t  

d i f f e r e n t  e l e v a t i o n s  a t  d i f f e r e n t  t imes between 1984 and 1986. 

7.3.2.3 Un l ined Sect ion  

Observed Condi t ions.  The un l i ned  s e c t i o n  o f  t h e  s h a f t  appears t o  be 

s t a b l e  w i t h  no evidence o f  rock s p a l l i n g ,  w a l l  d e t e r i o r a t i o n ,  o r  

d i s s o l u t i o n  by water.  

Closure. F igu re  7-8 compares average d iamet r i c  c losu re  readings a t  s i x  

e l e v a t i o n s  on December 9, 1985. The readings r e f  1ec t  o n l y  r e l a t i v e  

c losu re  s ince  t h e  i n i t i a l  readings were taken n e a r l y  1  year  a f t e r  

complet ion o f  s h a f t  excavat ion. Thus, t h e  maximum d iamet r i c  c l o s u r e  a t  

a  depth o f  2,057 f e e t  (e lev .  1353 f e e t ) ,  near  t h e  bottom o f  t h e  s h a f t ,  

w i l l  be more than 1.0 inch.  A t  h i ghe r  e leva t i ons  i n  t h e  s h a f t ,  t h e  

a c t u a l  d i a m e t r i c  c losu re  over  t h e  same p e r i o d  w i l l ,  l i k e w i s e ,  be h ighe r  

than those shown on t h e  f i g u r e .  

Deformation. The r a d i a l  deformat ion o f  s a l t  behind an opening can be 

determined f rom t h e  measurements o f  movements o f  borehole extensometers 

w i t h  m u l t i p l e  anchor p o i n t s .  



Table 7-4 

C 6 SH SHAFT KEY 
PERFORMANCE HISTORY OF PRESSURE CELLS 

Pressure C e l l  Reading ( p s i )  Date o f  
Descr i   tio on WE-201 WE-202 WE-203 WE-204 Readi nq 

I n i t i a l  I r a d  Gage Co +1 +2 +6 +13 - Feb. 3,'82 
c a l i b r a t i o n  

I n i t i a l  SRI 
c a l i b r a t i o n  

+8 +7 +8 +8 Feb. 16, '82 

S i t e  rece ived,  " -1 +1 0 -2 Mar. 30,'82 
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 ,  - 1 +1 -5 -2 Apr. 4, '82 
s u r f  ace 

P r e - i n s t a l l a t i o n ,  0 -1 -2 -2 Apr. 15,'82 
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 -2 -2 0 -2 Apr. 15,'82 

A f t e r  conc re te  0 
placement 

I n i t i a l  i n s t a l l e d  0 
read i ng 

Time a f t e r  i n s t a l l a t i o n :  
7 days +2 

107 days 

529 days 

530 days 

544 days 

597 days 

797 days 

938 days 

1030 days 

1140 days 

1179 days 

1342 days 

Apr. 15,'82 

Apr. 16,'82 

Apr. 22,'82 

J u l .  31,'82 

Sep. 26,'83 

Sep. 27,'83 

Oct. 11,'83 

Dec. 3,'83 

Jun. 20, '84 

Nov. 8,'84 

Feb. 8, '85 

May 21,'85 

Jun. 29,'85 

Dec. 9, '85 

NOTE: Negat i ve  s i g n  i n d i c a t e s  t ens ion .  



AVERAGE DIAMETRIC CLOSURE (INCHES) 

ELEV. 3409 

NOTES: 

1. SHAFT WAS EXCAVATED FROM JULY THROUGH OCTOBER 1981 

2, CONVERGENCE POINTS WERE INSTALLED FROM JULY THROUGH OCTOBER 1982. 

C & SH SHAFT UNLINED SECTION 
AVERAGE D IAMETRIC  CLOSURE 



Accord ing t o  extensometer readings on September 16, 1985, t h e  t o t a l  C average c o l l a r  d isp lacements a t  e l e v a t i o n s  1846 f e e t  and 1353 f e e t  

(F i gu re  7-3) were 0.19 inches and 0.235 inches, r e s p e c t i v e l y .  However, 

t h e  extensometers were i n s t a l l e d  n e a r l y  7  1/2 months a f t e r  t h e  

comple t ion  o f  s h a f t  excavat ion.  

F i g u r e  7-9 shows t h e  c o l l a r  movement t ime  h i s t o r i e s  f o r  m u l t i p l e - p o i n t  

boreho le  extensometers 37X-GE-00202, 37X-GE-00205 and 37X-GE-00208 

r e l a t i v e  t o  t h e i r  deepest anchor. The undu la t i ng  shape o f  t h e  curves 

appears t o  r e f l e c t  t h e  i n f l u e n c e  o f  seasonal temperature changes on t h e  

extensometers.  The e f f e c t ' o f  temperature changes i s  more pronounced on 

t h e  i ns t rumen t  behav io r  t han  on t h e  s a l t  su r round ing  t h e  inst rument .  

F i g u r e  7-10 shows t h e  change i n  c a l c u l a t e d  r a t e s  o f  c o l l a r  movement 

w i t h  t i m e  f o r  t h e  extensometer t ime  h i s t o r i e s  on F igure  7-9. The 

maximum r a t e s  c o i n c i d e  w i t h  t h e  h o t t e s t  months w h i l e  d u r i n g  mid-winter  

t h e  r a t e s  a r e  c l o s e  t o ,  o r  s l i g h t l y  l e s s  than, zero. Because t h e  t ime  

i n t e r v a l  chosen f o r  c a l c u l a t i n g  t h e  r a t e  o f  c o l l a r  movement i s  much 

p""' 
b 

l e s s  t h a n  t h e  t o t a l  obse rva t i on  p e r i o d  o f  2  years,  these  r a t e s  a r e  

p robab ly  ve ry  c l o s e  t o  t h e  a c t u a l  r a t e s .  

Comparison o f  t h e  extensometer c o l  l a r  movements w i t h  convergence p o i n t  

read ings  suggests t h a t  t h e  s a l t  i n  t h e  v i c i n i t y  o f  t h e  deepest anchor 

may a l s o  be moving. Thus c o l j a r  movement does n o t  r e f l e c t  t h e  t r u e  

r a d i a l  c l o s u r e  o f  t h e  s h a f t .  The amount o f  movement o f  t h e  deepest 

anchor f o r  any extensometer o f  g i ven  l e n g t h  can be est imated so t h a t  

t h e  c o l l a r  d isp lacement  p rov ides  abso lu te  r a d i a l  c losure .  The 

d i a m e t r i c  c l o s u r e  can be computed by model s i m u l a t i o n  as descr ibed 

below, by curve  f i t t i n g  as descr ibed  i n  r e fe rence  4-19, o r  by c losed 

fo rm s o l u t i o n ,  a l s o  descr ibed  i n  re fe rence  4-19. Based on t h i s  

a n a l y s i s ,  t h e  abso lu te  movements o f  t h e  c o l  l a r  and i n te rmed ia te  anchors 

f o r  t h e  36- foo t  long  s h a f t  extensometers w i l l  d e v i a t e  f rom t h e  measured 

va lues  by o n l y  0.03 inch .  

Model S imu la t ion .  The s t r u c t u r a l  behav io r  o f  t h e  un l i ned  s e c t i o n  o f  

C t h e  C 6 SH s h a f t  was analyzed by a n o n l i n e a r  creep a n a l y s i s  us i ng  t h e  



Figure 7-9 

C & SH SHAFT UNLINED SECTION 
COLLAR MOVEHENT TIHE HISTORY 

-- -- -- - -. -- 



C & SH SHAFT UNLINED SECTION 
RATE OF COLLAR HOVEHENT VERSUS T I H E  



MARC General Purpose F i n i t e  Element Program ( r e f .  6-8). The o b j e c t i v e  

of t h e  a n a l y s i s  was t o  compute a c t u a l  s t r u c t u r a l  behav ior  by u t i l i z i n g  

a v a i l a b l e  i n  s i t u  data, thereby  v e r i f y i n g  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 .  

The f i n i t e  element model used f o r  t h e  ana lys i s  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  p lane o f  q u a d r i l a t e r a l  r i n g  elements w i t h  t h e  upper and 

lower -  h o r i z o n t a l  boundaries r e s t r a i n e d  aga ins t  v e r t i c a l  displacement.  

Th is  model i s  shown on F igure  7-11. The ou ts ide  v e r t i c a l  boundary was 

g i ven  a  cons tant  un i fo rm pressure based upon t h e  l i t h o s t a t i c  s t r e s s  

s t a t e  de f i ned  i n  Chapter 5, equat ion 5-1. The i n s i d e  boundary was a l s o  

g i ven  a  un i fo rm pressure based upon t h e  same l i t h o s t a t i c  s t r e s s  

assumption; however, t h e  pressure was removed i n  a  step-wise fash ion  

over  a  p e r i o d  o f  approximate ly  1  day. Th is  was done t o  s imu la te  t h e  

excavat ion o f  t h e  d r i l l e d  sha f t ,  which r e s u l t s  i n  a  gradual  r e l i e f  o f  

overburden pressure on t h e  s h a f t  i n t e r i o r  and a f f e c t s  s t r u c t u r a l  

behav ior  i n  t h e  e a r l y  stage o f  excavat ion.  

The secondary creep parameter C i n  Chapter 6, Table 6-8, was determined 

based on extensometer da ta  a t  a  depth o f  2,057 f e e t  (e lev .  1353 f e e t ) .  

The value o f  C can be computed f o r  each extensometer l o c a t i o n  us ing  t h e  . 

a n a l y t i c a l  r e s u l t s  and i n  s i t u  da ta  f rom t h e  extensometer. Because C, 

determl  ned f rom each extensometer, may vary, p red i c ted  d i a m e t r i c  

c losures  a long each extensometer w i  11 vary  accord ing ly .  Using t h p  

d i a m e t r i c  c losures  p red i c ted  a t  d i f f e r e n t  d i r e c t i o n s  on t h e  h o r i z o n t a l  

plane, t h e  p r i n c i p a l  d i r e c t i o n s  o f  t h e  s t r a i n  on t h e  h o r i z o n t a l  p lane 

can be determined. Consequently, c l o s u r e  a long two h o r i z o n t a l  

p r i n c i p a l  d i r e c t i o n s  can be pred ic ted .  Based on t h e  p r e d i c t e d  

d i a m e t r i c  c losu res  a t  a  depth o f  2,057 f e e t  i n  t h e  NISOW, S75OE and 

S45OW d i r e c t i o n s ,  t h e  major  a x i s  was found t o  be N170401W and t h e  minor  

a x i s  N720201E. 

Closure p r e d i c t i o n s  were made f o r  two p r i n c i p a l  d i r e c t i o n s  on t h e  

h o r i z o n t a l  plane. Because t h e  s t r e s s  and s t r a i n  d i s t r i b u t i o n s  a re  n o t  

s e n s i t i v e  t o  t h e  value o f  t h e  secondary creep parameter, except d u r i n g  
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t h e  i n i t i a l  stages o f  creep, t h e  s t r e s s  and s t r a i n  d i s t r i b u t i o n s  were 

computed based on t h e  average values o f  t h e  creep parameter C 

determined f rom t h r e e  d i f f e r e n t  d i r e c t i o n s .  

7.3.2.4 S h a f t  S t a t i o n  

Observed Condi t ions.  The C & SH s h a f t  s t a t i o n  e x h i b i t s  s p a l l i n g  f rom 

bo th  t h e  r o o f  and w a l l  sur faces t h a t  r e q u i r e s  c o n t i n u a l  r o u t i n e  

maintenance. Displacements, separa t ions  and f r a c t u r i n g  occur ing  above 

t h e  r o o f  a t  c l a y  G and i n  t h e  under l y ing  h a l i t e  were expected. 

Data f rom 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  t h e  h a l i t e  f rom 

4  t o  10 f e e t  above t h e  r o o f  conta ins  e s s e n t i a l l y  no separa t ions  o r  

f r a c t u r i n g .  F l o o r  heave i s  ev iden t  a t  t h e  e l e c t r i c a l  s u b s t a t i o n  where 

t h e  concre te  base s l a b  has t i l t e d  severa l  degrees, b u t  ho les  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  encountered o n l y  minor  separa t ions  and 

f r a c t u r i n g .   ite en so meter 51 X-GE-00253, i n  t h e  s t a t i o n  f l o o r ,  does n o t  

show any s i g n i f i c a n t  inc rease i n  c o l l a r  movement t h a t  would be expected 

i f  f l o o r  heave and f r a c t u r i n g  i s  occur r ing .  Although t h e  C & SH 

s h a f t  s t a t i o n  i s  t h e  o l d e s t  and l a r g e s t  h o r i z o n t a l  opening, t h e  e x t e n t  

o f  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  very  smal l  r e l a t i v e  

t o  t h e  f r a c t u r i n g  found i n  t h e  f l o o r  beneath Tes t  Room 3 (Chapter 11) . ,  

The observed behav ior  i n  t h e  s t a t i o n  i s  apparent ly  due i n  l a r g e  p a r t  t o  

i t s  i n i t i a l  excavat ion  by b l a s t i n g .  No o t h e r  underground area has 

e x h i b i t e d  t h e  degree o f  s p a l l i n g  t h a t  has occurred i n  t h e  s t a t i o n .  The 

b l a s t i n g  i s  thought  t o  have acce lera ted  separat ions a t  c l a y  G and i n  

t h e  under l y ing  h a l i t e  i n  t h e  main s t a t i o n  area south o f  t h e  s h a f t .  

However, t h e  ex tens ive  rock b o l t i n g  i n  t h e  roo f  appears t o  have 

e f f e c t i v e l y  c o n t r o l  l e d  these separat ions.  

F r a c t u r i n g  i n  t h e  p i l l a r  corners a t  t h e  S90 crosscut  has cont inued t o  

evo lve  as t h e  s a l t  responds t o  s t resses produced by t h e  s t a t i o n  

excavat ion.  Charlges i n  t h e  f r a c t u r i n g  a re  e x h i b i t e d  p r i m a r i l y  by t h e  

appearance of new v e r t i c a l  f r a c t u r e s  and by t h e  e longa t i on  and widening 

o f  e x i s t i n g  f r a c t u r e s .  Minor  spa1 l i n g  has a l s o  occurred, p a r t i c u l a r l y  



a t  t h e  r o o f  and w a l l  i n t e r s e c t i o n  i n  t h e  upper p o r t i o n  o f  geo log ic  map 

u n i t  4. 

Closure.  F i gu re  7-1 2  shows c l o s u r e  r a t e s  c a l c u l a t e d  f rom t h e  readings 

o f  r o o f  - to - f  l o o r  convergence p o i n t s .  The- maximum r a t e  appears t o  have 

occur red  d u r i n g  t h e  e a r l y  p a r t  o f  August 1984. 

The c l o s u r e  r a t e s  shown on F igu re  7-12 cannot be d i r e c t l y  compared 

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

shown, as w e l l  as d i f f e r e n c e s  i n  t h e  t h i ckness  o f  t h e  r o o f  beam below 

c l a y  G, and t h e  number o f  rock  b o l t s  i n  t h e  v i c i n i t y  o f  t h e  respec t i ve  

convergence measurement s t a t i o n s .  

F i gu re  7-13 compares t h e  c e n t r a l  v e r t i c a l  c l o s u r e  readings a t  s t a t i o n s  

$18.5 and N39. A l though t h e  c l o s u r e  measurements a r e  very  c l o s e  a t  

b o t h  s t a t i o n s ,  a c t u a l  t o t a l  c l o s u r e  a t  t h e  $18.5 s t a t i o n  w i l l  be 

g r e a t e r  s i n c e  t h e  i n i t i a l  r ead ing  a t  t h i s  s t a t i o n  was taken n e a r l y  261 

days a f t e r  t h e  comple t ion  o f  excavat ion,  corr~pared t o  o n l y  35 days a t  

t h e  N39 s t a t i o n .  I n  a d d i t i o n ,  t h e  l a r g e r  opening d-imensions a t  t h e  

S18.5 s t a t i o n  w i l l  a l s o  r e s u l t  i n  more r a p i d  c losure .  Even though t h e  

d e n s i t y  o f  rock  b o l t s  i s  g r e a t e r  south o f  t h e  C - &  SH s h a f t  than  n o r t h  

o f  it, t h e  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  t o  t h e  south. Th is  i s  

. p robab l y  because t h e  r o o f  beam below c l a y  G i s  t h i n n e r  and longer  t o  

t h e  south.  

F i g u r e  7-1 4  shows t h e  ' c o l  l a r  movements o f  m u l t i  p l e - p o i n t  borehole 

extensometers 51 X-GE-00227 and 51 X-GE-00228 i n  t h e  s t a t i o n  roo f ,  35 

f e e t  n o r t h  and 65 f e e t  sou th  o f  t h e  C & SH s h a f t ,  r espec t i ve l y .  The 

average c o l l a r  movement r a t e  o f  51X-GE-00228 i s  h i g h e r  than  t h a t  o f  

51X-GE-00227, as determined f rom F igu re  7-14. The r o o f  c l o s u r e  r a t e  

sou th  o f  t h e  s h a f t  i s  c u r r e n t l y  more than  t h e  r a t e  n o r t h  o f  t h e  s h a f t .  

A doub le -po in t  boreho le  extensometer (51X-GE-00253) was i n s t a l l e d  i n  

t h e  f l o o r  o f  t h e  C & SH s h a f t  s t a t i o n .  The i n i t i a l  read ing  f rom t h i s  
I extensometer was taken  n e a r l y  238 days a f t e r  t h e  complet ion o f  
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excavat ion  a t  t h e  ins t rument  l o c a t i o n  (Appendix J, F igure  5-172). The 

measured c o l l a r  movement r e l a t i v e  t o  t h e  deepest anchor was 3.26 inches 

on December 20, 1985. Ac tua l  f l o o r  heave w i l l  be h igher  as a r e s u l t  o f  

t h e  t ime- lag between t h e  end o f  excavat ion and t h e  - i n i t i a l  reading 

date. There was a s l i g h t  inc rease i n  t h e  c o l l a r  movement r a t e  due t o  

excavat ion  o f  t h e  nearby W170 d r i f t ,  bu t  t h e  r a t e  has s ince  become 

steady. 

Roof S t a b i l i t y .  F igu re  7-15 shows t h e  d i s t r i b u t i o n  o f  measured 

movements a long roo f  extensometer 51X-GE-00251, 18 1/2 f e e t  south o f  

t h e  C & SH sha f t ,  f o r  t h e  readings taken on September 18, 1985. The 

magnitudes shown a re  cumulat ive between t h e  i n i t i a l  reading da te  o f  

January 11, 1983, and September 18, 1985. The movements a re  a l s o  

expressed as percentages o f  t h e  c o l l a r  reading. Sixty-one percent  o f  

t h e  r e l a t i v e  movement has taken p lace  between t h e  c o l l a r  and anchor A. 

This  has remained p r a c t i c a l l y  constant  s i nce  December 1983 and i s  an 

i n d i r e c t  i n d i c a t i o n  t h a t  t h e r e  i s  no acce le ra t i ng  t r e n d  i n  t h e  r a t e  o f  

opening a t  c l a y  G i n  t h e  v i c i n i t y  o f  t h i s  extensometer. For 

comparison, t h e  d i s t r i b u t i o n  o f  measured movement a1 ong roo f  

extensometer 51X-GE-00227, 35 f e e t  n o r t h  o f  t h e  C & SH shaf t ,  i s  

shown on F igu re  7-16. The r e l a t i v e  movement between t h e  c o l l a r  and 

anchor A has remained cons tan t  a t  52 percent  through December 1985. 

Based on these measurements, t h e r e  i s  no i n d i c a t i o n  t h a t  c l a y  G i s  

p a r t i n g  a t  an a c c e l e r a t i n g  r a t e  e i t h e r  n o r t h  o r  south o f  t h e  sha f t .  

7.3.3 P r e d i c t i o n  o f  Fu ture  Behavior 

This  subsect ion presents t h e  r e s u l t s  o f  t h e  ana l ys i s  and eva lua t ion  o f  

t h e  f i n i t e  element model ing and t h e  data c o l l e c t e d  i n  t h e  C & SH 

s h a f t .  These r e s u l t s  a re  presented i n  t h e  form o f  p r e d i c t i o n s  f o r  

f u t u r e  behav io r  o f  t h e  cons t ruc ted  s h a f t  elements ( l i n e r  and key) and 

o f  t h e  s a l t  surrounding t h e  un l i ned  sec t i on  o f  t h e  s h a f t  and t h e  s h a f t  

s t a t i o n .  
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7.3.3.1 L ined Sec t i on  

The wa te r  p ressure  on t h e  s h a f t  l i n e r  t o  da te  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  wa te r  pressures 

behind 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 d iscussed i n  

subsec t ion  7.3.2.1. The lower  p o t e n t i o m e t r i c  su r 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 t h e  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 r om reaching t h e  des ign  h y d r o s t a t i c  head.. I n  a d d i t i o n ,  

leaks  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  p ressure  

cond i t i ons .  

F igu re  7-17 shows t h a t  i f  t h e  water  pressure 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  s a f e t y .  The f i g u r e  shows t h a t  t h e  pressure c a p a c i t y  o f  t h e  

l i n e r  f a r  exceeds t h e  design h y d r o s t a t i c  pressure.  T h i s  pressure was 

determined based on water  l e v e l  da ta  ob ta ined a t  t h e  s i t e  d u r i n g  

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  t h e  h ighes t  

p o t e n t i o m e t r i c  su r face  i n  t h e  R u s t l e r  f o rma t i on  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 .  T h i s  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. Geo log ica 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  sur face  w i  11 be exceeded 

d u r i n g  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 .  I f  any e x t e r n a l  

water  were t o  i n f i l t r a t e  a long t h e  r o c k / l i n e r  i n t e r f a c e  t o  fo rm 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 conta ined 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  of safety .  

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 a n a l y s i s  i n d i c a t e  t h a t  a f t e r  concre te  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  sepa ra t i on  between 

t h e  conc re te  and t h e  s d 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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c o n t a c t l n g  t h e  concrete again. The i n t e r a c t i v e  pressure between t h e  

concre te  and t h e  s a l t  w i l l  then g r a d u a l l y  inc rease 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 igures  

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  immediate ly  

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  

concre te  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  beg in  i nc reas ing  a f t e r  t h e  s a l t  

comes i n  con tac t  w i t h  t h e  concrete. Fu r the r  away f rom t h e  opening, t h e  

st resses t r e n d  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 ves  very h i g h  values near t h e  opening. The 

s t resses  a r e  r e l i e v e d  near t h e  opening f rom t h e  t i m e  t h e  s a l t  s t a r t s  t o  

creep u n t i l  i t  contac ts  t h e  concrete. A f t e r  con tac t  i s  made, and f o r  

t h e  remainder o f  t h e  25 year  ana lys i s  per iod ,  t h e  s t resses  i n  t h e  s a l t  

and concre te  key increase.  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  c o n c r e t e / s a 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  m a t e r i a 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 tance  f rom 

t h e  opening. 

A t  25 years, t h e  r a d i a l  s t resses,  which a re  equal t o  t h e  l a t e r a l  

pressures on t h e  s a l t  face  o f  t h e  key, w i l l  inc rease t o  an average 

value 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  concrete 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 t h e  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 s t resses ,  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 owab le  hoop s t r e s s  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  

approximate ly  th ree .  



A - I M M E D I A T E L Y  AFTER EXCAVATION 
B - O N E  YEAR AFTER CONCRETE PLACEMENT ' 

C - 2 5  YEARS AFTER CONCRETE PLACEMENT 

C & SH SHAFT KEY 
R A D I A L  STRESS D I S T R I B U T I O N  



DISTANCE TO CENTERLINE OF SHAFT ( F T )  

A-IMMEDIATELY AFTER EXCAVATION 
B-ONE YEAR AFTER CONCRETE PLACEMENT 
C - 2 5  YEARS AFTER CONCRETE PLACEMENT 

F i g u r e  7-19, 

C 6 SH SHAFT KEY 
TANGENTIAL STRESS DISTRIBUTION 



Figure 7-20 

C 6 S H  SHAFT KEY 
LATERAL PRESSURE P R E D I C T I O N  
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F i g u r e  7-21 

C & SH SHAFT KEY 
HOOP STRESS PREDICTION 



The average d iamet r i c  c losu re  o f  t h e  key a t  27 years i s  expected t o  be 

about 0.1 i n c h  w i t h  a  maximum value o f  0.175 inch, o r  about h a l f  t he  

p red i c ted  value f o r  t h e  s a l t  i n  t h e  un l i ned  sec t i on  immediately below 

t h e  key (F igu re  7-22). The average d iamet r i c  c losure  o f  t h e  un l ined 

s e c t i o n  immediately below t h e  key a t  27 years va r ies  from 0.03 i nch  f o r  

t h e  anhyd r i t e  bed t o  0.38 i n c h  f o r  t h e  a rg i l l aceous  h a l i t e  layer .  

F igure  7-23 shows t h e  d iamet r i c  c losure  p red i c t i ons  f o r  bo th  t h e  

concrete key and t h e  s a l t  i n  t he  adjacent  s h a f t  w a l l .  

7.3.3.3 Unl ined Sect ion  

E x t r a ~ o l a t i o n  o f  I n  .S i tu  Responses. Convergence p o i n t  measurements are  

t o o  few t o  be used f o r  t h e  e x t r a p o l a t i o n  o f  f u t u r e  i n  s i t u  responses i n  

t h e  u n l i n e d  sec t i on  o f  t h e  shaf t .  Thus, t h e  readings o f  c o l l a r  

movements o f  mu1 t i p 1  e-poi n t  borehol e  extensometers must be used f o r  

t h i s  ex t rapo la t i on .  Because t h e  extensometer c o l l a r s  are recessed 

1  f o o t  i n t o  t h e  wa l l ,  and t h e  readings a re  referenced t o  the  deepest 

p""4 anchor which i s  a l s o  moving, e x t r a p o l a t i o n  o f  c o l l a r  movement w i l l  n o t  

, L/ produce an exact  es t imate  o f  t h e  movement o f  t h e  s h a f t  sur face.  

The maximum c o l l a r  movement occurs a t  mu1 t i p l e - p o i n t  borehole 

extensometer 37X-GE-00208 a t  a  depth o f  2,057 f e e t  (e lev .  1353 f e e t )  

(F igu re  7-3). As discussed e a r l i e r ,  and as shown on Figure 7-9, t h e  

c o l l a r  movement i s  a f f e c t e d  by seasonal temperature f l u c t u a t i o n s .  

However, i f  we consider  o n l y  t h e  l a t e ?  p o r t i o n  o f  t h e  curve, i t s  slope 

i s  approximate ly  0.125 inch/year between June 1984 and June 1985. 

Assuming t h i s  r a t e  t o  be constant  f o r  another 22 years, t h e  a d d i t i o n a l  

r a d i a l  movement o f  t h e  c o l l a r  w i l l  be nea r l y  3  inches. Thus, t h e  

e f f e c t i v e  diameter o f  t h e  un l i ned  s h a f t  w i l l  be reduced by nea r l y  6  

inches. 

I 
I R e ~ l i c a t i o n  o f  I n  S i t u  Responses. Figures 7-24 and 7-25 show the  

r a d i a l  and t a n g e n t i a l  s t ress  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 
I 

s t r e s s  a t  d i f f e r e n t  t imes. F igure  7-24 i nd i ca tes  t h a t  t he  zone where 

r a d i a l  s t resses a r e  a f f e c t e d  increases.  i n  s i z e  w i t h  t ime w h i l e  F igure 

7-25 i n d i c a t e s  t h a t  t a n g e n t i a l  s t resses a re  on l y  a f fec ted  w i t h i n  an 

approximate ly  constant  rad ius  o f  60 f e e t .  
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C & SH SHAFT KEY 
DIAMETRIC CLOSURE 



C & SH SHAFT KEY 
D IAMETRIC  CLOSURE PREDICT ION 



D I S T A N C E  TO C E N T E R L I N E ' O F  S H A F T  ( F T )  

A -  I M M E D I A T E L Y  AFTER E X C A V A T I O N  
B - O N E  YEAR AFTER E X C A V A T I O N  
C - 1 5  YEARS AFTER E X C A V A T I O N  

F l q u r e  7-24 

C 6 SH S H A F T  U N L I N E D  S E C T I O N  
R A D I A L  S T R E S S  D I S T R I B U T I O N  A T  E L E V A T I O N  1 3 5 3  



D I S T A N C E  TO C E N T E R L I N E  OF SHAFT ( F T )  

A - I M M E D I A T E L Y  AFTER EXCAVATION 
B - O N E  YEAR AFTER EXCAVATION 
C - 1 5  YEARS AFTER EXCAVATION 

C & S H  SHAFT U N L I N E D  S E C T I O N  
T A N G E N T I A L  STRESS D I S T R I B U T I O N  A T  E L E V A T I O N  1 3 5 3  



F igu re  7-26 shows t h e  r a t i o  o f  r a d i a l  displacements a t  va r i ous  

d is tances  f rom t h e  s h a f t  center1  i n e  r e l a t i v e  t o  t h e  r a d i a l  displacement 

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  wa1.1 can be determined. Th i s  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  11 reach 

about 84 percent  o f  t h e  a c t u a l  r a d i a l  displacement o f  t h e  s h a f t  w a l l  15 

years a f t e r  excavat ion.  

F igu re  7-27 i 1 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  approximate ly  0.03. 

F igu re  7-28 shows d i a m e t r i c  c l o s u r e  versus depth a t  d i f f e r e n t  t imes.  I 
I 

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  I 

i ns t rument  readings were made. The response i n d i c a t e d  by t h e  curve t o  I 

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 

which took  p lace 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 .  Varying 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 i a m e t 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. 

7-13.3.4 S h a f t  S t a t i o n  

F lgu re  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 tant  f o r  t h e  l a s t  2 years. Thus, prov 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  r o o 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 lose  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 

between t h e  w a l l s  may be accelerated.  
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DISTANCE TO CENTERLINE OF SHAFT ( F T )  

A- IMMEDIATELY AFTER EXCAVATION 
B-ONE YEAR AFTER EXCAVATION 
C - 1 5  YEARS AFTER EXCAVATION 

F i g u r e  7-27 

C & SH SHAFT UNLINED SECTION 1 
EFFECTIVE CREEP STRAIN DISTRIBUTION AT ELEVATION 1353 



C & SH SHAFT UNLINED SECTION 
RELATIVE DIAMETRIC CLOSURE 
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The rock b o l t s  and w i r e  mesh i n  t h e  s t a t i o n  roo f  w i l l  c o n t r o l  s p a l l i n g  

and stab1 l l z e  t h e  roo f  t o  p rov ide  a safe working environment b u t  w i l l  

n o t  c o n t r o l  s a l t  creep. Although separat ions and f r a c t u r i n g  have 

developed i n  t h e  s a l t  surrounding t h e  s h a f t  s ta t i on ,  they  e x i s t  on a 

much sma l l e r  sca le  than those observed i n  Test  Room 3. They are 

expected t o  cont inue t o  develop throughout t h e  opera t ing  l i f e  o f  t he  

f a c i l i t y .  

The t o t a l  measured r o o f - t o - f l o o r  c losure  i n  t h e  C & SH s h a f t  s t a t i o n  

was approximate ly  10 inches on September 16, 1985, nea r l y  3 1/4 years 

a f t e r  t h e  complet ion o f  excavat ion. The measured wa l l - to -wa l l  c losure  

over  t h e  same pe r iod  was about 6 inches. Actual  c losure  values a re  

h ighe r  because t h e  i n i t i a l  readings were taken n e a r l y  260 days a f t e r  

t h e  s t a t i o n  was excavated. The average r a t e  o f  roo f - to - f l oo r  c losure  

over  t h e  measurement pe r iod  i s  approximately 3.89 inches/year. 

Assuming t h i s  r a t e  w i l l  be constant  throughout t h e  operat ing l i f e  o f  25 

years, an a d d i t i o n a l  r o o f - t o - f l o o r  c losure  o f  about 8 f e e t  i s  

C expected. Since t h e  wa l l - to -wa l l  c losure  i s  approximately 60 percent 

o f  t h e  r o o f - t o - f l o o r  c losure,  t h e  a d d i t i o n a l  wal l - to-wal l  c losure  i s  

expected t o  be n e a r l y  5 f e e t .  

7.4 CONCLUSIONS AND RECOMMENDATIONS 

Design v a l  i d a t i o n  requ i res  a de terminat ion  o f  t h e  compatibi  1  i t y  o f  t he  

design c r i t e r i a ,  design bases and design conf iguratSons used i n  t h e  

re ference design. Therefore, t h e  f o l l o w i n g  conclusions and 

recommendations address those c r i t e r i a  i d e n t i f i e d  as app l i cab le  t o  the  

C & SH s h a f t  i n  Chapter 2, -Tab le  2-1, and t h e  design basis  elements 

presented i n  t h i s  chapter,  Table 7-1. Other conclusions and 

recommendations t h a t  a re  a product  of t h e  design v a l i d a t i o n  process are  

a1 so presented. 

7.4.1 Conclusions 

V a l i d a t i o n  of t h e  C & SH s h a f t  reference design i s  based on a 

comparison o f  t h e  a p p l i c a b l e  elements contained i n  t h e  Design C r i t e r i a  



and Design Bases documents w i t h  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 & 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 ,  deformat ion,  water  pressure, wa te r  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 d u r i n g  s h a f t  i nspec t i ons  have n o t  de tec ted  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 capac i t y ,  

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  p ressure  

exceeds t h e  des ign  h y d r o s t a t i c  pressure. 

The des ign  bas is  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 su r 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  pressure i s  c u r r e n t l y  much l e s s  than t h e  

des ign  bas 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  requi rement  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  

pressure f rom t h e  s a l t  equal t o  75 pe rcen 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 a n a l y s 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  pressure c a p a c 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  t h r e e .  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  ope ra 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 i nc luded  i n  t h e  

a n a l y s 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  design pressure would n o t  

be reached u n t i l  a f t e r  t h e  25-year ope ra t i ng  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  s t resses  i n  

t h e  u n l  ined  sec t i on ,  t h e  magnitude o f  s t resses  immediate ly  ad jacen t  t o  

t h e  opening decreases w i t h  t ime  as t h e  s t r e s s  a rch  around t h e  opening 

migra tes  away. The maximum s t r e s s  occurs immediate ly  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  t h e  u n l i n e d  

s e c t i o n  o f  t h e  C & SH s h a f t .  



The analyses show t h e  loca t ions  o f  e f f e c t i v e  creep s t r a i n  
-% LJ concentrat ions i n  t h e  un l i ned  sec t i on  o f  t he  s h a f t  a t  d i f f e r e n t  t imes. 

It i s  p red ic ted  t h a t  t he  max-imum e f f e c t i v e  creep s t r a i n  w i l l  no t  exceed 

0.05 a t  t he  end o f  -the opera t ing  l i f e  o f  t he  sha f t .  Based on the  

e f f e c t i v e  creep s t r a i n  l i m i t  discussed i n  Chapter 6, t he  s t r u c t u r a l  

s t a b i l i t y  o f  t he  C & SH s h a f t  w i l l  remain w i t h i n  requ i red  sa fe ty  

l i m i t s  dur ing  i t s  opera t ing  l i f e .  

The analyses a l s o  p r e d i c t  t h a t  the  d iamet r ic  c losure  near the  bottom o f  

the  s h a f t  a t  the  end o f  i t s  operat ing l i f e  w i l l  be approximately 

10 inches along the  major  a x i s  o f  p r i n c i p a l  s t r a i n ,  approximately 18 

degrees from the l o n g i t u d i n a l  d i r e c t i o n  o f  t he  s h a f t  t u b u l a r  s tee l  

supports (buntons). Based on the  pred ic ted deformations and closures, 

t h e  un l ined sec t i on  o f  t he  s h a f t  w i l l  meet the  requirements stated i n  

the  design c r i t e r i a .  The diameter o f  approximately 12 f e e t  i n  the  

un l ined sec t i on  w i l l  a l l o w  f o r  s a l t  creep over the  operat ing l i f e ,  as 

requ i red  by the  design bases. However, based on the  design 

c o n f i g u r a t i o n  o f  t he  C & SH shaf t ,  the  connections a t  both ends o f  

some buntons do no t  provide s u f f i c i e n t  allowance f o r  l o n g i t u d i n a l  

adjustment. 

The C & SH s h a f t  reference design complies w i t h  the  c r i t e r i a  t h a t  

requ i re  c o n t r o l  o f  ground-water f low.  This conclus ion i s  made desp i te  

the  f a c t  t h a t  considerable Ins t rumenta t ion  damage has been caused by 

water f low.  This water has seeped i n t o  the  s h a f t  through holes c u t  i n  

t h e  l i n e r  f o r  piezometer i n s t a l l a t i o n  o r  i s  a  r e s u l t  o f  d i r e c t  

r a i n f  a1 1. The piezometer leakage problem has been addressed and w i  11 

rece ive  a d d i t i o n a l  c o r r e c t i v e  a t t e n t i o n  dur ing  a  f u t u r e  s h a f t  

renovation. The ra inwater  does no t  reach the  f a c i l i t y  l e v e l  i n  any 

s i g n i f i c a n t  o r  measureable quan t i t y .  

The chemical water seal j u s t  below t h e  key piezometers i s  probably 

breached. The lowest  water seal i n  the  key i s  func t i on ing  proper ly .  

The water d r a i n i n g  from the  t e l l t a l e  dra ins  has a  l o c a l  source. 

Therefore, i t i s  concluded t h a t  t he re  i s  no so lu t i on ing  o f  t he  s a l t  

behind t h e  key. 



The C 6 SH shaft  s ta t ion  exhibits the highest degree of deterioration 

i n  the undergrol~nd f a c i l i t y .  This i s  considered t o  be the r e su l t  of 

the e f fec t s  of blasting fo r  i n i t i a l  excavation of the s ta t ion .  The 

s tat ion roof has been s tabi l ized by rock bolting and no further  
s igni f icant  deterioration i s  expected. However, removal of the 3-foot 
thick s a l t  beam between the roof and clay G may be required f o r  safety 
reasons in the future.  Closure will continue a t  a  r a t e  of 
3.89 inches/year ver t ica l ly  and 2.33 inches/year horizontally. Total 

closure a f t e r  25 years will be on the order of 8 f ee t  ver t ica l ly  and 5 

f ee t  horizontally. This closure will require tha t  the s ta t ion  roof o r  

f loor ,  and walls be trimmed periodically t o  maintain the  design 

dimensions. 

Separation and fracturing in the s a l t  i s  expected t o  continue in the 

s tat ion roof and beneath the f loor .  Both closure and fracturing in the 
s tat ion will necessitate periodic maintenance during i t s  operating l i f e  

in order t o  maintain safety as well as the required' clearances f o r  

equipment and operations. 

The reference design f o r  the C & SH shaft  i s  validated based on the 
preceding discussions. The reference deslgn complies with the design 

c r i t e r i a  and design bases. Except f o r  instrument repair  and 
maintenance, no modifications are  required t o .  the shaft  reference 
design. The C & SH shaft  will perform i t s  functions as required 
during the operating l i f e  of the f a c i l i t y .  

7.4.2 Recommendations 

Based on the resul t s  of design validation, the following 

recommendations are  made with respect t o  the C & SH shaft:  

(1)  Water behind the shaft  key i s  undesirable and should be 

monitored carefully.  If the volume of water behind the key 

increases, or  i f  water s t a r t s  flowing from beneath the key, 

past the .lower water sea l ,  i t  may become necessary t o  in jec t  

grout above the top water seal in the key. Grout should not 



be placed behind the  key (below t h e  top  seal)  unless 

abso lu te l y  necessary. I f  t h i s  cannot be avoided, the  grout  

must be a chemical ge l  ( o r  o the r  non- r ig id  grout )  and must be 

compatible w i t h  both the  e x i s t i n g  water seal ma te r ia l  and 

w i t h  the  Plugging and Seal ing Program requirements. 

( 2 )  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 he  C & SH 

shaf t ,  i t  i s  recommended tha t ,  dur ing  inspect ion  o f  t he  s h a f t  

furnish-ings, t he  bunton connections should be inspected f o r  

c losu re  allowance. I f  t h e  allowance 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  prov ide  f o r  a d d i t i o n a l  

c losure.  

( 3 )  The observat ion holes d r i l l e d  i n  the  roof  o f  t he  s h a f t  

s t a t i o n  t o  moni to r  displacements and separations, and i n  the  

f l o o r  t o  moni to r  f r a c t u r i n g ,  should be maintained. Continued 

observat ions o f  cond i t ions  i n  these holes w i l l  be valuable i n  

assessing t h e  sa fe ty  and s t a b i l i t y  o f  t h e  s ta t i on .  





CHAPTER 8 

WASTE SHAFT 

8.1 INTRODUCTION 

The waste s h a f t  p rov ides  t h e  connec t ion  between t h e  sur face waste 

h a n d l i n g  f a c i l i t i e s  and t h e  underground s to rage  l e v e l .  A d i scuss ion  o f  

s h a f t  c o n s t r u c t i o n  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 i s  chap te r  p resen ts  d i scuss ions  o f  t h e  des ign  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  geo techn i ca l  data,  i t s  a n a l y s i s  and eva lua t i on ,  and 

p resen ts  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 .  Conclusions and 

recommendations a r e  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  r e fe rence  design. 

8.2 DESIGN 
,-. 
b 

This  s e c t i o n  p resen ts  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  waste s h a f t .  The des ign 

c o n f i g u r a t i o n  of  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 Design C r i t e r i a  

The des ign  c r i t e r i a  f o r  t h e  waste s h a f t  a r e  t h e  same as those f o r  t h e  

C & SH s h a 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  a r e  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  

d iscussed  i n  Chapter 7. 

The des ign  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  des ign  v a l i d a t i o n  o f  t h e  

waste s h a f t  are:  

( 1  s h a 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 t ab le ;  

( 2 )  s h a f t  s h a l l  be designed t o  accommodate s a l t  creep; 

(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 ;  



(4) underground openings ( i . e .  waste "shaft  s ta t ion)  shal l  be 

designed t o  accommodate deformation; and 

(5) underground openings shall  be stable.  

8.2.2 Design Bases 

The Desiqn Basis. Waste Shaft ( r e f .  2-15) was the primary document used 

as a guide f o r  waste shaft  design. The major elements of t h i s  basis 

are summarized in t h i s  subsection. Only a few of these elements must 

be evaluated or have a d i rec t  impact on design validation. These 

part icular  elements are presented in Table 8-1. 

The design bases specify tha t  the waste shaft  shall  be designed t o  

transport personnel, materials and radioactive waste. I t  shall  a lso . 
serve as an intake shaft  fo r  a small volume of a i r  during normal 

operations and as an escape route during emergency operations. 

The sha f t  shal l  be lined with unreinforced concrete from the bot tom of 

i t s  co l l a r  in the waste handling building t o  the t o p  of the shaft  key 

a t  the rock/salt interface. The l ine r  shall be permanent and shall  

protect against spalling, fa l lout  and deterioration of the rock in the 

shaft  wall. I t  shall also prevent water seepage into the shaft .  

The shaf t  l ine r  shall  be designed in compliance with applicable ACI 

Codes. A load fac t s r  of 1 .4  shall be used fo r  designing the concrete 

1 iner. The specified concrete compressive strength shall  be 

5,000 psi.  No la tera l  rock pressure shall  be assumed f o r  design of the 

shaft  l iner .  Hydrostatic pressure shall be considered t o  s t a r t  a t  250 

f e e t  below the ground surface and extend t o  the rock/salt interface a t  

the top of the key. The water pressure shall be considered t o  increase 

0.437 pounds per square inch ( p s i )  f o r  each foot of depth. 

A t  water-bearing zones, the shaft  shall be enlarged and l ine r  plate  

-installed t o  provide pressure rel ief  and drainage space behind the 

l ine r  during concrete placement and curing. Drainage pipes and 



Table 8-1 

VALIDATION ELEMENTS OF WASTE SHAFT DESIGN BASES 

Hydros ta t i c  pressure i s  considered t o  s t a r t  a 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  pressure s h a l l  be 50 percent  o f  t h e  v e r t i c a l  
pressure due t o  s o i l ,  rock and s a l t  overburden. 

( 3 )  Unl ined s e c t i o n  

Prov ide 20-foot diameter t o  a1'1ow f o r  f u t u r e  s a l t  creep 
deformation. 



temporary hoses s h a l l  be i n s t a l l e d  t o  c o n t r o l  water  i n f l o w  p r i o r  t o  

placement o f  t h e  concrete l i n e r .  When t h e  concrete l i n e r  has a t t a i n e d  

adequate s t rength ,  t h e  area behind t h e  l i n e r  p l a t e  s h a l l  be grouted t o  

preclude d e t e r i o r a t i o n  o f  t h e  do lomi te  and mudstone i n  t h e  

water-bearing zones. 

The sha f t  key a t  t h e  bottom of t h e  concrete l i n e r  s h a l l  be const ruc ted 

o f  re in fo rced  concrete keyed i n t o  t h e  rock and s a l t  s t r a t a .  A chemical 

water  seal  s h a l l  be placed behind t h e  t o p  and bottom o f  t h e  key t o  

prevent  t h e  m i g r a t i o n  o f  water. A f t e r  t h e  complet ion o f  s h a f t  

excavat ion and c o n s t r u c t i o n  o f  t h e  concrete l i n e r  and key, permanent 

p i p i n g  from water  c o l l e c t i o n  r i n g s  t o  t h e  s h a f t  s t a t i o n  s h a l l  be 

i n s t a l l e d .  Water f rom t h e  c o l l e c t i o n  r i n g s  s h a l l  be piped t o  a  tank  i n  

t h e  s h a f t  s t a t i o n  and then t ranspor ted  t o  t h e  sur face.  The p i p i n g  

s h a l l  i n c l u d e  inspec t ion  and clean-out f i t t i n g s .  I nspec t ion  and 

c lean ing  o f  t h e  water  c o l l e c t i o n  r i n g s  and drainage p i p i n g  s h a l l  be 

performed as necessary. 

A load f a c t o r  o f  1.7 s h a l l  be app l i ed  t o  t h e  design load ing used f o r  

t h e  concrete i n  t h e  s h a f t  key. 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. The design l a t e r a l  pressure 

s h a l l  be 50 percent  o f  t h e  t o t a l  v e r t i c a l  pressure due t o  t h e  s o i l ,  

rock and s a l t  overburden. 

Below t h e  key, t h e  s h a f t  s h a l l  be excavated 20 f e e t  i n  d iameter  t o  

a.llow f o r  f u t u r e  s a l t  creep deformation. Rock b o l t s  and w i r e  mesh 

s h a l l  be i n s t a l l e d  i n  t h i s  un l ined sec t i on  o f  t h e  s h a f t  i n  o rde r  t o  

p rov ide  a  s t r u c t u r a l l y  s t a b l e  s a l t  sur face.  

A s h a f t  s t a t i o n  s h a l l  be excavated a t  t h e  storage l e v e l .  The s h a f t  

s h a l l  extend below t h e  storage l e v e l  t o  such a  depth as requ i red  by t h e  

h o i s t i n g  equipment and sump. The use o f  rock b o l t s  and w i r e  mesh s h a l l  

be d i c t a t e d  by t h e  c o n d i t i o n  o f  excavated surfaces as w e l l  as code 

requirements. The roo 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 to le rance  f o r  



excavation o f  roof ,  f l o o r  and w a l l  surfaces s h a l l  be no greater  than 
I p l us  6 inches. I n  no case s h a l l  t h e  f i n i s h e d  cross sect ion  dimensions 

be less  than t h e  design dimensions. 

Geomechanical instruments s h a l l  be i n s t a l l e d  t o  measure water pressure 

behind t h e  s h a f t  l i n e r ,  s a l t  creep pressure behind the  key, and r a d i a l  

convergence i n  the  unl ined sect ion  of  the  shaf t .  The types o f  

instruments i n s t a l  l e d  s h a l l  be piezometers, pressure c e l l s ,  r a d i a l  

convergence po in ts  and extensometers. 

The shaf t ,  i nc lud ing  t h e  l i n e r ,  key, unl ined sect ion, s t a t i o n  and 

furn ish ings,  s h a l l  be inspected a t  1  month in te rva ls ,  o r  as required by 

app l i cab le  ccdes, t o  de tec t  cracking, corrosion, d e t e r i o r a t i o n  and 

water i n t r u s i o n .  

8.3 DESIGN VALIDATION PROCESS 

The design v a l i d a t i o n  process f o r  the  waste s h a f t  consists o f  
r- 

b a n a l y t i c a l  ca lcu la t ions ,  f i n i t e  element modeling, and the  ana lys is  o f  

data c o l l e c t e d  from geomechanical instruments i n s t a l l e d  i n  the  C & SH 

and waste shaf ts.  The i n  s i t u  ma te r ia l  parameters o f  s a l t  determined 

from C & SH sha f t  ins t rumenta t ion  data were used t o  analyze the  

c losure  behavior o f  the  waste shaf t .  For the  sha f t  s ta t ion ,  the  i n  

s i t u  measurement data obtained from the  C & SH sha f t  s t a t i o n  were 

used t o  p r e d i c t  f u t u r e  c losure behavior. The fo l l ow ing  subsections 

present  in format ion p e r t a i n i n g  t o  v a l i d a t i o n  o f  the  waste sha f t  

reference design. 

8.3.1 Data Co l lec t ion  

Data c o l l e c t i o n  i n  the  waste s h a f t  has consisted o f  geologic mapping, 

v i s u a l  observat ions and geomechanical instrumentat ion measurements. 

Data obtained from the  geologic mapping were presented i n  Chapter 6. 

The f o l l o w i n g  subsections discuss the f i e l d  observations and the  

geomechanical ins t rumenta t ion  i n  the  shaf t .  



8.3.1.1 F i e l d  Observations 

Waste sha f t  inspect ions  have been concerned p r i m a r i l y  w i t h  water  

seepage through t h e  concrete 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 through t h e  waste s h a f t  l i n e r  has occurred s ince  

cons t ruc t i on .  As discussed 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  bo th  t h e  Magenta 

and Culebra members d i d  n o t  complete ly  prevent  water  f rom e n t e r i n g  t h e  

shaf t .  It was est imated t h a t  t h e  t o t a l  water  seepage through t h e  1  i n e r  

was approximately 0.5 ga l l ons  p e r  minute (gpm). A remedial g r o u t i n g  

program ( r e f .  3-3), conducted from August 11 through August 25, 1984, 

reduced t h e  seepage t o  about 0.015 gpm as measured i n  October 1984. 

Subsequent i nspect ions i n  February and June 1985 determined t h a t  f resh  

water  had begun seeping through cracks and cons t ruc t i on  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  

sha f t  c o l l a r .  Because t h i s  i s  h i g h e r  than t h e  po ten t iomet r i c  sur 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 probab ly  ra inwater  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. Th is  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  

summer 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  excavations 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  $ h i s  renewed seepage could n o t  be measured because 

t h e  PVC d ra inp ipe  had been broken i n  several  places. Subsequent repa- i r  

o f  t h e  d ra inp ipe  has permi 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 is .  The measurements are  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  small  amount o f  uncon t ro l l ed  " f l y  

waterw t h a t  f a l l s  down t h e  i n s i d e  o f  t h e  sha f t .  The i n i t i a l  

measurement, i n  January 1986, was 0.47 gpm. The measurements, a r e  



.- - p l o t t e d  on Figure 8-1 and show a genera l ly  decreasing t rend  i n  t h e  f l o w  
I 

I 
b is,/ ra te .  This t r e n d  may be in f luenced by th ree  fac to rs .  F i r s t ,  the  water 

contained i n  t h e  b a c k f i l l  and sandstone has s lowly  drained i n t o  the  

sha f t .  Second, t h e  r a t e  o f  evaporat ion increases as the  outs ide  a i r  

temperature increases, thus reducing t h e  amount o f  water reaching t h e  

dra ins .  Both o f  these cond i t ions  are  temporary. A ser ies  o f  

ra instorms could recharge the  backf i 11 and sandstone, and evaporat ion 

w i l l  decrease w i t h  coo le r  w i n t e r  temperatures. Heavy r a i n s  i n  June 

1986 may have been responsib le f o r  t h e  increased f l o w  detected by the  

l a t e  June reading. The t h i r d  f a c t o r  i n f l u e n c i n g  the  f l ow  t rend  i s  the  

p o s s i b i l i t y  t h a t  t he  water  c o l l e c t i o n  r i n g s  and the  dra inp ipe may be 

p a r t i a l l y  blocked by debr is .  This would r e s u l t  i n  reduced water f l o w  

through t h e  dra inp ipe and an increase i n  the  amount o f  unmeasureable 

f l y  water.  

Although the re  has been l i m i t e d  access t o  the  waste s h a f t  s ince 

August 1984, several  inspect ions  o f  t he  s h a f t  and sump have been made. 

One inspec t ion  was made on February 21, 1985, a t  which t ime some 

ins t rumenta t ion  damage was observed. I n  add i t i on ,  t he  PVC d ra inp ipe 

was observed t o  have been broken i n  several locat ions .  Appreciable 

s a l t  i n c r u s t a t i o n  was noted on the  surface o f  t h e  concrete l i n e r  and on 

many o f  t h e  ins t rumenta t ion  boxes and cables. This i n c r u s t a t i o n  was 

p r i m a r i  1 y  a t t r i b u t e d  t o  s a l t  dus t  from t h e  underground excavation 

adhering t o  t h e  damp s h a f t  w a l l s  dur ing  t h e  per iod  s ince September 1984 

when the  waste s h a f t  was used as an exhaust shaf t .  A small percentage 

o f  t h i s  s a l t  i n c r u s t a t i o n  was a l s o  a t t r i b u t e d  t o  water seepage through 

t h e  l i n e r .  

On June 16, 1985, another i nspec t ion  o f  the  waste s h a f t  was made t o  

w i t h i n  60 f e e t  o f  t he  s h a f t  s t a t i o n .  The s h a f t  v e n t i l a t i o n  had been 

changed f rom upcast t o  downcast a f t e r  the  February inspect ion.  Very 

l i t t l e  s a l t  i n c r u s t a t i o n  was present o,n t h e  concrete l i n e r  and on ly  a 

small  amount was present  i n  places on the  w i r e  mesh. Fresh water 

e n t e r i n g  the  s h a f t  through the  l i n e r ,  from approximately 60 f e e t  below c t h e  c o l l a r ,  was running down the  l i n e r .  Although much o f  the  l i n e r  was 





observed t o  be wet, t h e  water  r i n g s  were n o t  f u l l .  This water appeared 

't _ t o  have d isso lved t h e  s a l t  i n c r u s t a t i o n  observed i n  the  February 1985 
inspect ion .  Cracks were common i n  t h e  l i n e r  t o  w i t h i n  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 repaired.  No water was 

seen d r a i n i n g  f rom below t h e  concrete key. The s h a f t  sump contained 

water 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  

combination o f  ra inwater ,  cons t ruc t i on  water and ground water. It was 

pumped ou t  i n  September 1985. 

On December 1, 1985, another inspect ion  o f  t h e  waste sha f t  was made. 

The PVC d ra inp ipe  was s t i l l  broken o r  disconnected a t  several l eve ls .  

The water r i n g s  were plugged and overf lowing.  There appeared t o  be an 

increase i n  water f l o w  i n t o  t h e  shaf t ,  most no t iceab ly  a t  t h e  Culebra 

member. An approximately 1/8- t o  1/4-inch th ickness o f  s a l t  had been 

deposited on t h e  l i n e r  below t h e  Culebra. 

On December 11, 1985, an i nspec t ion  o f  t h e  waste s h a f t  sump was made. 

During t h i s  inspect ion,  and a  subsequent inspect ion  on December 12, i 1985, MB-139 was observed c lose ly .  The c l a y  along t h e  lower contact  

was d i s t i n c t  and no separat ions were noted. Although the  upper contact  

cou ld  n o t  be d i s t i ngu ished  behind a covering o f  w i r e  mesh, MB-139 could 

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 

small  f rac tu re ,  approximately 2  f e e t  long and 1/2 inch wide was 

observed on t h e  west s ide  o f  t h e  s h a f t  approximately 1 f o o t  above the  

lower contac t .  

An anhydr 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 so  

observed dur ing  t h i s  inspect ion .  A zone o f  d i s s o l u t i o n  was present 

along t h e  upper contac t  o f  t h i s  l aye r  i n  the  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  the  

anhydr i t e  bed. The maximum vo id  w id th  o f  approximately 0.7 f o o t  

occurred on t h e  south-southwest s ide  o f  t he  s h a f t  and extended 

approximately 18 f e e t  south i n t o  the  s a l t .  The zone o f  d i s s o l u t i o n  

pinched o u 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 from the 

C area o f  maximum opening. There d i d  no t  appear t o  be any disturbance o f  



t h e  s t r a t a  o v e r l y i n g  o r  under ly ing  t h i s  zone anywhere around t h e  s h a f t  

and no vo ids  o r  d is turbance o f  t he  anhydr i t e  ex i s ted  on the  oppos i te  

s i d e  o f  t h e  sha f t .  The upper con tac t  o f  t he  anhydr 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  phys ica l  

evidence ava i l ab le ,  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 he  anhydr i t e  was observed. 

The d i sso lved  m a t e r i a l  was probably a  so lub le  evapor i t e  minera l  

represent ing  a  f a c i e s  change w i t h i n  t h e  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  from t h e  p rev ious l y  discussed 

water  which had been standing 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  being 

pumped o u t  i n  September 1985. The s h a f t  w a l l  below the  water  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 loughing o f  an anhydr i t e  l a y e r  71 t o  75 f e e t  below the  

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  bottom o f  t h e  

sump was evident .  The s h a f t  w a l l  e x h i b i t e d  a  glazed sur face which 

probably r e s u l t e d  from 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 nspec t ion  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 associated 

seepage. They a l s o  mapped t h e  l o c a t i o n  of 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  ' that a d d i t i o n a l  cracks have developed 

i n  t h e  l i n e r  s ince mapping was conducted p r i o r  t o  the  August 1984 

g r o u t i n g  program. 'The s h a f t  was found t o  be cons iderab ly  d r i e r  than 

du r ing  t h e  1984 mapping program. Many o f  t he  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 the  s h a f t  wa l l s .  

Also, s a l t  p r e c i p i t a t e s  now enhance the  o u t l i n e  o f  t h e  cracks. The 

inspec t ion  a l s o  revealed t h a t  recent  cons t ruc t i on  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 instrument  cable and j u n c t i o n  box damage and i n  

breakage o f  t h e  p rev ious l y  repai  red PVC dra inpipe.  

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 from 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  dimensions. V isua l  

surveys a re  performed approximately every 3 months by s i t e  geo log is t s .  

The r e s u l t s  o f  these inspect ions  a re  documer~ted i n  the  GFDRs. Only 



minor spalling along the station walls has occurred. Vertical 

fractures similar to those found i n  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 MB-139 and in the overlying halite 

have been observed in the station floor. A dish-like fracture zone 

slmilar to that found in Test Room 2 i s  present, but has developed on a 

much smaller scale. Inspection of MB-139 in 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. 

8.3.1.2 Geomechanical Instrumentation 

The waste shaft geomechanical instrumentation is similar in design to 

that of the C & 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. 

As in the C & 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 

underground instruments on a scheduled basis. 

The 12 piezometers were installed on September 7 and 8, 1984, after the 

6-foot diameter SPOV ventilation shaft had been enlarged to become the 

20-foot to 23-foot diameter waste shaft. The water that could exert 

pressure on the liner is expected to come from the two water-bearing 

members in the Rustler formation. The Magenta dolomite member occurs 
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f rom 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 re  a t  each o f  t h e  

f o l l o w i n g  e leva t ions :  2877, 2798, 2740, 2692, 2651 and 2564 f e e t  

(F igures 8-2 and 8-3). The piezometers a re  located on oppos i te  s ides 

of t h e  sha f t ,  one a t  N60°E and t h e  o t h e r  a t  S60°W. . Piezometer readings 

a r e  shown on t h e  data p l o t s  i n  Appendix J. 

The f o u r  pressure c e l l s  a r e  located i n  t h e  waste s h a f t  key between t h e  

s a l t  of t h e  s h a f t  w a l l  and t h e  concrete compr is ing the  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 re  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  readings were taken on A p r i l  6, 1984. The waste s h a f t  

key concrete was placed- 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  

un l i ned  s e c t l o n  o f  t h e  s h a f t  below t h e  key. These instruments, whose 

3 
l o c a t l o n s  a r e  shown on F igure  8-2, were i n s t a l l e d  a f t e r  enlargement o f  

t h e  s h a f t  t o  i t s  f i n a l  dimensions. 

The n i n e  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  complet ion o f  

s h a f t  enlargement. Three extensometers each a re  l oca ted  a t  t h r e e  

e leva t ions  i n  the  un l i ned  sec t i on  o f  t h e  shaf t :  2338, 1843 and 1350 

f e e t  (F igu re  8-2). The extensometers a re  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 a re  presented i n  Appendix J. 

A s e t  o f  r a d i a l  convergence po in ts ,  c o n s i s t i n g  o f  f o u r  p o i n t s  each, i s  

located a t  each o f  t h e  same e leva t ions  as t h e  extensometers. The 

convergence p o i n t s  were i n s t a l l e d  immediately 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 ,  it was n o t  p o s s i b l e  

t o  s e t  t h e  convergence p o i n t s  a t  90 degrees f rom each o ther .  '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  cons is t s  o f  two p o i n t s  



(' 
on each s i d e  o f  t h e  s h a f t  conveyance furn ishings.  The two po in ts  were 

b s e t  44 degrees apart .  A t  t he  o ther  two depths t h e  two po in ts  on each 

s ide  o f  t h e  s h a f t  a re  s e t  53 degrees apart .  Convergence p o i n t  readings 

were obta ined from A p r i l  through June 1984 and a re  p l o t t e d  i n  

Appendix J .  However, t h e i r  performance i s  considered poor and 

e r r a t i c .  The readings have been a f fec ted by s a l t  i n c r u s t a t i o n  on the  

convergence p o i n t  eyebol ts  and extensions. 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 

decommissioned on September 12, 1984. The convergence po in ts  w i l l  be 

inaccess ib le  u n t i l  approximately December 1986, when the  permanent 

waste sha f t  h o i s t  i s  i n s t a l l e d .  

Geomechanical instruments were i n s t a l  l e d  i n  the  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  consisted o f  t h ree  

m u l t i p l e - p o i n t  borehole extensometers and two sets o f  convergence 

po in ts  as shown on F igure  8-4. When the  s h a f t  was enlarged t o  become 

the  waste shaf t ,  t he  s t a t i o n  was a l s o  enlarged and the  o r i g i n a l  

C inst ruments were destroyed. Two extensometers were then i n s t a l  l ed  i n  

t h e  enlarged s h a f t  s ta t i on .  Both o f  these extensometers are  i n  t h e  

roof ,  one on e i t h e r  s ide  o f  t h e  waste s h a f t  (F igure  8-5). 

8.3.2 Analys is  and Eva luat ion  

Analys is  o f  t h e  waste s h a f t  data and i t s  eva luat ion  against  reference 

design parameters has been d i v ided  i n t o  f o u r  elements: t he  

concrete- l ined sec t i on  o f  t he  shaf t ;  t h e  s h a f t  key; t he  unl ined 

sect ion;  and t h e  s h a f t  s ta t i on .  This d i v i s i o n  i s  based on the  

d i f f e r e n t  i n  s i t u  and design cond i t ions  i n  each o f  these areas. 

8.3.2.1 Lined Sect ion 

Engineering mechanics p r i n c i p l e s  were used t o  design the  concrete l i n e r  

aga ins t  e l a s t i c  buckl ing.  Both a x i a l  and f l e x u r a l  stresses were 

considered i n  t h e  design. Permissible 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  concrete ( r e f .  8-1) u t i l i z i n g  the  u l t i m a t e  

c1 s t reng th  design method. Since the re  a re  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 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 .  Hydros ta t ic  
"9 
'..' 

pressure a c t i n g  f rom a depth o f  250 t o  844 f e e t  was used i n  t h e  design 

based on t h e  app l i cab le  design bas is  element (Table 8-1). 

Add i t i ona l  s t resses i n  the  l i n e r  due t o  i n i t i a l  imper fec t ions  i n  

roundness and g rou t ing  pressures were a l s o  considered. For s t ress  

ca lcu la t i ons ,  an i n i t i a l  imper fec t ion  o f  1 i n c h  was assumed i n  t h e  

roundness o f  t h e  l i n e r .  I n  p lace o f  the  l o c a l  water pressures, 

g rou t ing  pressures 1.3 t imer  t h e  ground-water pressure were assumed t o  

a c t  over one-sixth of t h e  circumference o f  t h e  l i n e r .  Due t o  l o c a l i z e d  

e f fec ts ,  a 20 percent  increase i n  the  a l lowable  concrete s t ress  was 

assumed due t o  t h e  short - term load ing o f  t h e  g rou t ing  pressure. 

The ex te rna l  pressure capac i t i es  and corresponding c losu re  1 i m i  t s  

(maximum d iamet r ic  changes) f o r  d i f f e r e n t  thicknesses' o f  t h e  l i n e r '  are: 

Liner. Pressure Closure 
Depth Thi  cknesr Capacity L i m i t  

( f e e t )  l i n c h e s )  ( p s i )  ( inches) 

The i n t e n t  o f  t h e  s h a f t  piezometers i s  t o  moni tor  the  pressure exerted 

on t h e  l i n e r  by water f rom t h e  R u s t l e r  formation. These data would 

i n d i c a t e  i f  the  design hydros ta t i c  pressure f rom the  design bas is  was 

s u i t a b l e .  

Table 8-2 summarizes t h e  v a r i a t i o n  i n  measured water pressures behind 

t h e  l i n e r  a t  d i f f e r e n t  t imes. Figure 8-6 shows the  average reading on 

September 18, 1985, f o r  each piezometer p a i r  p l o t t e d  aga ins t  s h a f t  

depth. For comparison, t h e  hydros ta 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  a re  lower than t h e  design pressure 

f o r  two apparent reasons. F i r s t ,  water seepage through cracks and 



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 21 1 212 
o f  Elev. E lev.  Elev. E l  ev. Elev. E lev.  

Read i ng 2879 2798 2740 2692 2651 2564 

Dec. 26, 1984 -1 0 16 20 -7 -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 * 6 78 95 * 91 11 12 

Mar. 16, 1986 * -3 2 6 * -13 * 63 * 47 5 12 

* Piezometer n o t  f u n c t i o n i n g .  
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, I &  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  has n o t  a l lowed t h e  water  t o  b u i l d  up 

k J b ~  t o  i t s  f u l l  h y d r o s t a t i c  head. Th is  means t h a t  t h e  piezometers a r e  n o t  

measuring t h e  f u l l  pressure t h a t  migh t  be expected aga ins t  t h e  l i n e r  i f  

t h e  leaks were sealed. Second, t h e  low pressure readings, and 

e s p e c i a l l y  t h e  v a r i a t i o n  i n  readings, suggest t h a t  h y d r a u l i c  c o n t i n u i t y  

i s  incomplete a long t h e  r o c k / l i n e r  i n t e r f a c e .  It i s  poss ib le  t h a t  

water  f r om t h e  Culebra has been i so la ted ,  o r  a t  l e a s t  r e s t r i c t e d ,  i n  

i t s  v e r t i c a l  ex ten t .  Th is  i s  suggested by t h e  d i s t r i b u t i o n  of 

pressures shown on F igu re  8-6. 

The pressure d i s t r i b u t i o n  o f  t h e  piezometers i s  a l s o  shown on F igure  

8-7. These readings, however, a re  t h e  maximum pressure values measured 

f o r  each piezometer e leva t i on .  The f i g u r e  a l s o  shows t h e  design 

h y d r o s t a t i c  pressure d i s t r i b u t i o n  f o r  t h e  e n t i r e  1 i n e r  and i t s  pressure 

capac i ty .  The pressure capac i t y  p rov ides  a s i g n i f i c a n t  f a c t o r  o f  

s a f e t y  over  t h e  design h y d r o s t a t i c  pressure. 

m u 8.3.2.2 Sha f t  Key 

Due t o  l i t h o s t a t i c  pressure, t h e  s a l t  fo rmat ion  behind t h e  s h a f t  key 

tends t o  creep over  t ime.  The r e s u l t  i s  a bu i l dup  o f  inward pressure 

aga ins t  t h e  concrete key. The concrete key was designed t o  w i ths tand a 

l a t e r a l  pressure equal t o  50 percent  o f  t h e  v e r t i c a l  overburden 

pressure (approx imate ly  60 k s f )  f o r  a t  l e a s t  25 years a f t e r  i t s  

cons t ruc t i on .  Th is  reduc t i on  i n  l a t e r a l  pressure from 75 percent  o f  

t h e  overburden pressure f o r  t he  C & SH sha f t  t o  50 percent  f o r  t he  

waste s h a f t  was based on the  r e s u l t s  o f  t h e  ana l ys i s  o f  da ta  obta ined 

from t h e  C 6 SH s h a f t  (Chapter 7 ) .  

A n o n l i n e a r  f i n i t e  element ana l ys i s  was u t i l i z e d  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 the  concrete key. The 

a n a l y s i s  was performed us ing t h e  MARC F i n i t e  Element Program discussed 

i n  Chapter 6. The m a t e r i a l  p r o p e r t i e s  o f  t h e  f i n i t e  element model 

s imu la ted  t h e  creep behavior  o f  t h e  s a l t  v i a  a power law (equat ion 

C.4-6 i n  Appendix C) prov ided i n  t h e  ana lys is .  
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Model Simulat ion.  U n l i k e  t h e  more soph is t i ca ted  a n a l y s i s  o f  t h e  

C & SH s h a f t  key (which employed a  mul t i - layered,  axisymmetr ic f i n i t e  

element model), t h e  f i n i t e  element model f o r  t h e  waste s h a f t  key and 

surrounding s a l t  cons is 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 ,  

axisymmetr ic r i n g  elements as shown on F igure  8-8. Because o n l y  t h e  

l a t e r a l  f l e x u r a l  s t i f f n e s s  o f  t h e  s h a f t  key was considered i n  t h e  

f i n i t e  element model, and no t  i t s  l o n g i t u d i n a l  f l e x u r a l  s t i f f n e s s ,  t h e  

ana lys i s  prov ides  conservat ive  resu1 t s .  A1 so f o r  conservatism, t h e  

shrinkage e f f e c t  o f  t h e  concrete was n o t  taken i n t o  account i n  t h i s  

ana lys i s .  

An i n n e r  element o f  t h e  model, shown on F igure  8-8, represents a  

segment o f  t h e  concrete key. I n  order  t o  s imula te  t h e  t i m e  i n t e r v a l  

between s h a f t  excavat ion and concrete placement f o r  t h e  key, t h i s  

element was no t  t i e d  t o  t h e  surrounding s a l t  depos i ts .  A l l  

depth-dependent i n p u t  values, such as overburden st resses,  were 

computed f o r  a  depth o f  892 fee t ,  low i n  t h e  key, where such values a re  

a t  a  maximum. Because h a l i t e  i s  t h e  most dominant m a t e r i a l  i n  t h e  rock 

around t h e  s h a f t  key, I t s  p roper t i es  were used f o r  t h e  model elements. 

H a l i t e  i s  a l s o  t h e  m a t e r i a l  a t  t h e  base o f  t h e  s h a f t  key where l a t e r a l  

pressure i s  a t  a  maximum. 

The f o l l o w i n g  a n a l y t i c a l  procedure was used t o  perform a  creep a n a l y s i s  

o f  t h e  waste s h a f t  key: 

( 1  ) I n i t i a l l y ,  l a t e r a l  f o rces  were app l i ed  outwardly aga ins t  t h e  

i n s i d e  sur face o f  t h e  sha f t .  This s imulates t h e  c o n d i t i o n  

p r i o r  t o  excavat ion o f  t h e  o r i g i n a l  6 - foo t  diameter s h a f t .  

(2 )  L a t e r a l  fo rces  were app l i ed  inward ly  aga ins t  t h e  o u t e r  

v e r t i c a l  boundary o f  t h e  model. The magnitude o f  these 

fo rces  were based on t h e  l a t e r a l  ea r th  pressure, equal t o  892 

f e e t  o f  overburden, computed f o r  t h e  key e l e v a t i o n  o f  2517 

f e e t .  



(3)  I n t e r n a l  stres'ses were app l i ed  i n  each element t o  represent 

the  i n i t i a l  l i t h o s t a t i c  s t ress  s ta te .  

(4)  A l l  nodes o f  t h e  model were res t ra ined  aga ins t  v e r t i c a l  

displacement. 

( 5 )  Subsequently, outward l a t e r a l  fo rces  aga ins t  the i n s i d e  

sur face o f  t h e  s h a f t  were removed t o  s imulate excavation o f  

t h e  o r i g i n a l  6- foot  diameter shaf t .  

(6 )  A creep ana lys i s  was performed on the  s a l t  deposi ts  

surrounding the  6- foot  diameter s h a f t  u n t i l  t h a t  t ime when 

the  s h a f t  diameter was enlarged and t h e  concrete f o r  the  key 

was placed (795 days). 

(7 )  The th ree  innermost r i n g  elements were detached ( t i e  

c o n s t r a i n t s  removed) from t h e  model t o  represent the 

enlargement o f  t h e  shaf t .  A concrete r i n g  element ( t i e  

cons t ra in ts  added t o  t h e  model) then replaced the  th ree s a l t  

elements j u s t  removed t o  model t he  concrete key. 

( 8 )  A second creep ana lys i s  was performed using t h i s  new model 

and a  creep t ime represent ing 28 years a f t e r  placement o f  t h e  

concrete key. 

The s t r a t i g r a p h y  i n  t h e  upper sec t i on  o f  t he  waste s h a f t  i s  s i m i l a r  t o  

t h a t  i n  the  C & SH shaf t .  The creep parameters determined from i n  

s i t u  s a l t  behavior i n  t h e  C & SH s h a f t  were, there fore ,  assumed t o  be 

v a l i d  f o r  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  o f  t h e  waste s h a f t  from 

normalized t ime t o  r e a l  t ime.  The secondary creep parameter C was 

found t o  equal 5 . 7 0 ~ 1 0 - ~ ~  k s f  
-4.9 -1 

sec . Because e a r l y  i n  s i t u  

measurements were n o t  a v a i l a b l e  f o r  the  C & SH shaf t ,  t he  pr imary 

creep parameters A and z  were determined from i n  s i t u  data from the  
-1 

h o r i z o n t a l  d r i f t s  and were found t o  be 3.2 and 1  . l x 1 0 - ~  sec , 
respec t i ve l y .  



See~aae Evaluat 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  creep. The s t a b i l i t y  o f  t h e  key, and 

consequently t h e  s h a 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 f rom seeping f rom t h e  

upper water-bearing 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 re  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  

support  an eva lua t ion  o f  seepage. However, t h e  d i s t r i b u t i o n  o f  water  

pressure behind t h e  - l i n e r  and key provides an i n d i c a t i o n  t h a t  t h e r e  i s  

probably no h y d r a u l i c  c o n t i n u i t y  along 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-bearing zone a t  a  depth of 

717 f e e t  (e lev .  2692 f e e t ) .  Here, water  pressures a r e  over  100 p s i .  

The nex t  lower l e v e l  o f  piezorneters, a t  a  depth o f  758 f e e t  (e lev .  

2651 f e e t ) ,  a l s o  i n d i c a t e  pressures 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 of 

1  ess 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 could n o t  be l oca ted  d u r i n g  

t h e  J u l y  1986 inspec t ion .  Assuming they  were constructed as designed, 

they  may be covered by  a  t h i n  veneer o f  concrete formed d u r i n g  concrete 

placement. A seep was noted on one s i d e  o f  t h e  s h a f t  a t  t h e  

approximate design l e v e l  o f  t h e  t e l l t a l e s .  I nspec t ion  o f  t h e  base of 

t h e  key determlned t h a t  no water  was seeping f rom 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  seal 

between the  key and t h e  surrounding h a l i t e .  

8.3.2.3 Unl ined Sect ion  

The s t r u c t u r a l  behavior  o f  t h e  un l i ned  sec t i on  o f  t h e  waste s h a f t  was 

a l s o  computed by a  non l i nea r  creep ana lys i s  us ing  t h e  MARC F i n i t e  

E.lernent Program ( r e f .  6-8). The o b j e c t i v e  o f  t h e  a n a l y s i s  was t o  

compute t h e  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 f rom t h e  C & 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  

the  design adequacy o f  t h e  un l ined sec t i on  o f  t h e  s h a f t .  



(A)  BEFORE ENLARGEMENT 

(B) AFTER ENLARGEMENT 

F i q u r e  8-9 

WASTE SHAFT UNLINED SECTION 
F I N I T E  ELEMENT MODEL 



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  

s e c t i o n  of 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  axisymrnetric 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  boundaries 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 f o 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  o u t s i d e  v e r t i c a l  boundary. 

The same l l t h o s t a t l c  pressure was i n i t i a l l y  a p p l i e d  t o  t h e  i n s i d e  

v e r t i c a l  boundary as we l l ;  however, t h a t  pressure was l a t e r  removed 

from t h e  l n s l d e  boundary t o  s imu la te  t h e  d r i l l i n g  of t h e  o r i g i n a l  

6- foot  d iameter  s h a f t .  

The a n a l y s l s  s lmu 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  

d iameter  s h a f t  was enlarged t o  i t s  p resent  20- foot  d iameter .  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 o c a t e d  w i t h i n  t h e  20- foot  d iameter  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 imu la ted  s a l t  creep f o r  another  28 years 

was anal  yzed . 

Determina t 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  u n l i n e d  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  of t h e  C & SH 

s h a 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  

da te  t han  was t h e  waste sha f t ;  t he re fo re ,  more i n  s i t u  geomechanical 

Ins t 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 s h a f t  were determined 

by c o r r e l a t l 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 ob ta ined 

f rom a  depth o f  2,057 f e e t  (e lev .  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  -30x1 0-21 k s f  
-4.9 -1 - 1  

sec , 3.2 and 1  . l x l ~ - ~  sec , r e s p e c t i v e l y .  Chapter 

7  presents s p e c l f i c  d e t a i l s  on how t h e  creep parameters were eva lua ted  

f o r  t h e  C & SH s h a f t .  



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  o f  c l o s u r e  and s t a b i l i t y  o f  t h e  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 & 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 ns t rumen ta t i on  data 

a v a i l a b l e  f rom t h e  waste s h a f t  s t a t i o n  f o r  t h e  reasons discussed i n  

subsec t ion  8.3.1. The f o l l o w i n g  d i scuss ion  p resen ts  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  15 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 & SH 

s h a f t  s t a t i o n .  However, t h e  C & 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 & 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 ta . t ion .  Also, t h e  r o o f  o f  t h e  C & 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  u s i n g  measurement da ta  f rom t h e  C & SH 

s h a f t  s t a t i o n  w i l l  be conserva t i ve .  

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 to rage  rooms. Computat ional  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  MB-139, 

below t h e  f l o o r ,  due t o  gradual  s t r e s s  bu i l dup .  S i m i l a r  behav io r  i s  

expected t o  occur  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 tu re  Behavior  

Th i s  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 of t h e  waste s h a f t  i n c l u d i n g  t h e  l i n e d  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 .  

8.3.3.1 L ined Sec t i on  

The c racks  i n  t h e  conc re te - l i ned  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  - 
L/ r e s u l t  o f  normal t e n s i o n  c r a c k i n g  occu r r i ng  d u r i n g  t h e  r e s t r a i n e d  



shr inkage o f  p l a i n  concrete. The cracks a re  n o t  de t r imen ta l  t o  t h e  

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  sea l i ng  by g r o u t i n g  w i l l  be requ i red  

t o  meet t h e  design c r i t e r i a  regard ing ground-water c o n t r o l .  

Although 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  

po ten t iomet 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  po ten t iomet r 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  sha f t s .  Most 

no tab ly ,  SNL pumping t e s t s  i n  borehole H-3 i n  l a t e  1985 lowered t h e  

po ten t iomet r i c  sur face approximately 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  hydro log ic  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  pressure on t h e  l i n e r .  However, two 

statements can be made concerning t h i s  water  pressure: 

(1)  The piezometer da ta  present  a  v a l i d  i n d i c a t i o n  o f  water  

pressures behind t h e  1  i n e r .  Although t h i s  da ta  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 instrument; w i  11 r e f l e c t  c u r r e n t  pressures and 

i n d i c a t e  short - term t rends.  This i n fo rma t ion  can be compared 

w i t h  t h e  design bas is  pressure d i s t r i b u t i o n  (Figures 8-6 and 

8-7) t o  evaluate l i n e r  s t a b i l i t y .  

( 2 )  Fo l lowing t h e  nex t  g rou t ing  program i n  t h e  waste sha f t ,  i f  

a l l  water  seepage through t h e  l i n e r  has been stopped, i t  i s  

poss ib le  t h a t  t h e  po ten t iomet r i c  sur face could 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  design 

a c t i v i t i e s .  Assuming complete hyd rau 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  i n  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  t h e  design 

l i m i t s .  



ELAPSED YEARS SlNCE EXCAVATlON 
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8.3.3.2 Sha 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 i n i t e  element ana lys is .  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  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 I c )  Using t h e  design 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  i n  t h e  concre 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 design bas i s  l a t e r a l  

pressure design requirement i s  approximate ly  60 ks f .  F igure  8-10 shows 

a  l a t e r a l  pres'sure on t h e  s h a f t  key o f  approximate ly  72 k s f  a t  t h e  end 

of t h e  25-year s h a f t  opera t ing  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  concrete were taken i n t o  account i n  t h e  f i n i t e  

element ana lys i s ,  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  concre te  o f  t h e  s h a f t  key i s  expected t o  e x h i b i t  cracks 

due t o  shrinkage. 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  concrete f rom sh r ink ing .  The cracks a r e  n o t  considered 

s i g n i f i c a n t  because they  a r e  common 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 Un l ined Sect ion  

Figures 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  u n l i n e d  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 igure  8-12 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  o n l y  

a f f e c t e d  w i t h i n  a  rad ius  o f  approximate ly  120 f e e t .  

F igures  8-13 and 8-14 show 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  s e c t i o n  o f  t h e  waste sha 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 years i s  approximate ly  140 k s f  



D I S T A N C E  TO CENTERLINE OF S H A F T  ( F T )  

A -  I M M E D I A T E L Y  AFTER EXCAVATION GF 6 - F T  DIAMETER SHAFT 
8 -  I M M E D I A T E L Y  BEFORE WIDENING TO 2 0 - F T  D IAMETER 
C - I M M E D I A T E L Y  AFTER WIDENING TO '20-FT DIAMETER 
D - O N E  YEAR AFTER W I D E N I N G  OF SHAFT 
E - 2 5  YEARS AFTER W I D E N I N G  OF SHAFT 

F iqu re  8-11 

WASTE S H A F T  U N L I N E D  S E C T I O N  
R A D I A L  S T R E S S  D I S T R I B U T I O N  A T  E L E V A T I O N  1350 F E E T  



A -  IMHEDIATELY AFTER EXCAVATION 2F 6 FT-DIAMETER SHAFT 
0 -  IMHEDIATELY BEFORE WIDENING TO 2 0  FT-DIAMETER 
C -  IMMEDIATELY AFTER WIDENING TO 2 0  FT-DIAMETER 
D -ONE YEAR AFTER WIDENING OF SHAFT 
E - 2 5  YEARS AFTER WIDENING OF SHAFT 

WASTE SHAFT UNLINED SECTION 
TANGENTIAL STRESS DISTRIBUTION AT ELEVATION 1 3 5 0  FEET 



D I S T A N C E  TO CENTERLINE OF SHAFT ( F T )  

A -  I M M E D I A T E L Y  AFTER EXCAVATION OF 6 - F T  DIAMETER SHAFT 
B -  I M M E D I A T E L Y  BEFORE W I D E N I N G  TO 2 0 - F T  DIAMETER 
C -  I M M E D I A T E L Y  AFTER W I D E N I N G  TO 2 0 - F T  DIAMETER 
D -  ONE YEAR AFTER W I D E N I N G  OF SHAFT 
E -  2 5  YEARS AFTER W I D E N I N G  OF SHAFT 

F i g u r e  8-13 

WASTE S H A F T  U N L I N E D  S E C T I O N  
E F F E C T I V E  STRESS D I S T R I B U T I O N  A T  E L E V A T I O N  1 3 5 0  F E E T  



DISTANCE TO CENTERLINE OF SHAFT (FT)  

A -  IMMEDIATELY AFTER EXCAVATION OF 6-FT DIAMETER SHAFT 
B -  IMMEDIATELY BEFORE WIDENING TO 20-FT DIAMETER 
C -  IMMEDIATELY AFTER WIDENING TO 20-FT DIAMETER 
D -  ONE YEAR AFTER WIDENING OF SHAFT 
E -  25 YEARS AFTER WIDENING OF SHAFT 

F i e u r e  8-14 

WASTE SHAFT UNLINED SECTION 
EFFECTIVE CREEP STRAIN DISTRIBUTION AT ELEVATION 1 3 5 0  FEET 



ELAPSED YEARS SINCE EXCAVATION 

f laure  8-15 



w h i l e  t h e  e f f e c t i v e  creep s t r a i n  i n  t h e  s h a f t  w a l l  a t  25 years reaches 

a  va lue  o f  approx imate ly  0.037. 

F igu re  8-15 con ta ins  t h e  p r e d i c t i o n  o f  d i a m e t r i c  c l o s u r e :  f o r  t h e  

u n l i n e d  s e c t i o n  o f  t h e  waste s h a f t  a t  a  depth  o f  2,059 f e e t  (e lev .  

1350 f e e t ) .  Th i s  f i g u r e  shows a  d i a m e t r i c  c l o s u r e  o f  approx imate ly  7 

1/2 inches  over  t h e  25-year ope ra t i ng  l i f e  o f  t h e  s h a f t .  

8.3.3.4 S h a f t  StatSon 

Closure i n  t h e  waste s h a f t  s t a t i o n  i s  p r e d i c t e d  us ing  measurement da ta  

f rom t h e  C & SH s h a f t  s t a t i o n .  'The measured r o o f - t o - f l o o r  c l o s u r e  -in 

t h e  C & SH s h a f t  s t a t i o n  was approx imate ly  10  inches on September 16, 

1985, ove r  3  years a f t e r  t h e  comple t ion  o f  excavat ion.  The measured 

wa l l - t o -wa l l  c l o s u r e  i s  g r e a t e r  than  6 inches over  t h e  same t i m e  

per iod .  However, t h e  i n i t i a l  readings were taken n e a r l y  260 days a f t e r  

t h e  s t a t i o n  was excavated; t h e r e f o r e ,  t h e  a c t u a l  c l o s u r e  magnitudes 

w i l l  be h igher .  The average r a t e  o f  r o o f - t o - f l o o r  c l o s u r e  over  t h e  

measurement p e r i o d  was approx imate ly  3.89 inches/year.  Using t h i s  

va lue  as a  cons tan t  c l osu re  r a t e  over  t h e  p l a n t  ope ra t i ng  l i f e  o f  25 

years, an a d d i t i o n a l  roo f - to - f  l o o r  c l o s u r e  o f  about 8  f e e t  i s  expected 

t o  occur.  The wa l l - t o -wa l l  c l o s u r e  over  t h e  same p e r i o d  i s  expected t o  

be approx imate ly  60 percent  o f  t h e  r o o f - t o - f l o o r  c losure ,  o r  about 5  

f e e t .  Ac tua l  c l o s u r e  may be lower  as d iscussed i n  subsec t ion  8.'3.2.4. 

8.4 CONCLUSIONS AND RECOMMENDATIONS 

Design v a l i d a t i o n  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 design 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  conc1usions and recommendations 

address those des ign  elements i d e n t i f i e d  i n  Sec t i on  8.2. Other  

conc lus ions  and recommendations r e s u l t i n g  f rom t h e  des ign  v a l i d a t i o n  

process a r e  a l s o  presented. 

8.4.1 Conclusions 

The des ign  c r i t e r i a  r e q u i r e  t h a t  a l l  o f  t h e  s h a f t s  a r e  t o  be s t a b l e .  rS - 

S h a f t  s t a b i l i t y  has been evaluated us ing  a n a l y t i c a l  c a l c u l a t i o n s ,  



f i n i t e  element model ing and i n  s i t u  da ta  ana l ys 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  wa te r  pressure exer ted  on it has remained 

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  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  l eaks  a r e  sealed by a d d i t i o n a l  g rou t i ng ,  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 c a p a c 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  des ign  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  cracks 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 un re in fo r ced  concre te  1  i n e r  i s  

expected t o  f u n c t i o n  as in tended,  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 r e  g rou ted  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  ach ieve  a ' d r y  s h a f t .  

The s h a f t  key was designed t o  w i t hs tand  a  des ign  bas i s  l a t e r a l  pressure 

equal t o  50 pe rcen t  o f  t h e  overburden p ressure  (approx imate ly  60 k s f ) .  

The f i n i t e  element a n a l y s 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  72 

k s f .  A l though t h i s  va lue  i s  h i g h e r  t han  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  ope ra t i ng  l i f e  

because t h e  a l l o w a b l e  l a t e r a l  r ock  p ressure  i s  148 k s f .  Th is  i s  t w i c e  

t h e  l a t e r a l  p ressure  p r e d i c t e d  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  t han  72 k s 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  Sec t i on  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 r esses  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 r esses  i n  t h e  u n l i n e d  sec t i on ,  t h e  magnitude o f  s t resses  

immed ia te ly  ad jacen t  t o  t h e  opening decreases w i t h  t i m e  as t h e  s t r e s s  

a r c h  around t h e  opening m ig ra tes  away. The maximum s t r e s s  occurs 

immediate ly  a f t e r  excava t ion  and i s  f o l l owed  by r e l a x a t i o n  due t o  creep 

behav io r .  Therefore,  t h e  s t r esses  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 -in t h e  waste s h a f t  except i n  t h e  anhyd r i t e  bed' (MB-139) below 

t h e  f l o o r  of 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 .  Based on 

these p r e d i c t e d  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  

discussed 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 a n a l y s i s  p r e d i c t s  t h a t  d iamet r i c  c l o s u r e  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 approximate ly  7 1/2 inches over  i t s  25-year 

ope ra t i ng  1  i f e .  Based on t h e  p red i c ted  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 design c r i t e r i a  requ i res  t h a t  no uncon t ro l l ed  ground water  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  water  seeping 

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  i s  c o l l e c t e d  i n  

t h r e e  water-col  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  water  

reach t h e  f a c i l i t y  l e v e l .  This  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  reaching 

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

Sha 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 water  seepage occur rs  f rom t h e  base o f  t h e  key. 

Th is  supports t h e  conc lus ion  t h a t  t h e  water  seals a r e  func t i on ing ,  t h a t  

no water  i s  seeping a long t h e  conc re te /sa l t  i n t e r f a c e ,  and t h a t  no s a l t  

d i  sso l  u t i o n  i s  occu r r i ng  behind t h e  concrete key. The i n s t a l  l a t i  on 

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 & SH s h a f t  water  seals (Chapter 3). 

The zone o f  d i s s o l u t i o n  observed i n  t h e  s h a f t  sump w a l l  i s  n o t  3 
considered t o  be de t r imen ta l  t o  t h e  ope ra t i on  o f  t h e  f a c i l i t y .  The 



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 tand ing  wate r  i n  t h e  sump 

r e s u l t i n g  f r om 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 i c  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 & SH s h a f t  s t a t i o n  ins t 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  MB-139, i s  expected t o  occur.  Some remedial  

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  r e q u i r e d  roo f - to - f  l o o r  c learance 

f o r  o p e r a t i o n a l  equipment and a c t i v i t i e s .  

The re fe rence  des ign  f o r  t h e  waste s h a f t  i s  cons idered 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 t h e  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  

r e f e r e n c e  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  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  

p reven t  ground-water f l o w  i n t o  t h e  s h a f t  has n o t  been met. The r a t e  o f  

.wa te r  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  n o t  considered t o  be 

d e t r i m e n t a 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  11 be s a t i s f i e d  when a d d i t i o n a l  

remedia l  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  

r e f e r e n c e  des ign  w i  11 be r e q u i  red. 

8.4.2 Recommendations 

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  

recommendations w i t h  r espec 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  da ta  base, v a l i d a t i o n  o f  t h e  waste 

s h a f t  k.ey and u n l i n e d  s e c t i o n  r e l i e s  on numerical  model ing 

u t i l i z i n g  creep parameters d e r i v e d  f r om t h e  C & SH s h a f t  i n  

s i t u  data.  It i s  recommended t h a t  t h e  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 i ng  t h e  l a t e s t  i n  s i t u  



da ta  f rom t h e  waste s h a f t .  Th is  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  -in s i  t u  da ta  

a g a i n s t  des ign parameters. 

(2 )  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 i s  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 .  

Qua1 i f  i e d  personnel should i nspec 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 f o r  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 f rom behind t h e  key a t  i.ts base. I f  any 

seepage i s  de tec ted  It may become necessary t o  g r o u t  t h e  area  

above t h e  upper water  sea l .  I f  poss ib le ,  g r o u t  should n o t  be 

p laced behind t h e  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  

chemical g e l  ( o r  o t h e r  n o n - r i g i d  g r o u 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  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 i ng  Program. 

(3 )  The dissolution 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 .  

(4)  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 & 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  genera l ,  v 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 da ta  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 .  



CHAPTER 9 

EXHAUST SHAFT 

9.1 INTRODUCTION 

Th is  chapter  presents i n fo rma t ion  on design v a l i d a t i o n  o f  t h e  exhaust 

sha f t .  Inc luded a re  di.scussions o f  i t s  design, t h e  design v a l i d a t i o n  

process, and conclus ions and recommendations p e r t a i n i n g  t o  v a l i d a t i o n  

o f  t h e  re ference design. 

9.2 DESIGN 

This s e c t i o n  presents t h e  design c r i t e r i a  and design bases used t o  

develop t h e  re ference design f o r  t h e  exhaust shaf t .  The design 

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 3.3.3. 

9.2.1 Design C r i t e r i a  

The design c r i t e r i a  f o r  t h e  exhaust s h a f t  a re  i d e n t i c a l  t o  those f o r  
p"-. 
I I t h e  o t h e r  two shaf ts .  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 nd i ca ted  . 

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  requ i  r i n g  eva lua t ion  f o r  design v a l i d a t i o n  o f  t h e  

exhaust s h a f t  are: 

I (1 )  s h a 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 table;  

~ ( 2 )  s h a f t  s h a l l  be designed t o  accommodate s a l t  creep; and 

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 .  

I 9.2.2 Design Bases 

I The design bases are  t h e  d e t a i l e d  design requirements developed from 
I 

t h e  design c r i t e r i a .  'The pr imary design basis  document f o r  t he  exhaust 

s h a f t  i s  t h e  Desiqn Basis, Exhaust Shaf t  ( r e f .  2-16). The major C elements o f  t h e  design bases are  t h e  same as those f o r  t h e  waste shaf t ,  



except  f o r  t h e  i tems discussed i n  t h e  n e x t  paragraph. The elements 

t h a t  r e q u i r e  e v a l u a t i o n  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  Table 9-1. 

I n  a d d i t i o n  t o  adher ing t o  t h e  design bas is  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 sur face.  The exhaust s h a f t  s h a l l  be used t o  remove a i r  f r om 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 inspec ted  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  s h a f t .  U n l i k e  t h e  design 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 bas i s  does n o t  r e q u i r e  t h e  i n s t a l l a t i o n  of 

geomechanical i ns t rumen ta t i on .  

9.3 DESIGN VALIDATION PROCESS 

As d iscussed 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 i on ,  and t h e  

p r e d i c t i o n  o f  f u t u r e  behavior .  Data c o l  l e c t i o n  a c t i v i t i e s  have 

i nc luded  geo log i c  mapping and v i s u a l  observa t ions  of t h e  exhaust s h a f t  

w a l l .  A l though geomechanical ins t ruments  have been i n s t a l l e d  i n  t h e  

s h a f t ,  no da ta  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 .  

Computat ional 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 sha f 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  

ob ta ined f rom t h e  C & 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 sma l l e r  sca le  than 

I n  t h e  o t h e r  two sha 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 .  Th i s  mapping i s  discussed i n  d e t a i l  i n  

Chapter 6. V i sua l  i nspec t i ons  and observa t ions  i n  t h e  s h a f t  were 



Table 9-1 

VALIDATION ELEMENTS OF EXHAUST SHAFT DESIGN BASES 

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

Hyd ros ta t i c  pressure should be considered t o  s t a r t  a 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 he  key. 

(2 )  Sha f t  key 

Design l a t e r a l  pressure s h a l l  be 50 percent  o f  t he  v e r t i c a l  
pressure due t o  s o i l ,  rock and s a l t  overburden. 

(3)  Un l ined  s e c t i o n  

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  creep 
deformat ion.  



sporad ic  due t o  1  i m i t e d  access. The f o l  low ing  d i scuss ion  presents  

those observa t ions  which a f f e c t  des ign v a l i d a t i o n .  

9.3.1.1 F i e l d  Observat ions 

Exhaust s h a f t  c o n s t r u c t i o n  was completed on January 15, 1985. I n i t i a l  

of 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  was performed on January 30, 1985. 

A t  t h a t  t i m e  water  seepage 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  was observed. Seepage i n t o  t h e  s h a f t  was measured a t  0..35 

g a l l o n s  p e r  minu te  (gpm). 

Subsequent I nspec t i ons  o f  t h e  exhaust s h a f t ' l i n e r  were made i n  February 

and May 1985 t o  observe i t s  c o n d i t i o n  and t o  eva lua te  t h e  need f o r  

g r o u t i n g  t o  reduce water  seepage. The f i r s t  occurrence o f  mo is tu re  on 

t h e  l i n e r  was observed 25 f e e t  below t h e  s h a f t  c o l l a r .  The m a j o r i t y  o f  

water  seepage was o c c u r r i n g  between approximate depths o f  569 f e e t  and 

759 f e e t  (e lev .  2840 f e e t  and 2650 f e e t ) .  Below a  depth o f  759 f e e t  

t h e  e n t i r e  s h a f t  l i n e r  was wet, making i t  d i f f i c u l t  t o  determine t h e  

exac t  source o f  seepage. Some s a l t  accumulat ion was observed on t h e  

1  i n e r  below t h e  Culebra water-bearing member. The May 1985 i n s p e c t i o n  

g e n e r a l l y  revea led  a  1/4- t o  3/8- inch th i ckness  o f  s a l t  i n c r u s t a t i o n  i n  

t h i s  area w i t h  some l o c a l  accumulat ion up t o  4  inches i n  t h i ckness .  

S a l t  accumulat ion a t  two t e l l t a l e  d r a i n  holes, a t  a  depth o f  857 f e e t  

(e lev .  2552 f e e t )  on t h e  no r theas t  and eas t  s ides  o f  t h e  s h a f t  key, had 

r e s u l t e d  i n  t h e  a lmost  complete p lugg ing  o f  these holes.  The s i x  o t h e r  

d r a i n  ho les  had minor  s a l t  accumulat ion. The bottom o f  t h e  key had 

s a l t  s t a l a c t i t e s  hanging f rom t h e  concre te  b u t  no f l o w  o f  water  under 

t h e  concre te  was observed. There was no evidence o f  any d i s s o l u t i o n  o f  

s a l t  a t  t h e  c o n c r e t e / s a l t  con tac t .  

A cement/chemIcal g r o u t i n g  program was conducted i n  t h e  exhaust s h a f t  

f rom June 1  th rough J u l y  31, 1985. An i n s p e c t i o n  o f  t h e  exhaust s h a f t  

l i n e r  was made on J u l y  30, 1985. 'The l ' i n e r  was app rec iab l y  d r i e r  than  

it had been p r i o r  t o  g rou t i ng ,  e s p e c i a l l y  below t h e  Culebra' member. 

One c o l l a r  p ipe,  f o r  f u t u r e  piezometer i n s t a l  l a t i o n  a t  a  depth o f  61 6  



f e e t  (e lev ,  2793 f e e t ) ,  was weeping and one pipe, a t  a  depth o f  722 

f e e t  (e lev .  2687 f e e t ) ,  was d r i pp ing .  This  water  c o n s t i t u t e d  the  

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  sha f t .  Weeping f rom random 

cracks above a  depth o f  617 f e e t  appeared t o  be o f  t he  same magnitude 

as be fo re  g rou t i ng ,  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  dry,  New t e l l t a l e  d r a i n  holes a t  a  depth o f  870 f e e t  (e lev ,  

2539 f e e t )  were a l l  dry.  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 severa l  new holes, a t  a depth o f  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 

key /sa l  t con tac t  was observed. The g rou t i ng  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 nspec t i ons  o f  t h e  exhaust s h a f t  made du r i ng  t h e  i n s t a l l a t i o n  

o f  geomechanical inst ruments i n  November and December 1985 i nd i ca ted  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 nspect i on. 

A  second g r o u t i n g  program was conducted i n  t h e  exhaust s h a f t  du r i ng  

August, September and October, 1986. The program was performed a t  t h i s  

t ime  t o  reduce t h e  poss ib le  need f o r  g rou t i ng  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 r o u t i n g  was conducted on a  smal 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 rou t  through 

e x i s t i n g  sleeves f rom t h e  t o p  o f  t h e  s a l t  i n  t h e  key a re  t o  t h e  t o p  o f  

t h e  Magenta member. Grout ing was a l s o  performed, as requi red,  above 

t h e  Magenta through sleeves i n  t h e  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  repo 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  des ign 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 ins t rumenta t ion  based on t h e  assumption 

t h a t  rock behavior  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 ins t rumenta t ion  

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  behavior  i n fo rma t i on  f o r  C l a t e r  use i n  t h e  s h a f t  s e a l i n g  program. 



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 rument  

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  s h a f t  excavat ion. A1 1  exhaust s h a f t  ins t ruments  a r e  

moni tored remotely  by t h e  data logger.  

9.3.2 Ana lys is  and Eva lua t i on  

The a n a l y s i s  and eva lua t i on  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  observa t ion  da ta  and geomechanical 

i ns t rumen ta t i on  readings f rom t h e  C & SH and waste shaf ts .  Th is  

ana lys i s  and i t s  e v a l u a t i o n  aga ins t  re fe rence design parameters was 

performed f o r  t h e  t h r e e  major  sec t ions  o f  t h e  sha f t :  t h e  l i n e d  sect ion;  

t h e  s h a f t  key; and t h e  un l i ned  sec t ion .  

The adequacy o f  t h e  exhaust s h a f t  re fe rence design was evaluated based 

on a  complete spectrum o f  geomechanical behav ior  i n c l u d i n g  s t ress ,  

s t r a i n  and deformat ion  over  t h e  planned ope ra t i ng  l i f e  o f  25 years. 

The analyses used creep parameters computed f rom t h e  C & 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 .  

9.3.2.1 L ined Sect ion  

Analyses were performed f o r  t h e  unre in forced 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 a v a i l a b l e ,  t h e  analyses were based on data  ob ta ined f rom t h e  

C & SH and waste sha f t s .  

The s t r u c t u r a l  a n a l y s i s  and design 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 design bases s imi  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  design o f  t h e  

concre te  l i n e r ,  w i t h  pe rm iss ib le  s t r e s s  values taken as those used f o r  

s t r u c t u r a l  un re in fo rced  concrete ( 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  design method. Loads considered i n  t h e  design o f  t h e  concrete 

l i n e r  inc luded a  h y d r o s t a t i c  pressure assumed t o  a c t  from 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 the  

ground-water pressure a c t i n g  over one-sixth o f  t h e  circumference o f  t h e  

l i n e r ;  and st resses due t o  an i n i t i a l  imper fec t ion  o f  1  i nch  i n  t he  

roundness o f  t h e  l i n e r .  Since 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  ex te rna l  pressure capac i t i es  and corresponding c losure  l i m i t s  

(maximum d iamet r i c  changes) f o r  d i f f e r e n t  thicknesses o f  t h e  exhaust 

s h a f t  l i n e r  are: 

L i n e r  Pressure Closure 
Depth Thickness Capacity L i m i t  
( f e e t )  ( inches) ( p s i )  ( inches)  

15 t o  500 10 320 0.140 
500 t o  740 14 51 3  0.175 
740 t o  844 16 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 du r ing  

cons t ruc t i on ,  t h e  ac tua l  c l osu re  i s  n o t  a v a i l a b l e  f o r  comparison. 

F igure  9-1 shows t h e  r e l a t i o n s h i p  between t h e  hyd ros ta t i c  design 

pressure and t h e  pressure capac i t y  o f  t h e  l i n e r .  The hyd ros ta 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  design o f  t h e  waste shaf t .  

Because t h e  exhaust s h a f t  1-iner a l s o  has water seeping through cracks 

and c o n s t r u c t i o n  j o i n t s ,  t h e  hyd ros ta t i c  pressure i s  expected t o  behave 

i n  t h e  same manner as discussed f o r  t he  waste s h a f t  i n  Chapter 8. That 

i s ,  t h e  design h y d r o s t a t i c  pressure i s  no t  expected t o  be reached u n t i l  

t h e  s h a f t  l i n e r  i s  complete ly  sealed. When t h e  design hyd ros ta 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  sa fe t y  g rea te r  

than two, based on t h e  l i n e r  pressure capaci ty .  
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P\ 9.3.2.2 Sha f t  Key 

'L#d 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 percent  o f  t h e  v e r t i c a l  overburden pressure o r  about 60 

k s f .  A non l i nea 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 imulate 

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  concrete key. The 

creep behavior  o f  t h e  s a l t  was simulated us ing  a power law (equat ion 

C.4-6 -in Appendix C). For conservatism, t h e  shrinkage e f f e c t s  and 

creep o f  t h e  concrete were n o t  taken i n t o  account i n  t h e  ana lys is .  

Model Simulat ion.  The f i n i t e  element model f o r  t he  exhaust s h a f t  key 

and surrounding s a l t  cons 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  

axisymmetr ic r i n g  elements as shown on Figure 9-2. An i n n e r  element o f  

t h e  model represents a segment o f  t h e  concrete 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  deposi ts  u n t i l  t h a t  t ime 

when t h e  concrete f o r  t h e  s h a f t  key i s  a c t u a l l y  placed. A l l  depth 

dependent i n p u t  values, such as overburden stresses, i n i t i a l  

l i t h o s t a t i c  s ta te ,  etc., 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  t h e  

p reva len t  m a t e r i a l  present  a t  t h e  base o f  t h e  sha 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 modeling t h e  s a l t  deposi 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 ana lys i s  f o r  t h e  

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  descr 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 shaf t ,  t h e  key diameter was enlarged 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 fee t .  

9.3.2.3 Unl ined Sect ion  

The s t r u c t u r a l  behavior  o f  t h e  un l ined sec t i on  of t h e  exhaust s h a f t  was 

a l s o  computed us ing  t h e  MARC F i n i t e  Element Program discussed i n  

Chapter 6. The ana lys i s  computed t h e  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 f rom t h e  C & SH s h a f t  and t h e  

h o r i  zonta l  d r i f t s  . 



( A )  BEFORE ENLARGEMENT 

( 0 )  AFTER ENLARGEMENT 

( C )  AFTER KEY PLACEMENT 

F i g u r e  9-2 

EXHAUST SHAFT KEY 
F IN ITE  ELEMENT MODEL 



Model Simulat ion.  The f i n i t e  element model used f o r  t h e  un l ined 

s e c t i o n  o f  t h e  exhaust 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 of 70 

quadr-i l a t e r a l  axisymmetric r i n g  elements. The model, shown on Figure 

9-3, has i t s  upper and lower h o r i z o n t a l  boundaries res t ra ined  aga ins t  

v e r t i c a l  movement and has a constant  1 i t h o s t a t i c  un i fo rm pressure, 

equal t o  2,066 f e e t  o f  overburden, app l i ed  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  pressure was i n i t i a l l y  app l ied  t o  t h e  

i n s i d e  v e r t i c a l  boundary; however, t h a t  pressure was l a t e r  removed f rom 

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  of t h e  6-foot diameter 

p i l o t  bore. 

The ana lys i s  s imulates t h e  s a l t  creep u n t i l  t h a t  t ime when t h e  6-foot 

d iameter  ho le  was enlarged t o  i t s  present  15- foot  diameter. The s h a f t  

enlargement i s  s imulated i n  t h e  model by removing those r i n g  elements 

which are  loca ted w i t h i n  t h e  newly-excavated 15- foot  diameter. With 

t h e  enlarged s h a f t  con f i gu ra t i on ,  s imulated s a l t  creep f o r  another 25 

years was analyzed. 
i 
,- 

Determinat ion o f  Creep Parameters. S i  nce t h e  s t r a t i g r a p h y  surrounding 

t h e  C & SH s h a f t  i s  s i m i l a r  t o  t h a t  surrounding t h e  exhaust shaf t ,  

t h e  creep parameters determined f rom the  i n  s i t u  s a l t  behavior i n  t h e  

C & SH s h a f t  were assumed t o  be v a l i d  f o r  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  f o r  t h e  exhaust s h a f t  f rom normalized t ime t o  r e a l  t ime. The 

secondary creep parameter C f o r  t h e  C & SH s h a f t  was found t o  equal 

5 . 7 0 ~ 1 0 - ~ '  k s f  -4.9 -1 sec . Since e a r l y  i n  s i t u  measurements were 

n o t  a v a i l a b l e  f o r  t h e  C & SH shaf t ,  t h e  pr imary creep parameters A 

and z were determined f rom i n  s i t u  data from t h e  ho r i zon ta l  d r i f t s  and 
-7 -1 

were found t o  be 3.2 and 1 . l x l O  sec , respec t i ve l y .  

Chapter 7 presents s p e c i f i c  d e t a i l s  on t h e  computation o f  t h e  secondary 

creep parameter C f rom t h e  C & SH shaf t .  Chapter 10 presents the  

computat ion o f  t h e  pr imary  creep parameters A and z from the  d r i f t s .  



( A )  BEFORE ENLARGEMENT 

EXHAUST SHAFT UNLINED SECTION 
F I N I T E  ELEMENT MODEL 
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9.3.3 P r e d i c t i o n  o f  Fu tu re  Behavior  

Th is  subsec t 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 eva lua t i on  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  f o r  t h e  l i n e d  

sec t i on ,  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 i on  

The c racks  i n  t h e  concre te  l i n e r  o f  t h e  exhaust s h a f t  a re  p r i m a r i l y  

t e n s i o n  cracks 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 no r  unexpected. Grou t ing  o f  t h e  cracks, as w e l l  as t h e  l eak ing  

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  

rega rd ing  ground-water c o n t r o l .  

As d iscussed 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  

des ign  bas i s  depth o f  250 f e e t  below t h e  ground sur face  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 .  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  mon i t o r i ng  o f  t h e  a c t u a l  water  pressure on t h e  

l i n e r .  Even i f  t h e  water  pressure 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  margin o f  

sa fe t y .  

9.3.3.2 S h a f t  Key 

The elapsed t i m e  f rom t h e  d r i l l i n g  o f  t h e  6 - foo t  diameter 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  

concre te  key was approx imate ly  316 days. F igu re  9-4 shows t h e  

p r e d i c t e d  l a t e r a l  p ressure  curve f o r  t h e  concrete key based on t h e  

f i n i t e  element ana l ys 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  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 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 owab le  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 lowab le  

l a t e r a l  r ock  pressure o f  154 k s f  based on t h e  d iameter  o f  t h e  key. 0 F igu re  9-4 shows a  l a t e r a l  pressure on t h e  key o f  approx imate ly  72 k s f  





a t  25 years. Although h igher  than t h e  design bas is  l a t e r a l  pressure o f  

60 ks f ,  t h i s  value i s  about 50 percent  o f  t h e  a l lowab le  l a t e r a l  

pressure. I n  add i t i on ,  t h e  l a t e r a l  pressure would a c t u a l l y  be less  

than 72 k s f  i f  concrete shrinkage and creep were taken i n t o  account i n  

t h e  f i n i t e  element ana lys is .  

Al though no shrinkage 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 ruc tu res  and should n o t  be o f  major concern. 

9.3.3.3 Unl ined Sect ion  

Figures 9-5 and 9-6 show p red i c t i ons  f o r  r a d i a l  and tangen t ia 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  of t h e  exhaust shaf 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 fec ted  

and t h e i r  decrease i n  magnitude over t ime. The computational r e s u l t s  

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 are  a f f e c t e d  on l y  w i t h i n  a  rad ius  o f  

approximate ly  120 f e e t .  

F igures 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 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 he  un l ined sec t i on  o f  the  

exhaust sha f t .  The magnitude o f  t h e  e f f e c t i v e  s t ress  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  value o f  approximately 0.037. 

F igu re  9-9 shows approximately 6  inches o f  d iamet r ic  c losure  i n  t h e  

un l i ned  sec t i on  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  t he  25-year opera t ing  l i f e  o f  t he  sha f t .  

9.4 CONCLUSIONS AND RECOMMENDATIONS 

Design v a l i d a t i o n  o f  t h e  exhaust s h a f t  requ i res  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  design c r i t e r i a ,  design bases and design 

con f i gu ra t i ons .used  f o r  t h e  reference design. The f o l l o w i n g  d iscussion 

presents conc1usions and recommendations regarding v a l i d a t i o n  o f  t h e  



DISTANCE TO CENTERLINE OF SHAFT ( F T )  

A -  IMMEDIATELY AFTER EXCAVATION OF 6 - F T  DIAMETER SHAFT 
B -  IMMEDIATELY BEFORE WIDENING TO 1 5 - F T  DIAMETER 
C -  IMMEDIATELY AFTER WIDENING TO 1 5 - F T  DIAMETER 
D -  ONE YEAR AFTER WIDENING OF SHAFT 
E -  2 5  YEARS AFTER WIDENING OF SHAFT 

F i g u r e  9-5 
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DISTANCE TO CENTERLINE OF SHAFT ( F T )  

A -  I M M E D I A T E L Y  AFTER EXCAVATION O F  6 - F T  DIAMETER SHAFT 
B -  I M M E D I A T E L Y  BEFORE W I D E N I N G  TO 1 5 - F T  DIAMETER 
C - I M M E D I A T E L Y  AFTER W I D E N I N G  TO 1 5 - F T  DIAMETER 
D - O N E  YEAR AFTER W I D E N I N G  OF SHAFT 
E - 2 5  YEARS AFTER W I D E N I N G  OF SHAFT 

EXHAUST S H A F T  U N L I N E D  S E C T I O N  
T A N G E N T I A L  S T R E S S  DISTRIBUTION A T  E L E V A T I O N  1343 F E E T  



DISTANCE TO CENTERLINE OF SHAFT ( F T )  

A -  IMMEDIATELY AFTER EXCAVATION OF 6 - F T  DIAMETER SHAFT 
8 -  IMMEDIATELY BEFORE WIDENING TO 15 -FT  DIAMETER 
C -  IMMEDIATELY AFTER WIDENING TO 15 -FT  DIAMETER 
D -  ONE YEAR AFTER WIDENING OF SHAFT 
E - 2 5  YEARS AFTER WIDENING OF SHAFT 
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DISTANCE TO CENTERLINE OF SHAFT ( F T )  

A - I M M E D I A T E L Y  AFTER EXCAVATION O F  6 - F T  DIAMETER SHAFT 
B - IMMEDIATELY BEFORE WIDENING TO 15-FT  DIAMETER 
C -  I M M E D I A T E L Y  AFTER W I D E N I N G  TO 1 5 - F T  DIAMETER 
D -  ONE YEAR AFTER W I D E N I N G  OF SHAFT 
E - 2 5  YEARS AFTER W I D E N I N G  OF SHAFT 

Finure 9-8 

EXHAUST SHAFT U N L I N E D  S E C T I O N  
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  A T  E L E V A T I O N  1343 FEET 



b d 113 I L I J  I b td LJ L L 
ELAPSED YEARS S I N C E  E X L A V A I [ O N  

F i g u r e  9-9 

EXHAUST SHAFT UNLINED SECTION 
CLOSURE PREDICTION AT ELEVATION 1343 FEET 



exhaust s h a f t  des ign  as t h e y  p e r t a i n  t o  t h e  des ign elements i d e n t i f i e d  

i n  Sec t i on  9.2. These des ign  elements s t i p u l a t e  t h e  requirements t h a t  

t h e  exhaust 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, 

wa te r  p ressure  and water  c o n t r o l .  Other conclus ions and 

recommendations t h a t  a r e  a p roduc t  o f  t h e  des ign v a l i d a t i o n  process a r e  

a1 so presented. 

9.4.1 Conclusions 

The s t a b i l i t y  o f  t h e  exhaust s h a f t  has been evaluated us ing  a n a l y t i c a l  

c a l c u l a t i o n s ,  f i n i t e  element model ing and a n a l y s i s  o f  data f rom t h e  

C 6 SH and waste sha f t s .  The conclus ions regard ing  s h a f t  s t a b i l i t y  

a r e  t h e  same as those f o r  t h e  waste sha f t .  The water  pressure exer ted  

on t h e  s h a f t  l i n e r  i s  c u r r e n t l y  l e s s  than t h e  des ign h y d r o s t a t i c  

pressure. I f  t h e  h y d r o s t a t i c  pressure increases t o  i t s  des ign l i m i t ,  

t h e  l i n e r  w i l l  rema-in s t a b l e  because i t s  pressure capac i t y  exceeds t h e  

des ign  h y d r o s t a t i c  pressure by a f a c t o r  g r e a t e r  than  two. 'The cracks 

i n  t h e  l i n e r  a r e  n o t  expected t o  r e s u l t  i n  any s t r u c t u r a l  i n s t a b i l i t y .  

A n a l y t i c a l  r e s u l t s  show t h a t  t h e  l a t e r a l  pressure on t h e  s h a f t  key a t  

t h e  end o f  t h e  25-year ope ra t i ng  l i f e  w i l l  be approx imate ly  72 k s f .  

A l though t h i s  pressure exceeds t h e  des ign bas i s  l a t e r a l  pressure o f  

60 k s f ,  t h e  a l l o w a b l e  l a t e r a l  pressure on t h e  key i s  154 ks f ,  o r  more 

t han  t w i c e  t h e  p r e d i c t e d  l a t e r a l  pressure a t  25 years. Th is  prov ides a 

s u f f i c i e n t  margin o f  s a f e t y  a g a i n s t  f a i l u r e .  I f  concrete shr inkage and 

creep were taken i n t o  account i n  t h e  .analysis-, t h e  margin o f  sa fe ty  

would be even g rea te r .  

The a n a l y t i c a l  r e s u l t s  a l s o  show t h e  r e d i s t r i b u t i o n  o f  s t resses around 

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  due t o  t h e  e f f e c t s  o f  s a l t  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  

t h e  u n l i n e d  sec t ion ,  t h e  magnitude o f  s t resses  immediately ad jacent  t o  

t h e  opening decreases and t h e  s t r e s s  a rch  around t h e  opening migrates 

away w i t h  t ime. The maximum s t r e s s  occurs immediately a f t e r  excavat ion 

G and i s  f o l l owed  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  un l i ned  



s e c t i o n  . o f  t h e  sha f t .  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  concen t ra t i ons  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  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, t h e  exhaust s h a f t  

w i  11 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  o p e r a t i n g  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  pe r i od  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  requirements s t a t e d  i n  t h e  

design c r i t e r i a .  The design 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  creep over  i t s  o p e r a t i n g  l i f e  

w i  11 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  throu.gh 

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  

wa te r  seepage was g rea t1  y  reduced by g r o u t i n g  conducted a f t e r  

c o n s t r u c t i o n .  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  opera t ing ,  no water  reaches t h e  underground f a c i l i t y  

l e v e l .  The wa te r  sea ls  behind t h e  s h a f t  concre 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 wa te r  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  design 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  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 t h e  analyses, eva lua t i ons  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  exhaust s h a f t  

r e fe rence  des ign  compl ies w i t h  t h e  design 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  ground-water 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  wa te r  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  r e q u i  red. 



9.4.2 Recommendations 

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 ,  recommendations s i m i l a r  t o  

those f o r  t h e  waste s h a f t  a re  made f o r  t h e  exhaust shaf 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 ined sec t i on  

r e l i e d  on ana lys i s  and modeling us ing i n  s i t u  data from t h e  

C & SH and waste shaf ts .  It i s  recommended t h a t  t h e  

numerical  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  i n  s i t u  data f rom t h e  exhaust s h a f t  

instruments. This  ana lys 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  data aga ins t  design parameters. 

(2)  'The exhaust s h a f t  should be inspected 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 rou t i ng  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 he  1 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 inspected f o r  water  seeping from. behind the  key a t  i t s  

base. I f  any i s  detected, g rou t  should be i n j e c t e d  above t h e  

t o p  water  seal.. Grout should no t  be p laced  behind the  key 

below t h e  t o p  seal.  I f  t h i s  cannot be avoided, t he  grout  

must be a chemical ge l  ( o r  o t h e r  non- r ig id  g rout )  and must be 

compatible w i t h  bo th  t h e  e x i s t i n g  water seal ma te r i a l  and 

w i t h  t h e  requirements o f  t h e  Plugging and Seal ing Program. 





CHAPTER 10 

DRIFTS 

10.1 'INTRODUCTION 

This chapter  presents the  r e s u l t s  o f  v a l i d a t i o n  o f  the  reference design 

f o r  t h e  underground d r i f t s .  Discussions a re  presented on the  reference 

design, data c o l l e c t e d  f rom the  openings, i t s  ana lys is  and evaluat ion, 

and p r e d i c t i o n s  o f  f u t u r e  behavior. Conclusions and recornmendations 

p e r t a i n i n g  t o  the  reference design a re  presented based on the  r e s u l t s  

o f  t h e  v a l i d a t i o n  process. 

The te rm d r i f t s  inc ludes a l l  h o r i z o n t a l  underground openings except the  

s h a f t  s ta t i ons ,  t e s t  rooms, and storage area rooms and the - i r  associated 

d r i f t s .  Discussions o f  t h e  s h a f t  s ta t i ons  a re  presented i n  Chapters 7 

and 8.  isc cuss ions o f  t h e  t e s t  rooms, storage rooms and storage area 

d r i f t s  a re  presented i n  Chapters 11 and 12. 
*""-., 

The l a r g e s t  d r i f t s  planned f o r  t he  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 igh  and 25 f e e t  wide. These d r i f t s  have been o r  w i l l  

be enlarged t o  12 f e e t  high. The present 12-foot high, 25-foot wide 

d r i f t s  were excavated e a r l i e r  than most o f  -the smal ler  d r i f t s  and, 

there fore ,  have the  longest  h i s t o r y  o f  i n  s i t u >  data c o l l e c t i o n .  

Because these 12 x  25-foot d r i f t s  a re  the  l a r g e s t  t o  be excavated, they 

a l s o  have t h e  most c r i t i c a l  dimensions. Consequently, the  analyses, 

eva luat ions  and p red ic t i ons  are  based p r i m a r i l y  on these l a r g e r  

d r i f t s .  The smal le r  d r i f t s  and rooms are, there fore ,  considered t o  be 

va l i da ted  as a  r e s u l t  o f  t he  v a l i d a t i o n  o f  t he  l a r g e r  12 x  25-foot 

d r i f t  reference design. 

10.2 DESIGN 

This sec t i on  presents the  design c r i t e r i a  and design bases used t o  

develop t h e  reference design o f  t he  d r i f t s .  



10.2.1 Design C r i t e r i a  

The design c r i t e r i a  es tab l i shed  f o r  t h e  design o f  t h e  WIPP underground 

f a c i l i t y  a r e  discussed i n  Chapter 2  and summarized i n  Table 2-1. Table 

2-1 presents 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  ra te ,  type o f  waste, b a c k f i l l  requirement,  

e tc .  Those c r i t e r i a  r e q u i r i n g  eva lua t i on  o f  the1 r s u i t a b i l i t y  f o r  

design v a l l d a t i o n  a r e  l n d l 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  

eva lua t ion .  

Three o f  t h e  i n d i c a t e d  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 

design. 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 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  1  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  requ i red  f o r  

s t r u c t u r a l  f unc t i on ,  vent1 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  t h e  underground opening re ference design s h a l l  p rov ide  

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 1  pu la tes  t h a t  t h e  underground excavat ion s h a l l  be designed 

t o  accommodate creep c losu re  and ma in ta in  t h e  minimum dimensions 

requ i red  f o r  t h e  opera t ing  l i f e  o f  t h e  opening. Not o n 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  1  i t y ,  b u t  t h e  re ference 

design c o n f i g u r a t i o n s  based on them must a l s o  be evaluated. These 

re ference design c o n f i g u r a t i o n s  were discussed i n  Chapter 3. 

10.2.2 besign Bases 

The design bases comprise t h e  second l e v e l  o f  t h e  design documents. 

They Bu t1  i n e  s p e c i f i c  design requirements t h a t  were f o l  lowed i n  

des ign ing  t h e  f i n a l  d r i f t  con f i gu ra t i ons .  Only those design bases t h a t  

app ly  d i  r e c t l y  t o  t h e  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, Underground Excavat ions ( r e f s .  2-9 

and 2-1 8), Design Basis, Underqround Shops and Faci 1  i t i e s  ( r e f .  2-20), 

and Design Basis. Geomechanical I ns t rumen ta t i on  ( r e f .  2-17) should be 

r e f e r r e d  t o  f o r  de ta - i l s  of t h e  app rop r ia te  design bases used f o r  t h e  

underground d r i f t s .  None of these design bases conta ined elements 



, 71 p e r t a i n i n g  s p e c i f i c a l l y  t o  the  d r i f t s  t h a t  requ i red  eva luat ion  dur ing 

l id i  t he  v a l i d a t i o n  program. Those bases t h a t  requ i red  eva luat ion  f o r  

v a l i d a t i o n  p e r t a i n  on ly  t o  the  storage area d r i f t s  and are discussed i n  

Chapter 12. 

The design bases spec i f y  t h a t  excavation w i t h i n  the  s h a f t  p i l l a r  area 

s h a l l  be the  minimum requ i red t o  meet the  operat ional  and sa fe ty  

requirements o f  the  waste storage l e v e l .  The area e x t r a c t i o n  r a t i o  

was, there fore ,  kept  below 15 percent i n  t h i s  area. 

The maximum to lerance f o r  excavation o f  t he  roof, f l o o r  and wa l ls  s h a l l  

be p l u s  s i x  inches. I n  no case s h a l l  the  f i n i s h e d  dimensions be less 

- than those s p e c i f i e d  by the  design. The minimum v e r t i c a l  dimension f o r  

equipment clearances used t o  meet t h i s  basis was 11 fee t .  

Supports f o r  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 mine cond i t ions  and code requirements. Ent ry  

roofs,  wa l l s  and f l o o r s  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  app l i cab le  codes. Methods o f  l o c a t i n g  gas o r  b r i n e  

accumulations s h a l l  be implemented, such as d r i l l i n g  holes ahead o f  the  

excavat ion and t e s t i n g  f o r  t he  presence o f  gas. 

A geomechanical ins t rumenta t ion  system s h a l l  be i n s t a l  l ed  t o  provide i n  

s i t u  measurement data f o r  design v e r i f i c a t i o n  o r  mod i f i ca t i on  and f o r  

subsequent opera t iona l  planning. I n  add i t ion ,  t he  inst rumentat ion 

system s h a l l  mon i to r  s t ress  change, c losure  and creep t o  provide a 

record o f  t h e  s t r u c t u r a l  s t a b i l i t y  of t he  d r i f t s  and t o  provide e a r l y  

warning o f  abnormal cond i t ions  f o r  operat ional  safety.  

Deformation measurements i n  the  d r i f t s  s h a l l  be measured as a  func t i on  

o f  h o r i z o n t a l  and v e r t i c a l  closure. S a l t  creep and s t ress  

d i s t r i b u t i o n s  around t h e  d r i f t s  and a t  i n te rsec t i ons  s h a l l  a l so  be 

measured. 

C1 



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  behavior .  V isua l  observa t ions  s h a l l  f o l l o w  any detec ted  

abnormal s t r a i n ,  pressure o r  deformat ion f o r  eva lua t i on  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 n s p e c t i o n  o f  a l l  underground work ing 

places. 

10.3 DESIGN VALIDATION PROCESS 

Val i d a t i o n  o f  t h e  re ference design 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  p resen ta t i on  o f  r e s u l t s  based on i t s  

a n a l y s i s  and eva lua t i on .  The r e s u l t s  o f  t h e  design v a l i d a t i o n  process 

a r e  used t o  p resent  conclus ions regard ing  t h e  c o m p a t i b i l i t y  o f  t h e  

design c r i t e r i a ,  design bases and design con f i gu ra t i ons ,  and 

recommendations f o r  mod i f i ca t i ons ,  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 ior  based on 

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. 

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  t h e  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 acqu i red  f rom geo log ic  mapping and core  

d r i l l i n g .  These data v e r i f i e d  t h e  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  t h e  

f a c i l i t y  l e v e l  and a r e  discussed i n  d e t a i l  i n  Chapter 6. Data were 

a l s o  acqu i red  f rom p e r i o d i c  v i s u a l  i nspec t i ons  and f rom geomechanical 

i ns t rumen ta t i on .  C o l l e c t i o n  o f  these data a r e  descr 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 ions 

Various aspects o f  underground behavior  a re  evaluated by qua1 i t a t i  ve 

observa t ions  and documentation. Visual  i nspec t i ons  o f  t h e  d r i f t s  

i n c l u d e  observa t ions  o f  t h e i r  general  sur face cond i t i ons  i n  response t o  

s t r e s s  r e d i s t r i b u t i o n  and creep. These cond i t i ons  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 wa l l s ,  e s p e c i a 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 para1 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 re  surveyed us ing  v ideo cameras and displacements, 



separat ions and f r a c t u r i n g  o f  geologic  s t r a t a  surrounding t h e  boreholes 

a r e  detected us ing  a simple probe. Surveys o f  underground cond i t ions  

have been performed a t  l e a s t  once every 3 months. Each survey i s  

documented i n  a GFDR beginning w i t h  the  February 1984 e d i t i o n  ( r e f s .  

4-12 through 4-19). 

Recently, a  spec ia l  program was conducted t o  determine t h e  e f f e c t  o f  

excavat ion induced deformat 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  the  roo 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 through 

J u l y  1986. These ar rays  a re  shown on Figure 10-1. These boreholes 

were used t o  l o c a t e  separat ions and f r a c t u r e s  i n  t he  h a l i t e  and 

anhydr i  t e  near  t h e  h o r i  zonta l  underground openings . This Excavation 

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 he  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  Test 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  study were t o  determine i f  

f r a c t u r i n g  o f  t h i s  magnitude has occurred anywhere e l se  and t o  

i n v e s t i g a t e  e x i s t i n g  cond i t i ons  a t  se lected l o c a l i t i e s  throughout t he  

f a c i l i t y .  

The documented f i e l d  observat 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  1  l a r  f r a c t u r i n g ;  roo 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 Spa l l i ng .  Dur ing and immediately a f t e r  excavation, a 

sounding survey o f  t h e  roo fs  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 drummy o r  slabby 

s a l t .  Remedial work was accomplished immediately and inc luded scal ing,  

a d d i t i o n a l  excavat ion, o r  rock b o l t i n g .  Comprehensive sounding surveys 

were a l s o  performed i n  every underground opening i n  J u l y  1983 and 

November 1984. The behavior  o f  t h e  roo 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 Wallsu i n  each GFDR. 







P\ 
w P i l l a r  F r a c t u r i n g .  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  excava t ion .  S i t e  g e o l o g i s t s  have moni tored t h e  

growth o f  these  f r a c t u r e s  and have i nc l uded  t h e i r  observa t ions  i n  t h e  

GFDRs. 

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 i z o n t a l  boreholes. These f r a c t u r e s  were n o t  p resen t  a t  t h e  

t i m e  o f  d r i l l i n g .  They were 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  sur face.  

Roof D i s ~ l a c e m e n t s  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 ions  have been de tec ted  i n  some open boreholes i n  t h e  

d r i f t s  d u r i n g  t h e  p a s t  2  years.  P e r i o d i c  i n s p e c t i o n s  o f  a l l  access ib l e  

boreholes i n  t h e  d r i f t s  have been made s i n c e  September 1985. The 

r e s u l t s  o f  these  i n s p e c t i o n s  i n  t h e  r o o f  ho les  a r e  presented i n  

/""\ Table 10-1. 

L 
Visua l  i n s p e c t i o n s  were conducted d i r e c t l y  o r  remote ly  us ing  a  v ideo  

camera and/or probe. The probe used was descr ibed i n  Chapter 7, 

subsec t lon  7.3.1.4. Depths t o  displacements and separa t ions  were 

measured w i t h  a t a p e  measure. R e l a t i v e  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  1  y  conducted Excava t ion  E f f e c t s  Program cons i s ted  o f  d r i l l  i n g  

numerous a r r a y s  o f  1  7/8-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 i g u r e  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  r o o f  and f l o o r  and inspec ted  us ing  a  

probe. The r e s u l t s  o f  t h e  i n s p e c t i o n  o f  these  ho les  a r e  presented i n  

Tab le  10-2. 

The N1100- and N1420 d r i f t s  were excavated eastward t o  €1680 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  t h e  exper imenta l  area. The r o o f s  

P o f  bo th  d r i f t s  i n t e r s e c t  a n h y d r i t e  beds "au and "b". Slabby rock a t  

b' t h e  i n t e r s e c t i o n  was removed by t h e  min ing  machine and rock b o l t s  



Table 10-1 

DRIFTS 
RESULTS OF INSPECTION OF VERTICAL BOREHOLES I N  ROOFS 

Paqe 1 o f  3 
Hole 

Date S i ze  Depth Approximate Observed 
Hole Completed ( i n . )  ( f t )  Locat ion  Cond i t ion*  

DH-01 2-1 0-84 3 50.8 N1424/E439.5 None 

D 

D 

None 

None 

None 

D, S 

D *  S 

D, S 

None 

None 

None 

None 

None 

D, S 

None 

None 

None 

None 

* D = displacement;  S = separa t ion ;  F = f r a c t u r i n g  



Table 10-1 (cont inued) 

DRIFTS 
RESULTS OF INSPECTION OF VERTICAL BOREHOLES I N  ROOFS 

Paqe 2 o f  3 
Hole 

Date S ize  Depth Approximate Observed 
Hole Completed ( i n . )  ( f t )  Locat ion Condit ion* 

DH-31 A 7-24-84 3.5 49.2 N1099/W1280 None 

DH-31 B 9-1 2-84 3.5 4.9 N1099/W1261 None 

DH-33 . 7-18-84 3.5 50.5 N1099/W1582 None 

..DH-33A 9-1 3-84 3.5 4.1 N1099/W1570 None 

DH-35 1-27-85 3.5 52.0 N17 02/W1882 None 

DH-37 1-26-85 3.5 51.5 N1101 /W2182 None 

DH-39 1 -24-85 3.5 50.7 N1101 /W2482 None 

None 

None 

None 

DH-219 1 -1 4-83 3 51 .O S2422/E162 None 

DH-227 1-28-83 3 51.7 S3656/E147 None 

D 

None 

None 

DH-313A 7-1 2-84 3 50.2 S1300/E299 None 

3 S1600/W33 DH-317 7 -6-84 50.1 'None 

DH-317A 7 -6-84 3 5.0 S1600/W30 None 

DH-317B 9-7-84 3.5 51.0 S1597/W30 None 

P\ DH-319 9-1 0-85 3.5 51 .I S700/E300 None 



Table 10-1 (cont inued) 

DRIFTS 
RESULTS OF INSPECTION OF VERTICAL BOREHOLES I N  ROOFS 

Paae 3 o f  3 
Hole 

Date S ize  Depth Approximate Observed 
Hole Completed i n  ( f t )  Locat ion Condi t ion* 

OH-2 8-83 4 20 S410/E147 None 

OH-3 8-83 4 2 0 Room 2 c e n t e r l i n e  s, F 

OH -4 8-83 4 20 N l l  1 O/W365 S 

OH-6 8-83 4 2 0 N l  1 1 O/W5 None 

OH-8 8-83 4 2 0 N140/EO None 

OH-1 1 2-84 ' 4 19.7 N1433/W365 None 

- - 5 1' 0 Room L1 c e n t e r l i n e  None 

L2 PUr02 - 5 9.2 Room L2 c e n t e r l i n e  None 



C'a 

EXCAVATION 

DATE I LOCATION 

FLOOR 
.OWERED 4 FT NIUO* w02 

12/83) "1- 

I CLSH SHAFT 
STATION - NO28 

I u v l r u n  
STATION - SO24 

I 

C6SH SHAfT I STATION - S O Y  

C&SH SHAFT 
STATION - 
ELECTRICAL - 

Table 10-2 

EXCAVATION EFFECTS PROGRAM 

BOREHOLE INSPECTION SUMMARY 
PAGE I OF 2 



Table 10-2 (continued) 

EXCAVATION EFFECTS PROGRAM 

BOREHOLE INSPECTION SUMMARY 
PACE 2 OF 2 

* EXISTING HOLE. 
LOCATION APPROXIMATE. NOT SURVEYED. 

EXPLANATION 

SECTION 

25 

2 6  

27 

28 

29 

30 

D = HORIZONTAL DISPLACEMENT. FOUND ONLY IN PREVIOUSLY DRILLED 
HOLES. DISPLACEMENT APPEARS TO DEVELOP WITH TIME FOLLOWING 
HOLE DRILLING 

LOCATION 

W2R U 5 5  

* * 
S2205.054 

* * 
M430, US% 

* * 
WO, '1432 

** 
~ 7 0 0 .  a 5 5  

* * 
NUIO. 0 3 0 3  

S = VERTICAL SEPARATION. PROBE NAIL PENETRATES HOLE WALL SURFACE. 
VERTICAL SEPARATIONS RANGE FROM APPROXIMATELY 1/16 NCH TO 6 INCHES. 

F = FRACTURE ZONE. PtECES OF HALITE COMMONLY PICKED OUT OF ZONE BY PROBE 
NAIL. 

OBSERVED CONMONS 

ROOF HOLES 
DATE 

FLOOR HOLES 
DATE 

c+ti~~m HSPECT~ E A C F B D 

7/9/86 7/10/86 NONE NONE NONE C C C 

7/16/06 . 7/18/06 

7/W86 7/18/86 

7/16/86 

7/10/86 

7/11/86 

CfEMNG 

DWNSDNS 

WW-m 

Lht25 

8x25 

mt14 

E x 2 0  

12x25 

8x14 

C = PROBE NAIL CATCHES ON HOLE WALL SURFACE BUT DOES NOT PENETRATE. 
INDICATES POSSIBLE SEPARATION OF LESS THAN V16 INCH. OCCURENCES 
A7 KNOWN CLAY LAYERS ARE NOT WDlCATNE OF SEPARATION AND ARE NOT 

EXCAVATION 

DATE 

12/02 
(FLOOR 
LOWERED 5/04) 

V 8 3  

3/84 

3/83 

(FLOOR 
LOWERED 4/83) 

W 8 2  
(FLOOR 
LOWERED W05) 

2/84 

NOTES - 
L SECTION LOCATIONS AND HOLE CONFIGURATIONS ARE SHOWN ON FIGURE 10-I. 

2. HOLES WERE DRILLED VERTICALLY USING A JACK-LEG DRILL. 

3. NOMINAL HOLE DEPTH IS 9 FEET BUT SOME HOLES ARE SHORTER DUE TO 
L3W DRIFT ROOF OR DRILLING ClFFICL!LTIES. 

4. ONE ROOF AM) ONE n o o R  HOLE OF EACH ARRAY WERE GENERALLY m L m  
3 INCHES IN DIAMETER TO ACCOMODATE USE OF BORMOLE CAMERA IF 
DESIRED. OTHER'HOLES WERE DRILLED W/8  INCHES IN DIMTER. 
ExIsTmc HOLES WERE USED WHERE POSSIBLL 

5. OBSERVATIONS WERE MADE USING A PROBE CONSISTING OF A NAIL ATTACHED 
PERPENDICULAR TO THE ENl OF A ROD. 

6. HOLES AT SECTION 13 WERE DRILLED TO ONLY 6- OR 6.5-FT DEPTH DUE 
TO LOW DRIFT ROOF. NO ROOF HOLES WERE DRILLED AT SECTIONS 16 OR 
2 6  DUE TO LOW DRlFT ROOF. 

7. POSSIBLE SEPARATIONS IN n o o R  HOLES AT SECTION 2 5  ARE PRQBABLY 
AT CLAY E. 



C and w i r e  mesh were i n s t a l l e d .  Several f r a c t u r e s  i n  t h e  roo f  brow a t  

these anhydr i  t e s  have been observed. 

A p o r t i o n  o f  t h e  N140 c rosscut  between W170 and El40 has been excavated 

above c l a y  G .  An inspec t i on  o f  t h i s  area i n  June 1986 showed some 

minor  v e r t i c a l  separat ion, on t h e  order  o f  1/8 inch, as w e l l  as some 

squeezing o u t  o f  c l a y  G. No f r a c t u r e s  i n  t h e  under ly ing  h a l i t e  were 

observed. 

Fl-oor DIs~ lacements .  Separat ions and Frac tur ing .  F rac tu r i ng  has 

developed beneath t h e  f l o o r  i n  some loca t i ons .  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  p resent  i s  beneath Test Room 3, as discussed i n  

Chapter 11. 

As w i t h  t h e  r o o f  boreholes, observat ions were accomplished us ing both 

v ideo equipment and a  probe. The r e s u l t s  o f  f l o o r  ho le  inspect ions  .c conducted through J u l y  1986 i n  accessib le boreholes a re  presented i n  

Table 10-3. Resul 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 Ins t rumenta t ion  

An ex tens ive  system o f  geomechanical inst ruments has been i n s t a l  l e d  i n  

t h e  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 format iona l  behavior  o f  these openings. The m a j o r i t y  o f  t h e  

inst ruments were i n s t a l l e d  du r ing  t h e  SPDV Program and the re fo re  have 

been monitored f o r  over t h ree  years. Add i t i ona l  ins t rumenta t ion  was 

i n s t a l l e d  a f t e r  t h e  SPDV program was completed. 

Ins t rumenta t ion  i n  t h e  d r i f t s  cons i s t s  of r a d i a l  convergence po in t s  and 

m u l t i p l e - p o i n t  borehole extensometers. The convergence p o i n t s  cons i s t  

o f  pa-irs 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 te rsec t i ons .  The c losure  o f  

C 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 re  t h e  sonic-probe type 



Table 10-3 

DRIFTS 
RESULTS OF INSPECTION OF VERTICAL BOREHOLES I N  FLOORS 

Page 1 o f  2 
Hole 

Date S i z e  Depth Approximate Observed 
Ho le  Completed ( i n . )  j f t )  Loca t i on  Cond i t i on *  

DH-36 1-26-85 3.5 51.5 N1102/W1882 None 

DH-38 1-26-85 3.5 47.5 N1101 /W2182 None 

DH-40 1-25-85 3.5 51 .O N1101 /W2482 None 

OH-42 1 -23-85 3.5 51.2 N1101 /W2782 None 

DH-42A 1-25-85 3.5 40.5 N! 101 /W2789 None 

DH-228 1-28-83 3 50.4 S3656/E147 None 

JV-01 9-85 36 8 Room J None 0 
JV-02 9-85 36 8 Room J None 

JV-03 9-85 36 8 Room J None 

JV-04 9-85 3 6 8 Room J None 

JV-05 9-85 3 6 8 Room J 

JV-06 9-85 3 6 8 Room J 

JV-07 9-85 3 6 8 Room J 

JV-08 9-85 36 8 Room J 

JV-09 9-85 36 8 Room J 

L2X-01 1-85 30 12 Room L2 

None 

None 

None 

F 

None 

None 

L2PD-01 - 5 13.0 Room L2 cen te r1  i n e  D, S, F 

- - 5 11.3 Room L2 cen te r1  i n e  s, F 

* D = d isp lacement ;  S = separa t ion ;  F = f r a c t u r i n g  

10-1 4 



Table 10-3 (cont inued)  

DRIFTS 
RESULTS OF INSPECTION OF VERTICAL BOREHOLES I N  FLOORS 

Pane 2 o f  2 
Hole 

Date S ize  Depth Approximate Observed 
Hole Completed i i n . )  j f t )  Loca t i  on Condi t ion*  

- - 16 10.3 Room L2 c e n t e r l i n e  D, S 

NPD-03 1 -86 5 9.3 N1420, eas t  o f  None 
Test  Room 1 

NPD-04 1-86 5 9.5 N1420, eas t  o f  None 
Tes t  Room 1 

N PO-05 1-86 5 9.6 N1420/Room L1 None 

NPD-06 1-86 - 5 9.5 N1420/Room L1 None 

NPO-08 1 -86 5 12.0 N1420, eas t  of S .  

,@- Test  Room 1 

Lad NPD-11 . 1-86 5 8.9 N1420, between None 
Test  Rooms 2 and 3 

NPD-12 1 -86 5 9.0 N1420, between None 
Rooms L1 and 12 
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C w i t h  stainless s t e e l  anchor rods and expansion-r ing anchors. 

Two-anchor, four-anchor  and f i ve -anchor  extensometers have been 

i n s t a l l e d .  Anchor depths va ry  w i t h  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  i ns t ruments  a re  

p resen ted  i n  Appendix J. 

No s t ressmeters  were i n s t a l l e d  i n  e i t h e r  t h e  h a l i t e  o r  a r l hyd r i t e  

sur round ing  t h e  d r i f t  openings. A program t o  develop r e l i a b l e  

s t ressmeters  f o r  use i n  h a l i t e  was begun b u t  abandoned when o t h e r  WIPP 

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  m o d i f i e d  s t ressmeters  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 cons idered f o r  des ign  v a l i d a t i o n .  

Therefore,  numer ica l  model ing was r e l i e d  upon t o  analyze s t r e s s  changes 

w i t h  t i m e  i n  t h e  h a l i t e  and a n h y d r 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 f rom t h e  two s t ressmeters  i n s t a l l e d  i n  

MB-139 beneath Tes t  Room 2  i s  d iscussed i n  Chapter 11. 

e\ The underground i n s t r u m e n t a t i o n  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  creep 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  rep laced.  Extensometers were a l s o  damaged d u r i n g  

c o n s t r u c t i o n ;  some were rep laced  and o t h e r s  were abandoned. The 

o p e r a t i o n a l  h i s t o r y  o f  t h e  ins t ruments  i s  presented i n  each i s sue  o f  

t h e  GFDRs. 

10.3.2 Ana l ys i s  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 observa t ions  made d u r i n g  t h e  des ign 

v a l i d a t i o n  process were analyzed and eva lua ted  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 da ta  were analyzed 

and a  model s i m u l a t i o n  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 o w e r i n g  t h e  f l o o r  5  f e e t  was i nco rpo ra ted  i n t o  

t h e  model f o r  subsequent a n a l y s 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. 



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 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  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 Wal l  S p a l l i n g .  Changes i n  r o o f  and w a l l  c o n d i t i o n s  occur  

s l ow ly .  Drummy 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  

enlarged s i g n i f i c a n t l y .  'These drummy areas occur  i n  c l e a r  h a l i t e  and 

a r e  n o t  assoc ia ted  w i t h  any n o t i c e a b l e  c l a y  depos i ts .  Separat ions 

occur  a long p lanes of weakness, p robab ly  c rea ted  by t h e  o r i e n t a t i o n  o f  

c r y s t a l  faces.  Few new s labby areas have developed. For  an unknown 

reason, more s labby areas developed i n  t h e  roof o f  t h e  E l40  d r i f t  south 

o f  t h e  waste s h a f t  d u r i n g  excavat ion  than i n  any o t h e 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 n o t i c e a b l e  s p a l l i n g  

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 assoc ia ted  c l a y  seam 

(geo log i c  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 i s  area has e x h i b i t e d  s l o w l y  d e t e r i o r a t i n g  c o n d i t i o n s  and 

r e q u i r e s  occasional  sca l i ng .  Th i s  s p a l l i n g  o f  map u n i t  4  and t h e  

squeezing o u t  o f  assoc ia ted  c l a y  F  i s  most n o t i c e a b l e  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  south 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  r o o f  i n t e r s e c t i o n .  S i m i l a r  behav io r  assoc ia ted  w i t h  

a n h y d r i t e  I1b1l, a n h y d r i t e  l1al1 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 imenta l  area. Some 

minor  squeezing o f  c l a y  G, c l a y  H and c l a y  I has occurred where these 

c l a y s  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 u n i t  0  has a l s o  been noted a long t h e  E l40  d r i f t  south o f  

approx imate ly  S2500. 



P i l l a r  F rac tu r i ng .  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  the  

p i  1  l a r  corners occur throughout t he  underground f a c i  1  i t y .  They a re  

p a r t i c u l a r l y  prominent i n  corners 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 i n  w id th  from closed t o  about 2 inches 

and extend i n t o  t h e  s a l t  e s s e n t i a l l y  perpendicular  t o  t h e  surface. 

The f r a c t u r e s  grow s t e a d i l y  w i t h  t ime as t h e  h a l i t e  responds t o  

deformat ion around t h e  opening. P i l l a r  corner  f rac tu res  a re  t h e  most 

obvious man i fes ta t i on  o f  p i l l a r  shor tening 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 inue t o  grow and t h e  corners w i l l  cont inue t o  

d e t e r i o r a t e .  w i t h  i nc reas ing  s p a l l i n g  as a r e s u l t .  This  behavior 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  

mon i to r i ng  and maintenance throughout t h e  opera t ing  l i f e  o f  t h e  

f a c i l i t y .  

V e r t i c a l  f r a c t u r e s  have developed i n  the  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  ax 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  width.  'The f r a c t u r e s  have been detected 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  surface. This 

type 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 tens ion  f r a c t u r e s  developed due t o  s t ress  r e l i e f .  

Roof D is~ lacemen ts  and S e ~ a r a t i o n s .  Clay G and c l a y  H, above t h e  roof  

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  roo f  o f  t h e  d r i f t s  

i n  t h e  experimental  area, have e x h i b i t e d  displacements and 

separat ions.  Table 10-1 presents t h e  r e s u l t s  o f  observat ions made 

through 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  displacements and/or 

separat ions.  S ix teen o f  these holes are  a t  i n te rsec t i ons .  The 

v e r t i c a l  separat ions range from closed t o  1/4 i nch  i n  width,  and t h e  

h o r i z o n t a l  displacements a r e  up t o  1 i nch  wide. 

An a d d i 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  du r ing  t h e  Excavation E f f e c t s  Program 

(F igu re  10-1). O f  these, f o u r  a r rays  were d r i l l e d  a t  i n te rsec t i ons .  

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  roo f  o f  d r i f t s  'in t h e  waste 

experimental  area. 
1 0-21 



I nspec t l on  o f  t h e  r e c e n t l y  d r l l l e d  holes us ing  a probe i n d i c a t e  t h a t  

minimal separa t lon  has occurred a t  t h e  i n t e r s e c t i o n s  and a long t h e  

d r i f t s .  The s i z e  o f  t h e  opening as w e l l  as t h e  elapsed t i m e  s i n c e  i t s  

excavat ion  do n o t  appear t o  have a s i g n i f i c a n t  e f f e c t  on t h i s  

phenomenon. Although t h e  El40 d r i f t  south o f  t h e  waste s h a f t  was 

excavated e a r l y  i n  c o n s t r u c t i o n  and has t h e  l a r g e s t  opening dimensions 

(12 x 25 f e e t ) ,  o n l y  minimal separat ions,  l e s s  than 1/16 i n c h  wide, 

were detected.  

No separa t ions  were de tec ted  a t  c l a y  G i n  t h e  d r i f t  ho le  ar rays ,  and 

t h e  separa t lons  i n  t h e  h a l l t e  were u s u a l l y  l e s s  than 1/16 inch.  There 

appears t o  be about 1/8 i n c h  o f  separa t ion  a t  c l a y  I i n  t h e  a r r a y  a t  

E875 i n  t h e  N1420 d r i f t .  This  i s  c o n s i s t e n t  w i t h  observat ions made i n  

p r e v i o u s l y  d r i l l e d  holes i n  t h e  waste experimental  area. 

The observed displacements and .separa t ions  immediately above t h e  

f a c l  l l t y  d r l f t s  appear t o  'be normal de format iona l  behavior.  As t h e  

d e v l a t o r l c  s t r e s s  around t h e  underground openings increases f o l l o w i n g  

excavat lon,  t h e  surroundlng s a l t  w l l l  deform. The c l a y  seams a r e  zones 

o f  weakness t h a t  p rov ide  s l i p  planes f o r  s a l t  movement d u r i n g  l a t e r a l  

load ing .  Movement I s  g e n e r a l l y  represented by t h e  h a l i t e  s e c t i o n  below 

t h e  c l a y  seams moving i n t o  t h e  excavat ion r e l a t i v e  t o  t h e  s e c t i o n  above. 

F l o o r  Displacements, S e ~ a r a t i o n s  anu Frac tu r i ng .  Minor displacements, 

separa t ions  and f r a c t u r i n g  have occurred beneath t h e  f l o o r  o f  t h e  

d r i f t s .  Table 10-3 presents t h e  r e s u l t s  o f  observa t ions  made i n  34 

open boreholes th rough J u l y  1986. Ten o f  these holes e x h i b i t e d  

displacements, separat ions o r  f r a c t u r i n g .  Displacements up t o  3/4 i n c h  

wide and separat ions up t o  1/2 i nch  wide have been observed i n  

boreholes a t  t h e  i n t e r s e c t i o n  o f  Test Room 1 and Room L1, as w e l l  as a t  

t h e  i n t e r s e c t i o n  o f  Test  Room 2 and Room L2. These a r e  la rge ,  four-way 

i n t e r s e c t i o n s  w i t h  20 x 33- foot  dimensions. Some displacements, 

separa t ions  and f r a c t u r i n g  were a1 so detected i n  t h r e e  open boreholes 

I n  Room L2. Only two holes i n  t h e  N1420 d r i f t  eas t  o f  Test Room 1 

e x h l b l t e d  separat ions,  l ess  than 1/8 i n c h  wide. No o t h e r  separat ions 



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 6. Only c losed f r a c t u r e s  were observed i n  t h e  30-inch diameter 

h o l e  (L2X-01) i n  Room L2 (F igu re  10-3). 'These f rac tu res ,  many coated 

w i t h  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-diameter holes 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 

S700 c rosscu t  and inspected us ing  a probe. These holes were d r i l l e d  t o  

determine t h e  depth t o  MB-139 as w e l l  as t o  determine i f  any f r a c t u r e s  

were present .  F rac tu re  zones up t o  1 i n c h  wide were encountered i n  two 

l o c a t i o n s  i n  t h e  h a l i t e  above MB-139. Only one borehole contained a 

h a i r l i n e  f r a c t u r e  w i t h i n  MB-139. 

Dur ing September 1985, n ine  36-inch d iameter  holes were d r i l l e d  i n  t h e  

f l o o r  o f  Room J, a  33- foot  wide room, t o  accommodate s t r u c t u r a l  s t e e l  

columns. Only one near-hor i  zon ta l  f r a c t u r e ,  l ess  than 1 /32 i nch  wide, 

was encountered i n  t h e  h a l i t e  above MB-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  holes i n  Room J. 
,- 

L 
One f r a c t u r e  has been detected i n  t h e  f l o o r  o f  t h e  El40 d r i f t  south o f  

t h e  waste s h a f t .  This  f r a c t u r e  was observed w h i l e  t h e  d r i f t  was being 

enlarged f rom 8 f e e t  t o  12 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 f rom approx imate ly  S'1859 t o  S1871. Separat ion ranged from 

1/16 i n c h  t o  1/2 i n c h  and was associated w i t h  some c lay .  It 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  minimal 

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  holes, t h e  s i z e  o f  t h e  opening and elapsed 

t i m e  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  separat ions i n  t h e  s a l t  beneath t h e  f l o o r .  No f r a c t u r e  

zones were detected 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 nch  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 holes show c1 evidence o f  separat ions w i t h i n  HB-139, a t  c l a y  E and i n  t h e  o v e r l y i n g  

h a l i t e .  
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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  E875 encountered a  s l i g h t  
k 4  

sepa ra t i on  o f  approx imate ly  1/16 inch, co inc iden 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 .  MB-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 d u r i n g  t h e  d r i l l i n g  o f  t h e  c e n t r a l  ho le  i n  t h e  

a r r a y  a t  S700/E66 and cont inued t o  f l o w  f i o m  t h e  ho le  f o r  severa l  days 

a f t e r  t h e  complet ion o f  d r i  11 ing.  The ho le  encountered severa l  

separat ions up t o  1/16 i n c h  wide between a  depth o f  7.4 and 7.7 f e e t .  

No separat ions were de tec ted  i n  t h e  o t h e r  holes o f  t h i s  a r ray .  B r i ne  

has been encountered a t  severa l  o t h e r  h o l e  a r r a y  l oca t i ons  b u t  no 

s i g n i f i c a n t  separat ions were detected i n  t h e  holes. 

The observa t ions  made t o  da te  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 .  This  inc ludes  observat 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 du r i ng  t h e  SPDV 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 C detec ted  i n  any o f  t h e  d r i f t s .  Displacements, separat 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  fu tu re .  

10.3.2.2 Closure Behavior a t  Selected S ta t i ons  

Analyses were performed a t  se lec ted  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  lower ing  on c losure .  

Roof-to-Floor Closure. U n t i l  May 1984, t h e  El40 d r i f t  south o f  t he  

waste s h a f t  was unique i n  t h a t  t he re  were n e i t h e r  crosscuts n o r  nearby 

para1 l e l  d r i f t s .  However, i n  .May and June 1984 t h e  f l o o r  o f  t he  d r i f t  

was lowered by 4  f e e t  and new d r i f t s  and crosscuts were added between 

s t a t i o n s  N140 and S1620. These two opera t ions  have r e s u l t e d  i n  an 

inc rease i n  c l osu re  r a t e s  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 both 

opera t ions  occurred 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 losure .  However, i t  has gene ra l l y  been observed t h a t  any 

C f a r  f i e l d  d is tu rbance has o n l y  a  shor t - term e f f e c t  on t h e  c losure,  and 



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 increase,  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/S1879 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  

S1620, 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  

l ong  opening I n  a  g e o l o g i c a l l y  u n i f o r m  fo rmat 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 ion,  t h e  r o o f - t o - f l o o r  c l o s u r e  versus elapsed t i m e  cu rve  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  

where: R ( t )  i s  t h e  Ins t rument  read ing  a t  elapsed t i m e  t s i n c e  t h e  end 

o f  excavat ion;  and 

R1 IS t h e  reg ress ion  parameter, equal t o  t o t a l  c l o s u r e  a t  

elapsed t i m e  t s ince  t h e  end o f  excavat ion.  
1  

Th i s  equat ion  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 is  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 r g e .  

Based on t h e  r e s u l t s  o f  t h e  reg ress ion  ana l ys i s .  t h e  va lue  of R1 was 

determined t o  be 1.97 inches. However, t h e  curve- f  i tti ng was n o t  ve ry  

good, p robab ly  because excavat ion  a t  t h e  ins t rument  l o c a t i o n  was done 

I n  two stages 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 i m e  curve  i s  

n o t  smooth, t h e  est imated va lue  of tl i s  approximate. 

F igu re  10-4 compares t h e  measured c l o s u r e  w i t h  t h e  ad jus ted  curve  a t  

s t a t i o n  E140/51879 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 

read ing  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 .  It 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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t h e  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 

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  roo f - to - f  l o o r  c losu re  a t  E l  40/S1246. 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  

excavat 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  

lower 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 l o s u r e  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  read ing  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  very  h i g h  a t  t h e  e a r l y  stages, ac tua 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. 

Re la t i onsh ip  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  cross 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  El40 d r i f t  south o f  S1600, a r e  i s o l a t e d ,  

w h i l e  most o f  t h e  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 ior  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  opening dimensions b u t  a l s o  by t h e  presence o f  ad jacent  

openings. Differences i n  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 ior  I s  a f f e c t e d  by t h e  4- t o  5- foot  lower ing  o f  t h e  d r i f t  

f l o o r .  

F igu re  10-6 shows measured r o o f - t o - f l o o r  c l o s u r e  a t  se lec ted  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 immediately a f t e r  t h e  opening was excavated, 

t h e  c l o s ~ ~ r e  values were normal ized t o  t h e  values a t  approximate ly  10 

days a f t e r  t h e  complet ion of excavat ion a t  t h e  respec t i ve  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 l o s u r e  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 to rage  a rea  w i l l  have c ross  s e c t i o n  dimensions o f  
\ 

13 x  25 f e e t ,  t h e  model ing a n a l y s i s  d iscussed i n  t h i s  chap te r  and i n  

Chapter 12 focuses on p r e d i c t i n g  t h e  behav io r  o f  t h e  13 x  25-foot d r i f t  

opening f o r  t h e  o p e r a t i n g  l i f e  o f  25 years.  

The e f f e c t  o f  l owe r i ng  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/S1246 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  l owe r i ng  was performed 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  s teady 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 owe r i ng  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 osu re  

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 u e n c 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 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 i g u r e  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 

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  

C 13 x 25 f e e t .  Th i s  c l o s u r e  was ob ta ined  by model ing and i s  discussed 

i n  Chapter 12. The approximate s teady s t a t e  c l o s u r e  r a t e  a t  EO/N626 

and El40/S1246 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- ing le  d r i f t  i s  1.60 inches/year.  

The n e a r l y  25 percen t  d i f f e r e n c e  i n  these r a t e s  i s  p robab ly  due t o  t h e  

presence o f  ad jacen t  d r i f t s  and c rosscu ts .  Th is  va lue  compares w e l l  

w i t h  t h e  va lue  o f  30 pe rcen t  ob ta ined  f rom model ing as discussed i n  

subsec t ion  10 .3 .3 .3 .  

F i g u r e  10-7 presents  a  comparison o f  t h e  p r e d i c t e d  c l o s u r e  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 l o s u r e  f o r  t h e  13 x  25- foot  d r i f t  was ob ta ined  by 

i n c r e a s i n g  t h e  c l o s u r e  r a t e  ob ta ined  f rom model ing 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  by 30 percent .  The r o o f - t o - f l o o r  c l o s u r e  a t  EO/N626 does 

n o t  i n c l u d e  t h e  va lues b e f o r e  t h e  f l o o r  was lowered by 4  f e e t .  Th is  

comparison i n d i c a t e s  t h a t  i t  i s  reasonable t o  inc rease  t h e  c l o s u r e  r a t e  

P-? o f  a  s i n g l e ,  i n f i n i t e l y  long, 13 x  25- foot  d r i f t  by 30 percen t  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 c rosscu ts .  
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Wall- to-Wal l  Closure. The wa l l - t o -wa l l  convergence p o i n t s  a t  t h e  S1246 
\ s t a t l o n  were i n s t a l l e d  Immediate ly  a f t e r  t h e  o r i g i n a l  excava t ion  a t  

t h i s  l o c a t i o n  was completed. When t h e  c ross  s e c t i o n  dimensions were 

8  x  25 f e e t ,  t h e  measurements were c l o s e  t o  t h e  t r u e  wa l l - t o -wa l l  

c l o s u r e  a t  m idhe igh t  o f  t h e  i ns t rumen t  l o c a t i o n .  On June 30, 1984, t h e  

wa l l - t o -wa l l  c l o s u r e  was 5  inches f o r  an elapsed t i m e  p e r i o d  o f  564 

days. A f t e r  t h e  f l o o r  was lowered, a  new s e t  o f  wa l l - to -wa l l  

convergence p o i n t s  was i n s t a l l e d .  The a d d i t i o n a l  wa l l - t o -wa l l  c l osu re  

was 3.31 inches th rough August 26, 1985. 

C o m ~ a r l  son o f  Roof - to-F l  oo r  t o  w a l l  - to-wal l  Closures. Tab1 e  10-4 

summarizes t h e  c l o s u r e  o f  t h e  E l40  d r i f t  f o r  l o c a t i o n s  south o f  S1620. 

U n t l l  August 1985, these  l o c a t i o n s  were unique i n  t h a t  t h e r e  were no 

c rosscu t s  and no nearby p a r a l l e l  d r i f t s  a t  t h e  t i m e  o f  t h e  ana l ys i s .  

The c ross  s e c t i o n  dimenslon was 8  x  25 f e e t .  The maximum measured 

r o o f - t o - f l o o r  c l o s u r e  o f  5.19 inches was a t  s t a t i o n  S1879. S t a t i o n s  

S3614, S3639 and S3664 a r e  i n f l uenced  by t h e  end c o n s t r a i n t s  o f  t h e  

d r i f t  which t e rm ina tes  a t  about S3664. 

E f f e c t  o f  Ad jacen t  D r l f t s .  Table 10-5 compares c l o s u r e  i n  t h e  d r i f t s  

a t  S1150. Because t h e  i n i t i a l  readings were n o t  taken immediately 

a f t e r  t h e  s t a t l o n  l o c a t i o n  was excavated, t h e  comparison i s  

approximate. Note t h a t ,  f o r  t h e  E140/S1150 s t a t i o n ,  t h e  o r i g i n a l  c ross  

s e c t i o n  dimensions were 8  x  25 f e e t  u n t i l  June 8, 1984, and t h a t  no 

convergence p o i n t s  e x i s t e d  a t  t h i s  l o c a t i o n  p r i o r  t o  l owe r i ng  t h e  

f l o o r .  The c l o s u r e  va lues a t  E140/S1150 a r e  t h e  maximum, n o t  o n l y  

because t h e  opening dimensions a r e  t h e  l a r g e s t ,  b u t  a l s o  because t h e  

opening had a l r e a d y  e x i s t e d  f o r  n e a r l y  550 days be fo re  t h e  f l o o r  was 

lowered 4  f e e t .  It i s  a l s o  l i k e l y  t h a t  t h e r e  i s  mutual i n f l u e n c e  

between t h e  openings. 

E f f e c t  o f  F l o o r  Lowerlnq. The EO d r i f t  between N140 and N1420 was 

lnc reased  I n  h e i g h t  f rom 8  f e e t  t o  12 f e e t  ( by  l owe r i ng  t h e  f l o o r )  f rom 

November 9, 1983, th rough  January 9, 1984. The c l osu re  readings 

lnc reased  r a p i d l y  as excava t ion  approached t h e  measurement s t a t i o n s  b u t  



Table 10-4 

E l40  DRIFT SOUTH OF S1620 
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  excavation and reading ( inches)  

Instrument  i n i t i a l  reading (days) Feb. 12,  1985 
Locat ion R-T-F* W-T-W* R-T-F* W-T-W* 

* R-T-F = roof -to-f l o o r  
W-T-W = wal l - to-wal l  



T a b l e  1 0 - 5  

.COMPARISONS OF CLOSURE I N  D R I F T S  AT S 1 1 5 0  

INSTRUMENT LOCATION 

DATE OF EXCAVATION 

DATE OF INITIAL READING 

CENTRAL ROOF-TO-FLOOR 

CENTRAL WALL-TO-WALL 

AUGUST 21,1984 AUGUST 21,1984 JUNE 8.1984. 

AUGUST 23,1984 
AUGUST 23,1984 

DATE OF LATEST READING FOR 
BOTH ROOF-TO-FLOOR AND WALL-TO-WALL SEP. 16,1985 
CONVERGENCE POINTS 

CLOSURE (IN-) 
CENTRAL ROOF-TO-FLOOR 

CENTRAL WALL-TO-WALL 

AUGUST 22,1984 
AUGUST 22,1984 

SEP. 16.1985 

JUNE 14.1984 
JUNE 14,1984 

AUG. 26,1985 

JULY 23.1984 

JULY 26,1984 
JULY 26.1984 

FLOOR LOWERED BY 4 FT ON JUNE 8,1984. DIMENSIONS WERE 8 FT X 25 FT BEFORE JUNE 8,1984. CROSS DRIFTS S1100 AND S1300 EXCAVATED IN  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-excavation r a t e .  The 

f l o o r  lower 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  roo 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 igure  10-8 shows t h e  r e l a t i o n s h i p  o f  t h e  movement ra tes  f o r  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 

decreasing 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  

excavat ion) .  The r a t e  then began inc reas ing  again 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 

excavat 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  r o o f  

was occu r r i ng  a t  an i nc reas ing  r a t e .  

F igu re  10-9 shows t h e  movement ra tes  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  

east  w a l l  extensometer appears t o  be somewhat l ess  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 losu re  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 fec ted ,  probably up t o  a t  

l e a s t  30 f e e t  above t h e  roo 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  

El40 d r i f t .  F igure  10-10 shows t h e  movement ra tes  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 monoton ica l ly  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  ins t rument  was f u n c t i o n i n g  p roper l y  and t h e r e  was no anomalous 

behavior  o f  c l a y  seams i n  t h e  roo f  o f  t h e  El40 d r i f t ,  excavat ion i n  t h e  

EO d r i f t  may have in f l uenced  s a l t  behavior  as much as 150 f e e t  f rom t h e  

EO d r i f t .  



PLAN V I E W  SECTION X - X '  

ELAPSED DAYS SINCE INITIAL EXCAVATION AT INSTRUMENT LOCATION F i g u r e  10-8 

NOTE: RATE CALCULATED FOR MINIMUM 
INTERVALS OF 30 DAYS. 

D R I F T S  
EFFECT OF FLOOR LOWERING ON ROOF BEHAVIOR 

AT EO/N1100 INTERSECTION 
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DRIFTS 
EFFECT OF FLOOR LOWERING ON CLOSURE AT E140/N624 



Observat ions o f  t h e  e f f e c t  o f  f l o o r  lower ing  on c l o s u r e  behav ior  a r e  

sumnari zed below: 

(1 )  The c l o s u r e  read ing  a t  an ins t rument  s t a t i o n  increases 

r a p l d l y  as f l o o r  excavat lon  approaches t h e  s t a t i o n  and 

decreases r a p l 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 .  

(2 )  F l o o r  lower ing  a f f e c t s  creep behav ior  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 i s  

e f f e c t  i s  short-1 i ved, however, ex tend i  ng over  a  p e r i o d  o f  

o n l y  a  few months. 

(3 )  Although- 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 & 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  €0 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  r a t e .  

F igu re  10-8 shows t h e  v a r i a t i o n  i n  c losu re  ra tes  f o r  ti-le c o l l a r  and 

anchor p o l n t s  w l t h  t ime.  The r a t e s  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. For  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 a r e  shown on F igu re  10-11. The r a t e s  

o f  movements o f  t h e  c o l l a r  and i n te rmed ia te  anchors have a  s i m i l a r  

t r e n d  as . t he  r o o f  extensometer over  t h e  same t ime  per iod .  However, 

t h i s  extensometer was damaged due t o  min ing  opera t ions  on February 8, 

1985. Since then, t h e  readings have remained anomalous. 
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10.3.2.3 Model S imula t ion  

A f i n i t e  element model u t i l i z i n g  an engineer ing approach was used t o  

s imula te  t h e  behavior  o f  an 8  x  25-foot d r i f t .  The method descr ibed i n  

Appendix C was used t o  mathemat ical ly  s imula te  t h e  i n  s i t u  behavior  o f  

t h e  d r i f t s  by determining t h e  creep parameters C, A, and z. The 

f o l l o w i n g  d iscuss ion descr 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  data f o r  t h e  d r i f t s .  Also discussed a r e  

s imu la t i ons  o f  t h e  e f f e c t  o f  ad jacent  p a r a l l e l  and perpend icu lar  d r i f t s .  

U t l l l  z a t l o n  o f  Reference S t ra t i q raphy .   he re ference s t r a t i g r a p h y  

descr lbed I n  Chapter 6  was used i n  t h e  ana lys i s .  The re ference l e v e l  

represent lng  t h e  e l e v a t l o n  o f  c l a y  G i s  2,129.40 f e e t  below t h e  ground 

surface, based on t h e  core ho le  l o g  a t  s t a t i o n  E140/S1960. Because t h e  

f i n i t e  element method lends i t s e l f  we1 1  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 roper t i es  can be accounted f o r ,  t h e  MARC 

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 igure  10-12 shows t h e  f i n i t e  element 

model used t o  p r e d i c t  c losures,  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-foot opening. The model cons is 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 modeling t h e  

c l a y  seams and an o p t i o n  f o r  lower ing  t h e  f l o o r  5  f e e t .  The t o p  and 

bottom boundaries o f  t h e  model a r e  a t  depths o f  2,045.00 f e e t  and 

2,245.00 f e e t ,  respec t i ve l y ,  below t h e  ground surface. The d r i f t  roo f ,  

d r i f t  f l o o r  be fo re  lowering, 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 f e e t ,  respec t i ve l y ,  below 

t h e  ground sur face.  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 ME-139. 

Only anhydr i t e  l aye rs  w i t h  th icknesses g r e a t e r  than 1  f o o t  were 

Inc luded I n  t h e  model. Ca lcu la t i ons  showed t h a t  most anhydr i t e  l aye rs  

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 l e s s  than 1  percent  

o f  t h e  overburden pressure. Therefore, 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 t 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 ,  they  were n o t  

inc luded.  



D R I F T S  
F I N I T E  ELEMENT MODEL - BEFORE FLOOR LOWERING 



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  two fo ld :  f i r s t ,  

r e fe rence  5-4 s t a t e s  t h a t  1190 percent  o f  t h e  d r i f t  c l o s u r e  measured 

w i t h  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 1 ' ;  second, p rev ious  

analyses have shown t h a t ,  a t  l o c a t i o n s  rep resen ta t i ve  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 iderab ly  l e s s  than  t h e  

normal fo rce ;  t he re fo re ,  any s l i ppage  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 inc 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 model ing t h e  c l a y  seams. 

The l a t e r a l  boundaries o f  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  symmetry w i t h  regard t o  

ad jacent  d r i f t s .  The upper and lower  boundaries o f  t h e  model were 

based upon exper ience f rom previous analyses and were extended f a r  

enough i n  bo th  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  boundaries 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  boundaries whi 1  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 zes  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 r d e 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 r e s s  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  o f  

t h e  ana lys i s .  

Cons idera t ion  o f  Drift 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 trimmed 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- foo t  opening i n  t h e  s h a f t  

p i 1  l a r  area. To p rov ide  cont inuous response h i s t o r i e s  f rom i n i t i a l  



excavat ion  through t h e  f l o o r  lower ing  per iod,  spec ia l  cons idera t ions  

were prov ided f o r  model ing t h e  opening. 

Determinat ion o f  Creep Parameters. Data f rom t e n  d i f f e r e n t  l oca t i ons  

a long t h e  El40 d r i f t  f rom S550 t o  S3250 were reviewed and one 

rep resen ta t i ve  l o c a t i o n  was se lec ted  t o  c a l c u l a t e  creep parameters f o r  

t h e  d r i f t s  and f o r  use i n  p r e d i c t i n g  c losures  and s t r e s s  d i s t r i b u t i o n s .  

F igu re  10-1 3  shows t h e  c o r r e l a t e d  roo f - to - f  l o o r  and wal 1-to-wall i n  

s i t u  da ta  curves f rom t h e  se lec ted  l oca t i on ,  as w e l l  as t h e  pred ic ted  

c l o s u r e  based on t h e  c a l c u l a t e d  creep parameters. 

Transformat ion o f  Time Domains. Having determined t h e  values o f  C, A 

and z  t o  be 1 . 4 0 ~ 1 0 - ~ ~  k s f  
-4.9 -1 -1 

sec , 3.2 and l . l x l ~ - ~  sec , 
respec t i ve l y ,  t h e  normal ized t ime a t  which t h e  f l o o r  lower ing was 

7 

scheduled t o  take  p lace  was determined by t rans forming  7 .25~10 '  sec 

( o r  2.3 years)  t o  normal ized t ime  us ing  equat ion C.4-17 i n  Appendix C .  

F 
L' 

The normal ized t ime which corresponds t o  t h e  scheduled r e a l  t ime f o r  

d r i f t  f l o o r  lower ing  was determined t o  be 1 . 4 2 0 5 ~ 1 0 - ~  k ~ f - ~ . '  o r  

418 t ime  increments f rom t h e  s t a r t  of t h e  program. Accordingly,  t h e  

d r i f t  h e i g h t  was changed a t  t h e  end o f  increment 418, and the  ana l ys i s  

cont inued u n t i l  a  t o t a l  r e a l  t ime o f  approximately 5  years was reached. 

E f f e c t  o f  P a r a l l e l  D r i f t s .  The e x t r a c t i o n  r a t i o  a t  a  p a r t i c u l a r  

l o c a t i o n  i s  dependent upon t h e  arrangement o f  t h e  d r i f t s  and p i l l a r s .  

Therefore, t h e  e f f e c t  t h a t  t h e  e x t r a c t i o n  r a t i o  has on s t r u c t u r a l  

responses can be determined by cons ider ing  the  e f f e c t  o f  ad jacent  

d r i f t s .  Two d i f f e r e n t  cases were considered i n  t he  ana l ys i s .  One case 

assumes -the ad jacent  d r i f t s  a r e  p a r a l l e l  t o  t h e  d r i f t  be ing analyzed 

w h i l e  t h e  o t h e r  case assumes ad jacent  d r i f t s  a re  perpendicu lar  t o  t h e  

d r i f t  be ing  analyzed. 

To s i m p l i f y  and min imize t h e  computat ional e f f o r t ,  a  mu l t - ip le  d r i f t  

model was used f o r  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 .  For t h i s  
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model, t h e  d r i f t  was assumed t o  be l o c a t e d  between an i n f i n i t e  number C o f  p a r a l l e l  d r i f t s ,  w i t h  each hav ing  i d e n t i c a l  c ross  sec t i ons  and 

p i l l a r  w id ths .  Two-dimensional analyses us ing  t h i s  model were 

performed assuming a  s t a t e  o f  p lane  s t r a i n .  'The boundary displacement 

c o n d i t i o n s  a t  t h e  c e n t e r l i n e  o f  t h e  p i l l a r  were assumed t o  be 

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

d i r e c t i o n .  Under these  assumptions, t h i s  mathematical  model can more 

a c c u r a t e l y  s imu la te  t h e  geo log i c  c o n d i t i o n s  i n  t h e  f u t u r e  when ad jacen t  

d r i f t s  w i l l  e x i s t  r a t h e r  t han  a t  t h e  p resen t  t i m e  when o n l y  a  s i n g l e  

d r i f t  e x i s t s .  Computat ional  r e s u l t s  f o r  t h e  para1 l e l  d r i f t s  a r e  

p resen ted  i n  subsec t ion  10.3.3. Para1 1 e l  d r i f t s  w i t h  d i f f e r e n t  

dimensions and spacings can be i nco rpo ra ted  i n t o  t h e  p resen t  

mathemat ica l  model and corresponding s t r u c t u r a l  responses can be 

computed. 

E f f e c t  o f  Perpend icu la r  D r i f t s .  I d e a l l y ,  a  three-dimensional  a n a l y s i s  

i s  r e q u i r e d  f o r  t h e  case when t h e  d r i f t s  a r e  n o t  p a r a l l e l  t o  each 

o the r .  However, t h e  s t r u c t u r a l  responses can be approximated based on 

t h e  two-dimensional  a n a l y s i s  descr ibed  i n  t h i s  sec t ion .  

A d d i t i o n a l  d r i f t s  which i n t e r s e c t  pe rpend i cu la r  t o  t h e  d r i f t  i n  

q u e s t i o n  i nc rease  t h e  average overburden pressure i n  t h e  p i l l a r .  The 

two-dimensional  a n a l y s i s  o f  p a r a l l e l  d r i f t s  has i n d i c a t e d  t h a t  t h e  

v e r t i c a l  s t r esses  i n i t i a l l y  i nc rease  sha rp l y  i n  t h e  p i l l a r  area 

ad jacen t  t o  t h e  opening. Over t ime,  s a l t  c reep reduces t h i s  s t r e s s  

peak as t h e  s t r esses  a r e  r e d i s t r i b u t e d  over  t h e  w i d t h  o f  t h e  p i l l a r .  

Even tua l l y ,  t h e  v e r t i c a l  s t r e s s  l e v e l  becomes n e a r l y  u n i f o r m  over  most 

o f  t h e  p i l l a r  w id th .  

The t o t a l  overburden l o a d  i n  t h e  p i l l a r  i s  equal t o  t h e  average 

v e r t i c a l  s t r e s s  m u l t i p l i e d  by t h e  p i l l a r  suppor t  area. Because t h i s  

t o t a l  overburden load  remains cons tan t  be fo re  and a f t e r  t h e  excava t ion  

o f  p e r p e n d i c u l a r  d r i f t s ,  t h e  average v e r t i c a l  pressure i s  i n v e r s e l y  



p r o p o r t i o n a l  t o  t h e  suppor t  area. Th is  increased average v e r t i c a l  

s t r e s s  can, t h e r e f o r e ,  be expressed as: 

- 
where: a, i s  t h e  average v e r t i c a l  s t r e s s  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 ;  - 
a i s  t h e  average v e r t i c a l  s t r e s s  o f  an i n f i n i t e l y -  l o n g  
i 

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 ;  

Wt i s  t h e  d i s t a n c e  between t h e  c e n t e r  l i n e s  o f  t h e  

pe rpend 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  p e r p e n d i c u l a 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  pe rpend icu la r  d r i f t .  

A f t e r  t h e  excavat 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  boundaries 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 ob ta ined 

th rough a  three-d imensional  computat ional  a n a l y s 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 r e s s  

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  

n o r  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 r e s s  

d i s t r i b u t i o n  f rom t h e  two-dimensional a n a l y s i s  i s  assumed t o  rep resen t  

a  p lane some d i s t a n c e  f rom t h e  pe rpend icu la r  d r i f t s  where t h e  a c t u a l  

behav io r  more c l o s e l y  represents  t h e  p lane 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 t h e  d i s t a n c e  between t h e  p lane  

be ing  analyzed and t h e  pe rpend 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  

pe rpend icu la r  d r i f t s .  

The p i l l a r  dimensions a r e  i d e n t i f i e d  as W1 f o r  t h e  w i d t h  of 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 W2 f o r  t h e  w i d t h  o f  t h e  p i l l a r  



, 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  1  l a r ,  which can 

~, be considered as a  rec tangu la r  p i l l a r  w i t h  W  /W equal t o  zero, t h e  
1 2  

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  o f  t h e  d r i f t  t o  t h e  cen te r  of t h e  p i l l a r  

can be determined f rom a  two-dimensional ana lys is .  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  ui(y), shown a t  t h e  t o p  o f  F igure  10-14, i s  

symmetr ical  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. 

For  a  square p i l l a r ,  which can be considered as a  spec ia l  case o f  t h e  

rec tangu la r  p i l l a r  w i t h  W  /W equal t o  one, t h e  v e r t i c a l  s t ress  
1 2  

d i s t r i b u t i o n  should be symmetrical w i t h  respec t  t o  t h e  two cen te r l i nes  

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 he  

midd le  o f  F igu re  10-14, where t h e  x-axis 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  p ( x , y )  f rom 

t h e  c e n t e r  o f  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 he  same as t h e  

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 the  
P" 
L i n f i n i t e  p i l l a r s  can then be est imated f rom equat ion 10-3: 

- 
where: a i  i s  t h e  average v e r t i c a l  s t ress  f o r  t h e  i n f i n i t e l y  long 

p i  1  l a r ;  - 
a i s  t h e  average v e r t i c a l  s t ress  f o r  t h e  square p i l l a r ;  

s  
u . (y )  i s  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 o r  t h e  i n f i n i t e l y  

1 
long p i l l a r ;  and 

uS(x,y) i s  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 o r  t h e  square 

p i  1  l a r .  

Based on t h e  computat ional r e s u l t s  from 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  long  p i l l a r .  A t  the  W I P P  



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 r e c t a n g u l a r  shape. As shown 

a t  t h e  bot tom o f  F igu re  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  va ry ing  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 :  

- 
where: 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  r e c t a n g u l a 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  t o  
i ' r a i s e d  t o  some power, w i t h  an exponent n o t  r 

exceeding n, where n i s  t h e  exponent i n  t h e  power law express ion  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. 

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  va ry  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 ,  t hey  can be i n f e r r e d  

from 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 rov ide  an approximate d i s t r i b u t i o n  o f  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 .  displacements a r e  normal ized ove r  t h e  

spacing between t h e  anchors, then  these normal ized r e l a t i v e  

displacements a r e  termed "bay  strain^^^. 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  p rov ided t h a t  t h e  spacing between anchors i s  smal l  

and t h a t  t h e  de format ion  v a r i e s  1 i n e a r l y  w i t h  spacing between anchors. 

Bay s t r a i n s  a re  u s e f u l  i n  d e t e c t i n g  any anomalous behav io r  i n  s a l t  

around an opening such as t h a t  i n f l uenced  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 .  
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Figure  10-15 shows th.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 

complet ion o f  excavat ion f o r  f 1 oor  extensometer 51 X-GE-00242. Thi  s 

extensometer i s  located 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 increase 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  behavior  and i s  apparent ly  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  t h e  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 .  

F igures 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 excavation. 

F igu re  10-1 6 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  t h e  r a t e s  decrease w i t h  t ime  

and a r e  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  r a t e s  w i t h  t ime.  

The decreasing 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 ime  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  r o o 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 .  

10.3.3 P r e d i c t i o n  o f  Future Behavior. 

The r e s u l t s  o f  t h e  ana lys i s  o f  t h e  8 x 25-foot d r i f t  have been 

ca tegor i  zed as f 01 1 ows : 

(1 ) 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  . immediately 

a f t e r  i n i t i a l  excavation; immediately bef-ore and a f t e r  f l o o r  

lowering; and 5 years a f t e r  i n i t i a l  excavation. 

(2 )  P r i n c i p a l  s t resses immediately a f t e r  i n i t i a l  excavation; 

immediately be fore  and a f t e r  f l o o r  lowering; and 5 years 

a f t e r  i n i t i a l  excavations. 
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(3)  Deformed d r i f t  shapes immediately be fore  f l o o r  lower 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  midheight  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 tege rs  from 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 ime  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  anhyd r i t e  l aye r .  That i s ,  

more energy i n  t h e  form 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 te .  

10.3.3.2 P r i n c i p a l  Stresses 

The p r i n c i p a l  s t r e s s  p l o t s  (F igures 10-19 and 10-20) show tha t ,  

immediate ly  a f t e r  excavat ion, t h e  magnitudes o f  t h e  pred ic ted  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  t h e  corners o f  t h e  d r i f t  and i n  t h e  C 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 Deformation and Closure 

A mesh showing t h e  deformed d r i f t  shape i s  presented on F igure  10-21. 

Th is  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 immediately be fore  f l o o r  lower 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  roo 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 o n l y  s l i g h t l y  and t h e  w a l l s  have begun t o  

c  reep inward . 

E f fec t s  Due t o  E x t r a c t i o n  Rat io .  An ana l ys i s  was performed t o  s imulate 

t h e  e f f e c t  on t h e  response of t he  d r i f t  due t o  a change i n  t h e  

C1 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 



1 = 100 K S F  
2 - 2W K ~ F  
3 = 300 KSF 
4 - 400 KSF 

NOrE: 
KSF= Kips per square foot 

DRIFTS 
EFFECTIVE STRESS DISTRIBUTION IMMEDIATELY AFTER EXCAVATION 



EXPLANATION OF CONTOUR LINES 

NOTE: 
KSF= K i p  per square foot 

F igure 10-18 

DRIFTS 
EFFECTIVE STRESS DISTRIBUTION IMMEDIATELY BEFORE FLOOR LOWERING 



D R I F T S  
P R I N C I P A L  S T R E S S E S  I M M E D I A T E L Y  AFTER E X C A V A T I O N  



F i s u r e  10-24 

DRIFTS 
PRINCIPAL STRESSES IMMEDIATELY BEFORE FLOOR LOWERING 



Fiqure 1 0 - 2 1  

D R I F T S  
DEFORMED SHAPE I M M E D I A T E L Y  BEFORE FLOOR LOWERING 



excavat ion i n  ad jacent  o r  remote areas. The e f f e c t  due t o  excavat ion C i n  ad jacent  areas was s imulated by modi fy 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 id th  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 igure  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 is ts  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  widths. Because t h e  w id th  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  stresses, bo th  t h e  p i l l a r  shor tening 

and r o o f  sag components o f  c l osu re  are  included. The t o p  graph i n  both 

f i g u r e s  i n d i c a t e s  t h a t  by ha l v ing  t h e  p i l l 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 losu re  increases by about 15 

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 igure  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 thou t  

perpend icu la r  d r i f t s  i n d i c a t e s  a  15 percent  increase i n  p i l l a r  

shor 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  curves 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  con t r i bu tes  approximately h a l f  o f  t h e  t o t a l  c losure  

response. The 15 percent  increase i n  t h e  p i l l a r  shor tening 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 osu re  ra te .  '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  re leas ing  t h e  boundary cons t ra in t s  a t  t h e  perpendicular  

d r i f t  w a l l  can be est imated by t h e  use o f  equat ion 10-4. For t h e  
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n o r t h e r n  area where t h e  W /W r a t i o  i s  approx imate ly  0.4, t h e  
1 2  

average e f f e c t i v e  s t r e s s  i s  increased by about 6 percent .  I f  t h e  

p i l l a r  sho r 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  1 l a r ,  t h e  boundary relea'se 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 percent  i nc rease  i n  p i  1 l a r  sho r ten ing  r a t e  

corresponds t o  about  a 6 percent  i nc rease  i n  t h e  t o t a l  c l o s u r e  r a t e .  

Th i s  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 l o s u r e  r a t e .  Th i s  compares 

w e l l  w i t h  t h e  va lue  presented i n  subsect ion 10.3.2.2. 

The roo f  sag component of c l o s u r e  i s  shown i n  t h e  bot tom graph o f  

F igu re  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  

e q u i v a l e n 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 i n g l e  d r i f t .  As 

t h i s  f i g u r e  i n d i c a t e s ,  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  - to - f  l o o r  and 

wa l l - t o -wa l l  c l o s u r e  data.  The e f f e c t i v e n e s s  o f  t h e  numer ica l  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 t h e 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 l 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 rega rd 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 25- foot  d r i f t  south o f  S2180 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  se t s  o f  creep parameters were determined by numer ica l  

model ing us ing  r o o f - t o - f l o o r  c l o s u r e  da ta  f rom va r i ous  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 l o s u r e  da ta  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  l ong  i s o l a t e d  opening except  a t  t h e  ve ry  end o f  t h e  El40 

d r i f t .  Th i s  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 i ns t rumen t  



l o c a t i o n  w i t h  t h e  va lues ob ta ined  f rom numer ica l  model ing which used 
, r o o f - t o - f l o o r  c l o s u r e  da ta  f r om measurements a t  some o t h e r  ins t rument  

l o c a t i o n  t o  "back c a l c u l a t e "  t h e  creep parameters. 

F i g u r e  10-24 compares t h e  measured r e l a t i v e  displacement between t h e  

c o l l a r  and anchor D o f  extensometer 51X-GE-00247, i n  t h e  r o o f  a t  

E140/S1950, w i t h  t h e  va lues ob ta ined  f rom t h e  numer ica l  modeling. The 

c a l c u l a t e d  va lue  i s  t h e  r e l a t i v e  v e r t i c a l  d isplacement of two nodes 

comparable t o  t h e  p o s i t i o n s  o f  t h e  c o l l a r  and anchor D o f  t h e  

extensometer. The parameters C, A and z were obta ined us ing  

roo f - t o - f  l o o r  c l o s u r e  da ta  f rom t h e  i nstrument  l o c a t i o n  a t  E140/S1879. 

The agreement i s  reasonable because t h e  s lopes o f  b o t h  t h e  measured and 

c a l c u l a t e d  r e l a t i v e  displacements a r e  n e a r l y  i d e n t i c a l .  F i gu re  10-25 

s i m i l a r l y  compares t h e  measured r e l a t i v e  displacement i n  f l o o r  

extensometer 51X-GE-00248 a t  E140/S1950 w i t h  t h e  c a l c u l a t e d  values f rom 

t h e  same numer ica l  model ing. The s lope  o f  t h e  i n  s i t u  curve i s  28 

pe rcen t  s teeper  t han  t h e  c a l c u l a t e d  value. Th is  i s  probably  because 

t h e  numer ica l  model assumes t h a t  t h e  a n h y d r i t e  l a y e r  i n  t h e  f l o o r  o f  

t h e  d r i f t  as 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 reng th .  Th is  may n o t  be 

t r u e  i f  ' the  a r ~ h y d r i t e  has p r e - e x i s t i n g  f r a c t u r e s ,  and thus  may n o t  be 

a b l e  t o  absorb t h e  heave f r om t h e  s a l t  below. 

F i g u r e  10-26 compares t h e  measured wa l l - t o -wa l l  c l o s u r e  a t  E140/S1879 

w i t h  t h e  c a l c u l a t e d  w a l l - t o - w a l l  c l o s u r e  f rom t h e  r e s u l t s  o f  t h e  same 

numer ica l  model ing. The average s lope  o f  t h e  curve  f rom numer ica l  

model ing i s  n e a r l y  43 pe rcen t  s teeper  t han  t h e  s lope  o f  t h e  curve f rom 

measurement data.  

10.4 CONCLUSIONS AND RECOMMENDATIONS 

The f o l  l ow lng  subsect lons p resen t  conc lus ions  p e r t a i n i n g  t o  v a l i d a t i o n  

o f  t h e  d r i f t  r e fe rence  des ign  and recommendations f o r  des ign 

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

s""4\ t h e  a n a l y s i s  and e v a l u a t i o n  o f  d a t a  c o l l e c t e d  d u r i n g  t h e  des ign 
b v a l i d a t i o n  process. 
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10.4.1 Conclusions 

The e v a l u a t i o n  o f  f i e l d  observa t 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 a p p r o p r i a t e  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 requ i r - i ng  s p e c i f i c  

e v a l u a t i o n ,  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  design 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 .  

S p a l l l 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 1  l a r  co rners  w i l l  cont 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 i s  

de fo r rna t iona l  behav io r  i s  expected and can be c o n t r o l l e d  by sca 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  

extensometer anchors 3 years a f t e r  d r i f t  excava t ion  a r e  w i t h i n  1  

6' percen t .  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 r e  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  m inor  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  Tes t  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 ,  i t 

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 y p e  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 l o s u r e  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  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 l o s u r e  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 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 t h e  

r e s u l t s  o f  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 



s torage 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  long  d r i f t  w i t h  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 immediate ly  a f t e r  excavat ion  i s  f o l l owed  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  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, 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  1  i m l t s  requ i red ,  w i t h  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 .  M inor  s p a l l s  f rom t h e  r o o f  and w a l l  

sur faces  a r e  'expected t o  occur.  Ana lys is  o f  observa t ions  i n  mines and 

dIsc.ussion 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  11 then be requ i red .  

10.4.2 Recommendations 

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  

recommended t h a t  a l l  d r i f t s  be inspec ted  f r e q u e n t l y  f o r  ope ra t i ona l  

c learance and sa fe t y .  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 trimmed t o  t h e  requ i red  dimensions. Trimming t h e  f l o o r  t o  

inc rease 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 imming t h e  roo f .  Over t h e  

25 year  ope ra t i ng  l i f e ,  t h e  roo f  should no t  be trimmed more than 

12 inches f o r  d r i f t s  25 f e e t  wide o r  l ess .  Trimming t h e  r o o f  more than 

12 inches would make t h e  beam o f  s a l t  t o o  t h i n  and i nc rease  t h e  

p o s s i b l i t y  o f  a  r o o f  f a l l .  Fu r the r  t r imming 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 MB-139. Sca l i ng  and rock  b o l t i n g  should be performed where 



necessary f o r  s a f e t y  purposes. Per iodic inspect ion o f  accessible open 

boreholes should be performed t o  monitor t h e  occurrence and behavior of 

displacements, separations 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 .  





CHAPTER 11 

TEST ROOMS 

11 .1 INTRODUCTION 

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 im- 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 

inst rumented,  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  s to rage  rooms. Th i s  chap te r  p resen ts  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  da ta  w i t h  respec t  t o  t h e  behav io r  o f  t h e  excavated 

rooms. The i n f o r m a t i o n  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  behav io r  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  

r e fe rence  des ign.  

11.2 DESIGN 

The t e s t  rooms rep resen t  a  p o r t i o n  o f  t h e  s to rage  room re fe rence  des ign 
p""- 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 r o v i d e  
LI 

geotechn i ca l  i n f o r m a t i o n  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  s to rage  rooms. Because t h e y  were excavated t o  p e r m i t  

v a l i d a t i o n  o f  t h e  s to rage  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 l y  t o  t h e  

c o n f i g u r a t i o n  o f  t h e  s to rage  rooms and, t h e r e f o r e ,  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  t h e  four-room t e s t  panel.  

No Design Bas is  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) c o n t a i n  

elements p e r t a i n i n g  t o  t h e  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 p rov ided  t o  v e r i f y  underground c o n d i t i o n s  as 

r e q u i r e d  by t h e  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, 13 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  e v a l u a t i o n  a r e  a p p l i c a b l e  t o  t h e  s to rage  rooms r a t h e r  than  t o  

t h e  t e s t  rooms. 
', 



11.3 DESIGN VALIDATION PROCESS 

The t e s t  room panel i s  t h e  exper imenta l  model f o r  t h e  s to rage rooms. 

V a l i d a t i o n  o f  t h e  t e s t  panel re fe rence design c o n f i g u r a t i o n  i s  n o t  

requ i red .  The t e s t  room data  and analyses presented i n  t h i s  chapter  

a r e  t h e  bases f o r  v a l i d a t i o n  o f  t h e  storage rooms. P red i c t i ons  o f  t h e  

f u t u r e  behav ior  o f  t h e  storage rooms based on these data analyses a r e  

presented i n  Chapter 12. 

11.3.1 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  t e s t  rooms cons is ted  o f  t h e  accumulat ion o f  

geotechnical  da ta  f rom geo log ic  mapping, core d r i  11 ing,  observa t ions  o f  

de format iona l  behav ior  and geomechanical ins t rument  measurements. 

Geologic mapping and core  d r i l l i n g  were performed i n  t h e  f o u r  t e s t  

rooms. The s t r a t i g r a p h y  de f i ned  by t h e  mapping and core  l ogg ing  i s  

discussed i n  Chapter 6. Observat ions o f  i n  s i t u  behavior  and data  f rom 

t h e  geomechanical i ns t rumen ta t i on  program a r e  presented i n  t h e  

f o l l o w i n g  subsect ions.  

,11.3.1.1 F i e l d  Observat ions 

Some aspects o f  t e s t  room behav ior  can o n l y  be evaluated by v i s u a l  

observat ion.  V isua l  i nspec t i ons  o f  t h e  rooms i n c l u d e  observa t ions  o f  

t h e i r  general  sur face cond i t i ons  I n  response t o  s t r e s s  r e d i s t r i b u t i o n  

and s a l t  creep. These cond i t i ons  i n c l u d e  smal l  s p a l l s  f rom t h e  r o o f  

and w a l l s ,  e s p e c i a l l y  a t  t he . 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  a t  

p i l l a r  corners and a long t h e  w a l l s  i n  response t o  p i l l a r  shor tening.  

F i e l d  observat ions i n c l u d e  o t h e r  q u a l i t a t i v e  and q u a n t i t a t i v e  

techniques i n  . add i t i on  t o  v i s u a l  i nspec t i ons  o f  excavat ion sur faces.  

Boreholes a r e  surveyed us ing  v ideo cameras. Hor i zon ta l  displacements 

and v e r t i c a l  separat ions o f  t h e  geo log ic  s t r a t a  surrounding boreholes 

a r e  determined us ing  a  probe, as descr ibed i n  Chapter 7, 

subsect ion 7.3.1.4. Wall sur faces o f  l a r g e  d iameter  holes a r e  mapped 

by a  g e o l o g i s t .  

A  q u a l i t a t i v e  de te rm ina t i on  o f  t h e  cond i t i ons  o f  t h e  t e s t  rooms i s  made 



C by s i t e  g e o l o g i s t s  d 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 

eve ry  3 months. These i n s p e c t i o n s  have been documented i n  each GFOR 

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). 

D e t a i l e d  d e s c r i p t i o n s  o f  observed t e s t  room behav io r  a r e  conta ined i n  

each o f  these  r e p o r t s .  

As d iscussed  i n  Chapter 10, an Excavat ion E f f e c t s  Program was conducted 

t h roughou t  t h e  underground f a c i  1  i t y  d u r i n g  May th rough J u l y  1986. Th is  

program was conducted t o  f u r t h e r  c h a r a c t e r i  ze near-f  i e l d  de fo rmat ion  

above and below t h e  f a c i l i t y  l e v e l .  Ten a r 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  

a r r a y s  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  these  observa t 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 da ta  t o  

q u a n t i f y  t h e  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  observa t ions  can be separated i n t o  f o u r  ca tego r i es :  r o o f  and 

w a l l  spa 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  d isp lacements,  separa t ions  and f r a c t u r i n g .  

Roof and Wal l  S p a l l i n g .  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 immediate ly  a f t e r  excavat ion.  Only a  few 

areas o f  drummy rock  were d iscovered  and these  were e i t h e r  removed o r  

rock  b o l t e d .  

The rooms have e x h i b i t e d  o n l y  min imal  s p a l l i n g  over  a  p e r i o d  o f  3 years 

s i n c e  t h e i r  excavat ion.  The drummy areas o r i g i n a l l y  found i n  t h e  r o o f s  

have n o 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 

d iscovered  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 

n o t i c e a b l e  spa l  1-ing 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 log i c  map u n i t  4, Appendix G, F igures  G-1 th rough 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  g e n e r a 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 l o s e  t o  t h e  w a l l s  has a l s o  been observed C w i t h i n  t h e  p a s t  yea r  t h a t  has requ i red  suppor t  by rock b o l t s  i n  

se lec ted  areas. 



P i  1 l a r  $ r a c t u r I  ng. V e r t i c a l  f r a c t u r i n g  has occur red  i n  t h e  corners  

formed by t h e  i n t e r s e c t i o n  o f  d r i f t s  w i t h  t h e  t e s t  rooms. The 

f r a c t u r e s  have separa t ions  t h a t  range f rom e s s e n t i a l l y  c losed t o  about  

2 inches wide. They g e n e r a l l y  extend i n t o  t h e  rock  pe rpend icu la r  t o  

t h e  rock  su r face  f o r  an unknown d is tance.  A l l  co rners  o f  t h e  t e s t  

rooms show f r a c t u r i n g  and consequent spa1 1 i ng . 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 t h i n ,  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  

leng th ,  w i d t h  and presumably depth. Each o f  t h e  GFDRs document t h i s  

gradual  development o f  t h e  f r a c t u r e s .  Sca l i ng  o f  these corners  has 

been performed p e r i o d i c a l l y .  

V e r t l c a l  f r a c t u r i n g  has developed 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  Tes t  Rooms 3 and 4. The f r a c t u r i n g  has been de tec ted  

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 n c h  wide. 

Roof Displacements and Separat ions. 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 us ing  a v ideo camera and/or probe. 

The v ideo camera produces h igh - reso lu t i on ,  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  displacements and v e r t i c a l  

separa t ions .  The probe i s  used i n  con junc t i on  w i t h  a tape measure t o  

determine 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  1  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  t h e  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 observa t ions  

a re  summarized i n  Table 11-1. 

Ten a r rays  o f  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 f e c t s  Program. These ho les  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 r o o f  displacements and 

separa t ions .  Each h o l e  was inspec ted  us ing  a probe. Table 11-2 

presents a summary o f  t h e  r e s u l t s  o f  t h i s  s tudy.  



Table 11-1 

TEST ROOMS 1 THROUGH 4 
RESULTS OF INSPECTION OF VERTICAL BOREHOLES I N  ROOFS 

Hole 
Date S ize  Depth Approximate Observed 

Hole Completed i n .  ( f t )  Locat ion Condit ion* 

16-205 4-1 7-83 3 56 Room 1 ; 1 f t  from D 
west w a l l  

16-206 4-1 5-83 3 52 Room 1 ; 1 f t  from D 
eas t  w a l l  

16-203 3-26-83 3 52 Room 2; 1 f t  from D 
west w a l l  

16-204 3-83 3 52 Room 2; 1 f t  from D 
eas t  w a l l  

OH-3 8-83 4 2 0 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 

m P4X-30 12-83 4 50.9 Room 4; N1360/W630 S 

i3e,41 - - 6 8 Room 4; N1360/W639 D, F 

- - 5 + 9- Room 4 center ;  s (  ? )  
N1176 

* D = Displacement; S = Separat ion; F = F rac tu r i ng  



Table 11-2 

EXCAVATION EFFECTS PROGRAM 

BOREHOLE INSPECTION 'SUMMARY 

SECTION F 
EXPLANATII 

I OBSERVED CONDITIONS 1 

IDLE. 

I - NOTES: 

D = HORIZONTAL DISPLACEMENT..FOUND ONLY IN PREVIOUSLY DRILLED 
HOLES. DKPLACEMENT APPEARS TO DEVELOP WITH TIME FOLLOWING 
HOLE DRILLING 

S = VERTICAL SEPARATION. PROBE NAlL PENETRATES HOLE WALL SURFACE. 
VERTICAL SEPARATIONS RANGE FROM APPROXIMATELY Y16 INCH TO 6 WCHES. 

I. SECTION LOCATIONS AND HOLE CONFIGURATIONS ARE SHOWN IN CHAPTER 
10, FIGURE IO-L 

2. HOLES WERE DRILLED VERTICALLY USING A JACK-LEG DRILL. 

3. NOMINAL HOLE DEPTH IS 9 FEET' BUT SOME HOLES ARE SHORTER DUE TO 
LOW DRIFT ROOF OR DRILLING DIFFICULTIES. 

F = FRACTURE ZONE. PIECES OF HALITE COMMONLY PICKED OUT OF ZONE BY PROBE 4. ONE ROOF AND ONE FLOOR HOLE OF EACH ARRAY WERE GENERALLY DRILLED 
NAIL. 3 INCHES IN DIAMETER TO .ACCOLIODATE USE OF BOREHOLE CAMERA IF 

DESIRED. OTHER HOLES WERE DRILLED I?/@ WCHES W DIAMETER. 
EXISTING HOLES WERE usm WHERE POSSIBLE. 

C = PROBE NAlL CATCHES ON HOLE WALL SURFACE BUT DOES NOT PENETRATE. 
INDICATES POSSIBLE SEPARATION OF LESS THAN W16 INCH. OCCURENCES 5. OBSERVATIONS WERE MADE USING A PROBE CONSISTING OF A NAIL ATTACHED 
AT KNOWN CLAY LAYERS ARE NOT INDlCATNE OF SEPARATION AND ARE NOT PERPENDICULAR TO THE END OF A ROD. 
INCLUDED IN THIS TABLE. 



F l o o r  Displacements. Separat ions and F rac tu r i ng .  H o r i z o n t a l  

d isplacements,  v e r t i c a l  separa t ions  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  MB-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) boreholes a r e  presented i n  Appendix 6, F igures 

(3-10 th rough 6-31. A summary 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 i nspec t i ons  were accomplished us ing  v ideo 

equipment and/or a  probe. 

The o n l y  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  summary 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 bot tom o f  many o f  t h e  ho les co inc ides  

f-, 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 
i 1 

ho les  were t e rm ina ted  above t h e  base o f  t h e  marker bed. 

The ho les  were logged on a 360 degree f o l d o u t  a t  a  s c a l e  o f  1  i n c h  t o  1  

f o o t .  A l l  f e a t u r e s  were measured f rom a l e v e l  re ference l i n e  which was 

l a t e r  surveyed t o  determine e leva t i ons .  F rac tu re  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  contacts ,  were 

logged. A f r a c t u r e  t r a c e  i s  a  d i s t i n c t  f r a c t u r e  su r f ace  exposed on t h e  

w a l l  o f  t h e  borehole.  F rac tu re  t r a c e s  shown on t h e  logs, un less 

o the rw i se  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 a rea  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 sma l l e r  f r a c t u r e s  spaced 

l e s s  t han  1 i n c h  apa r t .  'The f r a c t u r e d  rock i s  commonly broken o u t  ve ry  

c l o s e  t o  t h e  w a l l  su r f ace  o f  t h e  borehole due t o  d r i l l i n g ,  b u t  becomes 

c l osed  w i th ' ln  1/2 t o  2  inches o f  t h e  w a l l  su r face .  Loca l l y ,  t h e  zone 

i s  open o r  p a r t i a l l 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 t a n c e  o f  12 

inches f r om t h e  borehole,  t h e  cumula t i ve  v e r t i c a l  separa t ion  measured 

ove r  t h e  l e n g t h  o f  t h e  h o l e  v a r i e s  f rom l e s s  than 1/4 i n c h  t o  6  C 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 



Tab le  11-3 

TEST ROOMS 1 THROUGH 4 
RESULTS OF INSPECTION OF VERTICAL BOREHOLES I N  FLOOR 

Hole 
Date S l z e  Depth Approximate Observed 

Hole Completed ( i n . )  ( f t )  Loca t i on  Cond i t i on *  

16-202 4-1 8-83 3 52 Room 1 ; 1 f t  f r om 0 
west w a l l  

GE-269 1-86 3 5 5 Room 1 cen te r1  i n e  S. F 

IG-201 3-26-83 3 5 2 Room 2; 1 f t  f r om D 
west  w a l l  

NG-254 3-84 6 7 Room 2 c e n t e r l i n e  None 

GE-270 1-86 3 5 5 Room 2 c e n t e r l i n e  s, F 

2NPD-01 2-86 5 8.9 Room 2; N1370 s, F 

MB-FI-01 12-85 4 12.0 Room 3; N1309 D, S ,  F 

MB-FI-02 12-85 . 4  12.0 Room 3; N1309 D ,  S, F 

MB-FI-03 12-85 4 12.0 Room 3; N1309 D, S, F . 

GE-271 1-86 3 5 5 Room 3 c e n t e r l i n e  .S,  F 

P4X-06 1983 5 9.0 Room 4; N1369/W625 D, S, F 

P4X-25 10-83 5 50.2 Room 4; N1360/W630 D. S, F 

P4X-27 10-83 5 51 .1 Room 4; N1360/W630 D, S, F 

P4X-29 10-83 5 49.5 Room 4; N1360/W630 D. S, F 

P4X-31 11 -83 5 50.4 Room 4; N1360/W630 D, S, F 

P4X-81 11 -83 16 - Room 4 D, S, F 

P4X-83 12-83 16  6.1 Room 4 s, F 

P4X-84 1-84 36 9.5 Room 4 0, s, F 

* D = Displacement; S = Separat ion;  F = F r a c t u r i n g  



Table 11-4 

TEST ROOM 3 (ROOM T) 
SUMMARY OF DRILLING 

Date 
Hole Completed 

D r i l l i n g  
F l u i d  Comnunication Durinq D r i l l i n g *  

A i r  --- 

A i  r TV-07, TV-14 through 75" d ipp ing  
f r a c t u r e .  TV-15 through f r a c t u r e s  i n  
h a l i t e  c lose  t o  sur face on east side. 
Surface f r a c t u r e  c lose  t o  east w a l l  25 
f e e t  south of TV-03. No communication 
t o  TV-13. TV-17, TV-12. 

A i r  --- 
A i r  --- 

A i r  --- 

A i r  --- 
A i r  --- 

TV-11 11-11-85 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 9-23-85 A i  r TV-19 

TV-16 9-30-85 A i  r TV-19, TV-20 



Table 11-4 (continued) 

TEST ROOM 3 (ROOM T) 
SUMMARY OF DRILLING 

Date D r i l l i n g  
Hole Completed F l u i d  Communication During D r i l l i n g *  

TV-17 10-1 5-85 A i r  - -- 

TV-20 9-25-85 A i r  TV-19 along main f r a c t u r e  zone 
on north-northeast side. 

TV-22 10-1 9-85 A i  r TV-19 along main f r a c t u r e  zone 
on north-northeast s ide.  
TV-20 along main f r a c t u r e  zone 
on west s ide.  

* Communication i s  ind ica ted  by d r i l l i n g  dust  emanating from kpIIYdl 
connected holes and detected by d r i l l e r  o r  geo log is t .  

** Source o f  b r i ne  encountered i n  TV-01 i s  c lay  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 lay  and about 4 inches of  the  over l y ing  
anhydr i te  were moist  i n  many holes. 



w i t h i n  f r a c t u r e  zones l e s s  t han  1  i n c h  wide. Some o f  these appear t o  
\ /' 

be pre-excavat ion f e a t u r e s  w i t h i n  MB-139. 

A d d i t i o n a l  sma l l  -d iameter boreholes were d r i  1  l e d  i n t o  t h e  t e s t  room 

f l o o r s  as p a r t  o f  t h e  Excavat ion E f f e c t s  Program. The 10 a r rays  

summarized i n  Table 11-2 i n c l u d e  t h r e e  f l o o r  ho les a t  each a r ray .  

These ho les  were d r i l l e d  p r i m a r i l y  t o  determine i f  t h e  f r a c t u r i n g  

observed i n  t h e  22 la rge-d iameter  ho les  i n  Tes t  Room 3  extends t o  o t h e r  

areas beneath t h e  t e s t  rooms. 

11.3.1.2 Geomechanical I n s t r u m e n t a t i o n  

Geomechanical i n s t r u m e n t a t i o n  i n  Tes t  Rooms 1  th rough 4 i n i t i a l l y  

c o n s i s t e d  o f  19 boreho l  e  extensometers, 16 h o r i z o n t a l  i n c l  i nometers, 6  

v e r t i c a l  i n c l  i nometers, 4 se t s  o f  convergence po in t s ,  2  convergence 

meters,  and 2  r i g i d - i n c l  us i on  v i  b ra t i ng -w i  r e  s t ressmeters  ( F i g u r e  

11 -1 ). These ins t ruments ,  w i t h  t h e  excep t ion  o f  t h e  i nc l i nome te rs  and 

convergence p o i n t s ,  were connected t o  t h e  da ta l ogge r  system on May 13, 

1983. 

Due t o  f a i l u r e  f o r  va r i ous  reasons, some ins t ruments  i n  t h e  t e s t  rooms 

had t o  be rep laced.  Those ins t ruments  rep laced i n c l u d e  bo th  

s t ressmeters  i n  Tes t  Room 2  and t h e  extensometers i n  t h e  f l o o r  o f  Test  

Rooms 1, 2  and 3. The h i s t o r y  o f  i ns t rumen t  performance and 

maintenance i s  d iscussed i n  t h e  GFDRs. 

F igu re  11-2 shows t h e  ins t ruments  i n  each t e s t  room and t h e  excava t ion  

da tes  a t  t h e  i ns t rumen t  l o c a t i o n s .  Because t h e  excava t ion  o f  each t e s t  

room r e q u i r e d  about  10 days t o  complete, i t  was d i f f i c u l t  t o  ass ign  a  

s i n g l e  d a t e  o f  excava t ion  f o r  some ins t rument  l o c a t i o n s .  Table 11-5 

p resen ts  t h e  dates o f  excava t ion  used f o r  p l o t t i n g  and a n a l y s i s  o f  t h e  

t e s t  room da ta .  

11.3.2 Ana l ys i s  and E v a l u a t i o n  

Th i s  s e c t i o n  d iscusses 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  r e s u l t s  o f  
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Table 11-5 

TEST ROOMS 
ASSUMED EXCAVATION DATES FOR DATA ANALYSIS 

Paue 1 o f  3 

Type of Instrument Assumed Date o f  Excavation 
Instrumen.t/Location Designation Room 1 Room 2 Room 3 Room 4 Basis f o r  Se lec t ion  

Convergence meters 51 X-CE-00202 Apr. 7. 1983 
51 X-CE-00201 Mar. 13, 1983 

Average o f  dates f o r  upper and 
lower center  passes. 

Roof extensometers - 51 X-GE-00218 Apr. 4. 1983 Date f o r  upper center  pass. 
center  51X-GE-00214 Mar: 10, 1983 

51 X-GE-00212 Mar. 26, 1983 
51 X-GE-00207 Apr. 16. 1983 

F l o o r  extensometers - 51X-GE-00220 Apr. 10, 1983 Date f o r  lower center  pass. 
cen te r  51 X-GE-00216 Mar. 17. 1983 

51 X-GE-00210 Mar. 31, 1983 
51 X-GE-00209 Apr. 22. 1983 

Roof extensometers - 51X-GE-00239 Apr. 5, 1983 
east s ide 51 X-GE-00238 Mar. 13, 1983 

Average o f  dates f o r  upper 
center  and upper east passes. 

Roof extensometers - 
west s ide  

51 X-GE-00240 Apr. 6, 1983 
51 X-GE-00237 Mar. 13. 1983 

Average o f  dates f o r  upper 
center  and upper west passes. 

Wall extensometers - 51X-GE-00217 Apr. 6. 1983 Date f o r  u,pper east pass. 
east  s i d e  51X-GE-00213 Mar. IS, 1983 

51 X-GE-00211 Mar. 28. 1983 
51 X-GE-00206 Apr. 20. 1983 

Wall extensmeters - 51X-GE-00219 Apr. 8. 1983 
west s ide 51 X-GE-00215 Mar. 16. 1983 

5 1 X-GE -00208 

Date f o r  upper west pass. 

Apr. 19. 1983 



Table 11-5 (continued) 

TEST ROOMS 
ASSUMED EXCAVATION DATES FOR DATA ANALYSIS 

Type o f  Instrument Assumed Oate o f  Excavation 
- Instrument/Location Designation Room 1 Room 2 Room 3 Room 4 Basis f o r  Se lec t ion  

Wall shor tening po in ts  - IG 215-216 RS Apr. 8. 1983 Average of dates f o r  upper 
east  s ide IG 211-212 RS Mar. 17, 1983 and lower east  passes. 

IG 219-220 RS Mar. 30. 1983 
IG 223-224 RS Apr. 22. 1983 

Wall shor tening po in ts  - IG 217-218 RS Apr. 9, 1983 Average o f  dates f o r  upper 
west s ide  IG 213-214 RS Mar. 18. 1983 and lower west passes. 

IG  221-222 RS Mar. 30, 1983 
IG 225-226 RS Apr. 21. 1983 

Wall-to-Wall convergence IG 211-213 TC Mar. 15. 1983 Average o f  dates f o r  upper 
p o i n t s  - near roo f  IG  219-221 TC Mar. 28. 1983 east  and west passes. 

Wall-to-Wall convergence IG 212-214 TC 
po in ts  - near f l o o r  IG  220-222 TC 

Mar. 19, 1983 
Apr. 1. 1983. 

Average o f  dates f o r  l o v e r  
east and west passes. 

Wall-to-Wal 
convergence 
center  

1 permanent Room 1 R C  Apr. 7, 1983 Average o f  dates f o r  upper 
po in ts  - Room 2 RC Mar. 15, 1983 east and west passes. 

Room 3 RC Mar. 29. 1983 
Room 4 RC Apr. 19. 1983 

Roof-to-Floor permanent Room 3 R C  
convergence .points  - Room 4 R C  
center  

Mar. 28.1983 Average o f  dates f o r  upper 
Apr. 19. 1983 and lower center  passes. 



Table 11-5 (cont inued)  

TEST ROOMS 
ASSUMED EXCAVATION DATES FOR DATA ANALYSIS 

Type o f  Instrument Assumed Date o f  Excavation 
Inst rument /Locat ion Designation Room 1 Room 2 Room 3 Room 4 Basis f o r  Se lec t ion  

Wall- to-wall  temporary Room 1 TC Apr. 7. 1983 Average o f  dates f o r  upper 
convergence p o i n t s  - Room 2 TC Mar. 15 1983 east  and west passes. 
cen te r  a Room 3 TC Mar. 29. 1983 

Room 4 TC Apr. 19. 1983 

Roof-to-Floor temporary Room 1 TC' Apr. 7, 1983 Average o f  dates f o r  upper 
convergence p o i n t s  - Room 2 TC Mar. 13. 1983 and lower cen te r  passes. 
cen te r  Room 3 TC Mar. 28, 1983 

Room 4 TC Apr. 19. 1983 

F l o o r  stressmeters - 51 X-NG-00252 
west corner  51 X-NG-00255 

Mar. 20. 1983 
Mar. 20. 1983 

Date f o r  lower  west pass. 
Date f o r  lower  west pass. 

F loo r  stressmeters - 51 X-NG-00254 
cen te r  51 X-NG-00256 

Mar. 17, 1983 
Mar. 17. 1983 

Date f o r  lower  cen te r  pass. 
Date f o r  lower  cen te r  pass. 

- 

N*: 

(1 )  The *Elapsed Days Since Excavation' shown on the  data p l o t s  i n  Appendix J were ca lcu la ted  us ing  t h i s  "Assumed Date o f  Excavationn. 

( 2 )  See Figure 11-2 f o r  the  excavat ion sequence a t  the  center  o f  the  t e s t  rooms. 

(3)  The dates o f  excavat ion f o r  i n d i v i d u a l  inc l inometers were n o t  used f o r  p l o t t i n g .  



f i e l d  observa t ions  and i n  s i t u  measurement data. The r e s u l t s  o f  

numer ica l  model ing o f  t h e  t e s t  rooms us ing  i n  s i t u  measurement da ta  a r e  

a l s o  presented. I n  a d d i t i o n ,  reg ress ion  analyses o f  t h e  ' c l osu re  r a t e  

ob ta ined f rom t h e  c l o s u r e  measurements were a l s o  performed. The f i t t e d  

equat ions were used t o  supplement t h e  p r e d i c t i o n  o f  c l o s u r e  behav io r  i n  

t h e  s to rage rooms and a r e  discussed i n  Ghapter 12. 

11.3.2.1 Observed Cond i t ions  

Roof and Wal l  S ~ a l l i n g .  M inor  s p a l l i n g  f rom t h e  r o o f  i n  t h e  t e s t  

rooms, r e s u l t i n g  i n  sha l low drummy areas, has occur red  as expected. 

D~ummy areas u s u a l l y  occur  w i t h i n  3  t o  6 inches o f  t h e  r o o f  i n  areas o f  

c l e a r  ha1 i t e  n o t  assoc ia ted  w i t h  any n o t i c e a b l e  c l a y .  Separat ions 

occur  a long l o c a l  planes o f  weakness i n  t h e  h a l i t e ,  p robab ly  c rea ted  by 

t h e  o r i e n t a t i o n  o f  c r y s t a l  sur faces.  Th is  same phenomenon occurs i n  

t h e  d r i f t s ;  Drummy areas have been i d e n t i f i e d  immediate ly  a f t e r  

excavat ion  and a d d i t i o n a l  areas have developed s ince  t h a t  t ime.  These 

l a t e r - o c c u r r i n g  drummy areas appear t o  develop p r i m a r i l y  a long t h e  r o o f  

w i t h i n  severa l  f e e t  o f  t h e  w a l l s .  

S p a l l l n g  a long t h e  w a l l s  o f  t h e  t e s t  rooms i s  a  r e s u l t  o f  l o c a l  s t r e s s  

concen t ra t i ons  and t h e  low t e n s i l e  p r o p e r t i e s  o f  s a l t .  It i s  a l s o  

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  f l o o r  and r o o f  i n t e r s e c t i o n s .  The squeezing o f  c l a y  F 

a t  t h e  upper c o n t a c t  o f  geo log ic  map u n i t  4 i s  assoc ia ted  w i t h  t h e  

s p a l l i n g  phenomenon. Minor  s p a l l i n g  i s  a l s o  assoc ia ted  w i t h  map 

u n i t  0, near  t h e  f l o o r .  

P i l l a r  F r a c t u r i n g .  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  i s  t h e  expected 

r e s u l t  o f  room deformat ion  and s t r e s s  concent ra t ions .  The f r a c t u r e s  

t h a t  have developed i n  t h e  w a l l s  o f  t h e  t e s t  rooms, p a r a l l e l  t o  t h e  

rooms, a r e  considered t o  be t e n s i o n  f r a c t u r e s  r e s u l t i n g  f rom s t r e s s  

r e l i e f .  F rac tu res  de tec ted  i n  boreholes d r i l l e d  i n  t h e  upper p o r t i o n  

o f  geo log i c  map u n i t  4 a r e  r e l a t e d  t o  t h e - s p a l l i n g  o c c u r r i n g  i n  t h i s  

u n i t  . 



H o r i z o n t a l  i n c l i n o m e t e r s  i n  t h e  t e s t  room w a l l s  show bo th  upward and C downward v e r t i c a l  movement toward t h e  c e n t e r  o f  t h e  w a l l  (Appendix J, 

F i gu res  5-320 th rough 5-335). A l though no displacements have been 

observed, t h e  i n c l i n o m e t e r  da ta  i n d i c a t e  t h a t  t h e  s a l t  has moved toward 

t h e  c e n t r a l  h o r i z o n t a l  a x i s  o f  t h e  room. Th i s  movement, due t o  

v e r t i c a l  compressive s t r e s s  and s a l t  creep, i s  d iscussed f u r t h e r  i n  

subsec t i on  11.3.2.2. Tensi  l e  s t resses  r e s u l t i n g  f rom t h i s  s a l t  creep 

and p i l l a r  sho r ten ing  have caused f r a c t u r e s  t o  leng then  and widen and 

new f r a c t u r e s  t o  develop. F r a c t u r i n g  i s  more prominent a t  p i l l a r  

co rne rs  t h a t  were n o t  beveled t o  t h e  4 x 4-foot design. 

F r a c t u r i n g  p a r a l l e l  t o  t h e  room w a l l s  w i l l  con t i nue  t o  occur.  S p a l l i n g  

and l o c a l  f a i l u r e  w i l l  a l s o  con t i nue  a t  p i l l a r  co rners  and w i l l  r e q u i r e  

p e r i o d i c  maintenance. 

Roof Displacements and Separat ions.  The displacements observed i n  

va r i ous  open boreholes i n  t h e  t e s t  room r o o f s  a r e  t h e  r e s u l t  o f  

de fo rma t i on  around t h e  openings. The h a l i t e  a t  t h e  s to rage  ho r i zon  i s  

i n t e r r u p t e d  by a n h y d r i t e  beds and . t h i n  c l a y  l a y e r s .  These layers ,  

p a r t i c u l a r l y  a n h y d r i t e  l1b1' and t h e  unde r l y i ng  c l a y  G, a r e  d i r e c t l y  

assoc ia ted  w i t h  t h e  d isp lacements observed i n  t h e  t e s t  room roo f s .  

L a t e r a l  d isp lacement  i n  t h e  s a l t  above t h e  t e s t  rooms i s  s i m i l a r  t o  

t h a t  de tec ted  above t h e  d r i f t s .  The h a l i t e  bounded by t h e  r o o f  and 

c l a y  G moves toward t h e  room c e n t e r  r e l a t i v e  t o  t h e  upper l a y e r s  o f  

s a l t .  The movement i s ,  however, n o t  e x a c t l y  symmetr ical  about  t h e  room 

c e n t e r l i n e .  T h i s  i s  conf i rmed by i n c l i n o m e t e r  readings i n  t h e  r o o f  o f  

Tes t  Rooms 1 and 2 which show t h a t  t h e  l a t e r a l  movement o f  t h e  s a l t  

c l o s e  t o  t h e  r o o f  i s  g r e a t e r  t o  t h e  west than  t o  t h e  eas t  (Appendix J, 

F igures  5-31 6 th rough 5-31 9) .  However, t h i s  ' t r e n d  i s  reversed a t  about 

32 f e e t  above t h e  r o o f  o f  t h e  t e s t  rooms. The h a l i t e  compr is ing t h e  

lower  r o o f  beam i s  sub jec ted  t o  h o r i z o n t a l  compressive s t resses  

r e s u l t i n g  i n  shear a long  c l a y  G and p o s s i b l e  v e r t i c a l  sepa ra t i on  as t h e  

beam moves downward. Some cas ing  deformat ions have a1 so been observed 

C w i t h i n  1 f o o t  o f  t h e  h o l e  c o l l a r  o f  t h e  r o o f  i nc l i nome te rs .  The 



r e l a t i v e  movement here i s  oppos i t e  t o  t h a t  observed above and i s  

p robab ly  due t o  t h e  near  su r face  h a l i t e  r e s i s t i n g  t h e  shear movement 

a long c l a y  G. 

Movement w i t h i n  t h e  h a l i t e  below c l a y  G, oppos i t e  t o  t h a t  found 

elsewhere, has been observed i n  one borehole i n  Tes t  Room 4. Th i s  may 

be t h e  r e s u l t  o f  movement a long e x i s t i n g  planes 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 sepa ra t i on  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  

unde r l y i ng  h a l i t e  above t h e  t e s t  room roo fs .  I n  Tes t  Rooms 3  and 4, 

separa t ions  l e s s  than 1/16 i n c h  wide have been observed. No sepa ra t i on  

has been observed . a t  c l a y  G. . I n  t h e  a r r a y  o f  ho les  compr is ing  

Sec t i on  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 separa t ions  o r  f r a c t u r i n g  were detected.  

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  

separa t ions  were found w i t h i n  1  f o o t  o f  t h e  r o o f .  These f r a c t u r e s  

r e s u l t e d  f rom r o o 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  b e l o r  c l a y  G i n  t h e  c e n t e r  h o l e  o f  t h r e e  o f  t h e  f o u r  a r rays .  

F l o o r  Displacements, Separat ions and F rac tu r i ng .  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 th roughout  t h e  e n t i r e  W I P P  underground 

f a c i l i t y  d u r i n g  design 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 

d iameter  ho les  d r i l l e d  i n  t h e  f l o o r  i n  t h e  south h a l f  o f  Tes t  Room 3  

(Room T) .  Cross sec t i ons  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 iden t .  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  MB-139, and 

f l a t t e n s  near  t h e  room center .  Th i s  zone i s  most pronounced a long t h e  

s e r i e s  o  f ho les  shown on F igu re  6-34. I n  t h e  



C n o r t h e r n  c ross  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  ev i den t  i n  

t h e  ho les  west o f  t h e  room c e n t e r l i n e  b u 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  sec t ions ,  t h i s  upper f r a c t u r e  zone 

I1day l igh ts1 l  a t  t h e  f l o o r  su r f ace  o r  p inches o u t  be fo re  reaching t h e  

room p i  1  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 t h e  upper f r a c t u r e  zone. Th i s  lower  zone i s  more r e g u l a r  and 

p l a n a r  t h a n  t h e  upper zone. Wi th  t h e  excep t i on  o f  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 ma jo r  f r a c t u r e  zones, some subhor izon ta l  

f r a c t u r i n g  i s  p resen t  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  ho les  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  

ho les.  

Communication between ho les  d u r i n g  d r i  11 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  

d u s t  was observed coming up th rough a  su r f ace  f r a c t u r e  c l o s e  t o  t h e  

e a s t  w a l l ,  25 f e e t  south o f  t h e  h o l e  l o c a t i o n .  

A s e r l e s  o f  measuring p i n s  were i n s t a l l e d  i n  two open holes,  TV-03 and 

TV-19, i n  l a t e  January 1986 t o  mon i t o 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  t h e  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  ho les became 

i n a c c e s s i b l e  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 

o c c u r r i n g  i n  bo th  o f  t h e  ho les.  

The f r a c t u r e s  observed 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 

f r a c t u r e s  w i t h i n  MB-139 may have been p r e - e x i s t i n g  b u t  have opened G s i n c e  room excavat ion.  



Three 4- inch d iameter  ho les  were d r i l l e d  i n  t h e  n o r t h  h a l f  o f  Tes t  

Room 3  t o  determine i f  f r a c t u r i n g  i s  occu r i ng  the re .  These ho les  were 

d r i l l e d  t o  a  nominal depth o f  12 f e e t  below t h e  f l o o r .  A t h i n  f r a c t u r e  

zone was de tec ted  w i t h i n  1  1/2 f e e t  o f  t h e  f l o o r  i n  two o f  t h e  ho les  

and minor  f r a c t u r i n g  was de tec ted  i n  MB-139 i n  a l l '  o f  t h e  holes.  Th i s  

f r a c t u r i n g  i s  s i g n i f i c a n t l y  l e s s  developed than t h a t  observed i n  t h e  

south  h a l f  o f  Tes t  Room 3. 

The 22 large-d iameter  ho les  i n  Tes t  Room 3  were d r i l l e d  l a t e  i n  1985. 

They are, t he re fo re ,  t o o  recen t  t o  document any l a t e r a l  d isp lacements 

a long t h e  observed f r a c t u r e s .  However, o t h e r  o l d e r  f l o o r  boreholes do 

i n d i c a t e  r e l a t i v e  displacement.  I n  Tes t  Room 4, boreholes P4X-06, 

P4X-25, P4X-27, P4X-29 and P4X-31 a l l  show m u l t i p l e  d isp lacements and 

v e r t i c a l  separa t ions  (Tab le  11 -2). These a r e  p r i m a r i l y  w i t h i n  MB-139 

and e x h i b i t  up t o  2  inches o f  l a t e r a l  d isp lacement  and up t o  1/2 i n c h  

o f  v e r t i c a l  separat ion.  These f i v e  ho les  a r e  near  t h e  room 

c e n t e r l i n e .  'The r e l a t i v e  movement o f  t h e  m u l t i p l e  displacements 

observed i s  compl i c a t e d  and does n o t  f o l  low t h e  s imp le r  i n t e r p r e t a t i o n  

o f  t h e  r o o f  displacements. The most s i g n i f i c a n t  displacements i n  a l l  

o f  t h e  ho les  have taken p lace  c l o s e s t  t o  t h e  f l o o r  su r face  and, i n  a l l  

cases, - t h e  s a l t  above t h e  f r a c t u r e  has moved eas t  r e l a t i v e  t o  t h e  

u n d e r l y i n g  s a l t .  I nc l i nomete rs  IG-202 and IG-201, i n  Tes t  Rooms 1 

and 2, a l s o  e x h i b i t  s i m i l a r  r e l a t i v e  displacement.  Both o f  these 

i n c l i n o m e t e r s  a r e  on t h e  west s i d e  o f  t h e i r  r e s p e c t i v e  t e s t  rooms. The 

marker bed and t h e  o v e r l y i n g  s a l t  have moved eas t  towards t h e  room 

cen te r1  i n e  r e l a t i v e  t o  t h e  unde r l y i ng  s a l t .  Movement i s  appa ren t l y  

a long c l a y  E and i s  approx imate ly  3/4 i nch .  

Al though no d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  s a l t  beneath t h e  t e s t  room 

p i l l a r s  has been performed, t h e  Tes t  Room 3  f r a c t u r e  mapping i n d i c a t e s  

t h a t  i t  i s  u n l i k e l y  t h a t  f r a c t u r e s  extend beneath them t o  any 

s i g n i f i c a n t  ex ten t .  N e i t h e r  o f  t h e  two f r a c t u r e  zones i d e n t i f i e d  can 

be t r a c e d  i n t o  t h e  p i l l a r s .  The upper f r a c t u r e  zone pinches o u t  p r i o r  

t o  reach ing  t h e  w a l l s  o r  d a y l i g h t s  a t  t h e  f l o o r  sur face.  The lower  

f r a c t u r e  zone cannot be t raced  beyond t h e  ho le  w a l l s ,  b u t  i t  i s  n o t  



suspected o f  c o n t i n u i n g  beneath t h e  p i l l a r s .  One sma l l  d iameter  h o l e  

was d r - i l l e d  a t  an ang le  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 f e e t ,  t h e r e  

was no evidence o f  separa t ion .  

F rac tu res  and separa t ions  have been observed i n  f o u r  large-d iameter  

ho les  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. F rac tu res  

were observed i n  these  ho les  d u r i n g  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 separa t ions  

observed. One h o l e  became i n a c c e s s i b l e  soon t h e r e a f t e r .  F rac tu res  i n  

t h e  o t h e r  ho les  have been observed t o  inc 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). F rac tu res  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  ho les  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  Tes t  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 i gu re  6-32. The separa t ions  and 

d isp lacements i n  P4X-84 ove r  t h e  2  year  pe r i od  s i nce  excava t ion  a r e  

sma l l  i n  comparison t o  those  i n  t h e  f l o o r  ho les  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 f rom 

approx imate ly  N1242 t o  N1208. Th i s  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  su r f ace  toward t h e  east .  Approx imate ly  8  t o  10 inches 

of  sepa ra t i on  i s  p resen t  a long  t h i s  f r a c t u r e ,  and approx imate ly  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 drummy. 

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  e x t e n t  o f  f l o o r  

f r a c t u r i n g  and f o r  f u t u r e  m o n i t o r i n g  o f  t h i s  phenomenon. E x i s t i n g  

boreholes,  such as those  i n  Tes t  Rooms 3 and 4, were u t i l i z e d  where 

poss ib l e .  The l o c a t i o n s  o f  t h e  ho les  a r e  shown on F igu re  10-1 i n  

Chapter 10. These ho les  were inspec ted  us ing a  probe and t h e  r e s u l t s  

C a r e  summarized i n  Table 11-2. The ho les e x h i b i t e d  some f r a c t u r e s  and 



separat ions.  The d i  sh-shaped f r a c t u r e  p r o f  i 1 e observed i n  t h e  ho les  i n  

Tes t  Room 3 was a l s o  found i n  some o f  t h e  h o l e  a r rays ,  a l t hough  on a 

much sma l l e r  scale.  It was most pronounced i n  severa l  o f  t h e  ho les  

c l o s e  t o  t h e  room w a l l s  where separa t ions  were es t imated  t o  be a 

maximum o f  6 inches. I n  o t h e r  l o c a t i o n s ,  t h e  sepa ra t i on  ranged f rom 

1/8 i n c h  t o  3 inches. W i t h i n  MB-139, f r a c t u r e s  and separa t ions  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 r a y  ranged f rom approx imate ly  

1/8 i n c h  t o  3 inches. For  o t h e r  h o l e  a r rays ,  t h e  maximum separa t ions  

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.  

H o r i z o n t a l  displacements and v e r t i c a l  separa t ions  have been observed i n  

va r l ous  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  

displacements up t o  2 1/2 inches and v e r t i c a l  separa t ions  es t imated  t o  

be up t o  1/2 i n c h  wide were p resen t  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 s o  present .  The h o r i z o n t a l  

displacements and v e r t i c a l  separa t 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 t h  t h e  lower  con tac t  o f  t h i s  u n i t .  These 

displacements and separa t ions  have developed s i n c e  room excavat ion,  

a l t hough  some o f  them may have developed a long 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 

r a d a 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 r a d a r  survey was conducted i n  Tes t  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 .  

MB-139 i s  r e a d i l y  de f i ned  on t h e  records b u t  f r a c t u r e s  w i t h i n  i t cannot  

be d iscerned.  

Zones o f  r e l a t i v e l y  h igh  p e r m e a b i l i t y  have been found t o  develop 

immediate ly  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  Tes t  Rooms 1 and 2 w i t h  t h e  N1420 d r i f t .  There a l s o  

appears t o  be a s l i g h t  inc rease i n  pe rmeab i l i t y ,  r e l a t i v e  t o  background 

values, w i t h i n  MB-139 and immediate ly  beneath t h e  f l o o r  o f  t h e  N1420 



d r i f t  between Tes t  Rooms 1  and 2. Some inc rease  i n  p e r m e a b i l i t y  a l s o  

appears t o  occu r  i n  MB-139 near  t h e  c e n t e r  o f  t h e  p i l l a r  between Tes t  

Rooms 2  and 3. Th i s  da ta  i s  o n l y  p r e l i m i n a r y ,  however, because o n l y  

one h o l e  i n t e r s e c t i n g  MB-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  permeabi 1  i t y .  

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  Tes t  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  

e x i s t e n c e  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  

boreho les  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 sepa ra t i ons  m a i n l y  w i t h i n  MB-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  inc rease  i n  

background p e r m e a b i l i t y .  A v i deo  survey o f  these  ho les  d i d  n o t  show 

any sepa ra t i ons  o r  f r a c t u r i n g .  

I n  summary, subho r 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  
P""\ 

L1 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  MB-139 and t h e  o v e r l y i n g  

h a l i t e .  H o r i z o n t a l  d isp lacements rang ing  up t o  2  inches and 

sepa ra t i ons  g e n e r a l l y  rang ing  up t o  1/2 i n c h  have been measured i n  

sma l l  d i ame te r  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  Tes t  Room 3  (Room T) i n  t h e  W I P P  

underground f a c i  1  i t y  has e x h i b i t e d  ex tens i ve  f r a c t u r i n g  beneath t h e  

f l o o r .  

The Excava t ion  E f f e c t s  Program was designed i n  p a r t  t o  determine 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 t h e  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 t hough  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 o r d e r  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  

o c c u r r i n g  beneath t h e  f l o o r  o f  Tes t  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 r e s s  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 p robab ly  exacerbated t h e  e x i s t i n g  

f r a c t u r e s .  



11.3.2.2 Closure 

Roof - to-F loor  Closure. F i g u r e  11 -3 shows t h e  r e l a t i o n s h i p  between 

measured r o o f - t o - f l o o r  c l o s u r e  and t h e  elapsed t i m e  s i n c e  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.  For  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  occur red  be fo re  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 ,  p a r t  o f  t h e  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 i ns t rumen t  

da ta  t o  o b t a i n  approximate v a l  ues o f  t h e  a c t u a l  r o o f  - to - f  l o o r  c l osu re .  

Table 11 -6 shows roo 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 l o s u r e  ob ta ined by adding s u i t a b l e  p o r t i o n s  

of t h e  temporary convergence p o i n t  readings t o  t h e  readings o f  t h e  

permanent convergence ins t ruments .  

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  separa t ions  i n  t h e  roo 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  - to - f  1oor  c losure .  However, based on measured cumula t i ve  

v e r t i c a l  separa t 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 l o s u r e  ( 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  es t 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 roo f - t o - f  l o o r  c l o s u r e  o f  

approx imate ly  16 1/2 inches through June 1986 occurs i n  Tes t  Rooms 2  

and 3. Tes t  Room 4  has undergone t h e  l e a s t  r o o f  - to - f  l o o r  c l osu re .  

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 l o s u r e  values a.s a  

f u n c t i o n  o f  t ime.  



T E S T  ROOMS 
MEASURED ROOF-TO-FLOOR CLOSURE COMPARISON 



Table  11-6 

TEST ROOMS 
ROOF-TO-FLOOR CLOSURE COMPARISONS 

( 1 )  Excavat 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 1983 1983 1983 

( 2 )  Date o f  f i r s t  r e a d i n g  o f  temporary A p r i l  12, 1983 March 21, 1983 A p r i l  4, 1983 A p r i l  26, 1983 
convergence (TC) p o i n t s  

( 3 )  Date o f  f i r s t  read ing  o f  permanent A p r i  1 20, 1983 March 29, 1983 A p r i l  7, 1983 Hay 6, 1983 
convergence (RC and CE) ins t ruments  

( 4 )  Reading o f  TC p o i n t s  ( i nches )  
on da te  i n d i c a t e d  

0.84 0.88 0.40 0.45 
A p r i l  20, 1983 March 28, 1983 A p r i l  7, 1983 Hay 5, 1983 

.a 
4 

I 
m ( 5 )  Reading o f  RC and CE ins t rumen ts  13.11 12.20 13.83 10.62 
OD ( i nches )  on d a t e  i n d i c a t e d  June 13, 1986 June 13, 1986 A p r i l  28, 1986 A p r i l  28, 1985 

( 6 )  T o t a l  e lapsed days o f  combined 
TC and RC measurements 
[Date f o r  ( 5 )  - Date f o r  ( 2 ) ]  

( 7 )  T o t a l  measured c l o s u r e  ( i nches )  
1(4)  + (511 

( 8 )  Est imated c l o s u r e  ( i nches )  by 
r e g r e s s i o n  a n a l y s i s  f o r  t h e  p e r i o d  
o f  ( 2 )  - (1)  

( 9 )  T o t a l  es t ima ted  c l o s u r e  ( i nches )  
[ ( 7 )  + (811 





F igu re  11-4 shows t h a t  t h e  c losu re  r a t e  g e n e r a l l y  decreases w i t h  t ime, 

except  f o r  occasional  increases due t o  d is tu rbances f rom nearby 

excavat ions. Provided t h e r e  a r e  no a d d i t i o n a l  p e r t u r b a t i o n s  i n  and 

around t h e  t e s t  rooms, i t  i s  l i k e l y  t h a t  t h e  r a t e  o f  c l o s u r e  w i l l  reach 

a  steady s t a t e  value. It i s  poss ib le  t o  g e t  an es t imate  o f  t h e  r a t e  o f  

c l o s u r e  us ing  e i t h e r  a  phenomenological r h e o l o g i c a l  model o r  an 

emp i r i ca l  model t h a t  i s  e s s e n t i a l l y  a  c u r v e - f i t t i n g  procedure. Both 

methods have been attempted. Numerical methods us ing  t h e  

phenomenological approach a r e  discussed i n  Chapter 5. 

Closure r a t e s  r a t h e r  than measured c l o s u r e  a r e  used i n  t h e  e m p i r i c a l  

approach because measured c losu re  i s  n o t  absolute.  E a r l y  c l o s u r e  

measurements a r e  n o t  a v a i l a b l e  because t h e  inst ruments cou ld  n o t  be 

i n s t a l l e d  immediately a f t e r  excavat ion.  However, t h e  c a l c u l a t i o n  o f  

c l o s u r e  r a t e s  i s  n o t  a f f e c t e d  by t h e  l ack  o f  e a r l y  measurements. The 

c losu re  r a t e s  a r e  c a l c u l a t e d  by assuming a  1  i n e a r  r e l a t i o n s h i p  between 

c l o s u r e  and elapsed t ime  over  a  s h o r t  i n t e r v a l .  Th is  t ime  i n t e r v a l  has 

been a r b i t r a r i l y  chosen as a  minimum o f  7 days. 

Because i t  i s  expected t h a t  t h e  c losu re  r a t e  w i l l  i n i t i a l l y  be 

r e l a t i v e l y  h i g h  and then decrease t o  a  steady ra te ,  t h e  f o l l o w i n g  

equat ion  was used: 

where: C ( t )  i s  t h e  c losu re  r a t e  a t  elapsed t ime  t a f t e r  excavat ion;  

A, a  and n  a re  constants which depend upon t h e  de format ion  

c h a r a c t e r i s t i c s  o f  t h e  s a l t ,  i n i t i a l  s t r e s s  regime and 

dimensions o f  t h e  opening; and 

C i s  t h e  steady s t a t e  c losu re  r a t e .  
C 



The va lue  o f  C ( t )  i s  obta ined by a r b i t r a r i l y .  choosing a  t ime  i n t e r v a l  

o f  n o t  l e s s  than  7 days. I f  Ri i s  t h e  c l o s u r e  read ing a t  ca lendar  

t i m e  t. and Ri+l i s  t h e  c l o s u r e  read ing a t  t , t h e n  
1 i +l 

where: A t  = (ti+l - t i )  >7 days 

The va lue  o f  t i s  de f ined  as: 

A reg ress ion  ana lys is ,  which i s  t h e  f i t t i n g  o f  an equat ion l i k e  11-1 t o  

t h e  s e t  o f  [ C ( t ) , t ]  da ta  p o i n t s ,  was performed us ing NLIN, a  

commerc ia l ly  a v a i l a b l e  s t a t i s t i c a l  so f tware package ( r e f .  11-1). The 

genera l  method used t o  es t ima te  t h e  constants,  he re in  c a l l e d  t h e  

reg ress ion  parameters, was t o  min imize t h e  sum o f  t h e  squares o f  t h e  

d i f f e r e n c e s  between t h e  a c t u a l  measured values and t h e  values p r e d i c t e d  

by t h e  proposed equat ion.  

Equat ion 11-1, a  n o n l i n e a r  equation, cannot be converted i n t o  l i n e a r  

form. The s t a t i s t i c a l  so f tware  NLIN employs i t e r a t i v e  methods t h a t  

a t tempt  t o  f i n d  least-square est imates f o r  n o n l i n e a r  models. The 

methods comnonly employed a r e  t h e  Gauss-Newton technique and t h e  

Marquardt compromise techn ique ( r e f .  11 -2). However, t h e  r e q u i s i t e  

p a r t i a l  d e r i v a t i v e s  of t h e  equat ion w i t h  respec t  t o  t h e  parameters must 

be s p e c i f i e d .  I n  many cases, t h e  Marquardt compromise, which i s  

cons idered t o  work w e l l  i n  many c i r c u m s t a n c ~ s ,  g i ves  a  b e t t e r  es t imate 

and p rov ides  q u i c k e r  convergence o f  t h e  values of t h e  regress ion 

parameters. However, nonl  i n e a r  regress ion analyses may n o t  always 

r e s u l t  i n  good est imates o f  t h e  reg ress ion  parameters. I n  a d d i t i o n ,  

t h e  a n a l y s i s  t a c i t l y  assumes t h a t  t h e  regressor  v a r i a b l e s  a re  measured 

w i t h o u t  e r r o r .  Thus, t h e  observat ions,  which i n  t h i s  case a re  t h e  

values o f  C ( t ) ,  were n o t  weighted. 



Figure  11-5 compares t h e  roo f - to - f  l o o r  c l osu re  r a t e s  f o r  Test Room 1 

ca l c l l l a t ed  by equat ion 11-1 t o  t h e  values c a l c u l a t e d  us ing t h e  f i t t e d  

equat ion 11-2. The data used was obtained du r i ng  t h e  f i r s t  year  

f o l l o w i n g  t h e  complet ion o f  excavat ion. The regress ion  a n a l y s i s  showed 

t h a t ,  f o r  a l l  p r a c t i c a l  purposes, equat ion 11-1 cou ld  be s i m p l i f i e d  as 

because t h e  va lue  o f  ' a i  obtained f rom t h e  regress ion  a n a l y s i s  was 

l a r g e  enough t o  make t h e  te rm e-at comparat ive ly  n e g l i g i b l e .  The 

f i t t e d  equat ion f o r  t h e  roo f - t o - f l oo r  c l osu re  da ta  i n  Tes t  Room 1 has 

t h e  form 

where: t i s  t h e  elapsed t ime  i n  days s i nce  excavat ion. 

However, as shown by 'equat ion 11-5, equat ion 11-6 can be approximated as 

The method used was t h e  Marquardt compromise technique. The 

c o e f f i c i e n t  o f  de te rmina t ion  i s  0.99. 

The ana l ys i s  was repeated l a t e r  us ing  r o o f - t o - f l o o r  c l osu re  da ta  a t  

980 days (2.68 years) a f t e r  t h e  complet ion o f  excavat ion. The 

regress ion  equat ion was 

211 + 2.44 inches lyear  
C(t) = to85 

The steady s t a t e  c l osu re  r a t e  determined us ing  t h e  f i r s t  year  o f  da ta  

o n l y  i s  9 percen t  l ess  than t h e  r a t e  determined by us ing  2.68 years o f  





data. A t h i r d  analys ls ,  us ing 3  years o f  measurement data, up t o  June 

1986, gave 

Equations 11-7, 11-8 and 11-9 show t h e  consistency o f  t h e  regress ion 

parameters f o r  d i f f e r e n t  i n p u t  data sets.  

F igure 11-6 shows t h e  pred ic ted  roo f - t o - f l oo r  c losure  r a t e  f o r  Test 

Room 1  as a  f u n c t i o n  o f  elapsed t ime i n  years us ing equat ion 11-9. 

Based on equat ion 11-7, t h e  roo f - t o - f l oo r  c losure r a t e  a t  t h e  end o f  

25 years i s  expected t o  be approximately 2.34 inches/year. Using 

equat ion 11-8, i t w i l l  be 2-53 inches/year o r  2.49 inches/year us ing 

equat ion 11-9. 

Figures 11-7 through 11-10 show t h e  f i t t e d  curves based on 

roo f - to - f  l o o r  c losure  ra tes  ca l cu la ted  from equat ion 11 -2, us ing data 

up t o  June 1986. To ge t  an approximate idea o f  t h e  r o o f - t o - f l o o r  

c losure  f o r  per iods o f  t ime g rea te r  thatl 1  year s ince t h e  complet ion o f  

excavation, equat ion 11-7 was i n teg ra ted  w i t h  respect  t o  t ime between 

t h e  l i m i t s  o f  1  year and t ime t2 ( i n  years) t o  y i e l d  

F lgure 11-11 shows the  pred ic ted  roo f - t o - f l oo r  c losure  i n  f e e t  f o r  Test 

Room 1  (exc luding 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  f u n c t i o n  o f  t ime i n  years. According t o  t h i s  

p red i c t i on ,  25 years a f t e r  excavat ion t h i s  value w i l l  be 5.34 fee t .  A 

s i m i l a r  ana lys is  using equat ion 11-9 gave a  value o f  5.3 f ee t .  

Table 11-7 i s  a  sunmary o f  t h e  r e s u l t s  o f  t he  non l inear  regress ion 

analyses f o r  t he  roo f - t o - f l oo r  c losure  ra tes  i n  t he  t e s t  rooms us ing 

3  years o f  measurement data. The parameters contained i n  t h i s  t a b l e  

a re  app l i cab le  f o r  an elapsed t ime expressed i n  years. For Test 

Room 4, t he  regress ion ana lys is  using on ly  t he  permanent convergence 

p o i n t  data d i d  n o t  produce s a t i s f a c t o r y  resu l t s .  The ana lys is  was 



TEST ROOM I 
CONVERGENCE METER 

(Based on closure readings up 

to 2.68 years a f t e r  ercavation.) 

2.00 0 1  I I I 
0 4 .  8 12 16 2 0  2 4  2 8  

ELAPSED TIME IN YEARS 

Figure 11-6 

TEST ROOM 1 
PREDICTED ROOF-TO-FLOOR CLOSURE RATE 
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E L A P S E D  D A Y S  S I N C E  E X C A V A T I O N  

* RATE CALCULATED FOR TIME INTERVAL 27 DAYS.  F ig .u re  11-9 . 

** REGRESSION ANALYSIS OF I N  S I T U  DATA UP TO JUNE 1986. 
TEST ROOM 3 ROOF-TO-FLOOR CLOSURE RATE 

RESULTS OF REGRESSION ANALYSIS 



RATE CALCULATED FOR TIME INTERVAL27  DAYS. 

" REGRESSION ANALYSIS OF I N  S I T U  DATA UP TO JUNE 1986. 
F i g u r e  11-10 

I- TEST ROOM 4 ROOF-TO-FLOOR CLOSURE RATE 
RESULTS OF REGRESSION ANALYSIS 
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F i g u r e  11-11 

TEST ROOM 1 
PREDICTED ADDITIONAL ROOF-TO-FLOOR CLOSURE 



Table 11-7 

TEST ROOMS 
SUMMARY OF RESULTS OF REGRESSION ANALYSES 

FOR ROOF-TO-FLOOR CLOSURE RATES 

Test Room 
D e s c r i ~ t i o n  1 2 3 4* 

Regression Parameters** 
A 

Note: Analyses based on data obtained through June 1986. 

* Data used f o r  regress ion  ana lys i s  inc ludes  data from temporary 
convergence po in t s .  

A ** Equation i s :  C ( t )  = , 
t + Cc 

where: C ( t )  i s  c losu re  r a t e  i n  inches/year; 
A and n a r e  constants; 
t i s  elapsed t ime i n  days; and 
C c  i s  steady s t a t e  c losu re  ra te .  

r2 i s  t h e  c o e f f i c i e n t  o f  determinat ion.  



repeated w i t h  t h e  i n c l u s i o n  o f  temporary convergence p o i n t  data, and 

produced good r e s u l t s .  The r e s u l t s  o f  t h e  reg ress ion  a n a l y s i s  o f  

r o o f - t o - f l o o r  c l o s u r e  r a t e s  d iscussed i n  t h i s  subsec t 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 igu re  11-1 2  summarizes t h e  measured 

wa l l - t o -wa l l  c l o s u r e  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  abso lu te .  Table 11-8 presents an es t ima te  o f  t h e  a c t u a l  

wa l l - t o -wa l l  c l o s u r e  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  

values. The maximum wa l l - t o -wa l l  c l o s u r e  occurs i n  Tes t  Room 3  and i s  

about  13 inches. The minimum wa l l - t o -wa l l  c l o s u r e  i s  about  9  inches i n  

Tes t  Room 4. 

The reg ress ion  a n a l y s i s  o f  wa l l - t o -wa l l  c l osu re  r a t e s  f o r  Tes t  Room 1, 

us ing  measurement da ta  up t o  June 1986, shows t h a t  t h e  equat ion  has t h e  

fo rm 

where: t = e lapsed t ime  i n  days s ince  excavat ion.  

Comparing equat ion  11-11 w i t h  equat ion  11-9, t h e  long-term wa l l - t o -wa l l  

c l o s u r e  r a t e  w i l l  be 73 pe rcen t  o f  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 .  

Table 11-9 i s  a  summary 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 o s u r e  r a t e s  i n  Tes t  Rooms 1  through 4. The c l o s u r e  

r a t e  va lues determined f rom temporary convergence p o i n t  readings were 

i n c l u d e d  i n  t h e  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 a r e  r e l a t i v e l y  poor.  F igures 11-13 th rough 11-16 show 

t h e  f i t t e d  equat ions f o r  t h e  wa l l - t o -wa l l  c l o s u r e  r a t e  versus elapsed 

t i m e  curves f o r  Tes t  Rooms 1  through 4. 



E L A P S E D  D A Y S  S I N C E  E X C A V A T I O N  A T  ' [NSTR 'JMENT L O C A T I O N  

Flqure 11-12 

" T E S T  ROOMS 
WALL-TO-WALL CLOSURE COMPARISON 



Table 11-8 

TEST ROOHS 
WALL-TO-WALL CLOSURE COMPARISONS 

Test Room 
Desc r ip t i on  1  2  3  4  

(1 )  Excavat ion pe r iod  A p r i l  3-13 March 9-20 March 24-Apr i l  3  A p r i l  15-25 
1983 1983 1983 1983 

(2)  Date o f  f i r s t  reading o f  temporary A p r i l  9. 1983 March 21, 1983 March 31, 1983 A p r i l  21, 1983 
convergence (TC) p o i n t s  

(3 )  Date o f  f i r s t  reading o f  permanent A p r i l  20, 1983 J u l y  12, 1983 A p r i l  7, 1983 May 6, 1983 
convergence (RC) p o i n t s  

(4)  Reading o f  TC p o i n t s  ( inches) 
on date  i nd i ca ted  

1.58 3.36 1.42 1.48 
A p r i l  20, 1983 J u l y  12, 1983 A p r i l  7, 1983 May 5, 1983 

d 
d 

I 
(5)  Reading o f  RC p o i n t s  ( inches) 

o on date  i nd i ca ted  
P 

8.82 5.82 9.24 6.39 
June 16, 1986 June 16, 1986 June 16, 1986 June 16, 1986 

6  To ta l  elapsed days o f  combined 
TC and RC measurements 
[Date f o r  . ( 5 )  - Date f o r  ( 2 ) ]  

(7 )  To ta l  measured c losu re  ( inches) 
C(4) + (511 

(8)  Estimated c losu re  ( inches) by 
regress ion ana lys i s  f o r  t he  per iod 
of (2 )  - (1 )  

(9)  To ta l  est imated c losure  ( inches) 
C(7) + (811 



Table 11-9 

TEST ROOMS 
SUMMARY OF RESULTS OF REGRESSION ANALYSES 

FOR WALL-TO-WALL CLOSURE RATES 

Tes t  Room 
Descr l  p t l o n  1 2* 3 4 

Reqression Constants** 
A 

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 p o i n t s .  

A ** Equat ion i s :  ' C ( t )  = - 
+ n + Cc 

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  elapsed t i m e  i n  days; and 
Cc i s  s teady 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 rmina t ion .  



E L A P S E D  D A Y S  S I N C E  E X C A V A T I O N  

* W\TE CALCULATED FOR TIME I N T E R V A L 2 7  DAYS. F i g u r e  11-13 
** REGRESSION ANALYSIS OF I N  S l T U  DATA UP TO JUNE 1986. 

TEST ROOM 1 WALL-TO-WALL CLOSURE RATE 
RESULTS OF REGRESSION ANALYSIS 





I RATE CALCULATED FOR TIME INTERVAL?, DAYS. F i g u r e  11-15 

1 ** REGRESSION ANALYSIS OF I N  S I T U  DATA UP TO JUNE 1986. TEST ROOM 3 WALL-TO-WALL CLOSURE RATE 
RESULTS OF REGRESSION ANALYSIS 





Table 11-10 I s  a  summary o f  t h e  c o l l a r  readings f rom t h e  w a l l  

multiple-point boreho le  extensometers i n  t h e  t e s t  rooms. Because t h e  

extensometers cou ld  n o t  be i n s t a l  l e d  as soon as t h e  excavat ion  was 

completed, t h e  c o l l a r  readings do n o t  r e f l e c t  abso lu te  c losu re .  The 

t a b l e  a l s o  shows t h e  sum o f  t h e  c o l l a r  movements f rom bo th  t h e  eas t  and 

west w a l l s  i n  each o f  t h e  rooms except  Tes t  Room 3, which has no 

extensometer i n  t h e  west w a l l .  The l a s t  two columns o f  t h i s  t a b l e  

p e r m i t  a  comparison o f  t h e  sum o f  t h e  c o l l a r  movements w i t h  

wa l l - t o -wa l l  convergence p o i n t  readings. I d e a l l y ,  p r o v i d i n g  t h e  s a l t  

i s  homogeneous, t h e  c e n t r a l  v e r t i c a l  l i n e s  o f  t h e  p i l l a r s  between Tes t  

Rooms 1  and 2  and Tes t  Rooms 2  and 3  should be l i n e s  o f  symmetry w i t h  

zero l a t e r a l  s t r a i n .  The deepest anchor a t  50 f e e t  f o r  extensometers 

51 X-GE-00213 and 51 X-GE-00215 should be expected t o  undergo neg l  i g i  b l e  

displacement.  'Therefore, t h e  sum o f  t h e  c o l l a r  movements f o r  Tes t  

Rooms 2  and 3  should be approx imate ly  t h e  same as t h e  w a l l - t o - w a l l  

convergence po- ln t  readings. As shown i n  Table 11-10, t h i s  i s  t h e  case 

f o r  Tes t  Room 2. Exact  equiva lence i s  d i f f i c u l t  t o  o b t a i n  because t h e  

c o l l a r s  o f  t h e  extensometers a r e  recessed i n t o  t h e  w a l l  by v a r i a b l e  

amounts and t h e  t ime- lag between t h e  end o f  excavat ion  and t h e  da te  o f  

i n i t i a l  read ing  i s  n o t  t h e  same f o r  t h e  extensometers and t h e  

convergence p o i n t s .  

Comparison o f  Roof-to-Floor t o  Wall-to-Wall Closure Rates. Table 11 -1 1  

p resents  recen t  r o o f - t o - f l o o r  and wa l l - t o -wa l l  c l o s u r e  r a t e s  f o r  t h e  

t e s t  rooms. The r a t e s  were c a l c u l a t e d  us ing  convergence p o i n t  readings 

w i t h  a  t ime  i n t e r v a l  o f  approx imate ly  1  month. Based on these 

readings,  t h e  average wa l l - t o -wa l l  c l o s u r e  r a t e  i s  approx imate ly  68 

percent  o f  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 .  

11.3.2.3 Deformat ion 

An indication o f  t h e  de format ion  o f  t h e  s a l t  around t h e  t e s t  rooms may 

be o b t a i  ned by compari ng i n c l  i nometer measurements around a  room. 

F igu re  11-17 shows t h e  cumula t i ve  measurements f rom t h e  f o u r  w a l l  

i nc l i nomete rs  l oca ted  around Tes t  Room 3  th rough March 6, 1985. The 

i n c l i n a t i o n s  a r e  measured a long t h e  p lane o f  t h e  c ross  sec t i on .  



Table  11-10 

TEST ROOMS 
WALL EXTENSOMETER COLLAR MOVEMENTS VERSUS CONVERGENCE POINT READINGS 

Wal l - to-Wal l  
Readings on Convergence Poi  n t  

T e s t  June 13, 1966 Sum o f  E a s t  & West Keadi ngs on 
Room - Extensometer L o c a t i o n  ( i n c h e s )  . Readings ( i n c h e s )  June 16, 1986 ( i n c h e s )  

1 51 X-GE-00217 East  w a l l  3.16 
51 X-GE-00219 West w a l l  4.20 

2 51 X-GE-00213 East  w a l l  4.95 
51 X-GE-00215 West w a l l  4.57 

3 51 X-GE-00211 East  w a l l  4.17 - West w a l l  - 

4 51 X-GE-00206 East  w a l l  3.26 
51 X-GE-00208 West w a l l  2.69 

* From ( 5 )  i n  Tab le  11-8. 
** From (7) i n  Tab le  11-8. 
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13 FT X 33 FT 

DISTANCE INTO WALL, FT. DISTANCE INTO WALL, FT. 
READINGS AS OF MARCH 8.1985 

T E S T  ROOM 3 
WALL INCLINOMETER BEHAVIOR 



F igu re  11-18 shows t h e  i n c l i n o m e t e r  behavior  around Test  Room 4 th rough 

March 6, 1985. The i n i t i a l  readings f rom these i nc l i nomete rs  were 

taken 9 t o  15 days a f t e r  t h e  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 inclSnometers near t h e  r o o 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 l oca ted  i n  t h e  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 wi  11 prov 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  approximate 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  

prov 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  1 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 ior  i n  t h e  s a l t  

around an opening, such as t h a t  i n f l uenced  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 .  

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 tance  between t h e  c o l l a r  and 

anchor A i s  5 . f ee t .  'The maximum s t r a i n  occurs a t  t he  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  approximate ly  

4 percent  th rough June 1986. Although t h e  r o o f  sag, as dep ic ted  by 

c o l l a r  movement, i s  h ighe r  a t  t h e  cen te r  o f  t h e  rooms than a t  t h e  

sides, t h e  bay s t r a i n  i s  h ighe r  a t  t h e  s ides than a t  t h e  center .  As 

d iscussed i n  subsect ion 11.3.2.5, t h e  numerical  modeling 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  r o o 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  r a t e s  f o r  these same extensometers. The r a t e s  a r e  



READINGS AS OF MARCH 6.1885 

TEST ROOM 4 
WALL INCLINOMETER BEHAVIOR 



F i g u r e  11-19 

TEST ROOM 1 ROOF EXTENSOMETERS 
STRAIN VERSUS TIME SINCE EXCAVATION 





g e n e r a l l y  decreasing w i t h  t ime. As w i t h  t h e  s t r a i n s ,  t h e  s t r a i n  ra tes  

a r e  h i g h e r  c lose  t o  t h e  p i l l a r s .  

F igures K-37 th rough 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  elapsed 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  Tes t  

Rooms 1  and 2  i s  1  f o o t .  Cur ren t ly ,  t h e  maximum s t r a i n  occurs between 

anchors A and B on t h e  west s i d e  and c e n t r a l  p a r t  o f  t h e  r o o f  i n  Tes t  

Room 1, and i s  on t h e  o rde r  o f  .5 percent .  Because t h e  anchors a r e  n o 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 tance  a long t h e  anchor, a  comparison o f  bay s t r a i n  between 

successive 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  of t h e  r o o f  and f l o o r  extensometers. I n  general,  t h e  s t r a i n  r a t e  

i s  decreasing w i t h  t ime, except f o r  f l o o r  extensometer 51 X-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 i m e  

u n t i l  t h e  extensometer f a i l e d  (F igu re  K-42). The decreasing t r e n d  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  r o o 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  decreasing r a t e .  

11.3.2.5 Model Simulation 

As d iscussed i n  Chapter 5, Sec t ion  5.3, numerical  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 eng ineer 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 ress  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 t h e r  rooms were considered f o r  i n c o r p o r a t i o n  i n t o  t h e  

model'. The re ference s t r a t i g r a p h y  used -in t h e  model and t h e  m a t e r i a l  

p r o p e r t i e s  o f  t h e  geo log ic  l aye rs  a r e  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 



C descr ibed i n  Chapter 5, Sec t i on  5.4, i n  s i t u  r o o f - t o - f l o o r  c l osu re  data 

through June 30, 1985, were c o r r e l a t e d  w i t h  t h e  f i n i t e  element 

responses t o  determine t h e  values o f  creep parameters C, A and z  f o r  

each t e s t  room. I n  o r d e r  t o  e l i m i n a t e  t h e  e f f e c t  o f  excavat ion 

sequence on computat ion o f  t h e  creep parameters, on l y  i n  s i t u  data 

taken a f t e r  t h e  complet ion o f  a l l  t e s t  room excavat ion a c t i v i t i e s  were 

u t i l i z e d .  The average values o f  these parameters f o r  t h e  f o u r  t e s t  

rooms were then used t o  p r e d i c t  t he  responses o f  t h e  f u t u r e  s torage 

rooms as descr ibed i n  Chapter 12. 

F igu re  11-21 shows t h e  f i n i t e  element model f o r  t h e  t e s t  room panel 

based on t h e  re fe rence s t r a t i g r a p h y .  The model has 363 nodes and 

c o n s i s t s  o f  270 p lane s t r a i n  elements, w i t h  g a p / f r i c t i o n  l i n k  elements 

model ing a  c l a y  seam a t  a  depth o f  2,104.87 f e e t .  A f r i c t i o n  

c o e f f i c i e n t  o f  0.4 was used f o r  a  member p rope r t y  o f  t h e  g a p / f r i c t i o n  

l i n k  elements. MB-139 was modeled as an e l a s t i c  l a y e r  f rom a  depth o f  

2,130.36 t o  2,133.1 8  f e e t .  The t o p  and bottom boundaries o f  t h e  model 

a r e  a t  depths o f  1,978.5 f e e t  and 2,250.0 fee t ,  r espec t i ve l y .  The roo f  

and f l o o r  o f  t h e  room a r e  a t  depths o f  2,112.56 f e e t  and 2,125.56 fee t ,  

r e s p e c t i v e l y .  

Two openings were incorpora ted  i n  t he  f i n i t e  element model t o  s imu la te  

d i f f e r e n c e s  r e s u l t i n g  f rom t h e  p r o x i m i t y  o f  i n n e r  and ou te r  rooms. 

These openings were modeled us ing  h e i g h t  and w id th  dimensions o f  13 

f e e t  and 33 f e e t  r e s p e c t i v e l y .  The boundary on one s ide  o f  t h e  model 

was taken as t h e  v e r t i c a l  a x i s  o f  symmetry f o r  t h e  center  p i l l a r  and 

c o n s i s t s  o f  h o r i z o n t a l  r e s t r a i n t s .  The boundary on t h e  o the r  s i de  o f  

t h e  model a l s o  u t i  1  i z e d  h o r i z o n t a l  r e s t r a i n t s .  These boundaries were 

es tab l i shed  based on experience from prev ious analyses and were 

extended f a r  enough so t h a t  t he  e f f e c t s  o f  t h e  boundaries on the  

s t r u c t u r a l  responses were minimal.  St ress boundary cond i t i ons  were 

used a t  t h e  t o p  and bottom o f  t h e  f i n i t e  element model. A s i n g l e  

v e r t i c a l  r e s t r a i n t  a t  t h e  lower l e f t  corner  o f  t h e  model was used t o  

e l i m i n a t e  any r i g i d  body modes i n  t h e  model. 



Figure  11-21 

TEST ROOMS 
F I N I T E  ELEMENT MODEL 



Element s i zes  were propor t ioned t o  minimize t h e  s t ress  g rad 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 commensurate w i t h  

est 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 ress  axes. These aspects o f  

t h e  model were designed t o  increase 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 6  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  recommended 

by t h e  MARC Program. The ana l ys i s  was performed i n  severa l  stages w i t h  

each stage contain- lng between 50 and 100 i n t e g r a t i o n  steps. A f t e r  

complet ing each stage, t h e  corresponding r e a l  t ime 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  steps f o r  t h e  subsequent 

runs. 

F lgures 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  Test  Rooms 1  through 4. The i n  

s i t u  roof- to- f  l o o r  c l osu re  data f o r  Test  Rooms 1  and 2  a r e  f rom 

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 p o i n t s .  Table 11-12 shows the  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 osu re  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 

combinations. 

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  

and f i n i t e  element wa l l - t o -wa l l  c losures  f o r  Test  Rooms 1  through 4. 

The i n  s i t u  wa l l - to -wa l l  c l osu re  da ta  f o r  Test  Rooms 1, 3  and 4 a re  

f rom permanent convergence p o i n t s  w h i l e  t h e  data from Test  Room 2  

cons i s t s  ,of bo th  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 numer i ca l l y  c o r r e l a t i n g  t h e  

i n  s i t u  wa l l - t o -wa l l  c l osu re  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 combinations. 
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Table 11-12 

TEST ROOM CREEP PARAMETERS 
DETERMINED FROM ROOF-TO-FLOOR CLOSURES 

Test  Room ( k ~ f - ~ . ~ s e c - '  ) (sec-' ) 

Mean i 2 . 5 8 8 ~ 1  0-21 1.774 5 . 5 7 3 ~ 1  0-' 
(Rooms 1 t h r u  4 )  

Mean i 2 . 9 5 8 ~ 1  0-21 1.653 5 . 1 2 1 ~ 1 0 - ~  
(Rooms 1 & 4 )  

Mean i 2.21 8x1 0-21 1.895 6 . 0 2 5 ~ 1  o - ~  
(Rooms 2 & 3 )  
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Table 11-13 

TEST ROOM CREEP PARAMETERS 
DETERMINED FROM WALL-TO-WALL CLOSURES 

C A z 

Test  Room ( k ~ f - ~ . ~ s e c - '  ) (sec-I 

Mean X 1 .361 XI 0-21 1.618 4 . 7 5 7 ~ 1 0 - ~  
(Rooms 1 t h r u  4 )  

Mean 1 .749xl 0-21 1.461 6 . 0 4 3 ~ 1  o - ~  
(Rooms 1 & 4 )  

lF-~ 
L Mean 0 . 9 7 3 ~ 1  0-21 1.775 3 . 4 7 0 ~ 1 0 - ~  

(Rooms 2 & 3 )  



As shown i n  Tables 11-12 and 11-13, t h e  creep parameters obta ined f o r  

t h e  t e s t  rooms us ing r o o f - t o - f l o o r  c losu re  values vary  s i g n i f i c a n t l y  

f rom t h e  values obta ined using wa l l - to -wa l l  c losu re  values. To 

i 1  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 Figures 11 -26 through 

11-29 show t h e  wa l l - to -wa l l  f i n i t e  element responses using creep 

parameters determined f rom roo f  - to-f  l o o r  numerical c o r r e l a t i o n s .  The 

discrepancy may be p a r t l y  due t o  m a t e r i a l  an iso 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 important  c o n t r i b u t o r  t o  t h e  discrepancy may 

be t h e  behavior  o f  t h e  c l a y  seams and anhydr i t e  beds. The model a l s o  

does no 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 behavior  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 using a  s imple 

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  con ta in ing  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 

The equ iva len t  v e r t i c a l  creep f u n c t i o n  computed by cons ider 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 

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 ider 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 t h a t ,  f o r  any problem i n  which f i ( t )  var ies ,  t h e  value 

o f  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 



P equat ion 11-14, i s  lower than t h e  value i n  t h e  v e r t i c a l  d i r e c t i o n ,  

L' based on equat ion 11-13. 

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 ive  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  

be l i eved  t h a t  t h e  present  methodology can adequately p r e d i c t  t h e  

r o o f - t o - f l o o r  and wa l l - to -wa l l  c losures w i t h i n  acceptable engineering 

accuracy and t h a t  f u r t h e r  work i n t o  an i so t rop i c  creep behavior  i s  n o t  

j u s t i f i e d  f o r  design v a l i d a t i o n .  

One method o f  determin 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 t h e  e f f e c t i v e  s t r a i n .  Model s imu la t i on  o f  Test Room 2 behavior  

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 value a t  t he  

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  r o o f  and f l o o r .  As discussed 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 

f rom r o o f  and f l o o r  extensometer data, a re  on t h e  order  o f  5 percent  
C+FT-. 

L 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 1  l u r e  a t  these s t r a i n  values. Occasional minor, 

shal low spa1 1s a re  a cont inu ing  occurrence, e s p e c i a l l y  along the  upper 

p o r t i o n  o f  geologic  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 imu la t i on  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- foot  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  best, 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 from mu l t i p le -po in t  

borehole extensometer. measurements. A comparison o f  t h e  pred ic ted  

v e r t i c a l  s t ra - in  w i t h  t h e  v e r t i c a l  s t r a i n  determined f rom the  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  roo f  extensometers 

has been made. Because t h e  c o l l a r  and anchor A a re  5 f e e t  apar t ,  t he  

s t r a i n  c a l c u l a t e d  from t h e  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  from th ree  elements spanning the  c o l l a r  

C t o  anchor A i n t e r v a l  were summed and averaged f o r  comparison. 



F igu re  11-30 shows t h e  comparison f o r  t h e  average v e r t i c a l  s t r a i n  a t  

t h e  r o o f  and w a l l  i n t e r s e c t i o n .  Al though t h e  r e l a t i o n  i s  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 f rom t h e  c o l l a r  t o  anchor 

A read ings  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  decreasing w i t h  t ime.  

F i g u r e  11-31 shows t h e  r e l a t i o n s h i p  f o r  t h e  c e n t e r  o f  t h e  roo f .  Th i s  

r a t e  j s  a l s o  decreasing 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  Model S imu la t i on  

The procedure discussed i n  t h e  p rev ious  subsec t 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 numer ica l  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 f e c t i v e n e s s  o f  t h e  model used can 

be checked by corr~par-ing measurement da ta  o t h e r  t han  r o o f - t o - f l o o r  

c l o s u r e  w i t h  t h e  magnitude p red i ca 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 r e d i c t e d  r e l a t i v e  d isp lacements 

between app rop r i a 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  symmetr ical  two-room model rep resen t i ng  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  r o o 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  

determined. The r e a l  t ime  t was converted t o  t h e  normal ized t ime  t* 

us ing  equat ion  C.4-17 i n  Appendix C. Th is  i s  because t h e  numer ica l  

a n a l y s 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  app rop r i a te  nodes i n  t h e  f i n i t e  element model, which 

approx imate ly  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  r o o f  

extensometers, were compiled. I f  t h e  nodes d i d  n o t  e x a c t l y  match t h e  
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l o c a t i o n  o f  t h e  deepest anchor, then 1 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  displacement o f  s a l t  a t  t h e  requ i red  l o c a t i o n .  

F igu re  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  r o o f  extensometers 

51X-GE-00207 and 51X-GE-00278, w i t h  t h e  r e l a t i v e  displacement between 

a p p r o p r i a t e  nodal p o i n t s  computed f rom t h e  numerical  model. A 

normal ized t ime  t* o f  3 7 . 0 7 ~ 1 0 - ~ ~  i s  equ i va len t  t o  an elapsed t ime of 

n e a r l y  3 years s ince  t h e  complet ion o f  excavat ion a t  t h e  inst rument  

l o c a t i o n .  The d iscrepancy between t h e  measured and ca l cu la ted  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  values o f  t, t h e  normal ized t ime i s  approximately 

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  term 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 ighe 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  maintained. A s i m i l a r  ana l ys i s  was made f o r  Test 

Rooms 2 and 3. F igu re  11-33 compares t h e  measured values w i t h  t he  

values obta ined f rom numerical  model ing .  The discrepancy i n  t h i s  case 

i s  27 percent  w i t h  respec t  t o  t h e  measured value a t  nea r l y  3 years o f  

elapsed t ime. 

A comparison o f  s a l t  heave measurement data 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 the  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 percent  o f  t h e  measured value. This  discrepancy i s  

p robab ly  due t o  t h e  assumption i n  t h e  model t h a t  MB-139, 4.8 f e e t  'below 

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 from the  

f l o o r  extensometer and observat ions of f r a c t u r i n g  i n d i c a t e  t h a t  MB-139 

cannot be s t r i c t l y  considered as e l a s t i c .  As discussed i n  subsect ion 

11.3.2.1, borehole P4X-84 i n d i c a t e s  t h e  presence o f  l a t e r a l  

-e displacements and v e r t i c a l  separat ions i n  MB-139 beneath t h e  f l o o r  o f  

i 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  anhyd r i t e  

bed may have reached t h e  f a i l u r e  s ta te .  
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A n ~ t h e r ' p o s s i b i l i t ~  i s  t h a t  t h e  f r a c t u r e s  might  have developed p r i o r  t o  

excavat ion o f  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  anhyd r 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  anhydr i te  

m a t e r i a l  w i  11 be requ i  red t o  b e t t e r  represent  i t s  deformational 

behavior.  

'The bas ic  phi losophy o f  t h e  model s imu la t i on  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 data are  u t i l i z e d  t o  back c a l c u l a t e  the  

creep parameters o f  t h e  s a l t  mass w i t h  t h e  a t tendant  d i s c o n t i n u i t i e s  

such as c l a y  seams and anhyd r i t e  beds. For t h e  model s imu la t i on  

technique, t h e  i n  s i t u  r o o f - t o - f l o o r  c losure  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  behavior  us ing these 

creep parameters. This  i s  because t h e  roo f - to - f l oo r  c losure  i s  deemed 

c r i t i c a l  t o  evaluate 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  storage and r e t r i e v a l  o f  waste. The discussions 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 re  d iscrepancies between 

measured and p red i c ted  q u a n t i t i e s  f o r  va r i ab les  o the r  than 

r o o f - t o - f l o o r  c losure,  such a's deformations w i t h i n  t h e  s a l t  mass. Such 

d iscrepancies a re  n o t  due e x c l u s i v e l y  t o  any inadequacy o f  t he  

numerical  modeling procedure b u t  a re  a l s o  due t o  d i f f e rences  i n  t h e  

a c t u a l  and assumed s t ra t i g raphy ,  v a r i a t i o n s  i n  creep parameters w i t h  

space and t ime, and inadequate representa t ion  o f  t h e  s t ress -s t ra in  

behavior  o f  t h e  anhyd r i t e  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  engineering 

purposes, t h e  roof- to- f  l o o r  c losu re  behavior o f  t he  t e s t  rooms. A 

s i m i l a r  model s imu la t i on  ana lys i s  was made f o r  wa l l - to -wa l l  c losure  and 

independent creep parameters were developed. Ex t rapo la t i on  o f  

wa l l - to -wa l l  c l osu re  w i t h  t ime .was achieved us ing these creep 

parameters. This  model s imu la t i on  technique us ing i n  s i t u  data was 

employed because t h e  more d e t a i l e d  approach us ing ma te r ia l  p rope r t i es  

der ived from labo ra to ry  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, subsect ion 5.4.3. 



11.3.2.7 Computational Ana l ys i s  Using Laboratory Tes t  Creep Data 

The re fe rence  design was based on computat ions f o r  a s i n g l e  room r a t h e r  

than f o r  m u l t i p l e  rooms. It 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-foot p i l l a r s  would n o 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 lower  curves show t h e  computat ional  r e s u l t s  o f  

r oo 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 

cons tan ts  ob ta ined f rom l a b o r a t o r y  t e s t s .  The bot tom curve  represents  

t h e  computat ional  r e s u l t s  f r om re fe rence 11-4, dated August 1982, w h i l e  

t h e  m idd le  curve  represents  t h e  updated r e s u l t  f r om 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 r a t i g r a p h y .  I n  s i t u  c l o s u r e  da ta  f o r  a l l  f o u r  t e s t  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 r e  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  respons ib le  

f o r  t h e  discrepancy. 

11.4 CONCLUSIONS AND RECOMMENDATIONS 

11.4.1 Conclusions 

The de te rm ina t i on  o f  t h e  c l o s u r e  behav io r  o f  t h e  WIPP underground 

openings us ing  creep cons tan ts  de r i ved  f rom l a b o r a t o r y  exp.eriments 

underest imated t h e  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 years s i n c e  t h e  end 

o f  t h e i r  excavat ion.  Th i s  does n o t  comply w i t h  t h e  design c r i t e r i a  

v e r t i c a l  c l o s u r e  a l lowance o f  12 inches i n  5 years. 

Average v e r t i c a l  s t r a i n s  a t  r o o f  and w a l l  i n t e r s e c t i o n s ,  as determined 

f rom extensometer readings, were c l o s e  t o  3 percent  i n  June 1986 and 

t h e  s t r a i n  r a t e  was decreasing. 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  va lue  determined f rom i n  s i t u  measurements. 

Spa1 1 i n g  f rom t h e  r o o f s  and wa 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  1 la'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  unde r l y i ng  h a l i t e  i n  



Finure 11-35 I 
TEST ROOMS 

COMPARISON OF LABORATORY VERSUS I N  S I T U  DATA 1 



boreholes t h a t  pene t ra te  t h e  roo fs .  These occurrences a r e  expected t o  

continue.. P e r l o d i c  maintenance o f  t h e  r o o f  and w a l l  sur faces  w i l l  be 
3 

requ i red. 

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  Tes t  Room 3  

(Room T). 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 t h e 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  o c c u r r i n g  i n  Tes t  Room 3  has n o t  been found i n  any 

o t h e r  rooms o r  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  p o s s i b l e  t h a t  t h e  number and s i z e  o f  t h e  

22 large-d iameter  ho les  - l n  Tes t  Room 3  exacerbated t h e  p r e - e x i s t i n g  

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 ope ra t l ona l  o r  s to rage problems. As d iscussed i n  

Chapter 3, Sec t i on  3.2, t h e  WIPP p r o j e c t  p a r t i c i p a n t s  agreed, i n  a  

meetlng on February 13, 1986, t h a t  t h e  underground c o n d i t i o n s  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 Recommendations 

Observa t lons '  and geomechanical i n s t r u m e n t a t i o n  measurements should 

con t i nue  i n  t h e  t e s t  rooms. Because they  a r e  t h e  models f o r  t h e  

determi  n a t i o n  o f  s to rage room behavior ,  t r imming, rock  b o l t i n g  and 

o t h e r  maintenance i n  t h e  t e s t  rooms should be k e p t  t o  t h e  minimum 

requ i red  f o r  sa fe t y ,  and t h e  rooms a l lowed t o  deform. 

It i s  recommended t h a t  Tes t  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 n o t  been p h y s i c a l l y  a l t e r e d .  Th i s  room 

w i l l  then  serve as a  model f o r  t h e  s to rage rooms as t h e y  w i l l  e x i s t  

p r i o r  t o  waste emplacement. Tes t  Room 2  should n o t  be trimmed 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. A d d i t i o n a l  

i n s t r u m e n t a t i o n  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 l s p l a ~ e m e n t s ,  separa t 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 l t e d  and t h e  room should be c losed t o  a l l  o t h e r  

a c t i v i t i e s .  Continued observa t ions  o f  Tes t  Room 2  behav io r  w i l l  



prov ide  va luab le  da ta  on a n t i c i p a t e d  storage room performance f o r  t h e  

p e r i o d  between room excavat ion  and t h e  emplacement o 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  mon i to r ing  

s t a t i o n s  should be es tab l i shed  t o  document ' the behavior  o f  t h e  

f r a c t u r e s .  Th is  program should a1 so i nc lude  mon i to r ing  roo f  

displacements and separat ions.  Arrays o f  smal l-diameter holes 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 poss ib le  t o  

document movement above t h e  roo f .  However, d r i l l i n g  i n  Test Room 2 

should be kep t  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 w e l l  as t h e  rep resen ta t i on  o f  s t ra t i g raphy .  The 

s t r e s s - s t r a i  n-t ime behavior  o f  anhydr i  t e  beds should be more accu ra te l y  

represented. 

G 





CHAPTER 12 

STORAGE AREA 

12.1 INTRODUCTION 

The s to rage  a rea  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 to rage  o f  CH and RH TRU wastes. The s torage 

a rea  i s  l o c a t e d  south o f  t h e  waste s h a f t  s t a t i o n ,  f rom S1600 t o  S3664 

(see Chapter 1, F i g u r e  1-2, and t h i s  chapter,  F i g u r e  12-1, f o r  l o c a t i o n  

and l a y o u 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 pane l  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 ) . 
E v a l u a t i o n  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 l osu res  o f ,  and s t r esses  and s t ra - ins  around, t h e  f u t u r e  

s to rage  area rooms and d r i f t s .  

Th i s  chap te r  p resen ts  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 to rage  

C' area  rooms and d r i f t s ,  t h e  des ign  v a l i d a t i o n  process, conc lus ions 

rega rd ing  t h e  s u i t a b i l i t y  o f  t h e  re fe rence  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 recommendations f o r  m o d i f i c a t i o n s  t o  t h e  

s to rage  area des ign  c o n f i g u r a t i o n s  t h a t  w i  11, i f  implemented, r e s u l t  i n  

a  v a l i d a t e d  re fe rence  design. 

12.2 DESIGN 

Th is  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  c0n f igura t ion .s  t h a t  were used f o r  t h e  WIPP s to rage  area rooms 

and d r i f t s .  

12.2.1 Design C r i t e r i a  

The Design C r i t e r i a ,  RMC-IIA, f o r  t h e  s to rage  area ( r e f .  2-8) i s  

summarized i n  Chapter 2, Table 2-1. Th is  t a b l e  presents  t h e  ma jo r  

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  e v a l u a t i o n  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 ow ing  d i scuss ion  presents  a  d e s c r i p t i o n  o f  
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t h e  t h r e e  des ign  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  area t h a t  r e q u i r e  G 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  design. 

The f i r s t  c r i t e r i o n  r e q u i r e s  t h a t  t h e  excava t ion  dimensions o f  t h e  

s to rage  a rea  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 reven t  c o n t a i n e r  breaching by  creep-induced s t resses  

d u r i n g  t h e  r e t r i e v a b i  1  i t y  per iod .  The second c r i t e r i o n  s t a t e s  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  

m in im ize  b reach ing  o f  t h e  CH waste con ta ine rs  f o r  a  pe r i od  of 10 

years.  The t h i r d  c r i t e r i o n  s t a t e s  t h a t  t h e  underground s to rage  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 i c l e ,  w i t h  t h e  waste c o n t a i n e r  s i zes ,  shapes, weights ,  and 

s t a c k i n g  c o n f i g u r a t i o n s ,  and w i t h  t h e  waste hand l i ng  and b a c k f i l l i n g  

equipment requi rements.  

Other  c r i t e r i a  t h a t  a p p l y  t o  t h e  s to rage  area re fe rence  des ign a l s o  

app l y  t o  t h e  d r i f t s  and were d iscussed i n  Chapter 10. 
p"". 

L1 12.2.2 Design Bases 

The des ign  bases desc r i be  t h e  s p e c i f i c  dimensional  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 igu res  12-2 and 12-3). The Design Basis,  Underground 

Excavat ions ( r e f .  2-18) con ta ins  t h e  bases used f o r  t h e  s to rage  area 

r e f e r e n c e  des ign.  The ma jo r  elements f rom t h i s  Design Basis  document 

a r e  summarized I n  t h e  f o l l o w i n g  d iscuss ion .  A 1  though o t h e r  des ign 

bases were a l s o  used, t h e y  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  e v a l u a t i o n  d u r i n g  t h e  

v a l i d a t i o n  process a re  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 s to rage  a rea  i n  which CH and RH TRU wastes can be 

e f f i c i e n t l y  handled and s tored.  The reference des ign of t h e  waste 

s to rage  a rea  s h a l l  p e r m i t  s imultaneous s to rage  of CH and RH TRU 

wastes. To t h e  e x t e n t  poss ib l e ,  t h e  c o n f i g u r a t i o n  of t h e  s to rage  area 

C s h a l l  m in im ize  haulage d i s tances  f o r  excavated s a l t  and waste storage. 
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MAXIMUM 19'-X" 

@ " 

MINIMUM 25'-0'" d 

EXPLANATION 

(1 ) HE IGHT  OF WASTE PACKAGES STACKED THREE HIGH:  9 ' - 7  1 / 2 "  FOR BOXES; 
9 ' - 0 "  FOR S I X  PACKS. 

( 2 )  S A L T  COVER: 1 '  TO 2 ' ;  L E V E L  OF S A L T  I S  M A I N T A I N E D  A T  1 0 ' - 8 "  ABOVE 
THE FLOOR. 

(3 )  VENTILATION SPACE: i I-41' MINIMUM UNTIL ROOM OR PANEL IS FILLED AND 
PLUGGED. 

(4 )  S A L T  CREEP ALLOWANCE: 1'-0" ROOF; 4 1 / 2 "  EACH WALL (ASSUMED TO BE 
ADEQUATE FOR 5 YEARS). 

( 5 )  CONSTRUCTION TOLERANCE: +6".. THE COHT2ACTOR MUST M A I N T A I N  THE 
MIN IMUM ROOM DIMENSIONS. 

(6 )  B A C K F I L L I N G  CONVEYOR CLEARANCE: 2 ' - 4 "  ABOVE WASTE PACKAGES. 

( 7 )  HEADROOM: 1 2 ' - 0 '  FOR CH BOXES AND RH TRANSPORTER. 

(8 )  WASTE PACKAGE WIDTH: 6 ' - 2  1 [2 "  FOR BOXES; 6 ' - 1  1 / 2 "  FOR S I X  PACKS. 

( 9 )  STACKING TOLERANCE,: 2 1/2" BETWEEN WASTE PACKAGES. 

(10) S A L T  B A C K F I L L :  3 '-0" BETWEEN WASTE PACKAGES AND WALL. 

F i g u r e  1 2 - 2  

STORAGE AREA 
DRIFT REFERENCE DESIGN DIMENSIONS 



MAXIMUM 31'- gX" I - - - - I A 

MINIMUM 33'-0" 
I-@ 
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EXPLANATION 

(1)  HEIGHT OF WASTE PACKAGES STACKED THREE HIGH: 9 ' - 7  1 / 2 "  FOR BOXES; 
9 ' - 0 "  FOR S I X  PACKS. 

( 2 )  SALT COVER: 1 '  TO 2 ' ;  LEVEL OF SALT I S  MAINTAINED AT 1 0 ' - 8 "  ABOVE 
THE FLOOR. 

( 3 )  VENTILATION SPACE: 1 ' - 4 "  MINIMUM UNTIL ROOM OR PANEL I S  FILLED AND 
PLUGGED. 

( 4 )  SALT CREEP ALLOWANCE: 1 ' - 0 "  ROOF; 4 1 / 2 "  EACH WALL (ASSUMED TO BE 
ADEQUATE FOR 5 YEARS). 

( 5 )  CONSTRUCTION TOLERANCE: +6". THE CONTRACTOR MUST MAINTAIN THE 
MINIMUM ROOM DIMENSIONS. 

( 6 )  BACKFILLING CONVEYOR CLEARANCE: 2 ' - 4 "  ABOVE WASTE PACKAGES. 

( 7 )  HEADROOM: 1 2 ' - 0 "  FOR CH BOXES AND RH TRANSPORTER. 

( 8 )  WASTE PACKAGE WIDTH: 6 ' - 2  1 / 2 "  FOR BOXES; 6 ' - 1  1 / 2 "  FOR S I X  PACKS. 

( 9 )  STACKING TOLERANCE: 2 1 / 2 "  BETWEEN WASTE PACKAGES. 

( 1 0 )  SALT BACKFILL: 8 3/411 BETWEEN WASTE PACKAGES AND WALL. 

F i g u r e  12-3 

STORAGE AREA 
ROOM REFERENCE DESIGN DIMENSIONS 



Table 12-1 

VALIDATION ELEMENTS OF STORAGE AREA DESIGN BASES 

( 1  ) Opera t iona l  requirements 

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 to red  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 s to rage area s h a l l  be t o  a 
u n i f o r m  h e i g h t  o f  1 3  f e e t .  

( 2 )  E s s e n t i a 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  ma in ta in  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 )  S a f e t y  design 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 b a c k f i l l .  



Cons t ruc t i on  and s to rage  ope ra t i ons  s h a l l  be p h y s i c a l l y  separated and 

performed d u r i n g  d i f f e r e n t  s h i f t s .  

Each s to rage  room i s  t o  be f i l l e d  w i t h  waste con ta ine rs  c o n s i s t i n g  o f  

s ix-packs o f  CH TRU waste s to rage  drums and/or boxes o f  CH TRU waste. 

The c o n t a i n e r s  s h a l l  be s tacked t h r e e  h i g h  and f i v e  wide, s t o red  w i t h  

t h e i r  l o n g e s t  dimension across t h e  opening. A 2  1/2- inch s tack ing  

t o l e r a n c e  s h a l l  be a l l owed  between waste packages. A l l  rooms, d r i f t s  

and c rosscu t s  i n  t h e  s to rage  area may be used t o  s t o r e  CH waste 

c o n t a i n e r s  s tacked t h r e e  h igh.  For  t h i s  reason, excava t ion  s h a l l  be t o  

a  u n i f o r m  h e i g h t  o f  13 f e e t  th roughout  t h e  waste s to rage  area. 

The underground s to rage  area s h a l l  p rov ide  f o r  t h e  h o r i z o n t a l  

emplacement o f  1,000 RH c a n i s t e r s .  The RH can i s te r s ,  nomina l l y  10 f e e t  

long  and 26 inches  i n  diameter,  s h a l l  be s t o r e d  i n  t h e  s a l t  p i l l a r s .  

Emplacement ho les  s h a l l  be pe rpend i cu la r  t o  t h e  wa l l s ,  approx imate ly  

midway between t h e  f l o o r  and c e i l i n g  and even ly  spaced l a t e r a l l y .  

C a n i s t e r  spac ing s h a l l  be based on t h e  assumption t h a t  t h e  average heat  

o u t p u t  p e r  c a n i s t e r  w i l l  be 60 w a t t s  o r  l ess .  Thermal l oad ing  i n  t h e  

RH waste s to rage  area s h a l l  n o t  exceed 10 k i l o w a t t s  (kw) p e r  acre.  

A l l o w i n g  12 inches f o r  s a l t  creep, RH waste emplacement machinery s h a l l  

be designed t o  opera te  i n  an e f f e c t i v e  room h e i g h t  o f  12 f e e t ,  

i n c l u d i n g  a l l  r e q u i r e d  c learances.  

The s to rage  area f l o o r  s h a l l  be approx imate ly  2,150 f e e t  below t h e  

ground sur face.  The f i n a l  l e v e l  o f  t h e  excavat ions s h a l l  be as 

determined by t h e  DOE Con t rac t i ng  O f f i c e r .  

Four  p a r a l l e l  e n t r i e s  s h a l l  be p rov ided  f r om t h e  s h a f t s  t o  t h e  waste 

s to rage  area. These e n t r i e s  s h a l l  p rov ide  separate channels f o r  a i r  

i n t a k e  and exhaust, s a l t  removal, and waste s torage.  

Excava t ion  dimensions s h a l l  i n c l u d e  an a l lowance f o r  s a l t  creep o f  1  

f o o t  i n  t h e  v e r t i c a l  d i r e c t i o n  and 9 inches i n  t h e  h o r i z o n t a l  d i r e c t i o n  

f o r  a l l  rooms f o r  up t o  5 years.  The t o l e r a n c e  f o r  excava t ion  o f  r oo f ,  



f l o o r  and w a l l  sur faces  s h a l l  be no g r e a t e r  than  p l u s  6  inches. I n  no 

case s h a l l  t 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  t h e  

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  boundaries o f  Zone I1  (Chapter 1  , F igu re  1-1 ) i f  r e q u i  red  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 e s s  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 i c  f e e t .  Fo 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 ove r  t h e  s to red  CH TRU 

waste. However, personnel may work i n  a i r  t h a t  has passed th rough 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  p lugs.  Personnel may n o t  work i n  a i r  t h a t  

has passed th rough openings where RH TRU waste i s  being emplaced. 

12.2.3 Design Con f i gu ra t i on  

The re fe rence  design o f  t h e  s to rage area was developed i n  accordance 

w i t h  t h e  design c r i t e r i a  and t h e  design bases. The design 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 borehole ERDA-9 and on 

s a l t  creep performance determined f rom l a b o r a t o r y  t e s t s  on co re  

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  o n l y  h o l e  

w i t h i n  t h e  underground development area which was p e r m i t t e d  t o  

pene t ra te  t h e  Salado fo rma t i on  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  13 

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 r e  a l s o  

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 



by 100- foot  wide p i l l a r s  and t h e  panels  a r e  separated 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  perforniance, pe rn l i t  observa t 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 to rage  room re fe rence  design. 

The re fe rence  des ign  p rov ides  f o r  t h e  s to rage  o f  CH waste i n  one room 

w h i l e  RH waste i s  s t o red  i n  ano ther  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 i c ted  on F igu re  12-4. A f t e r  t h e  

RH waste c a n i s t e r s  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 to rage  room, CH waste can be 

s t o r e d  i n  t h e  same room. Dur ing  t h e  5-year demonstrat ion per iod ,  t h e  

RH waste c a n i s t e r s  a r e  s t o r e d  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,  t hey  a r e  emplaced i n  p i l l a r s  

th roughout  t h e  s to rage  a rea  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. 

C 
The RH waste c a n i s t e r s  ( w i t h  a  hea t  o u t p u t  o f  60 wa t t s  o r  l e s s )  a r e  

p l aced  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 

therma l  l o a d i n g  does n o t  exceed t h e  des ign  bas i s  l i m i t  of 10  kw/acre. 

Fo r  t h e  re fe rence  design, and f o r  t h i s  r e p o 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  cons idered 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 WEPP 

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 i nes  s t a c k i n g  c o n f i g u r a t i o n s  

and t o l e 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 

t o l e 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 r d e r  t o  meet these  requirements,  

t h e  re fe rence  des ign  c o n f i g u r a t i o n  i nco rpo ra tes  a  re fe rence  ope ra t i ng  

procedure. Th i s  procedure i s  based on t h e  waste r e c e i p t  ra tes ,  

emplacement r a tes ,  and r e t r i e v a l  r a t e s  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  o p e r a t i n g  procedure i s  p a r t .  o f  t h e  s to rage  room 

re fe rence  des ign  and i s  i nco rpo ra ted  i n  c o n s t r u c t i o n  package EP-01 X. 



Figure  12-4 

STORAGE AREA 
HORIZONTAL EMPLACEMENT OF RH WASTE 



Th i s  package con ta ins  t h e  des ign  documents t h a t  w i l l  be used t o  opera te  

. -, 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 c o n s i s t s  o f  t h e  

e v a l u a t i o n  o f  numer ica l  model ing 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  re fe rence  

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 to rage  area openings was compared t o  t h e  

performance o f  e x i s t i n g  openings hav ing  comparable dimensions. Th is  

was t h e n  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 n s t r u m e n t a t i o n  da ta  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 C 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 r e  

presented i n  Chapter 11. Chapter 6 p resen ts  i n f o r m a t i o n  on t h e  

geo log i c  mapping, d r i  11 cores and development o f  t h e  re fe rence  

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

The geomechanical ins t ruments  i n  t h e  t e s t  rooms have p rov ided  

de fo rma t i on  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 n s p e c t i o n s  o f  t h e  rooms have p rov 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 mapp-ing and co re  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 p rov ided  i n fo rma t i on  on t h e  s t r a t i g r a p h y  i n  t h e  

s to rage  area. 

1.2.3.2 A n a l y s i s  and E v a l u a t i o n  

12.3.2.1 Storage Rooms 

A n a l y s i s  and e v a l u a t i o n  o f  t h e  s to rage  room re fe rence  des ign have been 

C. performed u s i n g  da ta  c o l l e c t e d  f rom t h e  t e s t  rooms. The adequacy o f  



t h e  re fe rence  des ign  was evaluated by a n a l y s i s  o f  t h e  geomechanical 

behavior ,  i n c l u d i n g  s t ress ,  s t r a i n  and deformat ion,  which cou ld  be 

expected t o  occur  over  t h e  ope ra t i ng  l i f e  o f  each room. The o p e r a t i n g  

l i f e  i s  d e f i n e d  as t h e  p e r i o d  o f  t i m e  f rom i n i t i a l  excavat ion  o f  t h e  

room u n t i l  r e t r i e v a l  opera t ions  a r e  completed, i f  t h e  d e c i s i o n  t o  

r e t r i e v e  i s  made, o r  u n t i l  t h e  s to rage  ope ra t i on  f o r  each panel i s  

completed. 

Eva lua t i on  o f  t h e  geo log ic  mapping and d r i l l  cores f rom t h e  E l40  d r i f t  

south o f  t h e  waste s h a f t  has 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  50 f e e t  above and below t h e  s to rage area ( r e f s .  4-1 and 

4-2). 

Based on an eng ineer ing  approach (Chapter 5), numer ica l  analyses were 

performed based on creep parameters determined f rom t e s t  room data  and 

t h e  s t r a t i g r a p h y  surrounding t h e  f a c i l i t y  l e v e l .  Because t h e  

e x t r a p o l a t i o n  o f  t h e  i n  s i t u  c l o s u r e  da ta  f o r  t h e  d r i f t s  and t e s t  rooms 

i n d i c a t e s  t h a t  more than f o u r  rooms i n  a  s to rage panel cou ld  i n f l u e n c e  

t h e  t o t a l  c l o s u r e  and o v e r a l l  creep ra te ,  a  mathematical  model was 

developed t o  es t ima te  t h e  upper bound responses. Th i s  requ i  res  

assuming an i n f i n i t e  a r r a y  o f  e q u a l l y  spaced s to rage rooms such t h a t  

t h e  c e n t e r l  i n e  o f  a  t y p i c a l  room and t h e  c e n t e r l i n e  o f  any one o f  i t s  

p i l l a r s  fo rm axes o f  symmetry. I n  a d d i t i o n ,  t h e  rooms were assumed t o  

be i n f i n i t e l y  long. 

F i g u r e  12-5 shows t h e  f i n i t e  element model t h a t  was used t o  determine 

t h e  responses f o r  an i n f i n i t e  a r r a y  o f  i n f i n i t e l y  l ong  s to rage rooms. 

The model has 94 nodes and c o n s i s t s  o f  59 p lane  s t r a i n  elements, w i t h  

gap/f  r i c t i o n  1  i n k  elements having a  f r i c t i o n  c o e f f i c i e n t  o f  0.4 t o  

model a  c l a y  seam. Because t e s t  room creep parameters a r e  used i n  

p r e d i c t i n g  t h e  responses o f  t h e  s to rage rooms, t h i s  model uses t h e  same 

comparat ive element s i zes  and e x t e r n a l  loads as those used i n  t h e  t e s t  

room model descr ibed i n  Chapter 11, Sec t i on  11.3. The boundaries on 

bo th  s ides  o f  t h e  model were taken as v e r t i c a l  axes o f  symmetry t o  

repres.ent t h e  p i  1  l a r  cen ter1  i nes  and c o n s i s t  o f  h o r i z o n t a l  r e s t r a i n t s .  3 
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Eleva t i ons  a t  t h e  t o p  and bottom o f  t h e  model, t h e  c l a y  seam, t h e  

a n h y d r i t e  bed, and t h e  r o o f  and f l o o r  o f  t h e  room a r e  based on t h e  

re fe rence  s t r a t i g r a p h y  and a r e  ident ica.1 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 values o f  t h e  

creep parameters were de r i ved  f rom t e s t  room r o o f  - to - f  l o o r  and 

wa l l - t o -wa 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 11-1 1, 

t h e  p r e d i c t e d  f u t u r e  responses o f  t h e  s to rage 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 e v a l u a t i o n  o f  t h e  13 x  25- foot  d r i f t  des ign f o r  t h e  

s to rage 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  25- foot  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- foo t  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  extending 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 cou ld  be removed a t  t h e  app rop r i a te  s tage 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  exzavht ion  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  subsec t ion  a r e  d i r e c t l y  a f f e c t e d  by these assurnptions. 

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. 

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  t h e  design o f  t h e  proposed s to rage rooms, t h e  behav io r  o f  

t h e  s to rage rooms was computed us ing  t h e  measured da ta  f rom t h e  t e s t  

rooms, as presented i n  chapter  11. The r e s u l t s  o f  t h e  s to rage room 
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analyses were p l o t t e d  a t  va r i ous  i n t e g r a t i o n  t i m e  steps.  These . 

i n t e g r a t i o n  s teps correspond t o  r e a l  t imes immediate ly  a f t e r  

excavat ion,  1  yea r  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 wa l l - t o -wa l l  and roo f - t o - f  l o o r  

creep parameters presented i n  Tables 11-1 2  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 i ng  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 t a b l e s .  Roo f - t o - 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 to rage 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 r e s s  

d l s t r l b u t l o n s  i n  t h e  s to rage rooms a r e  p l o t t e d  on se lec ted  elements o f  

t h e  f i n l t e  element mesh immediate 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 con tou r  increments were 

used t o  span a  s t r e s s  range f rom 0  t o  2,500 k s f  compression. 

Hor i  z o n t a l  s t resses  immediate ly  a f t e r  excavat ion  a r e  t o t a l  1  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 occu r  

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  u n d e r l y i n g  a n h y d r i t e  

bed (MB-139), near  t h e  c e n t e 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  va lues 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  a n h y d r i t e  bed near  t h e  room's v e r t i c a l  cen te r1  i n e .  

I n  t h e  a n h y d r i t e  bed f a r  f rom t h e  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 i m e  pe r i ods  

immediate 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  12-10 th rough 12-1 2). 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  t h e  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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F igu re  12-10 shows a  v e r t i c a l  s t r e s s  i n  t h e  w a l l  near  t h e  room opening 

immediate ly  a f t e r  excavat ion  o f  between 500 and 750 k s f  compression. 
(t-9 w 

Th is  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  1  i t h o s t a t i c  s t r e s s  

be fo re  excavat 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 immediate 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 r e s s  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  yea r  th rough 

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  

cons tan t  th roughout  t h a t  pe r i od  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  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  due t o  i t s  l a c k  o f  v e r t i c a l  conf inement.  

The a n h y d r i t e  bed (MB-139) below t h e  s to rage room i s ,  i n  genera l ,  

sub jec ted  t o  low v e r t i c a l  s t resses;  however, some compressive v e r t i c a l  

s t r e s s  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  S t resses  and E f f e c t i v e  Creep S t r a i n s .  F igures  12-1 3  through 

12-15 show t h e  computed e f f e c t i v e  s t r e s s  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 con tou r  

increments, each having an i n t e r v a l  o f  250 k s f ,  were chosen t o  span a  

s t r e s s  range f rom 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  immediate ly  

a f t e r  excavat ion  shows 3 r e l a t i v e l y  low s t r e s s  concen t ra t i on  i n  t h e  

a n h y d r 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  a n h y d r i t e  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 ress ,  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 r e s s  g r a d i e n t  i n  t h e  anhyd r i t e .  The 

maximum computed e f f e c t i v e  s t r e s s  i s  2,600 k s f ,  concentrated 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 .  
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Because t h e  model does n o t  i nc lude  f a i l u r e  c r i t e r i a  f o r  t he  anhydr i te  

\ bed, an ana lys i s  f o r  p o t e n t i a l  f a i l u r e  i n  t h i s  bed was performed 

separa te ly .  I n  Chapter 6, t h e  f a i l u r e  c r i t e r i o n  

- 
/J2' = 752 - 0.279J1 ( s t r e s s  i n  k s f )  (12-1) 

was def lned f o r  t h e  anhyd r l t e  bed based on l abo ra to ry  t e s t s .  Rewr i t ing  

t h i s  equat ion i n  terms 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  cr and t h e  
f 

f l 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 :  

From t h e  r e s u l t s  o f  t h e  numerlcal  modeling, t h e  average e f f e c t i v e  s t ress  

s t r e s s  a t  a  p o i n t  c l ose  t o  t h e  cen te r  o f  t h e  room exceeds a t  about 
f 

8.5 years s ince  excavat ion. This  does no t  mean ca tas t roph ic  f a i l u r e  

w i i l  occur. Instead,  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 he  

a n h y d r i t e  bed which t h e  model cannot consider.  

AS"., 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 selected 

L. elements o f  t h e  deformed mesh a t  1  year  and 6.5 years a f t e r  excavat ion 
(F lgures 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 f rom 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  creep s t r a i n s  have concentrated 

i n  t h e  reg ion  around t h e  room opening. A t  6.5 years a f t e r  excavation, 

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 the  room 

opening and i n  t h e  reg ion  above t h e  anhyd r i t e  bed near t he  room 

center1  i ne. 

Based on l abo ra to ry  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 + l t e r l 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 he  

mean normal s t ress  i n t e n s i t y  and reaches a  maximum magnitude o f  near ly  

16 percent  a t  a  mean s t r e s s  i n t e n s i t y  o f  125 ksf .  
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Based on t h e  computed values o f  e f f e c t i v e  creep s t r a i n  up t o  6.5 years 

s ince  excavat ion,  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  

w i l l  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  comple t 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  model ing 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 i s 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 con f i ned  ve ry  c l o s e  t o  t h e  opening. Th i s  

w i  11 r e q u i r e  pe.r iod ic  s c a l i n g  and t r imming.  

P r i n c i p a l  Stresses. The computed p r i n c i p a l  s t resses  on t h e  p lane o f  a  

s e c t i o n  across t h e  s to rage rooms a r e  presented i n  a  q u a l i t a t i v e  manner 

on F igures  12-18 th rough 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  l eng ths  o f  t h e  corresponding l i n e s  

which a re  p l o t t e d ,  pe rpend icu la r  t o  each o ther ,  a t  t h e  c e n t r o i d  o f  each 

o f  t h e  elements. 

Immediate ly  a f t e r  excavation,. t h e  magnitudes o f  t h e  pr- 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  t h e  corners  o f  t h e  room and i n  t h e  a n h y d r 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 r e s s e s  concent ra te  

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 r e s s  a rch  which 

forms around t h e  room due t o  t h e  t r a n s f ~ r  o f  loads around t h e  room 

opening. The s t r e s s  a rch  tends t o  become enlarged w i t h  t i m e  and 

migra tes  away f rom t h e  room. 

Deformation and Closure. F igures 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 1  i nes  represent  t h e  ou t1  i n e  o f  t h e  deformed shape o f  

t h e  s to rage room. 

Immediate ly  a f t e r  excavat ion,  de format ion  s t a r t s  around t h e  opening. 

A f t e r  1  year  o f  creep, t h e  h a l i t e  r o o f  beam deforms n o t i c e a b l y  a t  i t s  
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. c e n t e r l l n e  and t h e  predicted w a l l  deformat ion i s  n e a r l y  as l a rge .  

However, t h e  f l o o r  heave I s  s t i l l  very  smal l .  Also, some s l i ppage  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 

boundaries a long a  c l a y  seam. 

A t  6.5 years a f t e r  excavat ion, t h e  p red i c ted  deformed shape o f  t h e  

s to rage 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 

displacement being somewhat more n o t i c e a b l e  i n  t h e  cen te r  o f  t h e  room. 

The a n a l y s i s  shows very  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 i t i ng  a  l a r g e  amount o f  l a t e r a l  pressure. However, because t h e r e  

I s  a  p o t e n t l a 1  f o r  t h e  anhyd r 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,  It may n o t  be a b l e  t o  support  t h i s  l a r g e  amount o f  

l a t e r a l  pressure. This  may r e s u l t  i n  a  h ighe r  creep r a t e  i n  t h e  f l o o r  

than p r e d i c t e d  by t h e  model. 

As discussed I n  Chapter 11, l a b o r a t o r y  de r i ved  creep constants 

underpredic ted a c t u a l  c l osu re  i n  t h e  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  wa l l - t o -wa l l  c l o s u r e  data. The e f f e c t i v e n e s s  o f  t h e  model s i m u l a t i o n  

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 l o s u r e  

behav ior  were discussed i n  d e t a i l  i n  Chapter 11, subsect ion 11.3.2.5. 

Because MB-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  numerical  modeling underpredic ted f l o o r  heave b u t  

overpred ic ted  roo f  sag. However, t h e  o v e r a l l  r o o f  - to- f  l o o r  c l o s u r e  i s  

reasbonably w e l l  p red i c ted  by t h e  model. 

I n  o rde 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 l o s u r e  

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 losu re  h i s t o r i e s  f o r  t h e  t e s t  rooms 

and var lous  s i z e  d r l 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 - to -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  t h e  
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l- 
average creep parameters f o r  t h e  two i n t e r i o r  13 x  33- foot  t e s t  rooms 

L1 and u s i n g  an i n f i n i t e  a r r a y  o f  rooms t o  i n d i c a t e  t h e  s e n s i t i v i t y  o f  t h e  

va lue  o f  t h e  parameters. The same parameters were a l s o  used i n  t h e  

c a l c u l a t i o n s  of 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 ray .  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 f o l l o w s :  

(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 torage 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  curve  A, except  t h a t  i t  i s  p l o t t e d  w i t h  a  

decreas ing secondary creep r a t e  de r i ved  f rom i n  s i t u  t e s t  

. room da ta .  

( C )  I d e n t i c a l  t o  curve  A, except ' that t h e  creep parameters used 

a r e  t h e  average o f  t h e  cons tan ts  f rom Tes t  Rooms 2  and 3. 

( D )  Tes t  Room 1  c l o s u r e  us ing  mathemat ica l l y  ex t rapo la ted  i n  

s i t u  c l o s u r e  data.  

( E )  Tes t  Room 2 c l o s u r e  us ing  mathemat ica l l y  ex t rapo la ted  i n  

s i t u  c l o s u r e  data.  

(F)  Tes t  Room 4 c l o s u r e  us ing  mathemat ica l l y  ex t rapo la ted  i n  

s i t u  c l o s u r e  data.  

( G )  Test  Room 3  c l o s u r e  us ing  mathemat ica l l y  ex t rapo la ted  i n  

s i t u  c l o s u r e  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 torage area 

d r i f t  us i ng  creep parameters f rom an 8 x  25- foot  d r i f t .  



( I )  P ro jec ted  c l o s u r e  us ing  i n  ; i tu da ta  f rom t h e  12 x  25- foot  

EO d r i f t  a t  N940 ( 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 

c ross  d r i f t s ) .  

( J )  P ro jec ted  c l o s u r e  us ing  i n  s i t u  da ta  f rom t h e  12 x  25- foot  

El40 d r i f t  a t  S1450 ( i nc ludes  e f f e c t s  o f  nearby p a r a l l e l  and 

c ross  d r i f t s ) .  

( K )  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 Tes t  Rooms 2  and 3. 

(L )  P ro jec ted  c l o s u r e  us ing  i n  ' s i t u  da ta  f rom t h e  8 x  25- foot  

E l40  d r i f t  a t  S2350 (no e f f e c t s  f rom nearby excavat ion) .  

(M) P ro jec ted  c l o s u r e  us ing  i n  s i t u  da ta  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).  

As 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 i g h e r  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  t han  t h e  o u t e r  

rooms (Tes t  Rooms 1  and 4) .  Th i s  i s  due t o  t h e  f a c t  t h a t  Tes t  Rooms 2  

and 3  were excavated b e f o r e  Tes t  Rooms 1  and 4. However, Tes t  Rooms 1  

and 4 e x h i b i t  h i g h e r  c l o s u r e  r a t e s  d u r i n g  t h e  secondary creep stage. 

Th is  i s  c o n s i s t e n t  w i t h  t h e  s t r e s s  a r c h  p r i n c i p l e .  

An e v a l u a t i o n  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 l o s u r e  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  ex t rapo la ted  curves f o r  a  t e s t  room w i t h i b  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 to rage room ana lys 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 igu re  12-21 represents t h e  roo f  - to - f  l o o r  c l o s u r e  p r e d i c t i o n  

us ing  t h e  average creep parameter values f o r  Tes t  Rooms 1  through 4. 

These values were p r e v i o u s l y  presented i n  Chapter 11, Table 11-12. I n  



t h e  f i r s t  year  f o l l o w i n g  excavat ion, t h e  roo f - to - f  l o o r  c l osu re  curve i s  

non- l inear .  The pr imary  creep c losu re  r a t e  i s  very f a s t ,  as shown by 

t h e  s t e e p l y  sloped reg ion  i n  t h e  f i r s t  3  months. Two and one h a l f  

inches were added t o  t h e  measured c losu re  values t o  compensate f o r  t h e  

l a c k  o f  e a r l y  c l osu re  data (Chapter 11). During secondary creep, t he  

curve  f l a t t e n s  and becomes approx imate ly  l i n e a r  w i t h  a  c losure  r a t e  o f  

approx imate ly  3 inches p e r  year. This  c l osu re  p r e d i c t i o n  shows a  

c l o s u r e  o f  approx imate ly  22 inches a t  5  years a f t e r  excavat ion and 54 

inches a t  15 years a f t e r  excavat ion. 

Curve A on F igu re  12-22 represents t h e  wa l l - to -wa l l  c l osu re  p r e d i c t i o n  

us ing  t h e  average creep parameter values f o r  Test  Rooms 1  through 4. 

These values were p r e v i o u s l y  presented i n  Chapter 11, Table 11-13. As 

w i t h  t h e  roo f - to - f  l o o r  c losure ,  t h e  wa l l - to -wa l l  c l osu re  i s  non- l inear  

i n  t h e  f i r s t  year  f o l l o w i n g  excavat ion. Again, t h e  c losu re  r a t e  due t o  

p r imary  creep i s  i n i t i a l l y  very f a s t  i n  t h e  f i r s t  3  months as shown by 

t h e  s teep s lope o f  t h e  curve. Two inches were added t o  t he  measured 

c l o s u r e  values, as discussed i n  Chapter 11, t o  compensate f o r  t h e  l ack  

o f  e a r l y  c l osu re  data. The curve even tua l l y  f l a t t e n s  du r i ng  the  

secondary creep phase and becomes approx imate ly  l i n e a r  w i t h  a  c losure  

r a t e  o f  about 2  inches pe r  year. The wa l l - to -wa l l  c losure  p r e d i c t i o n  

shows a  c losu re  o f  approx imate ly  15 inches a t  5  years a f t e r  excavat ion 

and 36 inches a t  15 years a f t e r  excavat ion. 

When t h e  s to rage rooms a r e  f u l l y  occupied by waste and b a c k f i l l  

m a t e r i a l ,  t h e  c losu re  o f  t h e  room w i l l  be l i m i t e d  by t h e  a b i l i t y  o f  t he  

conten ts  t o  be compacted. Assuming t h a t  t he  volume o f  t h e  waste 

c o n t a i n e r  can be compacted by 40 percent  and t h e  volume o f  t he  b a c k f i l l  

m a t e r i a l  by 15 percent ,  t h e  r o o f - t o - f l o o r  c l osu re  i s  p red i c ted  t o  have 

a  maximum value o f  66 inches and t h e  wa l l - to -wa l l  c l osu re  a  maximum 

value o f  44 inches. Th is  maximum c losure  would occur a f t e r  about 18 

years f o r  v e r t i c a l  c l osu re  and 19 years f o r  h o r i z o n t a l  c l osu re  (F igures 

12-21 and 12-22). A r educ t i on  i n  t h e  c losu re  r a t e  a f t e r  the  w a l l  and 

roof  surfaces begin compacting t h e  b a c k f i l l  m a t e r i a l  and exe r t i ng  

i 
b 

pressure on t h e  waste con ta ine rs  has n o t  been considered. 



Curve A on Figures 12-21 and 12-22 represents t h e  most conserva t ive  

est imates o f  s torage room c losure .  Therefore, values f rom these curves 

were used i n  e v a l u a t i n g  t h e  re ference design aga ins t  t h e  design 

c r i t e r i a  and design bases requirements. The design bases a l l o w  up t o  

12 inches o f  c l o s u r e  i n  t h e  f i r s t  5  years a f t e r  excavat ion i n  o r d e r  t o  

ma in ta in  a 16-inch space f o r  v e n t i l a t i o n  and b a c k f i l l  equipment and t o  

ma in ta in  a 12- foo t  minimum clearance f o r  s to rage equipment. The 

est imated v e r t i c a l  c l osu re  i n  5 years us ing  curve A i s  about 22 

inches. Th is  10 i n c h  increase over  t h e  design bas is  l i m i t  cou ld  be 

accommodated by i nc reas ing  t h e  re ference design room h e i g h t  f rom 13 

f e e t  t o  13 f e e t  10 inches. This  would be s a t i s f a c t o r y  f o r  permanent 

storage. Another way t o  accommodate t h e  increased c losu re  and s t i l l  

ma in ta in  t h e  16-inch v e n t i l a t i o n  space (F igu re  12-3) i s  t o  e l i m i n a t e  

t h e  b a c k f i l l  o r  reduce i t s  th ickness  cover ing  t h e  CH conta iners  t o  6 

inches o r  less .  D e l e t i n g  t h e  s a l t  b a c k f i l l  would r e q u i r e  a change i n  

t h e  design c r i t e r i a .  

The s o l u t i o n  t o  t h e  increased v e r t i c a l  c l osu re  i s  n o t  so s imple f o r  

permanent storage, however. I f  a t  t h e  end o f  t h e  5-year demonstrat ion 

per iod ,  a d e c i s i o n  i s  made r e q u i r i n g  t h e  s to red  waste t o  be r e t r i e v e d ,  

t h e  design c r i t e r i a  assume t h a t  i t  w i l l  t ake  t w i c e  as long t o  r e t r i e v e  

waste as i t took  t o  s t o r e  it. Th is  would r e s u l t  i n  a room being an 

a d d i t i o n a l  10 years o l d  be fore  r e t r i e v a l  i s  completed. Under these 

circumstances, a 15-year o l d  room would have a c losu re  o f  54 inches, 

based on Curve A. Assuming t h a t  a s torage room was excavated t o  t h e  

maximum a l l owab le  h e i g h t  o f  14 f e e t ;  t h e  c l o s u r e  would be 14 inches 

more than  cou ld  be accommodated (24 inches f o r  c losu re  al lowance, 

i n c l u d i n g  12 -inches a l lowed by t h e  design bas is  and 12 inches f o r  t h e  

increase i n  room h e i g h t  f rom 13 f e e t  t o  14 f e e t ,  and 16 inches f o r  

v e n t i l a t i o n  space). Th is  would r e s u l t  i n  t h e  backf i 11 being compressed 

and i n  t h e  poss ib le  c rush ing  and breaching o f  t h e  waste conta iners .  

Because t h i s  scenar io  does n o t  comply w i t h  t h e  design c r i t e r i a  

requirements, o t h e r  a l t e r n a t i v e s  must be considered. 



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 re  C presented i n  subsect ion 12.6.2. Two cons idera t ions  must be addressed 

here, however, t o  support t h e  recommendations. F i r s t ,  t h e  10 year 

. maximum r e t r i e v a l  pe r iod  assumed by t h e  design c r i t e r i a  i s  very 

conservat ive.  Should r e t r i e v a l  be conducted on a th ree  s h i f t s  per  day 

basis ,  r a t h e r  than t h e  assumed one s h i f t  pe r  day, no room would be 

o l d e r  than 7 years by t h e  t ime i t s  waste was re t r i eved .  Based on Curve 

A, a  7 year  o l d  room, from t h e  t ime o f  i n i t i a l  excavation, would have a 

c losu re  o f  about 28 inches. Assuming a room was excavated t o  t h e  

14- foot  h i g h  maximum and a l l ow ing  24 inches f o r  c losure,  t h e  waste 

con ta ine rs  w i l l  no 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. This  could be t o l e r a t e d  because 

t h e  maximum 28-inch c losu re  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 gained c l o s e r  t o  t h e  room wal ls .  

A l t e r n a t i v e l y ,  t h e  th ickness  o f  t h e  s a l t  b a c k f i l l  over t h e  conta iners 

cou ld  be reduced o r  e l im ina ted  t o  main ta in  t h e  v e n t i l a t i o n .  

@ 
The second cons ide ra t i on  support ing the  recommendations i s  t h a t  a 

reduc t i on  i n  room c losu re  can be gained by modi fy ing the  excavat ion 

technique. A panel o f  rooms could be excavated t o  t h e  reference design 

dimension o f  13 t o  14 f e e t  high. A f t e r  a year  o f  c losure, these 

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 could be trimmed t o  14 f e e t  high. Trimming 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 du r ing  the  year and 

prov 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 losure  r a t e  

o f  3 inches pe r  year, t h e  rooms would have t h e  f o l l o w i n g  pred ic ted  

c losures  a f t e r  tr imming: 

5 years 15 inches 

7 years 21 inches 

10 years 30 inches 

15 years 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  tr imming, a 



trimmed 14- foo t  h l g h  room w l t h  21 inches o f  c l o s u r e  would meet a l l  of 

t h e  r e t r l e v a J  requl rements w l t h o u t  f u r t h e r  m o d i f i c a t i o n .  

I n  o r d e r  t o  g a i n  t h e  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 kep t  t o  a  minimum. The rooms should 

i n l t l 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  ope ra t i on  a  year  l a t e r  should remove no more 

s a l t  f r om t h e  f l o o r  than necessary t o  en la rge  t h e  room h e i g h t  t o  

14 fee t .  Th i s  smal l  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 osu re  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 a1 ready been 

experienced a t  t h e  W I P P  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 igure  10-6, and t h i s  chapter ,  F tgure  12-21, Curve J ) .  'This 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  t h e  s to rage .rooms presents s i m i l a r  problems. The 

re fe rence des ign  s p e c i f i e s  a  minimum room w i d t h  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 conse rva t i ve  es t imate  o f  h o r i z o n t a l  c l osu re .  The des ign  bas i s  

a l l o w s  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 to rage area re fe rence  

design, w i l l  be b a c k f i l l e d  w i t h  loose s a l t .  

The p r e d l c t e d  wa l l - t o -wa l l  c l o s u r e  i n  5  years, us ing  Curve A, i s  about 

15 Inches. Th i s  c l o s u r e  w i l l  r e s u l t  i n  compaction o f  t h e  s a l t  b a c k f i l l  

and p o s s i b l y  i n  t h e  c rush ing  and breaching o f  some con ta ine rs .  Th i s  

c o n d i t i o n  i s  s u i t a b l e  f o r  permanent s torage.  Should r e t r i e v a l  be 

requ i red ,  t h e  p r e d i c t e d  c l o s u r e  f o r  a  15-year o l d  room would be 36 

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 

dimensions, as d iscussed 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 con ta ine rs  15 inches f rom each w a l l .  Th is  30 inches of 

h o r i z o n t a l  c learance i s  n o t  adequate t o  meet t h e  des ign  c r i t e r i a  

requ i  rements f o r  t h e  crush-I ng and breaching o f  con ta iners ,  even i f  

backf ill 'were n o t  requ i red .  I n  o r d e 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 ,  t h e  re fe rence design must be mod i f ied .  The f i v e  a l t e r n a t i v e s  

presented i n  subsec t 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  accommodate 

t h i s  h o r i z o n t a l  c l osu re .  

12-42 



7.' As I s  t h e  case w i t h  v e r t i c a l  c l o s u r e  i n  t h e  s to rage  rooms, t i m i n g  o f  

i+&., r e t r i e v a l  ope ra t i ons  and two-stage excava t ion  can be used t o  reduce t h e  

wa l l - t o -wa l l  c l osu re .  Should t h r e e  s h i f t s  p e r  day be used d u r i n g  

r e t r i e v a l  and i f  t h e  rooms a r e  a  maximum o f  7 years o ld ,  t hen  

wa l l - t o -wa l l  c l o s u r e  would be about 20 inches. I f  t h e  s to rage  

o p e r a t i o n  i s  conducted on a  f i r s t  emp laced / f i r s t  r e t r i e v e d  bas i s  and 

r e t r i e v a l  i s  e f f e c t e d  b e f o r e  a  room exceeds an age o f  6 years, 

h o r i z o n t a l  c l o s u r e  would be f u r t h e r  reduced t o  18 inches. Both o f  

t hese  o p e r a t i o n a l  changes would decrease t h e  p o s s i b l i t y  o f  c rush ing  o r  

b reach ing  t h e  waste con ta ine rs .  

Two-stage excava t ion  ga ins  a d d i t i o n a l  c l o s u r e  b e n e f i t s .  I f  a  room i s  

i n i t i a l l y  excavated t o  t h e  maximum des ign  w i d t h  o f  34 f e e t  and a f t e r  a  

yea r  o f  c l o s u r e  tr immed t o  34 f e e t ,  c l o s u r e  would be c o n t r o l l e d  by 

secondary creep. Based on a  wa l l - t o -wa l l  secondary creep c l o s u r e  r a t e  

o f  2  inches p e r  year,  t h e  rooms would have t h e  f o l l o w i n g  p red i c ted  

c l o s u r e s  a f t e r  t r imn i i  ng: 

5 years 1.0 inches 

7 years 

10 years 

1  5 years 

14 inches 

20 inches 

30 inches 

T h i s  w i l l  , f u r t h e r  m in im ize  c rush ing  o r  breaching o f  t h e  waste 

con ta ine rs .  

It i s  expected t h a t  i n c r e a s i n g  t h e  d i s t a n c e  between t h e  waste c a n i s t e r s  

and t h e  w a l l  by  i n c r e a s i n g  t h e  room t o  t h e  maximum des ign  w i d t h  o f  34 

f e e t ,  t he reby  i n c r e a s i n g  t h e  amount o f  loose  s a l t  b a c k f i l l  i n  t h i s  

space, w i l l  i nc rease  t h e  t i m e  i t  takes f o r  h o r i z o n t a l  c l o s u r e  t o  

c o n s o l i d a t e  t h e  b a c k f i l l  and t r a n s f e r  s u f f i c i e n t  l oad  t o  crush t h e  

waste c a n i s t e r s .  Th is ,  coupled w i t h  t h e  f a s t e r  r e t r i e v a l  schedules 

d iscussed p r e v i o u s l y  and t h e  f a c t  t h a t  t h e  b a c k f i l l  w i l l  n o t  be 

comp le te l y  conf ined,  w i l l  min imize c rush ing  and breaching o f  t h e  

c a n i s t e r s  as r e q u i r e d  by t h e  c r i t e r i a .  How much i t  w i l l  be minimized b 



cannot be determined u n t i l  t h e  r e s u l t s  f r om i n  s i t u  experiments d e a l i n g  

w i t h  b a c k f i l l  c o n s o l d i a t i o n  and c o n t a i n e r  s t a b i l i t y  become a v a i l a b l e .  

12.3.3.2 Storage Area D r i f t s  

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  s to rage area d r i f t s  w i t h  dimensions 

o f  8 x  25 f e e t  were p l o t t e d  a t  va r i ous  i n t e g r a t i o n  t ime  steps. These 

i n t e g r a t i o n  s teps correspond t o  r e a l  t imes immediate ly  a f t e r  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.  The 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 ,  p r i n c i p a l  s t resses,  and deformed shape were 

p l o t t e d  a t  these t imes based on t h e  r o o f - t o - f l o o r  creep parameters f o r  

a  r e p r e s e n t a t i v e  s t a t i o n  (Chapter 10). 

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 .  F igures  12-23 and 12-24 

show t h e  c a l c u l a t i o n  f o r  e f f e c t i v e  s t r e s s  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  d r i f t  opening. As w i t h .  s i m i l a r  

p l o t s  f o r  t h e  8 x  25- foot  d r i f t s  d iscussed i n  Chapter 10, each contour  

increment  represents  an e f f e c t i v e  s t r e s s  i n t e r v a l  o f  100 k s f .  

The p l o t  o f  e f f e c t i v e  s t r e s s  immediate ly  a f t e r  f l o o r  l ower ing  shows t h e  

impact on t h e  s t r e s s  d i s t r i b u t i o n  as a  r e s u l t  o f  t h e  d r i f t  h e i g h t  

m o d i f i c a t i o n .  Th i s  change i n  e f f e c t i v e  s t r e s s  p r e c i p i t a t e s  a  

concomitant inc rease i n  t h e  creep r a t e .  Th i s  appears as a  sharp b u t  

s h o r t  inc rease i n  s lope on t h e  r o o f - t o - f l o o r  c l o s u r e  versus t ime  curve 

(Chapter 10, F igu re  10-6, and t h i s  chapter ,  F igu re  12-21, Curve J ) .  

A t  t h e  end o f  5 years, t h e  a n h y d r i t e  bed shows a  very  l a r g e  e f f e c t i v e  

s t r e s s  g r a d i e n t  f r om t o p  t o  bot tom i n  t h e  v i c i n i t y  o f  t h e  d r i f t  f l o o r  

due t o  t h e  s t i f f n e s s  o f  t h e  bed. Maximum e f f e c t i v e  s t resses  a r e  i n  

excess o f  1,000 k s f .  

The e f f e c t i v e  creep s t r a i n s  have concentrated i n  t h e  r e g i o n  around t h e  

d r i f t  opening and i n t e n s i f y  w i t h  t ime.  A rough l i n e a r  e x t r a p o l a t i o n  o f  

e f f e c t i v e  creep s t r a i n  beyond 5 years i n d i c a t e s  t h a t  t h e  maximum 



CONTOUR 6(kd) 

F i g u r e  12-23 

STORAGE AREA DRIFTS 
EFFECTIVE STRESS DISTRIBUTION IMMEDIATELY AFTER FLOOR LOWERING 



CONTOUR i( ksf ) 

STORAGE AREA DRIFTS 
EFFECTIVE STRESS DISTRIBUTION 5 YEARS AFTER EXCAVATION 



average e f f e c t i v e  creep s t r a i n  may reach 16 percen t  a t  about  20 years C a f t e r  excava t 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  f rom 

l a b o r a t o r y  t e s t  da ta  (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  

15 percen t .  However, t h e  numer ica l  model ing i n d i c a t e s  . t h a t  t h e  

e f f e c t i v e  creep s t r a i n  drops o f f  s h a r p l y  away from 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  s c a l e  f a i l u r e  i n  h a l i t e .  

P r i n c i p a l  Stresses. The p l o t s  o f  p r i nc - i pa l  s t resses  (F igures  12-25 and 

12-26) c o n s i s t e n t l y  show t h e  "a rch"  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  p a s t  t h e  d r i f t  opening. The a rch  i s  

shown t o  m i g r a t e  away f r om t h e  opening w i t h  t ime.  As expected, t h e  

magnitude o f  ma jo r  p r i n c i p a l  s t r e s s  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 i n  t h e  u n d e r l y i n g  a n h y d r 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  sub jec ted  t o  l a r g e  s t r esses  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 to res "  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 .  
@- 

ij Deformat ion and Closure.  F i g u r e  12-27 shows t h e  deformed shape 5 years 

a f t e r  d r i f t  excavat ion,  o r  approx imate ly  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  bo th  t h e  r o o f  and wa.11~ a r e  creep-ing 

inward, t h e  upward f l o o r  heave i s  sma l l  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  t h e  u n d e r l y i n g  a n h y d r i t e  bed. 

The s t r e s s  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 i ng  t h e  

d r i f t  h e i g h t  i s  t h e  d r i v i n g  f o r c e  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 f e a t u r e s  o f  t h e  p l o t  a t  5 

years.  A c l o s e  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 i ppage  has occurred. The most n o t i c e a b l e  s l i ppage  has occurred 

i n  t h e  c l a y  seam l o c a t e d  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  d isp lacement  across t h e  seam i s  

app rox ima te l y  3 1/2 inches.  Ac tua l  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  c o e f f i c i e n t .  



F i q u r e  12-25 

STORAGE AREA DRIFTS 
PRINCIPAL STRESSES IMMEDIATELY AFTER EXCAVATION 
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Figure 12-26 

STORAGE AREA D R I F T S  
PRINCIPAL STRESSES 5 YEARS AFTER EXCAVATION 



F i n u r e  12-27 

STORAGE AREA DRIFTS 
DEFORMED SHAPE 5 YEARS AFTER EXCAVATION 



F i g u r e  12-28 demonstrates t h e  e f f e c t  o f  i n c r e a s i n g  t h e  v e r t i c a l  

d imension o f  a  s to rage  area d r i f t  a t  some p o i n t  a f t e r  i n i t i a l  

excavat ion.  'The f i n i t e  element model i s  c a l i b r a t e d  w i t h  i n  s i t u  data.  

It models an 8 x  25- foot  d r i f t  t h a t  has i t s  h e i g h t  increased t o  13 f e e t  

by excava t ing  an a d d i t i o n a l  5  f e e t  f r om t h e  f l o o r .  The 8 x  25- foot  

d r i f t  e x h i b i t s  t y p i c a l  c l osu re ;  t h a t  i s ,  t h e  curve  shows .h igh  r a t e  o f  

c l o s u r e  d u r i n g  p r ima ry  creep and a  n e a r l y  cons tan t  c l o s u r e  r a t e  dur-ing 

secondary creep. When t h e  f l o o r  i s  lowered ( i n  t h i s  case 2.3 years 

a f t e r  excava t ion) ,  p r ima ry  creep i s  t e m p o r a r i l y  r e i n i t i a t e d .  The 

secondary creep phase i s  e v e n t u a l l y  re-estab l ished,  b u t  w i t h  some 

d i f f e r e n c e .  The s lope  o f  t h e  curve  d u r i n g  secondary creep a f t e r  f l o o r  

l owe r i ng  i s  s l i g h t l y  s teeper  than  t h e  secondary creep p r i o r  t o  f l o o r  

lower ing .  The r a t e  o f  c l o s u r e  does n o t  r e t u r n  t o  t h e  i n i t i a l  r a te ,  b u t  

r a t h e r  r e f l e c t s  t h e  new, l a r g e r  dimension o f  t h e  d r i f t .  I n  t h i s  model, 

t h e  m o d i f i e d  d r i f t  has 11 inches o f  v e r t i c a l  c l o s u r e  5  years a f t e r  

i n i t i a l  excavat ion.  

The same computat ion i nc l uded  wa l l - t o -wa l l  c losure .  The e f f e c t s  o f  u 
f l o o r  l owe r i ng  were t h e  same as f o r  r o o f - t o - f l o o r  c l osu re .  A f t e r  f l o o r  

lower ing ,  p r ima ry  creep was r e i n i t i a t e d  and f o l l owed  by a  new secondary 

creep phase w i t h  a  s l i g h t l y  h i g h e r  c l o s u r e  ra te .  F i v e  years a f t e r  

i n i t i a l  excavat ion,  t h e  p r e d i c t e d  h o r i z o n t a l  c l o s u r e  i s  about 8 inches. 

A rough e x t r a p o l a t i o n  o f  t h e  p r e d i c t e d  r o o f - t o - f l o o r  and wa l l - t o -wa l l  

c l osu res  based on model s i m u l a t i o n  and r e s u l t i n g  secondary creep 

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

Roof-to-Fl oo r  Closure Wall-to-Wall C losure 
Time a t  2.0 inches/year  a t  1.6 inches/year  

(Years) ( i nches )  ( inches)  

The maximum e f f e c t i v e  s t r a i n  around t h e  d r i f t  opening reaches 6  percent  

C about 8 years a f t e r  excava t ion .  Based on i n  s i t u  observa t ions  and t h e  
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r e s u l t s  o f  model ing t h e  t e s t  rooms, t h i s  e f f e c t i v e  s t r a i n  o f  6  percen t  

may n o t  r e s u l t  i n  i n s t a b i l i t y  o f  t h e  d r i f t s .  However, i n  15 years t h e  

e f f e c t i v e  s t r a i n  ' a t  t h e  excava t i on  su r f ace  w i l l  exceed 10  pe rcen t  

l o c a l l y  and t h e  r o o f - t o - f l o o r  c l o s u r e  w i l l  be n e a r l y  30 inches. 

Accord ing  t o  t h e  f a i l u r e  c r i t e r i o n ,  based on l a b o r a t o r y  t e s t s  on 

samples o f  h a l i t e  (Chapter  6), t h e  h a l i t e  i s  supposed t o  f a i l  a t  about 

16 pe rcen t  e f f e c t i v e  s t r a i n .  Therefore,  m inor  su r f ace  d e t e r i o r a t i o n  

can be expected and some t r imming  w i l l  be r e q u i r e d  t o  p e r m i t  ope ra t i on  

o f  t h e  waste s t o rage  equipment. Because t h e  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 i n  t h e  s a l t ,  t r imm ing  on t h e  o r d e r  o f  o n l y  a  few f e e t  may 

be needed a f t e r  20 years.  

The s to rage  d r i f t s ,  as w i t h  t h e  s to rage  rooms, must accommodate g r e a t e r  

t h a n  p r e d i c t e d  c l osu re .  The re fe rence  des ign  p rov ides  f o r  waste 

s t o rage  i n  t h e  s to rage  a rea  d r i f t s  o n l y  a f t e r  a l l  o f  t h e  main s to rage  

rooms a r e  f i l l e d .  S ince  t h i s  would occur  toward t h e  end o f  t h e  

o p e r a t i n g  phase, waste i n  these  d r i f t s  would n o t  be s u b j e c t  t o  

P"", r e t r i e v a l  under  t h e  p r o v i s i o n s  govern ing t h e  5-year demonst ra t ion 
iy pe r i od .  Waste s t o r e d  i n  t h e  d r i f t s  would be on a  permanent bas i s .  

Inc reased  c l o s u r e  does impact  waste emplacement and emplacement 

machi.nery. I n  t h e  r e fe rence  design, t h e  g r e a t e s t  age a  d r i f t  would 

reach  b e f o r e  waste was emplaced would be about  15  years.  ~t t h i s  age, 

based on t h e  c a l c u l a t e d  c l o s u r e  f o r  a  13 x 25- foot  d r i f t ,  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  would be about  25 inches  and t h e  p r e d i c t e d  

w a l l - t o - w a l l  c l o s u r e  would be about  20 inches. The s to rage  d r i f t s  

would  have t o  be tr immed t o  p e r m i t  p roper  s to rage  and equipment 

c lea rance .  S i m i l a r l y ,  t h e  s t o rage  d r i f t s  and c rosscu ts  l e s s  than  25 

f e e t  w ide  would a l s o  r e q u i r e  t r imming.  

12.3.3.3 I n t e r s e c t i o n s  

The mode l ing  o f  i n t e r s e c t i o n s  i s  an expensive, three-d imensional  

a n a l y s i s .  However, t o  es t ima te  c l osu res  a t  a  s to rage  room 

i n t e r s e c t i o n ,  a  s i m p l i f i e d  method can be u t i l i z e d  i n  p l a c e  o f  a  



three-d imensional  ana l ys i s .  The f o l  l ow ing  d i scuss ion  develops t h e  

mathematical  r e l a t i o n s h i p  f o r  computing t h e  r o o f - t o - f l o o r  c l o s u r e  a t  

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

When normal ized t-ime i s  s u f f i c i e n t l y  l a rge ,  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 t h a t  room c l o s u r e  i n  t h e  normal ized t i m e  domain can 

be es t imated  by t h e  f o l l o w i n g  equat ion: 

u  = u* + ;*f t* when: t* > 1x10-" k s f  -4.9 
0 

A - Z t  
where: t* = C [ t  + :(I - e  ) ]  i s  t h e  normal ized t ime;  

u* i s  a  constant ;  and 
0 

C losure  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  equat ion  

12-3 when t h e  normal ized t i m e  i s  g r e a t e r  than  8 . 0 ~ 1 0 - l 2  k ~ f ' ~ . ~ .  

The average values o f  u*, and i*f 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  .967x101 k ~ f - ~ - ~ ,  r e s p e c t i v e 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  s to rage room i n t e r s e c t i o n .  

F igu re  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 design c r i t e r i a  r e q u i r e  t h a t  t h e  s to rage area re fe rence des ign  

c o n t a i n  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  -the waste s to rage panels  f rom 

each o the r .  The re fe rence des ign  con ta ins  recommended 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 .  It does not ,  however, 



prov ide  a  s p e c i f i c  des ign f o r  t he  plugs. The design o f  t he  plugs i s  
-\ c u r r e n t l y  under i n v e s t i g a t i o n  by SNL ( r e f .  12-8). 

The recommended l o c a t i o n s  f o r  t he  plugs a re  shown on F igure  12-30. The 

p lugs w i l l  be cons t ruc ted  i n  t h e  e n t r y  d r i f t s  t o  each panel. The f o u r  

main access d r i f t s  t o  t he  s torage area w i l l  a l s o  con ta in  plugs. The 

s e c t i o n  o f  t h e  e n t r y  d r i f t s .  l ead ing  from t h e  access d r i f t s  t o  t h e  f i r s t  

s torage room i s  200 f e e t  long. The reference design conta ins  

p r o v i s i o n s  f o r  t h e  c o n s t r u c t i o n  o f  approx-imately 100-foot long p lugs 

centered i n  t h i s  200-foot s e c t i o n  o f  each e n t r y  d r i f t .  

O r i g i n a l l y ,  t h e  re fe rence design conta ined e n t r y  d r i f t  cross sec t i on  

dimensions of 13 f e e t  h igh  and 33 f e e t  wide. These dimensions a re  t h e  

same as those f o r  t h e  s torage room re fe rence design and were chosen 

based on waste con ta ine r  s tack ing  considerations. This  design was 

mod i f i ed  as t h e  r e s u l t  o f  a  meeting between the  DOE and a l l  p r o j e c t  

p a r t i c i p a n t s  ( r e f .  3-2). The re fe rence design m o d i f i c a t i o n  was based 

on t h e  necess i t y  t o  min imize t h e  cross sec t i on  area o f  t he  plugs w h i l e  

ma in ta in ing  s u f f i c i e n t  room f o r  t h e  excavat ion and waste s torage 

equipment. 

The re fe rence design m o d i f i c a t i o n  f o r  t he  e n t r y  d r i f t s  i s  shown on 

F igu re  11-31. The 100-foot long  sec t i on  con ta in ing  t h e  p lug  has been 

reduced i n  cross s e c t i o n  t o  13 f e e t  h igh  and 14 f e e t  wide f o r  t h e  

exhaust d r i f t  and 20 f e e t  wide f o r  t he  i n t a k e  d r i f t .  However, t he  

ope ra t i ng  c o n t r a c t o r  may f u r t h e r  modi fy  these dimensions t o  accommodate 

equipment. The f o u r  main access d r i f t s  w i l l  r e t a i n  t h e i r  o r i g i n a l  

cross s e c t i o n  dimensions i n  t h e  areas o f  t he  planned plugs. 

The p l u g  shown on F igure  12-31 would c o n s i s t  o f  m u l t i p l e  components as 

descr ibed i n  re fe rence 12-8. These components i nc lude  a  c e n t r a l  core o f  

b e n t o n i t e  o r  bentonite-based mix, s a l t - b r i c k  bulkheads, and cement-based 

bulkheads . P r i o r  t o  c o n s t r u c t i n g  t h e  mu1 tiple-component p lug  i n  an 

e n t r y  d r i f t ,  t h e  ope ra t i ng  c o n t r a c t o r  must i n v e s t i g a t e  t he  d i s tu rbed  

zone surrounding the  d r i f t .  In p a r t i c u l a r ,  t h e  occurrence of any 

f r a c t u r e s  w i t h i n  and above HB-139, beneath t h e  f l o o r ,  and any 
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sepa ra t i ons  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  

C zones o f  unacceptable p e r m e a b i l i t y  a r e  de tec ted  i n  t h e  f l o o r ,  t h e  p l u g  

area should be lowered t o  remove t h e  f r a c t u r e d  zone and ME-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 th rough t h e  h i ghes t  seam 

e x h i b i t i n g  separa t ion .  

I f  t h e  d i s t u r b e d  zone e f f e c t s  a re  n o t  s u b s t a n t i a l ,  low-pressure 

g r o u t i n g  may be cons idered as an a l t e r n a t i v e  remedial  a c t i o n .  Th i s  

would p e r m 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 ,  p ressure  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 i on  t o  t r e a t  deeper- f r a c t u r e s ,  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 to rage  room re fe rence  

des ign  i nc l udes  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 to rage  area d r i f t  and room dimensional  r equ i  rements 
'"--+- 
i a r e  shown on F igures  12-2 and 12-3. The t h i ckness  of t h e  s a l t  b a c k f i l l  
Iu cover i ng  t h e  waste packages shown on these f i g u r e s  i s  1  t o  2  fee t .  

T h i s  i s  t o  be t h e  t h i ckness  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  d u r i n g  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  t h e  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  s to rage  rooms based on an acc iden t  

scena r i o  i n  which spontaneous i g n i t i o n  o f  t h e  con ten ts  o f  a  CH TRU 

waste c o n t a i n e r  resu1 t s  i n  f i r e  p ropagat ion  t o  ad jacen t  con ta iners .  

Recent s t u d i e s  concern ing 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 con ta ine rs  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 .  A l though back f  i 11 i s  a  des ign  c r i t e r i a  requi rement  and 

t h e r e f o r e  must be i nco rpo ra 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 t u d i e s  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 i o n .  



12.6 CONCLUSIONS AND RECOMMENDATIONS 

The f o l  l ow ing  subsect ions present  conc lus ions  p e r t a i n i n g  t o  v a l i d a t i o n  

o f  t h e  WIPP s to rage area  re fe rence  design and recommendations f o r  

des ign  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  c o n f i g ~ ~ r a t i o n s  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 eva l  u a t i o n  o f  da ta  c o l  l e c t e d  d u r i n g  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  design 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 r e d i c t e d  f rom l a b o r a t o r y  t e s t  da ta  and t h e  

c l o s u r e  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 to rage 

area  re fe rence  des ign  c o n f i g u r a t i o n s  were designed be fo re  long- term i n  

s i t u  da ta  were a v a i l a b l e .  Closure r a t e s  were est imated us ing  creep 

cons tan ts  de r i ved  f rom t h e  l a b o r a t o r y  analyses o f  s a l t  cores f rom 

borehole ERDA-9. These es t imates  r e s u l t e d  i n  t h e  es tab l i shment  o f  a  

c l o s u r e  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  da ta  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 l o s u r e  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 l o s u r e  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  unde rp red i c t i on  o f  

c l o s u r e  r e q u i r e s  a d d i t i o n a l  s tudy 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  design t o  meet t h e  des ign  c r i t e r i a  

requirements. The waste con ta ine rs  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 

c o n t a i n e r  s tack ing  c o n f i g u r a t i o n s  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 des ign  room and d r i f t  c o n f i g u r a t i o n s .  I n  

o r d e r  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 to rage area  design c o n f i g u r a t i o n s  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  a1 t e r n a t i v e  m o d i f i c a t i o n s  a r e  presented i n  t h e  n e x t  

subsect ion.  



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  

s t resses  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  

compu.ted 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, t h e  magnitude o f  

s t resses  immediate ly  ad jacent  t o  t he  openings decreases and t h e  s t ress  

a rch  around t h e  openings migrates away w i t h  t ime. The maximum s t ress  

occurs immediate ly  a f t e r  excavat ion and i s  fo l lowed 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 

b u i l d u p  o f  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  anhydr i te .  This  

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 inde r  t h e  waste 

s to rage operat ions.  I n v e s t i g a t i o n s  o f  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  ma jor  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 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  a t  d i f f e r e n t  t imes around t h e  openings. Based on t h e  

p r e d i c t e d  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 i s  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 he  

1  i m i t s  requ i red  f o r  s a f e t y  du r i ng  t h e  5-year demonstrat ion per iod  and 

permanent storage. Minor  s p a l l s  and f a i l u r e s  on t h e  w a l l  surfaces, 

s i m i l a r  t o  t h e  ones discussed 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. Sca l ing  c i  tnese minor 

f a i  1  ures, when necessary, i s  considered a  normal maintenance operat 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 uniform. No anomalous 

c o n d i t i o n s  have been encountered t h a t  would jeopard ize  f a c i  1  i t y  

opera t 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  

o c c u r r i n g  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 torage rooms. These f r a c t u r e s  a re  n o t  considered t o  be 

d e l e t e r i o u s  t o  s torage 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 adversely  a f f e c t  

waste s torage operat ions.  



The s to rage  area has been deslgned t o  accommodate panel p lugs  as 

r e q u i r e d  by t h e  c r i t e r i a .  The re fe rence  design f o r  t h e  panel e n t r y  

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  area. The 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  a1 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 to rage rooms w i l l  c l o s e  a t  a  r a t e  f a s t e r  than  

originally 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  requi rement  w i l l  

p r o v i d e  a d d i t i o n a l  a1 lowance f o r  v e r t i c a l  c losure .  Th i s  has f a v o r a b l e  

imp1 i c a t i o n s  i n  terms o f  recommended m o d i f i c a t i o n s  d iscussed i n  t h e  

n e x t  subsect ion. 

12.6.2 Recommendations 

The re fe rence  design w i l l  be v a l i d a t e d  when any of 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  incorpora ted :  

(1 )  M a i n t a i n  t h e  re fe rence design room dimensions (13 t o  14 f e e t  

h i g h  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 mod i fy  t h e  waste 

s t a c k i n g  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 r e q u i r e d  o n l y  d u r i n g  

t h e  5-year demonstrat ion pe r i od .  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. Th i s  w i l l  assure t h a t  t h e  

waste con ta ine rs  w i l l  n o t  be crushed o r  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 i od .  

(2 )  M a i n t a i n  t h e  re fe rence design room dimensions and t h e  waste 

s to rage volume. Revise t h e  c r i t e r i a  t o  d e l e t e  t h e  

requi rement  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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waste i s  t o  be r e t r i e v e d  i t  s h a l l  be done be fo re  t h e  age o f  

any room i n  which waste i s  be ing  r e t r i e v e d  reaches 7 years. 

Th is  w i l l  p rec lude t h e  p o s s i b i l i t y  o f  c rush ing  and/or 

b reach ing  any waste con ta ine rs  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 design room djmensions, 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 ions  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  n o t  be o l d e r  t han  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.  Th i s  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 t a t e d  under (5)  o f  these 

recommendations. However, due t o  t h e  f i r s t - i n / f  i r s t - o u t  

recommendation, more rooms w i  11 be requ i  red  d u r i n g  t h e  

5-year demonstrat ion p e r i o d  t o  accommodate t h e  expected 

volume o f  waste. Trimming t o  t h e  f i n a l  dimensions w i l l  a l s o  

i nc rease  ope ra 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)  Fo r  t h e  5-year demonstrat ion per iod ,  reduce t h e  s to rage room 

w i d t h  f rom 33 f e e t  t o  28 f e e t ,  m a i n t a i n  t h e  13 t o  14 - foo t  

he igh 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 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 i g h  as p rov 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  backf- i  11. Excavate t h e  rooms t o  

14 x 28 f e e t  then, a f t e r  approx imate ly  1 year, t r i m  them t o  

1 4 x 2 8  f e e t  again. Prov ide f o r  f i r s t - i  n / f  i r s t - o u t  

. emplacement and r e t r i e v a l  d u r i n g  t h e  5-year demonstrat ion 

pe r i od .  Th is  w i l l  reduce t h e  r a t e  o f  creep t o  approx imate ly  



t h e  r a t e  f o r  t h e  1 3  x 25- foo t  d r i f t s .  The p o t e n t i a l  f o r  

c r u s h i n g  -and b reach ing  of t h e  waste c o n t a i n e r s  w i l l  be 

m in im ized  and t h e  s t a b i l i t y  should  be b e t t e r  t han  t h a t  f o r  a  

33- foo t  wide room. The t o t a l  volume o f  excava t ion  w i l l  be 

app rox ima te l y  t h e  same. I f  t h i s  a1 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 i ng  e v a l u a t i o n  w i l l  be requ i red .  

( 5 )  M a i n t a i n  a l l  o f  t h e  f e a t u r e s  o f  t h e  r e fe rence  design. That  

i s ,  m a i n t a i n  t h e  s to rage  room c o n f i g u r a t i o n  of 13  f e e t  h i g h  

and 33 f e e t  wide, m a i n t a i n  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  

p lanned volume o f  waste t o  be s t o r e d  i n  each room and d r i f t ,  

and m a i n t a i n  t h e  same op t im i zed  excava t ion  p l a n  f o r  t h e  

5-year demons t ra t ion  p e r i o d  and permanent s torage.  Revise 

t h e  des ign  - c r i t e r i a  t o  a1 low c rush ing  and b reach ing  o f  t h e  

CH waste c o n t a i n e r s  d u r i n g  t h e  5-year demonst ra t ion p e r i o d  

as w e l l  as d u r i n g  permanent s torage.  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  demons t ra t ion  o f  waste package hand1 i n g  

t o  i n c l u d e  a demons t ra t ion  o f  t h e  r e t r i e v a l  o f  crushed and 

breached c o n t a i n e r s  p r i o r  t o  r e c e i v i n g  waste. Th i s  

a l t e r n a t i v e  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 i f  r e q u i  r ed  d u r i n g  t h e  5-year demonst ra t ion p e r i o d  b u t  

a l s o  a t  any t i m e  d u r i n g  permanent s to rage .  

I n  a d d i t i o n  t o  t hese  recommended 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  recommended: 

( 6 )  The d r i f t s  used f o r  s to rage  w i l l  have t o  be ma in ta ined  and 

tr immed t o  p r o v i d e  t h e  r e q u i r e d  equipment and s to rage  

cleara.nces. The 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  f o r  s to rage  

because these  d r i f t s  w i l l  be used o n l y  f o r  permanent s to rage  

nea r  t h e  end o f  t h e  permanent s t o rage  pe r i od .  



( 7 )  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  plugs i n  t h e  e n t r y  d r i f t s .  

( 8 )  I n s t a l l  instrumentat ion i n  t h e  storage rooms t o  o b t a i n  i n  

s i t u  data  t o  monitor storage room behavior.  



GLOSSARY 

G. 1 TERMINOLOGY 

Back - The r o o f  o f  underground h o r i z o n t a l  openings . - 

Bunton - Hor i zon ta 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 e d  i n  t h e  C & SH 

s h a f t  t o  suppor t  t h e  wood guide r a i l s  which cen te 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 ransu ran i c  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  sur 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 m / h .  

Closure - The gradual decrease i n  d i s tance  between two opposing po in 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. 

Convergence - See llclosurell. 

Data logger  - Computer system t h a t  c o l l e c t s  and records t h e  ou tpu t  o f  

geomechanical ins t rumenta t ion .  

Desiqn bases - De ta i l ed  requirements es tab l i shed  from the  design 

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 o f  t h e  

eng ineer ing  design o f  t h e  WIPP underground f a c i l i t i e s .  

Desiqn c o n f i g u r a t i o n  - Engineered design dimensions o f  underground 

f a c i  1 i t y  openings based on requ i  rements o f  design c r i t e r i a  and design 

bases. 

Desiqn c r i t e r i a  - General requirements es tab l i shed t o  govern t h e  

eng ineer ing  design o f  t h e  W I P P  underground f a c i l i t i e s .  



GLOSSARY (cont inued)  

-Deslsn v a l  l d a t i o n  - The process o f  con f i rm ing  t h e  W I P P  underground 

opening re fe rence  design 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 l  t e r i a ,  des ign bases and re fe rence design c o n f i g u r a t i o n s  us ing  s i t e  

s p e c i f i c  i n fo rma t i on .  V a l i d a t i o n  i s  achieved th rough 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 openings, 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 . 

Drummv - Term used t o  desc r l be  rock  t h a t  sounds h o l l o w  o r  loose  when 

tapped w l t h  a s o l l 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 l l l t y  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  W I P P  

f a c l l l t y  developed f o r  waste s to rage purposes. 

F l o o r / r o o f  beam - The rock  th l 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  unde r l y i ng  o r  o v e r l y i n g  c l a y  seam. 

Gal loway - A mul t 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  s h a f t .  

Long-term m o n i t o r i n g  - The extended a c q u i s i t i o n  and e v a l u a t i o n  o f  da ta  

t o  determine t h e  geomechanical response o f  t h e  r o c k / s a l t  t o  

excavat ion.  These da ta  w i l l  supplement t h e  R & D program. 

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  

o r  h o r i z o n t a l  opening excavat ion.  

Penecontem~oraneous - Term used t o  i n d i c a t e  a geo log ic  process t h a t  

occurs concur ren t  w i t h  o r  a f t e r  sediment d e p o s i t i o n  b u t  be fo re  

l i t h i f i c a t i o n .  
6-2 



GLOSSARY (cont inued) 

Potash - Any potassium-r ich rock mined and r e f i n e d  t o  produce products 

used i n  a g r i c u l t u r e  o r  i ndus t r y .  

P re l im ina ry  desiqn v a l i d a t i o n  - The process o f  ach iev ing  a  p re l im ina ry  

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

c o n f i g u r a t i o n s  e a r l y  i n  cons t ruc t ion ,  p r i m a r i l y  by v i sua l  observat ions 

o f  t h e  underground openings and geomechanical ins t rumenta t ion  

measurements. 

R s D Proqram - The WIPP miss ion designed t o  p rov ide  a  techn ica l  

understanding o f  systems design, s a f e t y  and environmental assessments 

f o r  t h e  d isposa l  o f  r a d i o a c t i v e  waste from U.S. defense programs. The 

program inc ludes  technology development through l abo ra to ry  t e s t i n g  o f  

t h e o r e t i c a l  ana lys i s  and i n  s i t u  t e s t i n g  t o  evaluate t h e  techniques 

used t o  mon i to r  t h e  responses o f  materia.1 s  and f a c i  1  i t y  systems. 

RH TRU waste - Remote-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  sur face o f  t h e  package i s  g rea te r  than 200 

mi 11 i rem/h b u t  l ess  than 100 rem/h. 

Rib - The v e r t i c a l  w a l l  o f  underground h o r i z o n t a l  openings. - 

S c a l i n q  - The removal o f  loose rock f rom underground opening surfaces. 

Sha f t  o u t f i t t i n g  - The process o f  i n s t a l  1  i n g  s h a f t  f u rn i sh ings  

( u t i l i t i e s ,  buntons, guides, conveyance equipment, e tc . ) ,  as w e l l  as 

s t a b i l i z i n g  t h e  w a l l  by means o f  rock b o l t s ,  w i r e  mesh o r  l i n i n g .  

Short - term m o n i t o r i n g  - The a c q u i s i t i o n  and eva lua t ion  o f  data t o  

determine t h e  i n i t i a l  geomechanical response o f  t h e  r o c k / s a l t  t o  

excavat ion.  



GLOSSARY (cont inued) 

S i t e  and P r e l i m i n a r y  Design V a l i d a t i o n  (SPDVL - A W I P P  program 

c o n s i s t i n g  o f  two i n t e g r a t e d  .subprograms, S i t e  Val i d a t i o n  and 

P re l im ina ry  Design Va l i da t i on ,  t h a t  a r e  de f i ned  i n  t h e i r  i n d i v i d u a l  

l i s t i n g s .  

S i t e  c h a r a c t e r i z a t i o n  - 'The process of o b t a i n i n g  geotechnical  da ta  and 

conduct ing experiments t o  determine t h e  s u i t a b i l i t y  o f  t h e  WIPP s i t e  

f o r  a  research and development f a c i l i t y  t o  demonstrate t h e  sa fe  

d i sposa l  o f  defense-re l8ted nuc lea r  waste. 

S i t e  v a l i d a t i o n  - The process of ach iev ing  t h e  h ighes t  p r a c t i c a b l e  

l e v e l  of conf idence i n  t h e  s i t e ' s  s u i t a b i l i t y  and o v e r a l l  q u a l i f i c a t i o n  

th rough subsurface i n v e s t i g a t i o n s .  

S labb ing  - The weakening o f  rock fragments o r  segments a long f r a c t u r e s  

p a r a l l e l  t o  t h e  excavat ion sur face.  

Spud - To begin d r i l l i n g  a  w e l l ,  ho le  o r  sha f t .  

S p a l l i n g  - The breaking loose o f  ch ips,  t h i n  slabs, o r  fragments f rom 

t h e  o u t e r  sur face o f  a  rock mass. 

T e l l t a l e  p i p e  - A p ipe  used t o  mon i to r  t h e  e f f e c t i v e n e s s  o f  t h e  

chemical water  sea ls  i n  t h e  s h a f t  keys. The p ipe  prov ides  a  pathway 

f o r  water  t o  f l o w  through t h e  concrete beneath t h e  seals f rom t h e  

sa l t / conc re te  i n t e r f a c e  t o  t h e  i n s i d e  face  o f  t h e  conc re te  key. 

Transuranic (TRU) waste - Radioact ive waste con ta in ing  t r a n s u r a n i c  

elements c rea ted by t h e  absorp t ion  o f  neutrons i n t o  uranium atoms. 

Underground development l e v e l  - See " f a c i l i t y  l e v e l u .  



GLOSSARY (.continued) 

Undersround f a c i l i t y  ho r i zon  - The s t r a t i g r a p h i c  ' in te rva l  w i t h i n  the  

Salado format ion,  f rom a  depth o f  approx-imately 2,100 t o  2,170 f e e t  

, (e lev .  1240 t o  1310 f e e t ) ,  which was selected f o r  t e s t i n g  and storage 

of low- level  nuc lea r  waste. 

6.2 ACRONYMS 

AC I 

AEC 

BN I 

BTP 

C & SH 

CH TRU 

DOE 

FEIS 

,f-; 
GFDR 

' GSA 

G'T P 

LTC 

M I  I T  

MOC 

MSHA 

N AS 

R & D  

RH TRU 

R M C - I I A  

SA R 

SME 

SPDV 

TRU 

TSC 

USGS 

WIPP 

American Concrete I n s t i t u t e  

Atomic Energy Commission 

Bechtel  Nat iona l ,  Incorpora ted  

B r ine  Tes t ing  Program 

Const ruc t ion  and s a l t  handl ing 

Contact-handled t ransuran ic  
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