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ABSTRACT 

The Uni ted States and the  Federal Republic of Germany (FRG) w i l l  
conduct a b r i n e  migra t ion  t e s t  i n  the  Asse S a l t  Mine i n  the  FRG as pa r t  o f  t he  
U .S./FRG Cooperative Radioactive Waste Management Agreement. 

i nc lus ion  migra t ion  and vapor migrat ion i n  the  two s a l t  types chosen f o r  t h e  
experiments: (1) pure s a l t ,  f o r  i t s  cha rac te r i s t i cs  s i m i l a r  t o  the  s a l t  t h a t  
might occur i n  p o t e n t i a l  U.S. reposi tor ies,  and (2) t r a n s i t i o n a l  s a l t ,  f o r  i t s  
s i m i l a r i t y  t o  t h e  s a l t  t h a t  might occur i n  po ten t i a l  repos i to r ies  i n  Germany. 

Two sets o f  two t e s t s  each w i l l  be conducted t o  study both l i q u i d  
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1 .O INTHODUCTION 

A program o f  t e s t i n g  r e l a t e d  t o  nuclear waste disposal i s  t o  be conducted i n  
the  Asse s a l t  mine i n  the  Federal Republic o f  Germany (FRG) unaer the  US/FHG 

Cooperative Radioactive Waste Management Agreement. One p a r t  o f  t h i s  program 
i s  a b r i n e  m ig ra t i on  t e s t  which i s  described i n  t h i s  Test Plan. 

I n  the U.S., the t e s t  program i s  funded by the Department o f  Energy through the 
O f f i c e  o f  Nuclear Waste I s o l a t i o n  operated by B a t t e l l e  Memorial I n s t i t u t e .  
Test design and con t ruc t i on  i s  by the Advanced Energy Systems D i v i s i o n  o f  West- 
i nyhouse E l e c t r i c  Corporation and t h e i r  subcontractor, D'Appolonia Consult ing 

Engineers, under Contract No. E512-02700. I n  the FRG, the  program i s  funded by 
the Bundesministerium f u r  Forschung und Technologie (BMFT) a t  the request o f  the 

Physikal isch-Technische Bundesanstal t (PTB). The program i s  operated by trie 
I n s t i t u t  f u r  Tief lagerung o f  t he  Gesellschaft fur Strahien-und Umwel tforscriuny 
(GSF- I f T )  . 
Thtt b r i n e  m ig ra t i on  t e s t  i s  designed t o  s t imulate ana measure t t ie motion o f  

water i n  s a l t  a t  Asse under t y p i c a l  reposi tory  condi t ions,  i nc lud ing  rad ia t i on .  
Observations of t h i s  motion w i l l  be useful i n  determining the  amount o t  water 
t h a t  would be released from the  s a l t  i n  a reposi tory.  I n  addi t ion,  in format ion 
about the  behavior o f  s a l t  and p o t e n t i a l  b a r r i e r  mater ia ls  w i l l  be obtainea. 

Two of the s a l t  types ava i l ab le  a t  Asse have been selected f o r  test ing.  One i s  
t h e  Ubergangssalz ( t r a n s i t i o n  s a l t )  which i s  consiaered t o  be representat ive of' 

r epos i to ry  s a l t s  i n  Germany and, therefore, these t e s t  r e s u l t s  w i l l  be d i r e c t l y  
appl icable t o  German repos i to ry  design. 

Test ing i n  t h i s  s a l t  w i l l  a l s o  provide in format ion r e l a t i v e  t o  the behavior o f  

water i n  s a l t  f o r  t he  U.S. More informat ion w i l l  be obtained by conducting 
t e s t s  i n  the  Speisesalz (pure s a l t )  which i s  considered t o  be s i m i l a r  t o  U.S. 

domed sal  t. Both types of s a l t ,  unfortunately , repor ted ly  conta in  very small 
q u i i n t i t i e s  o f  l i q u i d  inc lus ions i n  the  s a l t ,  and so on ly  the  vapor m ig ra t i on  



theory can be observed a t  the Asse t e s t  s i t e .  Fur ther  t e s t i n g  a t  another 
l o c a t i o n  w i l l  be requi red t o  ob ta in  in format ion about 1 i q u i d  i n c l u s i o n  motion. 
The hardware developed f o r  t h i s  t e s t  wi l l  be appl icable f o r  the f u t u r e  t e s t i n g .  

Th is  f i n a l  t e s t  p l a n  provides a desc r ip t i on  o f  t he  object ives o f  the t e s t ,  the 
basis upon which the t e s t  has been developed and a pre l iminary desc r ip t i on  o f  
t h e  t e s t  hardware and t e s t  a c t i v i t i e s  and a schedule f o r  completion ana i n s t a l -  

l a t i o n  of the t e s t  equipment. 
plan, a l l  elements o f  t he  t e s t  design have n o t  been completed. 
major items y e t  t o  be determined inc lude evaluat ion of the s u i t a b i l i t y  o f  t h e  
propdsed t e s t  s i t e ,  t he  conf igurat ion o f  t he  s i t e ,  the d e t a i l e d  design o f  t he  
t e s t  hardware, development of i n s t a l  l a t i o n ,  operat ion and pos t - tes t  evaluat ion 
procedures. 

I t  i s  noted that ,  although t h i s  i s  a f i n a l  t e s t  

Some o f  t he  

One add i t i ona l  i t e m  should be noted. The thermomechanical analys is  o f  the s a l t  
presented i n  Section 6.9 i s  i n  a very pre l iminary form. The r e s u l t s  have n o t  

y e t  been reviewed f o r  accuracy o r  s u i t a b i l i t y .  They a re  reported here due t o  
t h e i r  p o t e n t i a l  major impact on the performance o f  the  t e s t  and the t e s t  equip- 
ment, b u t  these conclusions a re  n o t  f i r m  nor  have c o r r e c t i v e  act ions y e t  been 

taken based upon these resu l t s .  This in format ion w i l l  be finalized and more 
r e s u l t s  obtained dur ing the f i n a l  design phase o f  t h i s  tes t .  

2 



2.0 SCOPE, ISSUES AND OBJECTIVES 

2.1 SCOPE 

Westinghouse E l e c t r i c  Corporation and i t s  subcontractor, 0 'Appolonia Consul t i n y  
Engineers Inc.  have a cont rac t  w i t h  The O f f i c e  of Nuclear Waste I s o l a t i o n  

(ONWI) t o  design and cons t ruc t  hardware f o r  a b r i n e  migra t ion  tes t .  The hara- 
ware w i l l  be designed t o  s t imulate and a l low observat ion o f  b r i n e  migra t ion  i n  
t h e  f i e l d  and w i l l  i n i t i a l l y  be u t i l i z e d  i n  the  Asse mine i n  West Germany. 
Under the  prov is ions of a b i l a t e r a l  agreement between the governments o f  t he  
Uni ted States and the  Federal Republic o f  Germany (FHG), i n  general terms the  

U.S. i s  t o  design and const ruct  t e s t  hardware (except the shielding container 
f o r  the  Co-60 r a d i a t i o n  source and the  e l e c t r i c a l  power supply) and the  FRb i s  
t o  i n s t a l l  and operate the  t e s t  i n  the  Asse mine. 

2.2 ISSUES 

Issues related to brine migration have been identified by ONWI. 

2.2.'1 Brine Migration 

It has been observed both i n  the  laboratory  and f i e l d  t e s t s  t h a t  when a heat 
SourlCe i s  placed i n  a s a l t  deposi t  there i s  a tendency f o r  the  water trapped i n  

t h e  s a l t  rock t o  move toward t h e  source o f  heat. T h i s  water, occurring in dif- 
ferent  forms, can accelerate corros ion o f  a waste package emplaceci i n  the  s a l t  
depos i t  and cou ld  i n i t i a t e  leaching o f  rad ioac t ive  ma te r ia l s  from the  waste 

form. The repos i to ry  and waste package designers can design t o  accomnodate 
t h i s  water, b u t  requ i re  a r e l i a b l e  method t o  develop an upper est imate o f  t he  

amount of water which could reach the waste package. Laboratory t e s t i n g  t o  
determine t h e  c h a r a c t e r i s t i c s  o f  b r i n e  migra t ion  can approximate t h e  envi ron- 
ment around a waste conta iner  i n  a reposi tory,  bu t  cannot dup l i ca te  the  s t ress  

f i e l d  and cannot e a s i l y  conduct l a r g e  size, long  term tes t ing .  To conf i rm 
labora tory  der ived models fo r  b r i n e  migrat ion,  i t  i s  necessary t o  conduct f i e l a  
tes ts .  These t e s t s  should be designed t o  measure the  phenomenon o f  b r i n e  

6$ 
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migra t i on  over t h e  range o f  parameters which a re  s i g n i f i c a n t  t o  repos i to ry  
operation. Calcu lat ions of b r i n e  m ig ra t i on  of 1 i q u i d  i nc lus ions  i n d i c a t e  t h a t  
b r i n e  a r r i v e s  a t  the waste package f o r  a t  l e a s t  one hundred years a f t e r  

emplacement. Therefore, a t e s t  cannot be designed t o  d i r e c t l y  measure t o t a l  

b r i n e  i n f l u x  d i r e c t l y .  It i s  necessary t o  conf i rm mathematical mociels which 

can be used t o  ca l cu la te  m ig ra t i on  over long t ime periods. The value o f  para- 
meters t h a t  inf luence b r i n e  m ig ra t i on  such as temperature d i s t r i b u t i o n ,  thermal 
gradient, borehole pressure, etc., change over time. 
sary t o  perform measurements of b r i n e  m ig ra t i on  over a range of these paramet- 
e r s  t o  conf i rm model i n p u t  values. 

Therefore, i t  i s  neces- 

There a re  two models o f  b r i n e  m ig ra t i on  which are described i n  more d e t a i l  i n  
Section 6.0: 

0 L i q u i d  Inc lus ion  Migrat ion - This  i s  motion o f  small (10 - 1Oc)O 
pm) inc lus ions of b r i n e  located w i t h i n  the s a l t  c r y s t a l s  o r  or1 
t he  g r a i n  boundaries. This  motion i s  considered t o  be propor- 
t i o n a l  t o  the l o c a l  temperature gradient and increases i n  velo- 
c i t y  a t  h igher  temperatures. It i s  a l so  a f fec ted  by the  corn- 
ponents of the br ine,  the s izes of the inc lus ions,  the g r a i n  
boundari'es and the presence o f  o ther  minerals i n  the s a l t ,  b u t  
these e f fec ts  have n o t  y e t  been quantized. The motion i s  n o t  
considered t o  be sens i t i ve  t o  borehole as pressure o r  (over 
reasonable ranges of compressive s t ress 3 t o  the s a l t  s t ress  s ta te .  

Vapor M ig ra t i on  - Water vapor, formed by evaporating water from 
b r i n e  i n  the  s a l t  po ros i t y  o r  from hydrated minerals, can t r a v e l  
v i a  pressure gradients through the  permeablity o f  the s a l t  t o  the 
borehole. This model i s  sens i t i ve  t o  the water vapor pressure 
(which i s  affected by b r i n e  o r  hydrated mineral composition and 
temperature), by borehol e pressure, and by sal  t permeabi 1 i ty . It 
i s  n o t  affected d i r e c t l y  by temperature gradient  o r  s a l t  s t ress 
although s a l t  s t ress may a f f e c t  the s a l t  permeabi l i ty .  

0 

2.2.2 Rad ia t ion  

The waste form emits r a d i a t i o n  i n  the form o f  gamma rays ana a low l e v e l  o f  
neutrons. The s a l t  could be a f fec ted  by 
r a d i a t i o n  hardening and by development o f  c o l o r  centers ana poss ib ly  by co l -  

l o i d a l  sodium. The br ine,  e i t h e r  i n  the sal  t o r  accumulated arouna the waste 

This may a f f e c t  the s a l t  and br ine.  
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packiige, may produce gases and corrosive chemical compounds by radiolysis.  bas 

production i n  brine i n  the s a l t  could form a gas bubble i n  a brine inclusion by 
expanding the inclusion volume by h i g h  pressure gas, which could reverse the 
inclusion 's  direction of motion, or  possibly cause s a l t  decrepitation releasing 
the water. Gas production could a l so  increase the pressure arouna the waste 
package, perhaps enough t o  f racture  the s a l t  o r  t o  breach the seal between the 
packiige and the mine. The potential and ef fec ts  of radiation on brine miyra- 
t ion a re  not we1 1 known. No laboratory tes t ing has been conducted w h i l  e the 
project  s a l t  vaul t  tes t ing indicated 1 i t t l e  radiation impact. 

2.2.3 Gas Generation 

Gas c:an be generated by radiolysis  a s  described above, by corrosion of the 
gas are  t o  

erate  cor- 
waste container or  by release of gas from the s a l t .  The 
increase the pressure around the contairror and t o  potent 
rosi cln of package materi a1 s. 

ef fec ts  o 
a l ly  acce 

2 .2 .4  Accelerated Corrosion and Leachina 

The presence of brine could increase the ra te  of corrosion of the waste pack- 
age. The package corrosion products, along w i t h  the brine consti tuents,  can 
a f f ec t  the leaching of  nuclides from the waste form. 
observation o f  the environment resulting from a waste package emplacement and  
attendant brine migration i s  an important issue. 

Therefore, s i m u l a t i o n  and 

2 .2 .5  Altered Mechanical Properties o f  the S a l t  

The e f f e c t  of heat,  stress, radiation and brine on the s a l t  around the waste 
package may a l t e r  the s a l t  mechanical properties near the waste package arid 
t h u s  may a f f ec t  the in tegr i ty  of the s a l t  containment of the waste or possibly 
disrupt the mu1 t i  barr ier  waste package or  interface w i t h  re t r ieva l .  

2.3 OBJECTIVES 

The  albjectives of brine migration tes t ing  a re  t o  answer the questions raisea by 
the above issues. However, due t o  the charac te r i s t ics  of the s a l t  a t  Asse, n o t  

5 



a l l  o f  the object ives t h a t  are important t o  the U.S. can be s a t i s f i e d  by t e s t -  

i n g  a t  Asse. Therefore, add i t i ona l  t e s t i n g  should be conducted a t  another s i t e  
t o  supplement t h e  informat ion gained a t  Asse. The f u l l  s e t  o f  ob ject ives t h a t  
would be s a t i s f i e d  by t e s t s  a t  a fu ture s i t e  with other  s a l t  c h a r a c t e r i s t i c s  
w i l l  be r e f e r r e d  t o  as generic t e s t  design object ives,  wh i l e  those f o r  t he  t e s t  
a t  Asse are r e f e r r e d  t o  as the  Asse t e s t  design object ives.  

The special c h a r a c t e r i s t i c  of Asse s a l t  i s  t h a t  i t  contains a very low concen- 

t r a t i o n  o f  l i q u i d  b r i n e  inc lus ions i n  the s a l t  c r y s t a l s  and, therefore, i t  i s  
n o t  expected t h a t  observations o f  l i q u i d  i n c l u s i o n  m ig ra t i on  w i l l  be poss ib le  
a t  Asse. 

2.3.1 

0 

0 

0 

0 

2 . 3 . 2  

Generic Test Design Objectives 

Confirm models o f  b r i n e  migrat ion by exposing s a l t  i n  the 
f i e l d  t o  condi t ions  r e p r e s e n t a t i v e  o f  those expected t o  occur 
i n  a nuclear waste reposi tory .  Confirm o r  e s t a b l i s h  empir ica l  
r a t e  parameters over the range o f  condi t ions important t o  
b r i n e  m ig ra t i on  so t h a t  t he  models can be extrapolated f o r  t h e  
one hundred year o r  more pe r iod  over which b r i n e  m ig ra t i on  i s  
expected t o  be s i g n i f i c a n t .  

Observe condi t ions i n  the borehole r e s u l t i n g  from the  a r r i v a l  
o f  b r i n e  migrat ion water i nc lud ing  rad io l ys i s ,  corrosion, gas 
generation, pressure and other syne rg i s t i c  e f f e c t s .  

Observe the  thermal and mechanical behavior o f  s a l t  i n  the 
presence o f  heat, br ine,  and r a d i a t i o n  and t h e  e f f e c t  o f  these 
on the s a l t  mechanical propert ies.  

Q u a l i f y  t e s t  methods and equipment t o  be used t o  conf i rm b r i n e  
m ig ra t i on  models i n  p o t e n t i a l  repos i to ry  s i t es .  

Asse Test Design Objectives 

Since the s a l t  ava i l ab le  f o r  t e s t i n g  a t  Asse may  n o t  be representat ive o f  s a l t s  
being considered f o r  U.S. repos i to r i es  and because the r e l a t i v e  importance o f  
var ious b r i n e  m ig ra t i on  models and the  values o f  t h e i r  re levan t  parameters may 

be sens i t i ve  t o  the s p e c i f i c  c h a r a c t e r i s t i c s  of the s a l t ,  the model confirma- 

t i o n  aspects o f  the Asse t e s t  are more l i m i t e d .  The s a l t  a t  Asse i s  considerea 
t o  be representat ive o f  the s a l t  a t  the proposed Gorleben repos i to ry  so the 
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Asse test will provide important data  t o  cpnfirm the brine migration character- 
ist ics a t  t h a t  site. The Asse test  design objectives are as follows: 

Observe the migration of water i n  the salt  available for test- 
i n g  a t  Asse. This is  expected t o  be primarily vapor migration 
water movement. This salt  i s  considered t o  be representative 
of repository sites i n  Germany and will also provide d a t a  
applicable t o  one mechanism of brine migration o f  possible 
impact t o  U. S. repositories. 

Qual i fy  test  methods and equipment t o  be used t o  confirm brine 
migration models a t  potential repository sites. 

Observe conditions in the borehole resulting from the arrival 
of brine migration water i ncl udi ng radiolysi s, corrosion, gas 
generation, pressure and other synergistic effects. 

Observe the thermal and mechanical behavior o f  the salt  i n  the 
presence of  heat, brine, and radiation and the effect of these 
on the s a l t  mechanical properties. 
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3.0 OVERALL TEST PROGRAM SUMMARY 

The hardware f o r  t h i s  t e s t  program i s  being developed t o  s a t i s f y  the  generic 
t e o t  ob jec t ives  and w i l l  a l so  be used f o r  t he  Asse tes t .  

The generic t e s t  cons is ts  of several independent t e s t  s i tes ,  each having 

i d e n t i c a l  hardware, b u t  operat ing w i t h  d i f f e r e n t  i n p u t  parameters. Each s i t e  
consis ts  of a cent ra l  t e s t  borehole surrounded by a r i n g  o f  guard heaters 
(F igure 3-1 1. The cent ra l  borehole has a diameter o f  43.5 cm (17 i n .  1 and 
contains a sleeve 5 m (16.4 f t . )  long  (Figure 3-2). The lower 2 m (6.5 f t )  o f  
the sleeve, which i s  e l e c t r i c a l l y  heated and may conta in  a c o b a l t  60 r a d i a t i o n  

source, and the  surrounding s a l t  i s  the  experiment zone. Around the heated 
sleeve i s  a 5 cm ( 2  i n . )  t h i c k  gap f i l l e d  w i t h  alumina beads. A f l o w  of gas i s  
c i r c u l a t e d  through t h i s  gap t o  c o l l e c t  water which enters  by b r i n e  migrat ion;  
t h i s  water i s  evaporated i n  the  gap reg ion c a r r i e d  by the  gas and i s  co l l ec ted  
a t  the  surface by condensing i n  a co ld  t rap.  

The lower sleeve p ro tec ts  the  heaters and r a d i a t i o n  source from b r i n e  and sa 
s t ress  and i s  made o f  inconel  f o r  corros ion resistance. Since the  r a d i a t i o n  
source must be re t r ievab le ,  t he  i n t e g r i t y  o f  the  sleeve must be maintained. 

This i s  assured by moni tor ing the  sleeve so t h a t  sleeve co l lapse o r  leakage 
detected before the  source could be trapped. 

Each t e s t  s i t e  i s  separated from the  others by a t  l e a s t  15 m (50 f t . )  so t h a t  

the  temperature and s t r a i n  f i e l d s  do n o t  s i g n i f i c a n t l y  i n te rac t .  The t e s t s  a re  
d i f f e r e n t i a t e d  from each other  by vary ing the  temperature f i e l d ,  the  type o f  

s a l t ,  t he  presence o f  r a d i a t i o n  and the  borehole gap gas pressure. The Asse 
t e s t  design w i l l  inc lude f o u r  t e s t  s i t e s  wh i l e  the  generic t e s t  design would 
i ncorporate about n ine  t e s t  s i  tes. 

The dura t ion  o f  t he  t e s t i n g  w i l l  be approximately two years, b u t  t h i s  t ime may 

be modi f ied by the  observed t e s t  resu l t s .  Some t e s t s  may be terminated e a r l y  
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and others may be extended. The times o f  s i g n i f i c a n t  support e f f o r t  w i l l  be 
dur ing i n i t i a l  i n s t a l l a t i o n  and checkout and dur ing t e s t  shutdown and pos t - tes t  

evaluat ion.  Test operat ion w i l l  on ly  requ i re  moni tor ing and minor maintenance, 
although pe r iod i c  evaluat ion o f  data may r e s u l t  i n  some changes t o  t e s t  opera- 
t i o n .  

The primary data t o  be obtained from the  t e s t  i s  t he  r a t e  and t o t a l  amount o f  
water release from the s a l t .  Models o f  b r i n e  migra t ion  which have been devel- 
oped i n  the  laboratory  and i n  other  t e s t s  w i l l  be used t o  at tempt t o  dup l i ca te  

the  b r i n e  migra t ion  t e s t  resu l ts .  The models must incorporate t h e  p e r t i n e n t  
c h a r a c t e r i s t i c s  o f  t he  s a l t  being tested, such as water content  and form, per- 

meab i l i t y ,  etc., i n  order t o  make meaningful predic t ions.  Therefore, t he  
appropr iate charac ter iza t ion  measurements must be conducted a t  the  t e s t  s i t e .  

A model which can successfully dup l i ca te  the  r e s u l t s  o f  the  several t e s t s  i n  
the  generic t e s t  ser ies  would be q u a l i f i e d  t o  be used t o  p r e d i c t  t he  amount o f  
b r i n e  t h a t  would be released from an actual  repos i to ry  and t h i s  data may resu l  t 

i n  a l e s s  expensive design if the  t o t a l  water release i s  low. It may be neces- 
sary t o  repeat some b r ine  migra t ion  t e s t i n g  i n  the actual  repos i to ry  mater ia l  
t o  assure t h a t  t he  mechanisms o f  b r i n e  migra t ion  are app l i cab le  t o  t h a t  

mater ia l .  The hardware and methods developed f o r  t h i s  t e s t  should be app l i c -  
ab le  t o  f u t u r e  tes ts .  

_ I  . .. -. . .. . 
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4.0 EXPERIMENT DESIGN BASIS 

This sect ion o f  the t e s t  p lan  describes the basis f o r  the design o f  the  b r i n e  
migra t ion  experiment and f o r  the  se lec t ion  o f  t e s t  parameters. 

4.1 BRINE MIGRATION THEORIES 

A siimnary descr ip t ion  of the  cur ren t  theor ies  o f  b r i n e  migra t ion  i s  presented 

t o  provide a bas is  f o r  understanding the experiment design. Section 6.0 pro- 
v ides a more de ta i l ed  descr ip t ion  o f  those theories. 

4.1.1 L iqu id  Inc lus ion Migrat ion 

S a l t  contains very small pockets o f  b r i ne  so lu t ions  w i t h i n  the  s a l t  c r y s t a l s  o r  

on the  g ra in  boundaries. These are c a l l e d  b r ine  inclusions. When placed i n  a 
tem1)erature gradient,  these inc lus ions  move toward the  source o f  heat by d is -  

solu' ing s a l t  on the ho t  s ide and r e c r y s t a l l i z i n g  s a l t  on the c o l d  s ide o f  the  
i ncll usion. The v e l o c i t y  o f  t he  i nc l  us i  on motion i ncreases w i  t h  i ncreases i n 
templerature gradient  and w i t h  increases i n  temperature. The v e l o c i t y  i s  re1 a- 
t i v e l y  i n s e n s i t i v e  t o  s a l t  s t ress  o r  borehole gas pressure. The e f f e c t  o f  
r a d i a t i o n  on l i q u i d  i nc lus ion  migrat ion i s  unknown, b u t  i t  i s  speculated t h a t  
rad i io lys is  could cause format ion o f  gas bubbles i n  the  i nc lus ion  and these 
would cause the  i nc lus ion  t o  move down the thermal gradient  away from the heat 
s ou race . 
4.1.2 Vapor Migrat ion 

The vapor migra t ion  model describes motion o f  water by evaporation and f low o f  
water vapor through connected poros i ty  o f  the s a l t .  Water i n  the  b r i n e  i n  the  
poros i ty ,  from hydrated minerals o r  by l i q u i d  i nc lus ion  migra t ion  t o  g r a i n  

boundaries i s  evaporated by heat from the  waste package and the water vapor 
f lows through the  s a l t  by pressure o r  concentrat ion gradients t o  the  borehole. 

The f l ow  r a t e  due t o  vapor t ranspor t  
per i i ture ( v i a  increased source water @ 

i s  increased w i t h  increases o f  s a l t  tem- 
vapor pressure) and w i t h  decreases i n  
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borehole t o t a l  pressure o r  water vapor pressure, bu t  i s  l e s s  sens i t i ve  t o  
temperature gradients. The e f fec t  of s a l t  s t ress  may be t o  a l t e r  t he  s a l t  

permeabi l i ty ,  b u t  t h i s  i s  n o t  we l l  estab l ished i n  s i t u .  The e f f e c t  o f  
r a d i a t i o n  i s  unknown. 

4.2 CONSTRAINTS ON TEST EQUIPMENT 

The fo l l ow ing  experimental equipment cons t ra in ts  are imposed by the  f a c i l i t i e s  
ava i l ab le  a t  Asse. 

0 The maximum weight o f  any p iece o f  equipment i s  ten  met r ic  
tons (22050 l b s )  - determined by l i f t  capaci ty.  

0 The maximum envelope f o r  any piece o f  equipment i s  1.1 m (3.6 
f t )  x 2.2 m (7.2 f t )  x 5.0 m (16.4 f t )  - determined by l i f t  
capac i ty . 

4.3 TEST PARAMETER BASIS 

The t e s t  ob jec t ives  are  l i s t e d  i n  Sect ion 2.3. Th is  sec t ion  discusses the  
means by which basic t e s t  parameters a re  selected t o  meet these object ives.  
The primary ob jec t i ve  i s  t o  design experiments t o  determine the  movement o f  
water i n  s a l t  i n  the  v i c i n i t y  of a waste package i n  a repos i to ry  environment. 
Behavior o f  t he  water a f t e r  i t  reaches the  salt-waste package boundary i s  of 

i n t e r e s t  b u t  i s  a secondary considerat ion.  That w i l l  be observed i n  pos t - tes t  
evaluat ions.  I n  order t o  s imulate the  repos i to ry  environment, the fo l lowing 
parameters must be established. 

Waste type being simulated 

Temperature 

Temperature grad ien t  

Stress s t a t e  

Radiat ion exposure 

Borehole gas pressure 

Test geometry 

T i  me 

5 
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4.3.1 Waste Type Being Simulated 

The parameters l i s t e d  above vary depending upon the type and age o f  waste t o  be 

disposed of ,  the ove ra l l  design of the reposi tory,  and the design o f  the waste 
package. The f i r s t  considerat ion i s  the waste type, w i t h  spent fuel o r  coni- 
mercial h igh- level  waste (HLW) being considered. The environment f o r  high- 
l e v e l  waste i s  more severe wi th  respect t o  peak heat l o a d  and r a d i a t i o n  dose 

r a t e  than f o r  spent f u e l .  The German disposal concept i s  t o  implace commercial 
high-1 eve1 waste i n  1 ong boreholes w i t h  many waste canis ters  stackea v e r t i -  
c a l l y .  

(Rbthemeyer , 1979). 

@ 

The maximum s a l t  temperature i s  t o  be l i m i t e d  t o  about 200°C 

The most recent U.S. reference design f o r  commercial h igh- level  waste was pub- 
1 i:;hed i n  the Reference Repository Conditions In te r face  Working Group's (RRC-IWG) 
repor t  (1983). 
coiidi ti ons , the maximum s a l t  temperature would be 160°C. 
t i ons  were f o r  reference and no j u s t i f i c a t i o n  was given f o r  reducing the 
average areal  loading t o  25 W/m2 from the 37 W/m2 value reported i n  the Claiborne 
e t  a1 (1980) r e p o r t  used by the RRC-IWG. The higher areal  loading resu l ted  i n  
a maximum s a l t  temperature o f  21l0C, and t h i s  i s  considered ( f o r  t h i s  experiment) 
t o  provide an upper bound on the s a l t  temperatures considered f o r  waste disposal .  

The design has a s ing le  waste can is te r  i n  a borehole. For these 
However, these condi - 

The design o f  the b r i n e  migrat ion t e s t  w i l l  be based upon commercial h igh- level  
waste a t  an areal  loading o f  37 W/m2 as reported i n  Claiborne e t  a1 (1980). 
i s  compatible w i t h  the  German s a l t  temperature l i m i t s  and i s  more severe than the 
U.S .  designs having lower HLW areal  loadings o r  spent f u e l  disposal concepts. 

This 

4.2;. 2 Temperature 

The maximum s a l t  temperature and temperature gradient  associated w i t h  the 
25 W/m2 loading repos i to ry  condi t ions of the RRC-IWG r e p o r t  (1983) are shown i n  
Figure 4-1. 
then slowly continues t o  r i s e  t o  a peak o f  155°C f i f t e e n  years a f t e r  emplacement. 
The slower r i s e  i s  due t o  an e leva t i on  i n  the ove ra l l  background temperature of  
t h e  repos i to ry  due t o  the heat i n p u t  from many canisters.  Later,  the tempera- 

t u r e  gradual ly  decreases due t o  the decay o f  f i s s i o n  products. Behavior a t  t he  
higiher areal  loading i s  s i m i l a r  w i t h  a peak temperature of 211'C a t  f i f t e e n  

years. 

The temperature increases t o  about 125°C w i t h i n  the f i r s t  month, 
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There i s  thought t o  be threshold behavior o f  the  water ava i l ab le  f o r  motion as 
a func t ion  o f  temperature. Based on weight l o s s  s tud ies o f  Asse s a l t  by 

Jockwer (1979), water i s  released a t  several d i s t i n c t  temperatures upon 
heat ing t o  var ious constant temperatures f o r  35 hours. An important phase of 
t h h  release occurs from about 240 t o  300°C and i s  be l ieved t o  be due t o  
release of water of hydrat ion from var ious minerals and accounts f o r  about two- 

th.irds o f  the  t o t a l  weight loss.  Whether t h i s  water would be released t o  

6d 

p a r t i c i p a t e  i n  water movement i n  a repos i to ry  a t  lower temperatures a f t e r  
much longer  times i s  uncertain, b u t  o f  s i g n i f i c a n t  i n t e r e s t .  Since repos i to ry  
design would seek t o  avoid release o f  t h i s  l a rge  amount o f  water, and s ince 
pred ic ted  operat ion temperatures are  below t h i s  release temperature, the  t e s t  
should operate below 240°C. 
evalluation) whether t h i s  water i s  released a t  temperatures below t h i s  thresnola. 

It w i l l  be o f  i n t e r e s t  t o  observe (by pos t - tes t  

A design maximum s a l t  temperature o f  210°C i s  selected f o r  t h i s  tes t .  

g ives a reasonable s imulat ion of the maximum expected repos i to ry  s a l t  tempera- 

ture.  
t h a t  s a l t  f u r t h e r  i n t o  the  wa l l  w i l l  be a t  lower temperatures (see Sect ion 6.2). 

This 

I t i s  noted t h a t  t h i s  w i l l  be the temperature a t  the  borehole wal l  and 

A temperature of 120°C i s  selected as the  minimum su i tab le  f o r  the  generic t e s t  
design, because below about 110°C the  vapor pressure o f  b r i n e  i s  below atmo- 
spheric pressure so t h a t  t he  vapor t ranspor t  phenomena w i l l  be l e s s  important. 
A lso,  below this temperature the amount o f  water produced i n  this test by 

inc ' lus ion migra t ion  w i l l  be too  l i t t l e  t o  measure on a reasonable time scale. 
Other temperatures between t h e  maximum and minimum would be inc luded i n  the  

generic t e s t  series: 

Fo r  the  Asse t e s t  design, on ly  a few t e s t s  a re  t o  be conductea ana these w i l l  
a l l  be a t  the  h ighest  temperature, 210°C, i n  order t o  ob ta in  the  maximum amount 
o f  water motion. S a l t  a t  l a r g e r  distances i n t o  the  s a l t  w a l l  w i l l  be a t  lower 
temperatures so some informat ion about a range of temperatures w i l l  be a v a i l -  
able. 
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4.3.3 Temperature Gradient 

According t o  the theory o f  movement o f  b r i ne  inc lus ions w i t h i n  c r y s t a l s  o f  s a l t ,  
the v e l o c i t y  o f  motion i s  propor t ional  t o  temperature gradient  above a minimum 
threshold which depends ( a t  l e a s t )  on i nc lus ion  s ize  (C l ine  and Anthony, 1972). 
Traversing g ra in  boundaries may requ i re  a high threshold gradient  (C l ine  and 
Anthony, 1971). A t  l a r g e r  gradients, l a rge  inc lus ions may d i s in teg ra te  r e s u l t i n g  
i n  a c o l l e c t i o n  o f  smaller inc lus ions which may move more slowly (Anthony and 
Cline, 1971). The vapor migra t ion  theory o f  water motion does no t  requ i re  a tem- 
perature gradient f o r  motion, j u s t  an elevated temperature and regions w i t h  d i f -  
ferences i n  vapor pressure. The maximum thermal gradient  i n  the reference HLW 

repos i to ry  occurs w i t h i n  the  f i r s t  year a t  a value o f  about l.4"C/cm, then de- 
creases w i th  the decay o f  the waste products, Figure 4-1. 
designs g ive  gradients up t o  about 2"C/cm.) 
perature (15 years from emplacement) , the gradient  has decayed t o  about 60 percent 
o f  the i n i t i a l  value. Increasing the grad ien t  s l i g h t l y  above the values l i k e l y  t o  
occur under repos i to ry  condit ions i s  n o t  bel ieved t o  i n i t i a t e  a typ i ca l  i n c l u -  
s ion behavior, bu t  should accelerate b r i ne  motion and thus produce more e a s i l y  
observed resu l ts .  

(Other repos i to ry  
A t  the  time o f  the maximum s a l t  tem- 

The t e s t  w i l l  combine the  maximum temperature cond i t i on  o f  about 210°C wi th  a 

s l i g h t l y  increased thermal g rad ien t  o f  3"C/cm t o  ob ta in  a t e s t  which i s  

s l i g h t l y  accelerated, b u t  which i s  n o t  expected t o  i n i t i a t e  any unexpected phe- 

nomena. Another advantage o f  increas ing the  grad ien t  i s  t h a t  t h i s  increases 
the  volume o f  s a l t  which i s  exposed t o  a subs tan t ia l  gradient. 
t h a t  the  grad ien t  decreases qu ick l y  w i t h  distance i n t o  the s a l t  (see Sect ion 
6.2).  

I t  i s  noted 

For  the  generic t e s t  design, t h i s  cond i t i on  w i l l  be used as a base case 2nd 
comparisons a t  o ther  lower temperature and temperature grad ien t  cond i t ions  w i l l  
be made. For  the  Asse tes t ,  on l y  the  base case cond i t ions  w i l l  be used. 
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4.3.4 Radiation crr3 
The ef fec t  of radiation on brine migration is  not well known. 
of the Project Sa l t  V a u l t  ( P S V )  t e s t s  (Bradshaw e t  a1 , 1971 ; Holdoway, 1972)  
werl2 t h a t  radiation does not have an important influence on brine migration since 
similar radioactive and nonradioactive t e s t s  produced nearly identical resul ts .  

The conclusions 

It i s  unknown whether e f f e c t s  o f  r a d i a t i o n  on b r i n e  m ig ra t i on  predominantly 
r e s u l t  from in teg ra ted  dose t o  the s a l t ,  in tegrated dose t o  the moving b r i n e  

droplets,  o r  dose r a t e  t o  the  s a l t  o r  droplets.  There has been discussion i n  

Jenlcs (1980) t h a t  i r radiat ion of brine inclusions m i g h t  form gas (H2)  bub-  
ble!; i n  the i n c l u s i o n  which may then migrate away from the heat source, b u t  
t h i s  was n o t  observed i n  PSV evaluations. The e f f e c t  o f  r a d i a t i o n  on s o l i d  
s a l t  i s  t o  cause accumulations of c o l l o i d a l  sodium and c h l o r i n e  i n  the sal t 
which can cause formation o f  several gaseous products on d i sso lu t i on .  Also, 
accirmul a t i o n  of d i s l o c a t i o n  energy i n  the sal t c r y s t a l  s coul d in f luence the 
migication of b r i n e  i nc lus ions  through the c r y s t a l .  However, thermal and radia- 

t i o n  annealing of the s a l t  limits the accumulation o f  these effects .  
ra te  t o  the s a l t  seems t o  be the most important parameter because i t  affects  
the equilibrium level of radiation-induced reactions i n  the s a l t  and brine. 

The dose 

The dose r a t e  t o  the  s a l t  i n  a repos i to ry  i s  inf luenced by the amount, type, 

and age o f  the waste and the waste package design. Recent s tud ies o f  HLW 
repositories (RRC-IWG, 1983; Jenks, 1980) give values of maximum dose ra te  to  the 

i s  f o r  the s a l t  b a c k f i l l  case a f t e r  co r rec t i ng  the dose r a t e  from water t o  

s a l t . )  The higher value i s  selected f o r  t h i s  study and a l s o  represents the 
maximum value t h a t  can be accommodated i n  the Asse mine because o f  weight 

l imitations of the shielded transporter cask. 

s a l t  o f  1 .OX10 0 Rads/yr. and 3.0XlO 0 Raddyr., respect ive ly .  (The l a t t e r  value 

4.3.5 SALT STRESS STATE 

The s a l t  around a waste package w i l l  converge upon the  package over a per iod o t  

t ime which depends p r i m a r i l y  upon the depth below the surface, the s a l t  temper- 
ature, and t h e  s i z e  of gap around the package. However, i n  t y p i c a l  configura- 
t ions,  the gap w i l l  c lose i n  a small f r a c t i o n  o f  the approximately 100 years 
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which are s i g n i f i c a n t  t o  b r i n e  migrat ion.  For t h i s  tes t ,  the  existence o f  a 

gap between the s a l t  and sleeve w i l l  a f f e c t  the s ta te  o f  s t ress i n  the  s a l t  

around the  sleeve by e l im ina t i ng  the  r a d i a l  s t ress  component around the  bore- 

hole, thus, p o t e n t i a l l y  inducing s a l t  cracking. Al lowing the gap t o  c lose  
would a l l ow  a compressive s t ress  s t a t e  t o  develop i n  the  s a l t ,  which would tend 

t o  c lose cracks i n  the s a l t  and would be more representat ive o f  the repos i to ry  
environment. I n  order t o  a l l ow  accumulation and c o l l e c t i o n  o f  b r i ne  and o ther  
gases, i t  would be des 
us ing an i n e r t ,  porous 
maintained as a porous 
mainta in  a compressive 

w i  t h  b r i  ne, nonabsorpt 

rab le  t o  maintain a gap around the t e s t  sleeve. By 
b a c k f i l l  mater ia l  around the  sleeve, the  opening can be 
area, and the s a l t  can be supported by the  beads t o  
s t ress  s tate.  I dea l l y ,  the  beads should be nonreactive 

ve of water, n o t  a f f e c t  the pH o f  l i q u i d s ,  and be s t rong 

enough t o  support the l i t h o s t a t i c  and thermal s t ress  in the  s a l t .  

4.3.6 Borehole Gas Pressure 

The borehole gap around the  heated sect ion w i l l  be i s o l a t e d  from the  mine envi-  
ronment by a seal between the  sleeve and the borehole wa l l  above the heated 
sec t ion  o f  the  sleeve. The gap w i l l  n o t  necessar i ly  be pressurized. A t  the 
s t a r t  o f  the experiment, the  borehole w i l l  be f lushed w i t h  d ry  n i t rogen t o  
remove any atmospheric water and oxygen. Fol lowing t h i s  f lush, b u t  before the  
heat source i s  appl ied, one o f  the two fo l l ow ing  condi t ions w i l l  be establ ishea 
a t  each t e s t  s i t e .  

4.3.6.1 Pressurized Borehole 

One t e s t  cond i t ion  w i l l  use a sealed borehole t o  a l l ow  accumulation o f  gases 

produced w i t h i n  the borehole and accompanying pressure increase. Retaining the 
gases w i t h i n  the  borehole w i l l  have two ef fects .  The f i r s t  i s  t h a t  the  gds 
pressure w i l l  be increased, p o t e n t i a l l y  i n f l uenc ing  the r a t e  o f  b r i ne  migra t ion  
by vapor migrat ion.  The second i s  t h a t  the  moisture accumulated w i t h i n  the 
borehole w i l l  be able t o  in f luence the s a l t  and other  mater ia ls  i n  the gap. 
However, observat ion o f  these ef fects  dur ing conduct o f  the  t e s t  would be d i f -  

f i c u l t .  I n  pa r t i cu la r ,  the accumulation o f  water i n  the borehole cannot be 
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m a m i  tored e a s i l y  i f the  water vapor pressure reaches saturat ion,  because 1 i qui d 

water would condense i n  the gap area and t h i s  water cannot be located o r  
quantized. 

0 

I n  t h i  s pressur ized o r  seal ed borehole design , the borehol e ' s gaseous envi  ron- 
ment w i l l  be undisturbed dur ing the t e s t  except f o r  t ak ing  occasional small gas 
samples Measurements can be taken on t o t a l  pressure, temperature, and humid- 

i t . y  dur ing conduct of the t e s t .  A t  the end o f  the heat ing phase, b u t  before 
the heat i n p u t  i s  terminated, the water would be removed by the water co l l ec -  

t i o n  system; the t o t a l  gas pressure would be maintained dur ing t h i s  c o l l e c t i o n  

by i n j e c t i n g  ni t rogen. The purpose o f  t h i s  i s  t o  measure the water c o l l e c t e d  
before the  experiment cooldown. P r i o r  experiments have noted t h a t  cool down 
causes s a l t  cracking and add i t i ona l  water release which i s  n o t  representat ive 

of repos i to ry  operation. Water c o l l e c t i o n  would continue dur ing and a f t e r  the 
cooldown phase o f  the t e s t .  

With a sealed borehole, gas pressure i n  the borehole can increase due t o :  

0 Compression of the gas i n  the borehole due t o  borehole wa l l  
convergence 

0 Increase i n  temperature 

0 Release o f  var ious gases from the s a l t  o r  corros ion 

0 I n t roduc t i on  o f  water vapor 

a Formation o f  gases by r a d i o l y s i s  

Compression o f  gas i n  the borehole w i l l  be l i m i t e d  because the m a j o r i t y  o f  t he  
borehole v o l  ume w i  11 be maintained by the  porous medium. Temperature i ncrease 
w i l l  approximately double the  i n i t i a l  gas pressure. Water vapor c o l l e c t e d  i n  
t h e  gap could cause pressure increase up t o  the  sa tu ra t i on  pressure o f  water a t  

the1 lowest gap temperature i n  the gap reg ion  which i s  about 12O'C, r e s u l t i n g  i n  

a sa tu ra t i on  pressure o f  0.13 MPa (20 ps ia) .  Any f u r t h e r  pressure increase o f  
the water vapor w i l l  be prevented by water condensation. Conversion o f  water 
t o  metal oxide p l u s  hydrogen by corros ion o r  gas generation by r a d i o l y s i s  could 
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generate large pressures (about 5 MPa, (800 psi) ,  per l i t e r  of water reacted) .  
I f  the pressure reaches the min imum principal stress i n  the s a l t  (which would 
be on the order of l i t h o s t a t i c  pressure, about 13 MPa (2000 p s i ) ) ,  the s a l t  
would hydrofracture and release the gas. To prevent this from happening, the 
experiment will  include a pressure r e l i e f  valve set a t  0.4 MPa (60 psi). The  
relieved gas will be collected.  

@ 

According t o  published theories,  the gas pressure i n  the borehole will not have 
an influence on collection of water i n  the gap which arrived by the l i q u i d  
inclusion migration mechanism. However, the vapor migration mechanism i s  sen- 
s i t i v e  t o  borehole gas pressure because this i s  a boundary condition f o r  flow 
of water vapor i n  the s a l t .  I f  the borehole gas pressure i s  increased t o  t h e  
saturation pressure of the brine i n  the s a l t  o r  t o  the equilibrium water vapor 
pressure of the hydrated minerals, there will be no tendency f o r  the brine t o  
evaporate  and travel t h r o u g h  t h e  s a l t  t o  t h e  borehole because there would be no 
pressure difference t o  cause flow ( a  smaller flow could occur by gaseous d i f -  
fusion).  I f  the water delivered t o  the borehole remains i n  the water vapor 
s t a t e ,  only a small amount of water vapor (about 0.25 l i ters  l i q u i d  equivalent)  
can be accommodated without condensation occurring a t  the lowest temperature i n  
the gap. Further inflow could continue from regions i n  the s a l t  a t  higher 
temperatures, b u t  this would be a limited volume of s a l t .  Pressure i n  the gap 
could be reduced i f  the water vapor i s  removed by the water col lect ion system, 
by leakage, or  by reaction of the water w i t h  materials i n  the t e s t .  
the  case o f  corrosion reaction, hydrogen would be released on a mole o t  hydro- 
gen per mole of water basis. 
r e s u l t  from water vapor concentration driven diffusion, b u t  a t  a slower r a t e . )  
T h u s ,  f o r  a sealed borehole, the amount of water i n  the borehole i n  this t e s t  
would be expected t o  be reduced due t o  the gas pressure b u i l d u p .  Additional 
information about the amount and s t a t e  of water i n  the borehole will be 
obtained d u r i n g  moisture col lect ion a t  the end of the experiment by observing 
the pressure change versus the amount of water collected.  

Even i n  

( I n  th is  case, some additional water motion coula 

An a1 ternative design f o r  the pressurized borehole tests i s  being considered. 
There i s  concern tha t  the inconel sleeve, the sea l ,  o r  the porous material i n  
the gap could absorb or react  w i t h  a s  much a s  0.5 t o  two l i ters  of water which 
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is  the amount expected t o  be produced by this experiment. 
r e x t e d  could be determined by post- tes t  evaluation, b u t  th is  would not allow 
dis t inct ion between water produced dur ing  test  operation and t h a t  released by 
s a l t  cracking d u r i n g  experiment cooldown. Testing i s  being performed t o  deter- 
mine the amount o f  water which might  be expected t o  react w i t h  these materials 
under t e s t  conditions (Section 5.6) In par t icular ,  the reaction w i t h  water 
vapor i s  of i n t e re s t  because most of the material i s  i n  contact w i t h  water 
vapor b u t  not w i t h  l i q u i d  water o r  brine. 
from the gap, this problem would be eliminated. The borehole gap pressure 
would be a r t i f i c i a l l y  maintained by inject ing nitrogen t o  approximately 0.3 MPa 
(45 psi) .  T h i s  would eliminate the opportunity t o  obtain some of the desired 
data on t e s t  materials interaction w i t h  brine,  b u t  would f u l f i l l  the more 
important objective of measuring the water release due t o  brine migration. 

The amount of water 

By continuously removing the water 

4.3.6.2 Atmospheric Pressure Borehole 

The other condition t h a t  will be maintained a t  some tes t  si tes wil l  be t o  con- 
t inua l ly  operate the moisture collection system and t o  relieve excess gas pres- 
sure t o  maintain atmospheric pressure i n  the borehole. The moisture collection 
sys'tem will maintain the water vapor par t ia l  pressure a t  a very low value. The 
gar; i n  the borehole will t h e n  consis t  of the i n i t i a l  nitrogen f i l l ,  any other 
gases released by the s a l t  and possibly hydrogen gas from corrosion o f  the t e s t  
hardware by the water vapor i n  t h e  gas .  
mainly by thermal expansion and by compression of the borehole area,  b u t  this 
pressure increase w i  11 be re1 ieved a t  sl i ghtly above atmospheric pressure. The 
re1 ieved gas w i  11 be vol umetrical l y  measured and col lected fo r  evaluation. 

The pressure o f  th i s  gas will increase, 

One reason f o r  conducting a t es t  w i t h  th i s  condition i s  t o  obtain a continuous 
mealsure of the amount of water released from the s a l t .  The combination of 
increased temperature and 1 ow water vapor par t ia l  pressure w i  11 cause nearly 
a l l  of the water t h a t  enters the borehole t o  be removed by the moisture collec- 
t ion  system, even recognizing the 1 arge saturation vapor pressure reauction 
associated w i t h  concentrated bitterns. 
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The reduced pressure w i l l  cause a greater  product ion o f  o f  water i f  b r i n e  

t ranspor t  i s  predominantly by pressure induced vapor migrat ion.  This i s  due t o  
the  lower s ink  pressure which w i l l  cause the  f l o w  t o  proceed more qu ick ly ,  o r  
more f l ow  t o  occur over the  dura t ion  o f  the tes t .  Also, w i t h  a reduced pres- 
sure, more o f  t he  water i n  the  s a l t  can be evaporated because a lower tempera- 

t u r e  would be requi red t o  reach sa tura t ion  pressure. I f  the dominant mode o f  
water motion i n  the  s a l t  i s  by l i q u i d  i nc lus ion  motion, t he  gas pressure i n  the  

borehole i s  expected t o  have a r e l a t i v e l y  small inf luence on the r a t e  o f  motion. 

4.3.7 Test Duration 

Br ine  migra t ion  i n  an HLW repos i to ry  i s  expected t o  have c o l l e c t e d  the  m a j o r i t y  
o f  b r i n e  i n f l o w  a t  the borehole over 50 years and decreasing amounts f o r  
another hundred years ( R R C - I W G ,  1983). This t e s t  isi limited t o  a short time 
compared t o  t h i s  durat ion.  Therefore, the t e s t  dura t ion  should be determined 
based upon the time required t o  establ ish the basic condit ions f o r  the t e s t  and 

upon the  magnitude of the expected ef fects.  Calcu lat ions repor ted i n  Sect ion 
6.2 i n d i c a t e  t h a t  about s i x  months w i l l  be requ i red  t o  f u l l y  es tab l i sh  the tem- 

perature f i e l d  around the tes t .  During and fo l l ow ing  t h i s  period, b r i n e  migra- 
t i o n  w i l l  cont inue w i t h  the volume of the  s a l t  from which b r i n e  i s  co l l ec ted  

cont inuously expanding. It i s  important t h a t  the  source o f  b r i n e  be beyond the  
d is turbed zone around t h e  borehole, which i s  estimated t o  be about f i v e  cm ( 2  

i n )  th ick .  The amount of water co l l ec ted  increases w i t h  the t e s t  dura t ion  and 
1 arger amounts o f  water improve the  measurement accuracy. A1 so, a 1 onger t e s t  
a l lows a b e t t e r  measure of the  changing ra tes  of water product ion which can be 
r e l a t e d  t o  the  mechanism o f  water t ranspor t .  Estimates p u t  the  t i m e  requ i red  

t o  s a t i s f y  these condi t ions a t  about two years t o t a l  t e s t  duration.* This  
seems t o  be a reasonable t ime span f o r  the  Asse t e s t  and i s  compatible w i t h  the  

i n i t i a l  schedule and w i t h  the  need date f o r  b r i n e  migra t ion  informat ion.  The 
t e s t  design, as c u r r e n t l y  envisioned, i s  n o t  t i e d  t o  the  t e s t  durat ion.  Thus, 
the  durat ion of the  t e s t  can be decided as the  t e s t  progresses, p a r t i c u l a r l y  i f  

*Estimates of vapor migra t ion  ra tes  i nd i ca te  t h a t  considerably l e s s  t ime would 
be requi red f o r  the  tes t ,  Sect ion 6. 
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cr$ unexpected ef fects  a re  observed. Some t e s t  s i t e s  can be terminated e a r l i e r  

wh i le  o thers cou ld  continue. 

in fo rmat ion  cannot be obtained dur ing the  t e s t ,  i t  might  be bene f i c ia l  t o  
terminate dup l i ca te  t e s t  s i t e s  a t  d i f f e r e n t  t imes t o  ob ta in  r a t e  informat ion.  

I n  p a r t i c u l a r ,  fo r  the  sealed t e s t s  from which 

4.4 TEST SITE PARAMETERS 

The b r i n e  migra t ion  t e s t  w i l l  cons i s t  o f  a c o l l e c t i o n  o f  i n d i v i d u a l  t e s t  s i t es ,  
each o f  which has s i m i l a r  hardware, b u t  having d i f f e r e n t  operat ing parameters. 

4.4.1 Generic Test Design Parameters 

The gener ic t e s t  design w i l l  be composed o f  a number o f  i n d i v i d u a l  t e s t  s i t es ,  
each cons is t ing  of a heat source, associated instrumentat ion,  and i n  some 

cases, a r a d i a t i o n  source. Each t e s t  s i t e  w i l l  be independent o f  the  others 
and have b a s i c a l l y  i d e n t i c a l  geometry, b u t  w i l l  have var ied  parameters t o  
a t t a i n  the  t e s t  ob ject ives.  The parameters t o  be var ied  are discussed i n  Sec- 
t i o n  4.3, and include: 

Parameter 

Radiat ion 
Pressur i  zed Sealed Borehole 

Temperature Gradient 
Temperature 

Range 
0 o r  3X108 Rads/yr 
Yes or No 

0 t o  3"C/cm 

120 t o  210°C 

These cha rac te r i s t i cs  can be arranged i n  a matr ix ,  Table 4-1, w i t h  selected 
values of t he  parameters. To run  a l l  combinations would be imprac t ica l ,  there- 
fore, several s p e c i f i c  combinations are  se lected as described below. The 
se lected combinations are  denoted by en ter ing  an i d e n t i f y i n g  number i n  the  cor-  
responding box i n  Table 4-1. This i s  a ma t r i x  o f  parameters which i s  se lected 
based upon cu r ren t  knowledge o f  b r i n e  migra t ion  and does n o t  inc lude any i n t o r -  

mation about a spec i f i c  t e s t  s i t e .  It i s  designed t o  answer the  questions t h a t  
a re  c u r r e n t l y  outstanding. A t  a l a t e r  date, a d i f f e r e n t  se lec t i on  o f  para- 

metiers may be more appropriate, b u t  would s t i l l  u t i l i z e  the same t e s t  hardware 
and methods. 
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TABLE 4-1. MATRIX OF TEST PARAMETERS 
FOR GENERIC TEST DESIGN 

Radi a t  i on Yes 

 as Pressure I Yes I Yes I No 

No 

No 

P 120°C 

--7 1 6 

21 0 1,9 8 7 I 3 1  
2 

( 1  1 Temperature gradient 
( 2  1 Temperature 1 eve1 

( 3 )  Test s i t e  number 

4 
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Reposi t o r y  Simul a t i  on S i t e  

The f i r s t  case, s i t e  Number 1*, i s  designed t o  inc lude parameters t h a t  are 
c l o s e l y  re1 ated t o  the most severe expected repos i to ry  values and incorporates 
the  r a d i a t i o n  source i n  a sealed, pressurized borehole w i t h  the maximum temper- 
a ture and temperature gradient. 
expected i n  the  worst  an t i c ipa ted  repos i to ry  design case, combining the maximum 
repos i to ry  temperature and an increased temperature gradient, as discussed i n  
Section 4.3 .3 .  

- 
0 

This most near ly matches the condi t ions 

Pressur izat ion o f  ,Simulat ion S i t e  

A major disadvantage o f  s i t e  Number 1 i s  t h a t  the water accumulation cannot be 
continuously monitored because the sealed borehole atmosphere should n o t  be 
disturbed. Thus, information on the r a t e  o f  moisture accumulation carinot be 
obtained. Two approaches are taken t o  overcome t h i s  d i f f i c u l t y .  
t o  run  a p a r a l l e l  t e s t ,  Number 3, w i t h  an atmospheric pressure borehole and 
from which moisture a r r i v a l  w i l l  be continuously monitored. The p a r t i c u l a r  
advantage o f  continuous monitor ing i s t h a t  threshold behavior of  b r i n e  m i  yra- 

t , ion may be observed by changes i n  the r a t e  of  moisture c o l l e c t i o n .  I n  addi- 
t i o n ,  the inf luence o f  borehole pressure can be observed i n  t h i s  t e s t .  

The f i r s t  i s  

However, t e s t  Number 3 having an unpressurized borehole, i s  somewhat d i f f e r e n t  
from t e s t  Number 1 which has a pressurized borehole. Since there may  be 
ef fects  of the increased pressure on the b r i n e  migrat ion r a t e  (as discussed i n 
Sect ion 4.3.61, since i t  i s  important t o  know i f  the  r a t e  o f  m ig ra t i on  var ies 
w*ith time, and since s i t e  Number 1 i s  the reference reposi tory  s imulat ion case, 
i t i s  considered necessary t o  run  an i d e n t i c a l  t e s t  t o  Number 1, b u t  reducing 

the t e s t  du ra t i on  by h a l f .  This t e s t  s i t e  would be s i t e  Number 9. Both s i t e s  
Niumber 3 and 9 would conta in  a r a d i a t i o n  source. 

- Rind1 a t  i on E f f e c t s  Compar i son s 

A second major comparison i s  t o  study the e f f e c t  o f  rad ia t i on .  Since Number 1 
i:; the  reference simulat ion case, a s i m i l a r  case, Number 2, would be run w i th -  
olut r a d i a t i o n  t o  evaluate the  e f f e c t  o f  r a d i a t i o n  on the b r i n e  migrat ion.  

- 
*Refers t o  t e s t  s i t e  numbers, Table 4-1 
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Simultaneously , a no r a d i a t i o n  case wi thout  borehole pressur izat ion t o  a1 1 ow 
continuous c o l l e c t i o n ,  Number 4, should be conducted as a d i r e c t  no r a d i a t i o n  

comparison wi th  Number 3. Numbers 1 through 4 are then comparisons a t  the max- 
imum temperature and gradient  condi t ions,  w i t h  and wi thout  r a d i a t i o n  and w i th  

and wi thout  borehole seal i ng . 
Temperature Level and Temperature Gradient Parametric Studies 

It i s  a l s o  desired t o  conduct t e s t s  t o  determine the e f f e c t s  o f  temperature 
l e v e l  and g rad ien tcond i t i ons .  
t i o n  and pressur izat ion condi t ions would be used t o  conduct t h i s  parametric 
survey. 
survey t o  be representat ive o f  the repos i to ry  environment. I n  p a r t i c u l a r ,  i f  
r a d i a t i o n  i s  found t o  s t rong ly  a f f e c t  b r i n e  migration, conducting these t e s t s  

w i thou t  r a d i a t i o n  would n o t  provide meaningful resu l t s .  The impact on b r i n e  
migrat ion o f  r e t a i n i n g  pressure i n  the borehole by seal ing i s  an open quest ion 
as discussed i n  Section 4.3.6. The add i t i ona l  in format ion which would be 
gathered by a l lowing continuous moisture c o l l e c t i o n  i s  judged t o  outweigh the 

poss ib le  benef i ts  o f  having a pressurized borehole i n  t h i s  survey. Thus, i t  i s  
recomnended t h a t  t h i s  parametric survey be conducted w i t h  r a d i a t i o n  b u t  w i t h  
continuous moisture co l1  ect ion.  

It i s  necessary t o  decide which o f  the rad ia-  

It i s  considered important t o  inc lude o f  r a d i a t i o n  exposure i n  t h i s  

S t a r t i n g  from the  base case f o r  t h i s  survey, Number 3, the temperature l e v e l ,  
temperature gradient  parametric survey includes t e s t  Number 5, which r e t a i n s  
the  maximum gradient  b u t  reduces t h e  peak s a l t  temperature t o  the  minimum value 

considered, 120°C. Next, two cases a t  the maximum temperature, ElO'C, b u t  a t  

reduced temperature gradients are considered. The f i r s t ,  Number 7, uses a 
gradient o f  l"C/cm which i s  somewhat above the an t i c ipa ted  threshold g rad ien t  

f o r  1 i qui d i ncl  u s i  on m i  g r a t i  on , b u t  c l  ose enough t h a t  p o t e n t i  a1 threshol  d 
e f f e c t s  may be observed over the  t e s t  durat ion as the area o f  moisture c o l l e c -  
t i o n  spreads t o  r a d i i  w i t h  lower thermal gradients. 
8, i s  recomnended a t  a zero gradient  t o  separate the 
t ranspor t  which a re  n o t  thermal gradient  dependent. 
case, Number 6, i s  presented t o  include intermediate 
170"C, and gradient, 2"Clcm. 

An add i t i ona l  case, Number 
poss ib le  e f f e c t s  o f  vapor 
One possi b l  e addi ti onal 
values of temperature, 
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Addi ti onal Concerns 

These n ine t e s t s  form the  bas is  f o r  t he  generic t e s t  design. A t  the  t ime o f  
t h i s  tes t ,  some questions may have been resolved, such as the e f f e c t  o f  rad ia-  
t i on .  Other questions may ar ise,  such as the e f f e c t  o f  d i f f e r e n t  s a l t  types o r  
b a c k f i l l  mater ia ls .  This t e s t  equipment design w i l l  a l low a l l  o f  these ques- 
t io r i s  t o  be addressed, perhaps w i t h  adjustment o f  some o f  the parameters i n  
Table 4-1. 

4.4.2 Asse Test Design Parameters 

The Asse t e s t  design i s  more l i m i t e d  i n  scope than t h a t  described above. This  
i s  appropr iate due t o  the  c u r r e n t l y  l i m i t e d  knowledge o f  b r i n e  migrat ion,  the  

u n t r i e d  t e s t  equipment, and the  des i re  t o  r e s t r i c t  t he  amount o f  rad ioac t ive  
sour'ce mater ia l  introduced i n t o  the  mine. 

Four t e s t  s i t e s  w i l l  be used, a l l  t o  operate a t  a maximum s a l t  temperature o f  
210'C and w i t h  a 3'C/cm thermal gradient. These s i t e s  are s i m i l a r  t o  s i t e s  
numbers 1 through 4 described above w i t h  an add i t iona l  parameter o f  s a l t  type 
considered. Two o f  the  s i t e s  w i l l  be loca ted  i n  the t r a n s i t i o n  s a l t  which i s  
representat ive o f  the  s a l t  expected a t  t he  FRG proposed Gorleben high-1 eve1 

waste repos i to ry  s i t e .  The other  two t e s t  s i t e s  w i l l  be located i n  a nearby 
formation of  pure s a l t  which may more near ly  represent U. S. domal s a l t .  
Wi th in  each s a l t  type, one t e s t  w i l l  be operated w i t h  a rad ioac t ive  source and 
one without; a1 1 other  parameters being the  same w i t h i n  a s a l t  type. The 
t r a n s i t i o n  sal  t s i t e s  w i  11 operate 5 n the  sealed, sel  f -pressur i  zed mode, whi 1 e 
the  pure s a l t  s i t e s  w i l l  operate i n  the  unpressurized, continuous c o l l e c t i o n  
mode. These t e s t s  are sumnarized i n  Table 4-2. 

The data c o l l e c t e d  from t h e  t e s t s  a t  Asse are  expected t o  he lp  resolve several 
po ints .  

0 

0 

Does the presence o f  r a d i a t i o n  e f f e c t  b r i n e  migrat ion? 

Does borehol e gas pressure i n f l  uence b r i n e  m i  g r a t i  on? 
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S a l t  Type 

Radioactive 
Pressurized Hole 

TABLE 4-2. MATRIX OF TEST PARAMETERS 
FOR ASSE TEST 

SITE 1 SITE 2 SITE 3 SITE 4 

Transi ti on Transit ion Pure Pure 
Yes No Yes No 
Yes Yes No No 

A l l  s i t e s  a t  210°C maximum borehole wall  temperature and 
3"C/cm maximum temperature gradient. 
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0 What i s  the r a t e  and amount o f  water product ion under 
1 i k e  condi t ions i n  two types o f  s a l t ?  

Observe the  environment around the t e s t  equipment and 
r e s u l t i n g  from heating, i r r a d i a t i o n ,  and b r i n e  migrat  

0 
0 

reposi tory-  

changes 
on. 

4.5 MEASUREMENT REQUIREMENTS - GENERAL 

4.5.1 Water Col lect ion 

The1 primary i n t e r e s t  o f  the b r i n e  migrat ion t e s t i n g  i s  i n  the  amount o f  water* 

which i s  released t o  the borehole as a func t i on  o f  time. C o l l e c t i o n  o f  t h i s  
wat,er has been performed i n  previous experiments by passing a gas through the 
borehole and trapping the water i n  a c o l l e c t i o n  device outside the borehole. 
Both open and closed cycles have been used. I n  the open cyc le (Krause, 1983; 
Hohlfelder, 1979), a supply o f  d ry  gas, usua l ly  n i t rogen d r i e d  by a desiccant 
canis ter ,  i s  passed through the borehole a t  a cont ro l led  rate,  the moisture 
i s  co l lected,  and the gas i s  exhausted. This system has the disadvantage t h a t  any 
add i t iona l  gases produced i n  the experiment are d i l u t e d  and car r ied  away. 
the exhausted gas can car ry  away small amounts o f  untrapped moisture which i s  no t  
measured. A more advantageous system has a closed cyc le where the gas e x i s t i n g  
i n  the  borehole ( i n i t i a l l y  n i t rogen)  i s  used as the c a r r i e r  gas (Rothfuchs and 
Durr, 1980). 
apparatus, and returned t o  the borehole. With t h i s  system, the  gases produced o r  
evolved w i t h i n  the borehole are reta ined and are more e a s i l y  monitored. Also, 
no water i s  l o s t  from the system i n  an exhaust stream so the dew p o i n t  a t  the 
o u t l e t  o f  the c o l l e c t i o n  apparatus need n o t  be kept a t  an extremely low value. 

Also, 

This gas i s  pumped through the  borehole, through the c o l l e c t i o n  

Two types of c o l l e c t i o n  apparatus have been used. The f i r s t  i s  dessicant can- 
i s t e r s  which absorb water i n t o  chemicals. These can produce very low dew 
po in ts  a t  the output, -50°C t y p i c a l l y .  Other advantages are t h a t  they are 

- 
*Water motion by i n c l u s i o n  m ig ra t i on  t r a v e l s  as a b r i n e  o r  b i t t e r n  whi le  water 
t r a v e l  i n g  by vapor t ranspor t  t r a v e l  s as pure water vapor. When b r i n e  reaches 
the borehole, the water may vaporize and condense elsewhere. I n  any case, only 
water which i s  vaporized w i l l  be co l lected.  Some water may remain i n  the bore- 
ho le  as concentrated s o l u t i o n  o r  hydrated minerals o f  low vapor pressure. 
These w i l l  be measured as p a r t  o f  pos t - tes t  evaluation. Q 
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readily available and the water absorbed can be determined by weighing on a 
periodic basis. Disadvantages are t h a t  the o u t p u t  dew p o i n t  cannot be control- 
led, they may become saturated (which  cannot be observed except by periodic 
weighing o r  by adding other equipment) and t h a t  the capacity required for col-  
lection of l i ters of water is  awkwardly large. 

The other type of apparatus i s  collection by condensation a t  a reduced tempera- 
ture. T h i s  sytem i s  used i n  the Asse mine and consists of calibrated glass 
containers i n  a modified refr igerator .  
of having a controlled output dew point (by control of the temperature) 
and potentially large capacity. 

This system has the advantages 

A closed cycle system will be used which  recycles the gas back i n t o  the 
borehole after water collection. Further, the cold trap method of collecting 
water be used because of the ava i l ab i l i t y  o f  control of the vapor pressure. 
The system will probably be implemented w i t h  a single, centrally located 
refrigerator t o  accomnodate a l l  four test  sites. 

An advantage of collecting the water continuously i s  t h a t  a measure of the rate 
o f  arrival of the brine can be obtained. However, i t  m u s t  be noted t h a t  no t  
a l l  of the water will necessarily be removed because some very low vapor 
pressure solutions and hydrated products can be formed i n  the borehole. These 
will be collected as a par t  o f  the post-test evaluation. 

The moisture collection system i ncl udes sensors for monitoring several param- 
eters. For diagnostic reasons as well as experiment safeguard the borehole 
pressure will be monitored a t  each test  site. Other sensors include low flow 
alarm switches on each loop, level switches on the water collection containers, 
and pressure a t  each pump outlet. 

4.5.2 Temperature 

Temperature and temperature gradient are the two parameters t h a t  most strongly 
affect the brine migration. Experience i n  the U.S. a t  Avery Island w i t h  mea- 
suring temperatures using thermocouples sheathed by Inconel 600 has been very 
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s a t i s f a c t o r y ,  and Cline and Anthony (1972) recommended t h a t  th is  cont inue .  
temperature of  the  s a l t  borehole wa l l  w i l l  be measured a t  several e levat ions 

and aximuthal pos i t i ons  t o  measure the temperature d i s t r i b u t i o n  o f  the s a l t  
adj i icent t o  the  gap. Addi t ional  thermocouples w i l l  be placed i n  the  s a l t  a t  
the rad ius  of the  guard heaters ( b u t  between guard heaters) t o  measure the  
temrjerature f i e l d  produced around the  experiment, on the  guard heaters and on 
the t e s t  assembly sleeve. 

The 

Thermocouples w i l l  n o t  be placed i n  the  s a l t  between the  guard heater r i n g  ana 
the  borehole w a l l  because the  holes i n  the  s a l t  may unduely in f luence b r i n e  
migrat ion,  p a r t i c u l a r l y  by vapor migra t ion  by prov id ing  a low pressure s ink  o r  

by increas ing f r a c t u r i n g  i n  the  sa l t .  It i s  considered t h a t  the a b i l i t y  t o  
c a l c u l a t e  temperature d i s t r i b u t i o n s  i n  s a l t  i s  s u f f i c i e n t l y  we l l  estab l ished 
t h a t  the  s a l t  temperature can be c o r r e c t l y  described given a known heat inpu t ,  

a temperature p r o f i l e  on the  cent ra l  borehole wa l l ,  and temperature 
measurements a t  the  guard heater r ad ius .  

4.6 TEST S I T E  GEOLOGIC REQUIREMENTS 

To ob ta in  the  grea tes t  amount o f  informat ion from the  proposed tes ts ,  i t  i s  

necessary t o  ca re fu l l y  s e l e c t  the  var ious t e s t  s i tes .  
i s  apparent t h a t  the  presence o f  c e r t a i n  geological  features can r e s u l t  i n  

ambiguous o r  questionable b r i n e  migra t ion  data. For example, t oo  l i t t l e  
re leasable moisture i n  the  s a l t  w i l l  make data evaluat ion d i f f i c u l t .  Likewise, 
t he  presence of zones o r  hor izons i n  the  s a l t  (such as c lay  o r  anhydr i te)  which 
in t roduce water from outs ide the  t e s t  area o r  which conta in  water i n  o ther  
forms are undesirable and can obscure t e s t  resu l ts .  

From past  experience, i t  

On t he  o ther  hand, the  se lec t i on  o f  a t e s t  s i t e  cannot be so r e s t r i c t i v e  t h a t  
the  r e s u l t s  are on ly  o f  s c i e n t i f i c  i n t e r e s t  w i t h  l i t t l e  p r a c t i c a l  app l i ca t i on  

t o  " rea l "  repos i to ry  s i tes .  Based on t rade-of fs  between s i t e s  which are scien- 

ti f i cal l y  acceptable and rea l  i s t i c a l  l y  representat ive o f  po ten t i a l  sa l  t reposi  - 
t o r i e s ,  t he  fo l l ow ing  s i t e  requirements have been developed t o  serve as a 
guidleline f o r  the se lec t i on  and conf i rmat ion o f  a t e s t  area i n  the  Asse mine. 

@ 
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These requirements should be viewed as object ives t o  be searched f o r ,  s ince the 
s i t e  w i l l  be i n  a natura l  geologic formation, and p a r t i c u l a r  values cannot be 
speci f ied.  

4.6.1 Salt Type 

With regard t o  the  a p p l i c a b i l i t y  of the t e s t  t o  U.S. condi t ions,  i t  i s  import- 

a n t  t o  se lec t  areas w i t h  the greatest  percentage of primary h a l i t e  i n  the rock 
(preferably  a t  l e a s t  98 percent). H a l i t e  g r a i n  s i z e  should be l e s s  than one cm 
i n  order t o  ob ta in  a s u i t a b l e  g r a i n  boundary density, because o f  the important 
b r i n e  m ig ra t i on  e f f e c t s  associated w i th  g r a i n  boundaries. 

Other ch lor ides and su l fa tes  should be a t  a minimum. C a r n a l l i t e  i s  undesirable 

s ince i t  contains water o f  hydrat ion which i s  released below l l O ° C .  Anhydrite 
seams and c lay  seams should be avoided as much as possible. 

On the  other  hand, FRG p o t e n t i a l  repos i to ry  s i t e s  conta in  greater  amounts o f  
anhydrite, polyhalite and kieserite. Therefore, two of the t e s t s  are planned 

t o  be conducted w i t h i n  the Ubergangssal z (T rans i t i on  Sal t) . These s i t e s  w i  11 
a l so  provide useful in format ion t o  the U.S. on the importance o f  v a r i a t i o n s  i n  
s a l t  c h a r a c t e r i s t i c s  t o  b r i n e  migrat ion.  

4.6.2 Moisture 

The s a l t  moisture content ava i l ab le  f o r  re lease dur ing heat ing up t o  400'C 

should be between a 0.05 t o  0.15 percent weight loss. Greater water concen- 
t r a t i o n s  are bel ieved t o  be due t o  l a r g e  l o c a l  content r a t i o s  o f  hydrated min- 

e r a l s  t h a t  a re  n o t  representat ive of o v e r a l l  condi t ions.  A s p e c i f i c  value f o r  
an acceptable l e v e l  o f  s p a t i a l  v a r i a t i o n  cannot be given since i t  depends upon 

the natura l  va r ia t i ons  i n  the s a l t .  
i nhomogenei ty because extremes i n moisture content make t e s t  eval ua t i on  d i  f f  i- 

c u l t .  Moisture content and form w i l l  be determined both before and a f t e r  
t es t i ng .  

However the ob jec t i ve  i s  t o  minimize the  

A i r  humidity should n o t  a f f e c t  the t e s t  i t s e l f  because the  t e s t  zone w i l l  be 
separated from the mine environment and the moisture c o l l e c t i o n  system i s  
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closed. 

reasons ( instrumentation, e lect ron ics,  etc. ) Both humidity and temperature a r e  

expected t o  remain f a i r l y  constant throughout the tests .  The e f f e c t  o f  a i r  
hum-idity dur ing d r i l l i n g  of the t e s t  boreholes w i l l  be t o  absorb some water on 
t h e  borehole wal ls.  The e f f e c t  o f  t h i s  w i l l  be minimized by d ry ing  the bore- 
hole w i t h  d ry  n i t rogen p r i o r  t o  experiment heat ing i n i t i a t i o n .  

I n  s p i t e  o f  t ha t ,  low and constant humidity i s  des i red f o r  o the r  

4 .6 .3  High  Pressure Gas Inc lus ions  

The selected s i t e s  must be f r e e  o f  the possible presence o f  h i g h  pressure gas 

i nc lus ions  ("popping s a l t " )  which could endanger both the success o f  the t e s t  
and the  personnel i n s t a l l i n g  and operat ing the tes t .  The "popping s a l t "  condi- 
ti oris coul d cause sudden decrepi ta t ion ( "blowouts'' and explosions ) o f  1 arge 
q u a n t i t i e s  of s a l t  as i s  known from Werra s a l t  mines i n  GDR and from mines i n  

Polamd; a l l  are located i n  bedded s a l t  d i f f e r e n t  from t h a t  a t  the Asse mine. 
The experience i s  t h a t  Asse does n o t  conta in  popping s a l t .  

4.6 .4  S p a t i a l  D i s t r i b u t i o n  

The requi red proper t ies should be present i n  unifonn condi t ions along the 
e n t i r e  l eng th  o f  the g a l l e r y  t e s t  sect ion so they can be v e r i f i e d  by logging, 
sampling and core d r i l l i n g  o f  the g a l l e r y  w a l l s  and f l o o r ,  i n  p a r t i c u l a r ,  t o  

the e f f e c t i v e  depth of t he  t e s t  zone; i.e., seven meters. 

4.7 TEST SITE GEOMETRIC REQUIREMENTS 

The selected s i t e  must accommodate the t e s t  l a y o u t  and geologic requirements, a 
contingency area, and p o t e n t i a l  volume f o r  possible f u t u r e  t e s t  expansion. 

4.7.1 Avai lab le  Geometry and Volume 

An area i n  the  southeast p a r t  o f  t he  mine a t  t he  800 meter l e v e l  ShOWn i n  
Figure 4-2 has been i d e n t i f i e d  by GSF-IfT as being a v a i l a b l e  f o r  the t e s t s  and 
having des i red geologic condi t ions.  This  t e s t  area i s  l oca ted  more than 6U 

meters t o  the southeast beyond the  safety  p i l l a r s  (diameter o f  50 m each) o f  
S h a f t s  2 and 4. 
p a r a l l e l  t o  the  geologic structure.  The nearest e x i s t i n g  d r i f t ,  the cross-cut 
leacling t o  B l i n d  Shaf t  4, i s  more than 20 m t o  the west. 

T h e  a r e a  i s  about  60 m long,  30 t o  40 rn wide, and approximately 
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U B o t h  s a l t  types are present i n  the proposed area. Pure S a l t  (SI occupies the  
southern p o r t i o n  a t  a width of 4 t o  7 m i n  a near ly  v e r t i c a l  formation anu 
T rans i t i on  S a l t  ( U )  i s  adjacent t o  the no r th  a t  width o f  15 t o  30 m and forms a 
1 oca1 a n t i  c l  i ne. 

Extensive mining (rooms o f  approximate s i ze  40 x 20 x 15 m )  a t  the 775 m l e v e l  

was located h o r i z o n t a l l y  more than about 20 t o  40 m t o  the north. Reportedly 
these rooms were b a c k f i l l e d  several decades ago and no f u r t h e r  mining a c t i v i -  

t i e s  are planned f o r  the near future. A t  the 750 m l e v e l ,  a room (No. 5) w i t h  
a cen t ra l  p i l l a r  was excavated d i r e c t l y  above the proposed area. This  room i s  
about 65% b a c k f i l l e d  and f u l l  b a c k f i l l  i s  n o t  expected before 1984. A small 
g a l l e r y  (cross sect ion 3 x 4 m) was excavated t o  the south from Room No. 5 t o  
Room No. 7 on the 750 m l e v e l  i n  January and February 1981. A l l  rooms a t  t he  
southern f l ank  a t  700 and 725 m l e v e l s  w i l l  be b a c k f i l l e d  i n  the future. How- 

ever, the b a c k f i l l i n g  schedule has no t  y e t  been determined. 

4.7.2 Configuration/Geometry o f  Excavation 

The conf igurat ion and geometry o f  the t e s t  i s  der ived from successful exper i -  
ence o f  previous tests ,  t e s t  const ra in ts ,  and desired parameters from which the 
fo l lowing are the most s i g n i f i c a n t :  

Stable s i z e  o f  the g a l l e r y  l i m i t s  the width t o  10 meters ( 3 3  f t )  
and height  t o  8 meters (26  f t )  based on Asse mining experience. 

Avoidance o f  thermal i n te r fe rence  between t e s t s  requi res t h e i r  
l o c a t i o n  a t  a minimum separation o f  15 meters (center t o  
center) .  S t r a i n  i n t e r a c t i o n  may requ i re  greater  separation of 
p a r a l l e l  ga l l e r i es .  

Or ien ta t i on  o f  the geologic s t ruc tu re  a t  the Asse t e s t  s i t e  
approximately east-west d i c t a t e s  s i m i l a r  o r i e n t a t i o n  o f  the 
d r i f t ( s )  f o r  the t e s t s  t o  increase the p r o b a b i l i t y  o f  f i n d i n g  
s i m i l a r  condi t ions f o r  the corresponding tests .  

The des i re  t o  place t e s t  l oca t i ons  i n  both s a l t  types "S" and "U" 
(Sect ion 8) w i l l  apparently requ i re  excavation o f  two g a l l e r i e s ,  
one i n  each s a l t  type, connected by a common communication 
gal 1 ery . 
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0 Symmetrical l o c a t i o n  o f  the t e s t  w i t h  regard t o  the p i l l a r s  
(s ince asymmetry creates geomechanical problems) and requi re-  
ment f o r  access from bo th  s ides d i c t a t e  t h a t  the t e s t s  be l oca ted  
along the center l i n e  o f  the gal lery .  

Development o f  an i r r e g u l a r  s t ress  f i e l d  i n  the v i c i n i t y  o f  
p i l l a r  corners could impose h i g h l y  asymmetrical loading on t h e  
t e s t  hardware; hence: 

0 

- Number of p i l l a r  corners should be minimized 

- Tests should be located as f a r  away from the p i l l a r  corners 
as p r a c t i c a l ,  a minimum of about f i v e  meters. 

I n  addi t ion,  the a v a i l a b i l i t y  o f  s u b s t i t u t e  t e s t  l oca t i ons  i n  case o f  noncon- 

formance o f  the selected s i t e s  w i t h  the geologic requirements and a l so  f o r  
p o t e n t i a l  add i t i ona l  t e s t  l oca t i ons  should be considered. For example, each 

g a l l e r y  could inc lude the p o t e n t i a l  f o r  extension o f  an add i t i ona l  15 t o  30 
meters o f  l ength .  

4.7.3 Alternate Geometries a t  the Asse Mine 

The excavation geometry requirements discussed i n  previous sect ions coul d be 
accommodated e i t h e r  by a U-or Z-shaped g a l l e r y  w i t h  two arms o f  about 25 meters 
long, o r  by an H-shaped g a l l e r y  system w i t h  fou r  arms o f  about 15 meters each, 
as i nd i ca ted  on F igure 4-3. 

The advantage o f  t he  U- and Z-shapes i s  t he  minimizat ion o f  p i l l a r  corners 

wh i l e  the advantage of the .H-shape i s  eas ier  access t o  the t e s t  s i t e s  i n c l u d i n g  

a1 t e r n a t i  ve and/or addi t i o n a l  s i t es .  The Z-s hape w i  11 have 1 ess rock mechanics 

interference between the two arms. If an add i t i ona l  comnunication l i n k  between 
the  t e s t  g a l l e r i e s  i n  the  U-shaped con f igu ra t i on  i s  desired, a small g a l l e r y  
(about 2 meters wide and about 3 meters h igh)  o r  a hor izonta l  bor ing could be 
used. A Z-shaped ga l l e ry ,  s i m i l a r  t o  t h a t  shown i n  Figure 4-3 i s  recommended. 

4.8 TEST SITE GEOMETRY BASIS  

8 '  

The geometry o f  the t e s t  s i t e  i s  d i c t a t e d  by the  successful experience o f  pre- 
vious tests ,  t e s t  const ra in ts ,  and the desired parameters o f  the t e s t .  
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Figure 4-3. Alternate Test Gallery Geometries 
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A1 though several a1 ternates have been considered, i t  has been establ ished t h a t  

independent c y l i n d r i c a l  sources are bes t  su i ted  t o  the t e s t  object ives.  

To avoid the zone of subf loor  cracking t h a t  was described by the  FRb, t he  
experiments w i l l  be located a minimum of three meters below the surface o f  t h e  
mine f l o o r  and w i l l  be sealed a t  t h a t  l e v e l  using cas t  i n  place epoxy seals. 

The heat and r a d i a t i o n  source w i l l  be located below the seal. Pre l iminary 
hardware evaluat ions (Sect ion 5.2) e s t a b l i s h  t h a t  t he  diameter o f  the t e s t  sec- 
t i o n  borehole should be a t  l e a s t  33 cm t o  inc lude the features desired. How- 
ever, t he  experiment i s  constrained by use o f  a 20 cm diameter grapple f o r  t he  

rad ioac t i ve  source t h a t  i s  ava i l ab le  f o r  use by the FRG. To conta in  the o the r  
requ i red  equipment r e s u l t s  i n  a borehole diameter o f  43.5 cm (1 7 i n )  which w i  11 

be used f o r  t h i s  tes t .  To obta in  a reasonably long region o f  uni form tempera- 
t u r e  d i s t r i b u t i o n  around the  source requi res a length-to-diameter r a t i o  of about 
5 (see Section 6.2.1) which r e s u l t s  i n  about a two-meter l ong  t e s t  length. 
Th is  appears t o  be a reasonable l eng th  from p r a c t i c a l i t y  considerat ions and 
would inc lude two one-meter long r a d i a t i o n  sources which can be accomnodated by 
the  handl ing equipment planned f o r  use i n  the Asse t e s t .  

The t e s t  sect ion w i l l  be surrounded by a l a y e r  o f  porous mater ia l  such as alum- 
i n a  beads t o  a l l o w  c o l l e c t i o n  o f  water and gases which may be produced dur ing 

the t e s t .  

A r i n g  o f  e l e c t r i c a l  guard heaters w i l l  surround the t e s t .  These w i l l  he lp  t o  

prov i  de the desi r e d  temperature envi ronment around the source. These heaters 
w i l l  be placed i n  a r i n g  w i t h  a rad ius o f  1.5 meters (ti0 i n ) .  E i g h t  guard 
heaters w i l l  be requi red t o  ob ta in  a s u f f i c i e n t l y  uni form temperature d i s t r i -  
bu t i on  around each s i t e .  Th is  number i s  determined i n  Section 6.2.3. 
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5.0 ASSE MINE AND EXPERIMENT DESCRIPTION 

r 

5.11 MINE AND TEST SITE LAYOUT 

As'se mine workings and geology are schematically shown i n  cross-sect ion i n  F ig -  
ures 5-1 and 5-2 and i n  p lan  views o f  the  750, 775 and 800 meter l e v e l s  i n  
F igures 5-3, 5-4 and 5-5. The t e s t  w i l l  be conducted on t h e  80U meter l e v e l .  

5.1.1 Ex is t ing  Conditions 

The access t o  the  t e s t  area i s  v i a  an e leva tor  i n  Shaf t  No. 2 t o  the  750-meter 
l e v e l  and then t o  the  800-meter l e v e l  v i a  a ser ies  o f  ramps a t  a maximum grade 
o f  8 percent. Then, a t  t he  800-meter l e v e l  v i a  a northwest-southeast heading. 

A number o f  l a rge  rooms (40 t o  120 meters long, up t o  25 meters wide, and about 

10 t o  15 meters h igh)  were excavated a t  the  750-meter and 775-meter l e v e l s  i n  
the' v i c i n i t y  o f  the  preselected t e s t  area. 

A t  the  800-meter l e v e l ,  a northeast-southwest cross-cut i s  loca ted  t o  the  west 

of the  preselected area a t  a minimum distance o f  about 20 meters. Safety 
p i l l a r s  of a 50-meter rad ius  around Shafts Nos. 2 and 4 are  a t  t he  minimum 

distance o f  more than 60 meters from po ten t i a l  t e s t  s i tes .  

5.1.2 Descr ipt ion o f  the Experiment Geometry and Layout 

Careful  cons iderat ion has been given dur ing experiment design t o  provide a 
s u i t e  of t e s t s  which can func t i on  independently o f  each o ther  f o r  r e l i a b i l i t y  

and together as a s e t  w i t h  vary ing parameters t o  evaluate b r i n e  migra t ion  and 
o the r  impacts. I n  order t o  keep the  experiments va l i d ,  i t  i s  important t o  
e l im ina te  o r  minimize mutual i n t e r a c t i o n  between the  var ious tests .  I n  addi-  
t i o n ,  i t  i s  necessary t o  p lace comparable experiments i n  areas with near ly  
i d e n t i c a l  rock propert ies.  The Asse t e s t  design w i l l  i nc lude a t o t a l  o f  f o u r  
t e s t s  i n  two rock types (Pure Sa l t ,  S, and T rans i t i on  Sa l t ,  U),  two i n  each 

rock type. 
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Figure 5-4. Mine Plan - 775 Meter Level 
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Figure 5-5 .  Mine Plan - 800 Meter Level Q 
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To prevent thermal interaction between experiments, i t  i s  calculated t h a t  m i n i -  

mum spacing between experiments must be 15 m (45 f e e t ) ,  see Section 6.2. Addi- 
@ t ionlally,  t o  minimize the e f f e c t  of nonuniform stress conditions near unniined 

portions of the s i te ,  a m i n i m u m  of 5 m (15 f e e t )  i s  prescribed f o r  the distance 
t o  the nearest wall, p i l l a r ,  o r  p i l l a r  corner. Location of the experiments 
along the gallery centerline i s  essent ia l .  Section 6.10 indicates t h a t  the 
minimum spacing between paral le l  gallery centerlines should be 30 m. 

Accessibility a l so  puts constraints on mine layout and design. For example, 
e n t r i e s  must be capable of accommodating the vehicle used t o  transport  mater- 
i a l s .  Likewise, suf f ic ien t  overhead clearance must be provided t o  emplace the 
radiation simulator package and the t e s t  assembly which i s  estimated t o  be 5 m 
(16.~4 f t )  long. 
important consideration a s  i s  suf f ic ien t  instrumentation space t o  accomnoaate 
sensor outputs and heater control lers ,  e tc .  

Easy access ib i l i ty  for  sample collection d u r i n g  t e s t s  i s  an 

An access entry will  be excavated from the intersection of exis t ing northwest- 
southeast and northeast-southwest cross-cuts a t  the 800-meter level i n  an 
apprloximate easter ly  direction. The suggested dimensions of this  entry a re  6 x 
6 meters and i t  could be excavated e i the r  by d r i l l i n g  and blasting o r  by a 
continuous miner. 

The individual t e s t  ga l le r ies  (10 meters wide and 8 meters h i g h )  w i l l  be exca- 
vated para1 le1 t o  the geological structure.  The preferable m i n i n g  method f o r  
the t e s t  ga l le r ies  i s  a continuous miner t o  eliminate the potential s a l t  damage 
from b l  a s t i  ng . 

Further constraints  placed on mine layout a re  those associated w i t h  maximuni 
sizesl fo r  entries which require a long term stand-up period. In addition, 
safety considerations require a layout which permits rapid access t o  raui- 
ationl sources fo r  removal. 

Based on the above constraints  and the desire t o  minimize tunnel dimensions, a 
Z-shalped layout similar t o  the one i n  Figure 5-6 i s  proposed. Orientations 
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@of  the two t e s t  chambers should be chosen t o  provide access t o  the most uni form 
s a l t  possible i n  both s a l t  types. 

It i s  suggested t h a t  longer  t e s t  g a l l e r i e s  should be excavated t o  provide space 
f o r  add i t i ona l  t e s t  s i t e s  which may o r  may n o t  be u t i l i z e d  depending on the 
condi t ions and r e s u i t s  a t  t he  planned fou r  t e s t  s i t es .  

A l l  citbles and tub ing a re  routed next t o  the wa l l s  and between the wal l  and the 
t e s t  s i t e  are below f l o o r  l e v e l .  The emergency diesel-generator must be 
located i n  the main d r i f t  r a t h e r  than i n  the experiment area t o  s a t i s f y  mine 
safety  requirements. 

5.2 NARDWARE DESCRIPTION 

The t e s t  assembly described i n  t h i s  sect ion i s  shown i n  Figures 5-7 and 5-8. 
The assembly w i l l  be surrounded by a r i n g  o f  guard heaters, as shown i n  F igure 
5-9. 

5.2.1 Design Features 

The piirpose o f  the b r i n e  m ig ra t i on  hardware i s  t o  produce a s a l t  formation 
envirolnment which produces the thermal and r a d i a t i o n  condi t ions desired. The 
hardware w i l l  be designed so condi t ions can be c o n t r o l l e d  and so t h a t  any b r i n e  
m ig ra t i on  a c t i v i t y  st imulated by i t s  presence can be detected and measured. 

The f o l l o w i n g  basic features have been considered i n  the  design: 

0 Cobal t 60 w i l l  be used as the r a d i a t i o n  source. 

0 A u x i l i a r y  heat and temperature con t ro l  c a p a b i l i t y  w i l l  be pro- 
vided by tubu la r  e l e c t r i c a l  resistance heaters. 

0 Instrumentation w i l l  inc lude gauges f o r  monitor ing the deforma- 
t i o n  o f  the mater ia l  forming the 'outer sleeve; thermocouples 
f o r  observing the  temperature o f  t he  heat source and f o r  mea- 
sur ing the a x i a l  and r a d i a l  temperatures o f  the ou te r  sleeve 
and borehole; pressure detectors f o r  i n d i c a t i n g  leakage a t  t he  
outer  sleeve; and moi sture-col l e c t i n g  apparatus f o r  measuriny 
t h e  m ig ra t i on  o f  b r i n e  t o  t h e  heat source. @ 
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SEAL FITTINGS FOR 
FILL TUBES, GASLINES, 
ELECTRICAL AND T/C'S 
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Figure 5-7. Cross Section o f  Brine Migration Test Assembly 
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F i g u r e  5-9. Tes t  S i t e  Overview 
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0 A gas purge annulus f o r  moisture c o l l e c t i o n  w i l l  be maintained 
around the outer  sleeve through use o f  a porous b u f f e r  layer .  

0 Moisture c o l l e c t i o n  w i  11 be accompl i shed by c i r c u l a t i n g  n i t r o -  
gen i n  a c losed system through the porous media and removing 
moisture absorbed i n  the gas w i t h  c o l d  t raps a t  the f l o o r  
l e v e l  . 

0 An elastomer seal w i l l  be used i n  the annulus above the t e s t  
sect ion t o  i sol a te  the moi s ture-co l l  e c t i  ng zone. 

The r a d i a t i o n  source w i l l  be i s o l a t e d  from the environment by 
a mu1 t i - b a r r i e r  package. 

0 

0 The can is te r  conta in ing the rad ioac t i ve  source w i l l  be 
r e t r i e v a b l e  us i  ng the grappl e and t ranspor t  equipment designed 
t o  place the  canis ters  i n  the t e s t  assembly. 

0 The design of  the t e s t  assembly w i l l  use the Engl ish system o f  
u n i t s  t o  reduce cost. Equipment i n t e r f a c i n g  w i t h  survace com- 
ponents such as e l e c t r i c a l  o r  tub ing connections w i l l  be pro- 
v ided t o  metr ic  spec i f icat ions.  

0 The t e s t  assembly w i l l  provide s u f f i c i e n t  r a d i a t i o n  sh ie ld ing  
t o  l i m i t  the average dose r a t e  a t  the borehole c losure t o  a 
maximum o f  2.5 mrem/hour and as low as reasonably achievable 
when the source canis ters  are i n  t h e i r  normal storage con- 
f i gurati,on. 

The sleeve assembly and seal w i l l  be a pressure boundary 
l i m i t i n g  leakage from the a c t i v e  t e s t  zone. 

0 

5 . 2 . 2  Test Assembly (Figure 5-7)  

The t e s t  assembly i s  composed o f  an upper and lower sleeve assembly j o i n e d  t o  

an enlarged seal sect ion t o  form the primary boundary t o  p r o t e c t  the t e s t  mate- 
r i a l  from the pressure and corros ive e f f e c t s  o f  the s a l t  environment. The 

slet?ves are j o i n e d  by welded j o i n t s  a t  the seal sect ion t o  form a continuous 
tubu la r  assembly. Surrounding the upper sleeve and seal sect ion i s  a caisson 
which i s  sealed and bonded t o  the s a l t  borehole. A ser ies of O-ring elastomer 
sea'ls provide a seal between the caisson and the sleeve assembly seal sect ion 
t o  i isolate the lower t e s t  zone. The upper c losure provides external  termina- 
t i o n  o f  the interconnect ing instrumentation, e l e c t r i c a l ,  gas and f i l l  l i n e s  
between the lower sleeve and upper closure. Within the t e s t  assembly lower br) 
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@ sleeve a re  two c a n i s t e r s  con ta in ing  t h e  c o b a l t  60 sources. 

c a n i s t e r s  i s  an e l e c t r i c a l  heater  assembly c o n s i s t i n g  o f  two redundant se ts  o f  

s i x  t u b u l a r  heaters  each extending approximately 15 cm ( 6  i n . )  beyond t t ie  upper 

end o f  t h e  stacked can is te rs .  Above t h e  t o p  c a n i s t e r  i s  an assembly c o n t a i n i n g  
thermal i n s u l a t i o n  and s h i e l d i n g  t o  p r o t e c t  t h e  e lastometer  sea ls  ana t o  l i m i t  

hea t  t r a n s f e r  t o  t h e  upper sleeve. Thermocouple ins t rumenta t ion  extending from 
t h e  upper sleeve c losu re  measures temperatures on t h e  ou ts ide  diameter o f  t h e  

lower  sleeve a t  t h ree  e leva t i ons  and th ree  azimuthal pos i t i ons .  Thermocouples 

a l s o  extending from t h e  ca isson con tac t  t h e  borehole w a l l  t o  measure t e s t  zone 

temperature a t  s i x  e leva t i ons  and th ree  azimuthal pos i t i ons .  The sur face o f  
t h e  t e s t  assembly i s  sh ie lded by a s h i e l d  r i n g  surrounding t h e  upper sleeve 

c losu re  t r a n s i t i o n  and an i n t e g r a l  s h i e l d  p l u g  which l i m i t s  t h e  r a d i a t i o n  t o  a 
l ow  l e v e l  a t  t h e  mine f l o o r .  The s leeve and heater  assemblies a r e  d e l i v e r e d  as 

a s i n g l e  u n i t  approximately 5 m (16.4 f t . )  long. They a re  designed f o r  i n s e r -  
t i o n  i n t o  t h e  ca isson l i n i n g  t h e  43.5 cm (17.13 i n . )  diameter borehole. 
low ing  i n s e r t i o n ,  t h e  annul us between t h e  borehole and t h e  1 ower sleeve i s 

f i l l e d  w i t h  g ranu lar  media through f i l l  tubes rou ted  from t h e  upper c losure.  

Surrounaing t h e  

Fo l -  

5.2.2.1 Sleeve Assembly (F igure  5 - 7 )  

The sleeve assembly c o n s i s t i n g  o f  a lower  and upper sleeve and c losu re  prov ides  

t h e  containment housing f o r  t h e  source can is te rs ,  t u b u l a r  heaters  and i n t e r n a l  

s h i e l d  and thermal b a f f l e .  The sleeves a r e  13.00 inches (33 cm) i n  diameter 

w i t h  a 0.75 i n c h  (1.9 cm) w a l l .  The lower  sleeve tube, seal sect ion,  ana lower  

end gas man i fo ld  a r e  cons t ruc ted  o f  Inconel  600. 

i s  carbon s tee l .  

there fore ,  p ro tec ted  f rom p o t e n t i a l  ga lvan ic  cor ros ion .  Inconel  6UO was chosen 

f o r  t h i s  a p p l i c a t i o n  because i t  i s  r e s i s t a n t  t o  b r i n e  corros ion,  i s  r e l a t i v e l y  
ava i l ab le ,  easy t o  f a b r i c a t e ,  and inexpensive when compared t o  o the r  p o t e n t i a l  

mater i  a1 s 

The upper sleeve ana c losu re  
The t r a n s i t i o n  weld i s  above t h e  elastomer sea ls  and i s ,  

The lower  sleeve assembly i nc ludes  an end p l a t e  con ta in ing  t h e  gas i n l e t  mani- 

f o l d  t o  the  porous media and t h e  s t r u c t u r a l  support f o r  t h e  heater  assembly. 
Extending f rom t h e  c losure,  down t h e  ou ts ide  diameter o f  t h e  upper sleeve, and 
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t e rm ina t i ng  a t  a x i a l l y  d r i l l e d  passages i n  the  center  seal sec t i on  a re  two por -  
ous media f i l l  tubes, t h ree  thermocouple guide tubes, and one gas e x i t  sampling 
tube. The f i l l  tubes a r e  s t r a i g h t  leng ths  o f  1/2 i n c h  Schedule 40 p ipe  (1.6 cm 
I D )  (p re l im ina ry ) ,  and t h e  gas and thermocouple tubes a r e  1/4 i n c h  Schedule 40 

p ipe  (.9 cm ID) .  The Inconel 600 tubes a re  socket welded t o  t h e  seal sect ions.  

Tes,t zone pressure i s o l a t i o n  i s  mainta ined a t  t h e  c losu re  end by compression 

seal f i t t i n g  f o r  t h e  thermocouple sheaths and compression caps f o r  t he  f i l l  
tubes. The seal sec t i on  i s  15.375 inches (39.0 cm) i n  diameter, 3.62 inches 

(9.? cm) l o n g  w i t h  f o u r  0.210 i n c h  (5.3 mm) diameter O-ring seals. The candi -  

datle ma te r ia l  f o r  t h e  O-r ing sea ls  i s  e thy lene propylene d iene which meets t h e  

se rv i ce  requirements f o r  temperature, env i  ronment , and 1 ow compression se t .  
The annulus between t h e  sea ls  w i l l  be pressur ized w i t h  n i t r o g e n  t o  r e a w e  the  

d i f f u s i o n  leakage of t h e  gas from t h e  t e s t  zone. 

5.2.2.2 Heater Assembly (Figure 5-7) 

Contained w i t h i n  t h e  i n n e r  per iphery  o f  t h e  lower  sleeve i s  a t u b u l a r  heater  

assembly. 

t e r  heaters  f o r  redundant operat ion.  The heaters  a re  approximately 74 inches 

(1.!3 m) long, and each has a thermal r a t i n g  o f  3,000 watts. 

b a f f l e s  a long t h e  l e n g t h  o f  t h e  assembly r e s t r i c t  n a t u r a l  convect ion and reduce 
d i s t o r t i o n  of t h e  thermal p r o f i l e .  The heater  assembly suppor t  tube a l s o  
serves as a guide f o r  t h e  r a d i o a c t i v e  source can is te rs .  The annulus above t h e  

heaters  which extends t o  the  seal sec t i on  area conta ins  thermal i n s u l a t i o n  and 

sh ie ld ing .  This ,  a long w i t h  a cen te r  assembly con ta in ing  i n s u l a t i o n  ana 
s h i e l  d ing  r e s t i n g  on top  of t h e  can is te rs ,  p r o t e c t s  t h e  ex te rna l  e l  astometer 
sea ls  and l i m i t s  hea t  t r a n s f e r  t o  t h e  upper sleeve volume. 

plane of t h e  heater  assembly i s  a deformation gage. 

s i b l e  deformation o f  t h e  sleeve due t o  t h e  l i t h o s t a t i c  pressure o f  t h e  s a l t ,  

p e m i i t t i n g  removal o f  t he  source c a n i s t e r s  be fore  sleeve deformat ion becomes 

excessive. 

Th is  assembly cons is t s  o f  two se ts  o f  s i x  0.315 i n c h  (0.8 cm) diame- 

Several thermal 

Located a t  t h e  miu- 

Th is  gage w i l l  d e t e c t  pos- 

5 . 2 2 . 3  Seal and Seal Caisson (Figure 5-7) ~ 

Surrounding t h e  t e s t  assembly upper sleeve a n i  seal sec t i on  i s  a ca isson which 
i s sealed and s t r u c t u r a l l y  bonded t o  t h e  s a l t  borehole. The ca isson i s  G 
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86 inches long (2.2 m), extending from near the entrance t o  the borehole, and 
has an outside diameter o f  16.38 inches (41.6 cm) and an i n t e r n a l  seal ing diam- 

e t e r  o f  15.375 inches (39.0 cm). The lower 6 inches (15.2 cm) o f  the caisson 
i s  enlarged t o  a diameter o f  17.00 inches (43.2 cm) t o  provide add i t i ona l  
r i g i d i t y  f o r  the i n t e r n a l  seals and t o  r e s t r i c t  the f l ow  o f  the castable seal 
mater ia l .  The enlarged seal sect ion i s  made from Inconel 6UU wh i l e  the rernain- 
der of the caisson i s  carbon s tee l .  

The annulus between the borehole and caisson i s  f i l l e d  w i t h  castable seal sys- 
tem. Candidate mater ia ls  f o r  t h i s  castable seal a re  p o l y s u l f i d e  and epoxy. 
The seal w i l l  be requi red t o  r e t a i n  the 60 p s i  (0.4 W a )  t e s t  zone gas pres- 
sure and support the t o t a l  borehole a x i a l  pressure load. A f lange sect ion a t  
t he  upper end o f  the caisson provides a bo l ted  connection t o  connect t he  t e s t  

assembly and caisson. 

Extending below the caisson a re  thermocouples which w i l l  contact  the t e s t  zone 

borehole wal l  a t  f i v e  e levat ions and three azimuthal posi t ions.  Three thermo- 
couples a t  one e leva t i on  w i l l  a l s o  be located i n  the enlarged sect ions of  the 

caisson t o  record the temperature i n  the area o f  the seals. The thermocouple 
sheaths pass through the  castable seal and terminate a t  the t e s t  assembly 
c l  osure. 

5.2.2.4 Closure (Figure 5-7) 

The t e s t  assembly c losure consis ts  of the outer  s h i e l d  r i ng ,  upper sleeve tran- 

s i t i o n ,  and s h i e l d  plug. These carbon s tee l  components, along w i t h  the i n t e r -  
na l  sh ie ld ,  are intended t o  reduce the surface r a d i a t i o n  dose r a t e  t o  a maximurn 

o f  2.5 mrem/hr under normal c a n i s t e r  storage condi t ions.  The s h i e l d  p lug w i l l  
have a maximum diameter o f  8.25 inches (21 cm) and a standard handl ing p i n t l e  
f o r  grappl ing and handling by the surface t r a n s f e r  cask. 

5.2.2.5 Canis te r  and Source (Figure 5-10) 

The canis ters  conta in ing the r a d i a t i o n  source are approximately 39 inches ( 1  m )  

l o n g  due t o  cons t ra in t s  imposed by the t ranspor t  vehic le.  They w i l l  be fabr i -  

cated from 7.75 inch (19.7 cm) OD by 0.120 inch ( 3  mm) wa l l  carbon s tee l  p ipe Q 

. . ..__ ....... ~ - - - - - . . - .  



HANDLING PINTLE 

CO-60 SOURCE 

SOURCE LINER 
SOURCE 
SLEEVES 

THERMAL BAFFLES 

CANISTER CYLINDER 
8.25 O.D. x .25 Wall 
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Figure  5-10. Radioac t ive  Source C a n i s t e r  Assembly 
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w i t h  tapered end plates  and handling pintle. The  sources will be located i n  
the canis te r  by a concentric cylinder, 0.6 inch (1.5 cm) ID. The source will 
be cobalt 60, see Section 5.4.3. The empty volume of the canis te r  will be 
f i l l ed  w i t h  f iberglass  insulation o r  baff les  t o  reduce convection w i t h i n  the 
t es t  assembly. 

T h e  source will be loaded in to  the canis ter  i n  a hot ce l l  area by the source 
manufacturer, and the canis te r  will be closed by a simple mechanized closure.  
Dummy canis ters  will  be provided f o r  the nonradioactive experiments t o  f i l l  

this area and maintain the same thermal environment fo r  these t e s t s .  

5.2.2.6 Porous Medi um (Figure 5-8) 

As described i n  previous sections,  the annulus between the borehole and lower 
sleeve i s  f i l l e d  with a porous medium f o r  the collection o f  water and gases 
which may be generated dur ing  t h e  t e s t  and t o  support t h e  borehole w a l l .  

Desirable material properties t h a t  have been ident i f ied fo r  this application 
a re :  

0 

0 

0 

0 

0 

0 

0 

Good compressive strength a t  300°C a f t e r  exposure t o  brine, 
radiation, and heat 

High thermal conductivity t o  enhance heat t ransfer  t o  the 
borehole wall 

Nonreactivi ty w i t h  water and brine a t  the design conditions 

Good pourabi 1 i t y  

L i  t t l  e compacti on under 1 oad 

Noncl oggi ng w i t h  residue from evaporated b r i  ne 

Low density t o  l imit  radiation attenuation t o  the geologic 
sal t 

A number of materials fo r  this  application have been surveyed which resulted i n  

a recommendation t h a t  alumina (A1203) i s  most suited f o r  the brine migra- 
t ion  tes t  collection media a f t e r  consideration o f  material properties,  stock 
ava i lab i l i ty ,  and cost. The material i s  available i n  3/16 t o  1 /4  inch 
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(4.5 t o  6.3 mm) diameters, which should provide good p o u r a b i l i t y  ana i n s i g n i f i -  

can t  c l  oggi ng of t he  gas co l  1 e c t i  on mani f o l  ds. Other mater i  a1 s , i n c l  ud i  ny car-  
bon and graphi te,  a re  being considered as backups. These ma te r ia l s  w i l l  be 
tes ted  t o  assure t h a t  they w i l l  s a t i s f y  the requirements. 
t h a t  alumina may r e a c t  t o  an excessive degree w i t h  t h e  water i n  br ine,  b u t  

r e a c t i o n  w i t h  water vapor may be l i m i t e d .  This w i l l  be v e r i f i e d  by the t e s t i n g .  

There i s  evidence 

5.2.3 Guard Heaters (Figure 5-9) 

Per iphera l  heaters w i l l  be placed i n  an octagonal p a t t e r n  around the  c a n i s t e r  
l o c a t i o n  59 inches (1.5 m) from the c e n t e r l i n e  of the t e s t  assembly. The guard 
heaters w i l l  extend approximately 2.5 f e e t  (0.8 m) below and above the  a c t i v e  

reg ion of t he  lower sleeve. These heaters are intended t o  modify the thermal 
g rad ien t  around the  lower sleeve and improve the storage simulat ion.  

5.2.4 Placement and Retr ieva l  (Figure 5-11) 

To prevent r a d i a t i o n  exposure t o  the  personnel dur ing emplacement o r  r e t r i e v a l  

of  the source can is te rs  a t  the t e s t  s i t e ,  i t  w i l l  be necessary t o  u t i l i z e  a 
t r a n s p o r t  s h i e l d  w i t h  an i n t e g r a l  lower valve and a separate shielded valve 
adapter which i s  pos i t ioned over the  t e s t  assembly c losure.  This  equipment 
w i l l  be provided by the  FRG and i s  c u r r e n t l y  being designed. The f i gu re  shows 
an e a r l y  conceptual design. 

The valve adapter i s  placed over the c losure o f  the t e s t  assembly t o  be f i l l e d .  

The adapter 1 i m i  ts r a d i a t i o n  streaming from around the  c losure dur ing i n s t a l  1 a- 
t i o n  o r  removal and du r ing  the  i n t e r v a l  when the  c losu re  s h i e l d  p l u g  i s  n o t  i n  

place. The t ranspor t  veh ic le  i s  used t o  place the s h i e l d  con ta in ing  the source 
over the  valve adapter t h a t  has been mated w i t h  t h e  t e s t  asseinDly closure. The 
valves i n  the  t ranspor t  s h i e l d  and the valve i n  the adapter w i l l  be opened and 
t h e  c a n i s t e r  lowered i n t o  t h e  t e s t  pos i t i on .  The c a n i s t e r  w i l l  be released by 

the  grapple and the  grapple withdrawn through the t ranspor t  shield.  To avoid 
strt!aming, t h e  adapter va lve w i l l  be c losed before the  t ranspor te r  w i l l  be 
remcived. 
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Figure 5-11. Arrangement for Installing and Removing Radioactive 
Source Canisters - Preliminary 
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Thle second c a n i s t e r  w i l l  be placed i n  the  same manner. The thermal b a f f l e  ana 
i n t e r n a l  s h i e l d  and then the closure s h i e l d  p lug (Figure 5-7) w i l l  be emplaced 
us ing the t ranspor t  s h i e l d  and grapple w i t h  a s i m i l a r  sequencing o f  the valves. 
A f t e r  the s h i e l d  p lug i s  i n  place, the t ranspor t  vehic le  w i l l  be removed. The 
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valve adapter w i l l  normally remain i n  place t o  f a c i l i t a t e  r a p i d  source r e t r i e -  
va l  i n  the event o f  a mine accident, b u t  may be removed i f  access t o  the t e s t  
assembly i s  requi red dur ing the tes t .  Retr ieva l  w i l l  be the reverse order o f  
the above procedure, resul  ti ng i n  removal of both cani s t e r s  w i t h  rad ioac t i ve  
solurces t o  a preselected temporary storage s i t e .  

5.2.5 Removal o f  T e s t  Hardware 

On conclusion o f  t he  t e s t  and removal o f  the source canisters,  the t e s t  assem- 
b l y  w i l l  be removed as a u n i t  t o  provide access t o  the  porous media and t o  the 

S a l t  i n  contact  w i th  the  a c t i v e  zone dur ing the t e s t .  The c losure outer  s h i e l d  
r i n g  w i l l  be removed and the b o l t s  a t taching the t e s t  assembly t o  the seal 
caisson disconnected. A support r i n g  w i l l  be placed around the t e s t  assembly 
w i t h  a support beam extending across the cen te r l i ne  o f  the t e s t  pos i t ion.  Ten- 
s i o n  b o l t s  w i l l  be connected t o  the top  surface o f  the t e s t  assembly c losure 

and passed through clearance holes i n  the support beam. Nuts placed on the 
tens ion bo1 t s  w i  11 be ac t i va ted  t o  apply a tension 1 oad on the t e s t  asseinbly 
and break i t  f ree before a h o i s t  i s  used t o  l i f t  the t e s t  assembly f r e e  o f  the 

ho le  i n  the f l o o r  o f  t he  s a l t  mine. The seal caisson w i l l  n o t  be rernovea. 

5.3 INSTRUMENTATION 

5.3.1 Measurement Requirements L i s t  (MRL) 

The MRL (see Table 5-1 
i d e n t i f i e s  t h e  type o f  sensing funct ion,  and ind i ca tes  whether a surface alarm 
i s  requi red f o r  a p a r t i c u l a r  condi t ion.  

tabulates the measurements by parameter and loca t i on ,  

The borehole gap pressure, pump o u t l e t  pressure, and dry  n i t rogen  pressure mea- 

surements, and the f l o w  switch and l e v e l  switch are a l l  associated w i t h  the 
moisture c o l l e c t i o n  system (see F igure 5-12). 
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MEASUREMENT DESCRIPTION 

TABLE 5-1 . MEASUREMENT REQUIREMENTS LIST 

rEST ASSEMBLY 

1. CURRENT 

Heater C i r c u i t s  

2. DISPLACEMENT 

Lower Sleeve 
(1)  Elev. -184.13 e = 30" 

e = 1200 
e = 210" 
e = 300" 

( 2 )  Elev. -192.13 e = 30" 
e = 120" 

e = 210" 
e = 300" 

3. FLOW 

Moisture C o l l e c t i o n  L ine 

4. LEVEL 

Water C o l l e c t i o n  Container 

RANGE 

30 amps (RMS) 
75 amps (RMS) 

D t o  -1.6 IMTI 
II 

I1 

II 

I 1  

II 

I 1  

I 1  

1.1 L/min. 

Id j us t a b 1 r! 

\CCU R AC' SENSOR TYPE 

Current Xdcr 
II 

Displace Xdcr 
I 1  

II 

II 

II 

I 1  

I1 

II 

Flow Switch 

Level Switch 

- 
1 - 
2 
2 

1 
1 
1 
1 

1 
1 

1 

1 

1 

1 

- 
2 - 
2 
2 

1 
1 
1 
1 

1 
1 
1 
1 

1 

1 

- 
3 - 
2 
2 

1 

1 
1 
1 

1 
1 

1 
1 

1 

1 

- 
4 - 
2 
2 

1 
1 
1 
1 

1 
1 

1 

1 

1 

1 

- 
w 
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TABLE 5-1. MEASUREMENT REQUIREMENTS LIST (Continued) 

MEASUREMENT DESCRIPTION 

5.2 (2 )  Elev. -188.13 e = 0" 

e = 120" Cont'd. 

e = 240" 

( 3 )  Elev. -218.13 e = 0" 

e = 120" 
e = 210" 

5.3 

5.4 

Guard Heater Sleeve 
Elev. -139.13 
Elev. -188.13 
Elev. -237.18 

F i e l d  Temp. Probe 
(1) e = O"/Elev. -99.55 

-139.13 
-188.13 
-218.15 
-276.71 

(2)  e = 135"/Elev.-99.55 
-139.13 
-188.13 

-218.13 
-276.71 

RANGE 

30°C - 300°C 
I 1  

II 

10°C - 150°C 
I 1  

11 

I 1  

I 1  

I 1  

II 

I 1  

I 1  

11 

ECURACIU SENSOR TYPE 

rype "K" , T/C 
II 

II 

I1  

I1  

I 1  

II 

I1 

I1  

I1  

11 

I 1  

II 

I1 

I1  

I1  

I1  

II 

I 1  

EST ASSEMBLY - 
1 

1 
1 
1 

1 
1 
1 

- 

4 
4 
4 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 - 

- 
2 

1 
1 
1 

1 
1 
1 

- 

4 
4 
4 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 - 

- 
B 

1 
1 
1 

1 
1 
1 

- 

4 
4 
4 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 - 

- 
0 

1 
1 
1 

1 
1 
1 

- 

4 
4 
4 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 - 
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c TABLE 5-1. MEASUREMENT REQUIREMENTS LIST (Continued) 

MEASUREMENT DESCRIPTION 

5.4 ( 3 )  e = 225"/Elev. -99.55 . .  
Cont I d .  

5.5 

5.6 

-139.13 
-188.13 
-218.13 
-276.71 

Caisson 
Elev. -126.62 e = 0' 

e = 120' 
e = 240' 

Ref r igera tor  

6. POWER 

Heater Power Con t ro l l e r  

7. PRESSURE 

Borehole Gap 

Pump Out le t  
Test Assembly In te rna l  
Dry N2 Purge Gas 

RANGE 

30°C - 150°C 
II 

II 

II 

II 

30°C - 3OOOC 

LCCUHACl 

~~~ ~ 

SENSOR TYPE 

Type 'IK", T/( 
II 

II 

II 

II 

Temp. Switch 

Watt/ Wat t hour 
Meter 

Press Xdcr 
II 

II 

Press Gage 

EST ASSEMBLY - 
1 

1 
1 
1 
1 
1 

- 

1 
1 
1 

4 

1 
1 
1 
1 

1 
1 

1 
1 
1 

4 

1 
1 
1 
1 

1 

1 

1 
1 
1 

4 

1 
1 
1 
1 

- 
4 

1 
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1 
1 
1 
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The borehole w a l l  temperature measurements i nside the centra l  borehole are 
a t  f i v e  e levat ions and three azimuthal loca t ions  fo r  a t o t a l  o f  f i f t e e n  

measurements per s i t e .  

made 

The 1 ower inner  sleeve temperature measurements are made a t  three elevations, 
and three azimuthal loca t ions  f o r  a t o t a l  of n ine measurements per s i t e .  

add i t ion  the temperature of the  caisson seal i s  measured a t  three azimuthal 
locat ion.  

I n  

The temperature probe measurements are made a t  three azimuthal 1 ocations about 

the center o f  each t e s t  s i t e  and f i v e  elevations, f o r  a t o t a l  o f  f i f t e e n  mea- 
surements per  s i t e .  The temperature o f  the  outside o f  four  of the  guard 
heaters i s  measured a t  three elevations. The probes and the guard heaters a re  
a l l  located a t  the  same r a d i a l  distance from the t e s t  s i t e  center. 

There are four  cur ren t  measurements per t e s t  s i t e .  Two instruments monitor 
power t o  the  cent ra l  borehole heater rods wh i le  the  others monitor power t o  the  
guard heaters. This measurement i s  t o  detect  heater f a i l u re .  

Displacement sensors o r  switches w i l l  be placed ins ide  the lower sleeve t o  mon- 

i t o r  f o r  i n i t i a t i o n  of collapse. As present ly  configured, t h i s  parameter w i l l  
be monitored a t  two elevat ions.  A t  the present time, i t  i s  n o t  known how t h i s  
parameter w i l l  be monitored, and implementation d i f f i c u l t i e s  may requi re 
several sensors/swi tches a t  each output elevat ion.  

Radiat ion dosimetry, i f  included, would be i n s t a l l e d  i n  a groove i n  the s a l t  
around the cent ra l  borehole. 

5.3.2 Sensors 

5.3.2.1 Temperature 

The general environment consis ts  of steam, saturated br ine,  and s a l t ,  w i t h  a 

temperature range o f  25°C t o  about 350°C (80 t o  670°F). The Chromel-Alumel 
(Type K) metal sheathed and grounded junc t i on  thermocouples were selected t o  

Q 
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make a1 1 temperature measurements. These thermocouples would be fabricated 
w i t h  premium grade T / C  wire and insulated w i t h  magnesium oxide inside an 
Inconel 600 sheath. 
clad thermocouples w i t h  Chromel-Alumel (Type K )  elements a t  Avery Island, 
(Krause, 1983). 

I t  i s  noted t h a t  RE/SPEC has had success u s i n g  a similar 

r 

Thermocouples on the outer sleeve are routed down a groove i n  the external 
surface of the outer sleeve t o  the point of measurement. A cover plate ,  welded 
a l o n g  one s ide only, will cover the cables i n  the groove and protect them from 
damage. 

Thermocouples t o  monitor borehole wall temperatures a r e  attached t o  a support 
structure which i s  assembled t o  the caisson. T h i s  s t ructure  supports three 
ver t ical  bundles of thermocouples ( a t  circumferential intervals  o f  12U") .  One 

thermocouple exits each bundle a t  each of f ive  measurement elevations. A 
spring c l i p  provides spring loading t o  assure firm contact between tne thermo- 
couple and the borehole wall. 
i n s t a l l a t ion  o f  the t e s t  assembly and f i l l i n g  the annulus w i t h  beads. Three 
carbon s teel  probes will be assembled w i t h  three thermocouples each t o  monitor 
the temperature f i e l d  around each t e s t  s i t e .  These Inconel clad thermocouples 
a re  a1 so encased i n  Teflon t o  avoid corrosive incompatibi 1 i ty  w i t h  the carbon 
s t e e l .  The s t ructure  a l so  provides spring loading t o  assure t h a t  the thermo- 
couples make firm contact w i t h  the borehole wall. 

T h i s  structure will be ins ta l led  pr ior  t o  

Thermocouples on the guard heaters a re  attached on the heater assembly OD a t  
three elevations. To avoid corrosion problems (Inconel T/C  sheath and carbon 
s tee l  pipe) the thermocouples a re  jacketed i n  Teflon. 

5 . 3 . 2 . 2  Pressure 

Pressure measurements are made f o r  the borehole gap, the t e s t  assembly internal 
volume, and the moisture collection system pump out le t .  The actual environment 

The borehole gap pressure measurement (see Figure 5-12) fo r  the pressurized 
f o r  the sensor e lectronics  i n  each of these cases i s  mine amDient conditions. 
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si tes  may expose the pressure sensors t o  200°C temperatures and steam, however 
this i s  n o t  regarded as very severe. 

Local pressure gauges are provided on the compressed dry nitrogen gas cylinder 
along with shutoff and th ro t t l ing  valves. 
and f i l l i n g  the moisture collection system (MCS),  including t u b i n g  and borehole 
gap, prior t o  startup. 
t o  the pressurized s i t e s  immediately prior t o  the i r  release. 

This gas would be used for  purging 

I t  would also be used for  repurging the pressure l ines  

5.3.2.3 Displacement Transducer/Switch 

T h i s  measurement i s  intended t o  detect i n i t i a t i o n  of collapse of the lower 
sleeve. Environmentally qualified weldable strain gauges will be instal led on 
cantilever beams t o  monitor 1 ower sleeve radial deformation. 

This location requires sensors t h a t  can remain reliable over a two-year period 
while exposed t o  ambient temperatures a s  high a s  350°C (670°F). Shielding i s  
provided f o r  r a d i a n t  h e a t  from the  h e a t e r  elements which may operate a t  up t o  

600°C (1100°F). 
i ntegrated dose over two year period) . 

The environment also includes gama radiation ( x  1 2  x 108rads 

Some s t ra in  gauge o u t p u t  d r i f t  i s  expected d u r i n g  tne two year period, especi- 

a l l y  d u r i n g  startup. 
wi l l  be designed t o  produce a signal s i g n i f i c a n t l y  above the d r i f t  level .  

However the device i s  intended as a go/no go gauge and 

5.3.2.4 Current 

There are eight current measurements per tes t  s i te .  Two measurements are made 
on each power controller o u t p u t .  One measurement i s  o u t p u t  t o  the da ta  acqui- 
sition system t o  monitor changes i n  the o u t p u t  power (failure detection). The 
other measurement outputs t o  a panel mounted k i  1 owatt/ki 1 owatt-hour meter. 

5.3.2.5 Gamma Radiation Rate/Dose 

No compact radiation detector has been located w h i c h  i s  usable a t  the ternpera- 
tures and doses anticipated for this test .  Since the dose can be calculated 
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reasonably we l l  and there i s  no need f o r  h igh accuracy measurements, no radia- 
t i o n  dose measurements w i l l  be made i n  the t e s t  zone. 

5 . 3 . . 3  Data Acquisition System (DAS) (Figure 5-13) 

The f r o n t  end o f  t h i  DAS provides i n p u t  module cards, each o f  which can accept 
e i g h t  o r  more i n p u t  channels. These cards provide the basic s ignal  condition- 
i n g  necessary t o  convert each type i n p u t  ( vo l t s ,  m i l l i v o l t s ,  mi l l iamps and 

ohms) i n t o  a p rec i se l y  scaled DC voltage. A temperature reference j u n c t i o n  i s  
provided f o r  thermocouple i npu ts  t o  permit  co r rec t i on  f o r  ambient temperature. 

The remote scanner card frame provides s l o t s  f o r  up t o  ten  i n p u t  module/ 

mu l t i p lexe r  cards. Each remote scanner i s  c o n t r o l l e d  by the DAS t o  sequence 
through a l l  of the mu l t i p lexe r  channels, and output each t o  the Data Logger. 

A t  the Data Logger, the analog signal  l e v e l  i s  converted t o  a d i g i t a l  s ignal ,  
proclessed f o r  any requi red mathematical manipulations (e.y., conversion t o  

engineering u n i t s )  and t rans fe r red  t o  a buf fer .  
erinlg u n i t s  on a paper o r  f o i l - t y p e  tape, output t o  a remote p r i n t e r ,  o r  s tored 
on magnetic tape fo r  f u r t h e r  evaluation. 

Data can be output i n  engine- 

The Data Logger w i l l  be d i r e c t l y  programmed a t  an i n t e g r a  
a b i l i i t y  t o  have por t ions o f  the program remotely modif ied 
board). 

keyboard, w 

( a t  a remote 

th the 
key- 

As present ly  configured, the Data Logger system would be l oca ted  i n  the v i c i n -  

i t y  of the t e s t  s i t es .  
t i o n  p o r t  which w i l l  t r ansmi t  and receive data and commands t o  and from the 
surfalce. The communications 1 i n k  includes modems t o  permi 1: data t ransmi t ta l  
over one o r  more twisted, shielded w i re  p a i r  cables o r  telephone l i n e s .  The 
remote keyboard and p r i n t e r ,  and magnetic tape system would be l oca ted  i n  the  
above ground f a c i l  i t y .  

The Data Logger i s  equipped w i t h  an RS232C communica- 
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Figure 5-13. Block Diagram o f  Data Acquisition System 
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5.3.4 Moisture Co l l ec t i on  System (MCS) 

The MCS (see F igure 5-12) consis ts  o f  the fo l l ow ing  i tems f o r  each t e s t  s i t e :  

0 

0 

P o s i t i v e  displacement pump t o  c i r c u l a t e  the moisture c a r r i e r  
gas through the  c o l l e c t i o n  loop; 

Noncondensable separator which permits l i q u i d s  t o  d r a i n  i n t o  a 
c o l  l e c t o r  wni 1 e noncondensabl es continue t o  c i  r c u l  a t e  through 
the  system; 

0 Col l e c t o r  container; 

0 Level switch i n s t a l l e d  on each c o l l e c t o r  container; 

0 Flow switch; 

0 A four-way valve o r  three manual shu to f f  valves; 

0 Two re1 i e f  Val ves ; 

0 Manual valve f o r  a vent/drain/gas sampling l i n e ;  

0 Two pressure transducers - one on the t e s t  assembly o u t l e t  
l i n e  and the other  monitor ing the pump o u t l e t  pressure; 

For the o v e r a l l  system there w i l l  a lso be: 

0 One c o l d  t r a p  w i t h  s u f f i c i e n t  capaci ty t o  r e f r i g e r a t e  a l l  f o u r  
c o l l e c t i o n  loops; 

0 Thermostatic temperature con t ro l  on the  r e f r i g e r a t o r ;  

0 E l e c t r i c a l  switches and con t ro l  panel f o r  apply ing power t o  
the c o l d  t r a p  as w e l l  as t o  the  process pump motors; 

0 Cyl inder o f  compressed dry n i t rogen gas ( f o r  f l u s h i n g  and 
charging operations) . 

A mol s l w e  c o l 1  e c t i  on capabi 1 i ty i s requi red f o r  each t e s t  s i  te. Accordi ny l y  , 
two pressure l i n e s  ( i n p u t  and output )  are b u i l t  i n t o  each t e s t  assembly. The 
l i n e s  a re  por ted a t  t h e  bottom o f  t he  lower sleeve and a t  the bottom o f  the 

caisson, respect ively.  The l i n e s  pass through a seal b lock a t  the top o f  the 
t e s t  assembly and are routed t o  an adjacent l o c a l  s i t e  rack. Fo r  unyressurized 
s i t e s  the rack supports a r e l i e f  valve, a pressure transducer, and a manual 

@our-Wihy valve. An emergency container i s  a l s o  provided on the r e l i e f  valve 
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o u t l e t  so t h a t  exhausted gas and water i s  n o t  l o s t .  Pressurized s i t e s  w i l l  
have a s i m i l a r  rack except f o r  us ing a three manual shu to f f  valve arrangement 
instead of the four-way valve. 
w i t h  the cen t ra l  moisture c o l l e c t o r  rack. 

Long pressure l i n e s  j o i n  each o f  these racks 

5.3.5 Heater Power Control 

Four heater power c o n t r o l l e r s  w i l l  be requi red f o r  each t e s t  s i t e .  One con- 
t r o l l e r  regulates the power t o  the s i x  heater rods located i n  the t e s t  assembly 
(heater  rods are wi red i n  para1 l e 1  1, wh i l e  the second regulates power t o  the  

e i g h t  guard heater rods (a l so  wired i n  p a r a l l e l ) .  S im i la r l y ,  the remaining two 
c o n t r o l l e r s  regulate power t o  backup heater rod  groups which a re  b u i l t  i n t o  the 

t e s t  assembly and guard heaters. The backup system w i l l  on ly  be required i n  
t h e  event o f  a f a i l u r e  i n  the primary system. 
w i l l  use two phase-angle f i r e d  power t h y r i s t o r s ,  which a re  f i r e d  a1 t e r n a t e l y  
each h a l f  cycle. 

The heater power c o n t r o l l e r s  

The con t ro l  1 ers  would be equipped w i t h  vol tage feedback con t ro l  which automati- 

c a l l y  ad justs  the output f o r  any change i n  i n p u t  voltage. This i s  accomplished 
by ad jus t i ng  the t im ing  of the power conduction t r i g g e r  pulses. For  instance, 
if operated a t  50 percent power (90" conduction angle) output w i t h  220 VAL 

i n p u t  vol tage and t h e  i n p u t  vol tage drops t o  190 VAL, the t im ing  o f  the t r i g g e r  
pulses increases the conduction angle t o  keep the output vol tage the same. 
Ad justments f o r  v a r i a t i o n s  i n  heater r e s i  stance which w i  11 occur d u r i  ng heatup 
w i l l  be performed manually by observing power meter ind icat ions.  

5.4 RADIATION SOURCE 

The r a d i a t i o n  spectrum from spent f u e l  peaks i n  the  range o f  0.6 t o  0.9 MeV. 
Cesium137, which emits 0.66 MeV photons, i s  the dominant gamma emi t te r  among 

f i s s i o n  products which have cooled more than 3 years. High-level waste has 
s i m i l a r  r a d i a t i o n  propert ies.  There i s  a low l e v e l  o f  neutron emission from 
spent fuel ( l ess  from HLW), b u t  t h i s  i s  n o t  considered t o  be s i g n i f i c a n t  t o  
b r i n e  migrat ion.  Q Alpha and beta r a d i a t i o n  do n o t  penetrate the waste package. 
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bU is 
@An avai lab le and convenient source o f  r a d i a t i o n  i s  cobalt60. Cobalt 

obtained from neutron a c t i v a t i o n  o f  cobal t  and has a h a l f - l i f e  o f  5.3 yea rs .  

Co60 produces gamma rays whose energies a re  1.17 and 1.33 MeV (and a l so  betas 
which are n o t  s i g n i f i c a n t  here). These energies are somewhat higher than the 
energies produced by waste forms, b u t  i t  i s  considered t h a t  Co6' w i l l  provide 
an acceptable s imulat ion o f  t he  e f f e c t s  o f  r a d i a t i o n  i n  the s a l t .  

5.4.1 SOURCE STRENGTH DETERMINATION 

8 
The Co60 source s t rength required t o  g ive an average dose r a t e  o f  3x10 
rads/year t o  the  s a l t  (Section 4.3.4) over the two year l eng th  o f  the t e s t  was 
estimated t o  requ i re  a source of 9430 C i  per source can is te r  assuming t h a t  the 
sourcle i s ordered f o u r  months p r i o r  t o  empl acement . 

This strength has been establ ished as the design value f o r  t ranspor ta t i on  con- 
taineir design. The d i s t r i b u t i o n  o f  dose t o  the s a l t  along the l eng th  o f  the 
wal l  w i l l  vary somewhat due t o  the gap i n  the source from the l i f t i n g  p i n t l e  on 
t h e  cdnis ter .  Th is  e f f e c t  i s  judged t o  be acceptable since the m a j o r i t y  o f  the 
s a l t  iis exposed t o  the desired dose rate.  

5.4.2 THERMAL OUTPUT OF SOURCE 

The heat output from Co60 i s  1 kW per  65,000 C i .  Using two 9430 C i  sources per  

t e s t  s i t e  y i e l d s  an i n i t i a l  heat output of 290 watts per s i t e  from the rad io-  
a c t i v e  source. From Section 6.2.5, the Asse t e s t  s i t e s  are estimated t o  

requ i re  2.6 kW t o  produce the desired temperature. 
would be requi red t o  add the add i t i ona l  heat and t o  compensate f o r  the decredse 
i n  heat produced by the source due t o  the  5.3 year h a l f - l i f e  of the source. 

Thus, e l e c t r i c a l  heating 

60 
I t  i s  noted t h a t  the heat released by a Co source occurs where the gamma rays 
a r e  absorbed. Most o f  t he  gamma rays w i l l  be absorbed i n  the  t e s t  apparatus, 
b u t  some w i l l  be absorbed i n  the  s a l t .  This w i l l  s l i g h t l y  reduce the peak s a l  t 

tempeicature and temperature gradient  due t o  t h e  reduced heat f l u x  near t t i e  cs borehole wal l .  This i s  judged t o  be an i n s i g n i f i c a n t  per turbat ion.  
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5.4.3 Descr ipt ion of Radioactive Sources 

Radioactive sources w i l l  be requi red a t  two of t he  t e s t  locat ions.  
be two source assemblies i n  each of these t e s t  locat ions.  
b l  i e s  w i  11 be contained i n  cani s te rs  f o r  handl i ng purposes. 

There w i l l  
These Source assem- 

The source mater ia l  w i l l  be cobalt60 having a s t rength of 9430 Cilassembly. 
A source assembly w i l l  cons i s t  o f  f i v e  subsources shown on Figure 5-14. 

subsource w i l l  be 152 mm (6  i n )  l o n g  and 9.5 mm (0.37 i n )  i n  diameter. T h i s  
subsource w i l l  be encapsulate once i n  a s ta in less  s tee l  tube having an outside 
diameter o f  11.1 mm (0.44 i n ) ,  and a l eng th  o f  159 mm (6.25 i n ) .  F i ve  o f  these 
subsources w i l l  be encapsulated i n  a s t a i n l e s s  s tee l  tube w i t h  an outside diam- 
e t e r  o f  13.1 mm (0.52 i n )  and a t o t a l  l eng th  o f  800 mm (33.8 i n ) .  
s tee l  spacers 16.25 mm (0.64 i n )  long w i l l  be used between adjacent subsources. 

Each 

Sta in less 

.The source assembly w i l l  be contained i n  a source holder, which i s  a tube w i t h  
an outside diameter of about 20 mm (0.75 i n )  and l o n g  enough t o  ho ld  the e n t i r e  
source w i t h  a mechanical c losure a t  i t s  top. The source holder i s  f inned so 
t h a t  the source w i l l  be c e n t r a l l y  located when the source holder i s  i n s t a l l e d  
i nto the canister.  

The can is te r  w i l l  be 1 meter (39.3 i n )  long, i nc lud ing  o f  the p i n t l e  on i t s  t oy  

end, and w i l l  have an outside diameter of 210 mm (8.26 i n ) .  The top o f  the 
c a n i s t e r  w i l l  have a mechanical c losure w i t h  a p i n t l e  t o  a l l ow  fo r  grdppling. 
The bottom of the can is te r  w i l l  be indented t o  center the p i n t l e  from a lower 
can is te r  when the  can is te rs  a re  stacked. 

t e r  and one sh ie ld ing  can is te r  per rad ioact ive t e s t  s i t e .  The nonradioactive 
t e s t  s i t e s  w i l l  inc lude nonradioactive canis ters  t o  l i m i t  convection. 

There w i l l  be two rad ioac t i ve  canis- 

5.4.4 Hand1 ing of Cobalt60 Radiat ion Sources 

The problems a r i s i n g  dur ing handl ing and shipping o f  the cobalt60 sources are 
no t  expected t o  be s i g n i f i c a n t l y  d i f f e ren t  from those prev ious ly  encountered 

when handl i n g  and shipping mater ia l  o f  t h i s  nature. Regulations governing 
shipment overland and by sea of t h i s  ;type of mater ia l  are establ ished by from 
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Figure 5-14. Cobalt 60 Radioactive Source Element Double 
Encapsulated and Inserted Into Source Canister 
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the  International Atomic Energy Agency ( I A E A ) .  Tnese regulations w i  11 be 
adhered t o  d u r i n g  shipment of these sources. 

The sources will be double encapsulated and manufactured i n  the United King- 
dom. Canisters will be manufactured i n  the United States  and shipped t o  the 
source vendor who will i n s t a l l  the sources in to  the canis ters .  Each canis te r  
will contain source material which will have a strength of 9430 C i  . The Source 
vendor will i n s t a l l  the loaded canis te rs  i n to  licensed s h i p p i n g  casks and s h i p  
the canis ters  t o  the Asse mine hot ce l l .  

A1 1 of  the above operations regarding source manufacture, source ins ta l la t ion  
in to  canis ters ,  and subsequent canis te r  ins ta l la t ion  in to  shielding casks will  
be  conducted i n  accordance w i t h  established and proven procedures fo r  personnel 
and environmental protection. Instal l a t ion  of the sources in to  the canis te rs  
and the canis ters  i n to  the s h i p p i n g  casks will  be done remotely i n  the source 
vendor's h o t  c e l l .  The des ign  of the canis ter  will be furnished t o  the source 
vendor t o  ensure compatibility of the source w i t h  the canis te r  and a l so  t o  
assure the vendor's capabili ty t o  handle the canis ter .  
be s u p p l i e d  ear ly  t o  the source vendor t o  permit t h e  development o f  procedures 
for  canis te r  operations and also t o  afford the opportunity fo r  the source ven- 
d o r  t o  practice pr ior  t o  the actual operations. Handling o f  the sources and 
the loaded canis ters  will be monitored t o  assure compliance w i t h  proven 
procedures. 

A dummy canis ter  will 

The loaded casks will be sh ipped  t o  the Asse mine s i t e  i n  the FRG. Here, the 
canis te rs  will be transferred from the shielding casks in to  the hot ce l l  a t  the 
mine. The  cask will have capacity f o r  one canis te r  a t  a time. Therefore t h i s  

operation will be repeated fo r  each of the sources. Subsequently, the sources 
will  be reinserted in to  the shielding cask fo r  t ransfer  underground. The 
loaded cask will be transported in to  the mine t o  the experiment s i t e ,  where the 
canister will be ins ta l led  i n  the test si te.  Upon completion of the ins ta l la -  
t ion ,  the cask will be returned t o  the hot ce l l  t o  receive the next canis ter .  
T h i s  cycle of operations will be done four times t o  complete the transfer of 

a l l  source canis ters  from the s h i p p i n g  casks t o  the tes t  s i t e s .  Intermediate 
operations will  use the ins ta l la t ion  cask t o  emplace the thermal sh ie ld  and t h e  

shield p l u g  i n  the experiment sites. 
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The operations a t  t h e  Asse mine w i l l  be conducted i n  accordance w i t h  procedures 

which have been reviewed and rehearsed t o  assure maximum p ro tec t i on  t o  person- 

ne l  and the environment. The can is te r  design and a dummy c a n i s t e r  w i l l  be sup- 

p l i e d  e a r l y  t o  Asse so t h a t  operat ing procedures can be developed and pract iced. 

Tlhe sh ie ld ing  cask i s  being designed and manufactured i n  the  FRG. The cask 
w i l l  be designed t o  FRG standards which a l low a maximum dose r a t e  on contact  of 
200 mredhour, and the maximum dose r a t e  a t  a distance o f  1 meter o f  l U  mrem/ 
hour. 

A , t  t h e  conclusion o f  the experiment, the canis ters  w i l l  be removed from the  

i indiv idual  t e s t  s i t e s  and returned t o  the Asse h o t  c e l l .  The cask used f o r  
i n s t a l l a t i o n  of the canis ters  w i l l  be used f o r  r e t r i e v a l  operations. A t  the 

h o t  c e l l ,  the canis ters  w i l l  be removed from the cask and s tored pending r e t u r n  
t o  the source vendor who w i l l  assume r e s p o n s i b i l i t y  f o r  the sources. 
an t i c ipa ted  t h a t  r e t r i e v a l  operations w i l l  be the reverse o f  the corresponding 
operations fo l lowed dur ing i n s t a l l a t i o n .  

It i s  

5,5 SUPPORT FACILITY REQUIREMENTS 

There are c e r t a i n  requirements o f  a physical  o r  mater ia l  nature t h a t  the Suy- 
p o r t  F a c i l i t y  i s  expected t o  supply. These w i l l  inc lude clean storage and 
a'ssembly areas, too ls ,  equipment, and services which a re  needed p r i o r  t o  ana 
dur ing the operat ional  phase o f  the experiment. The fo l l ow ing  pre l iminary l i s t  
o f  requirements i s  t o  be provided by the  support f a c i l i t y :  

0 

0 

0 

' 0  

0 

Clean storage area 

Clean assembly area 

Standard s e t  o f  mechanics hand t o o l s  (Engl ish s ized wrenches, 
etc. as requi red w i l l  be provided by the U. S. 

P ro tec t i ve  c l o t h i n g  (hard hats, gloves, smocks, safety  glasses, 
etc. 1 

I nd i v idua l  dosimetry ( i f requi  red) 

79 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Lubr icat ion (neol ube 

D i  s t i  1 1 ed water 

Clean l i n t - f r e e  rags 

Portable shielding ( l e a d  b r i cks ,  l e a d  chain, l e a d  shot bags) 

Radiat ion measurement equipment 

Shop a i r  (100 p s i g  (0.6 MPa) max) 

Services ( l i g h t i n g ,  e l e c t r i c  power, v e n t i l a t i o n ,  communica- t i o n s )  

Cloth backed adhesive tape 

Load ind i ca to rs  

Nylon rope, (0-1000 l b  r a t i n g )  

Torque wrenches (0-100 i n - l b s  ( 1  kg-m) and 0-100 foo t - l bs  (15 
kg-m 1)  

Vacuum cleaner 

3 m i l  (.01 mm)-thick co lored polyethylene sheet 

24” (0.5 m) steel  l e v e l  

6-10 f o o t  (2-3 m )  s t e e l  tape 

M a l l e t  (rubber, p l a s t i c )  

Magnetic r e t r i e v a l  t o o l  

Eyebolts o r  any l i f t i n g  attachments ( tes ted  and c e r t i f i e d )  

Ohmmeter, voltmeter, ammeter 

E l e c t r i c a l  tape 

Standard instrument technic ian ’s  t o o l  s e t  

Environmental chamber (if magnetic tape system i s  located a t  t e s t  
s i t e )  

Wood platforms f o r  DAS 3 f e e t  x 2 f e e t  (1  X 0.6 m) 
Wood platforms f o r  remote scanners 2 f e e t  x 2 f e e t  (0.6 X 0.6 m )  
( f i v e  requi  red)  
Wood plat forms f o r  power con t ro l s  2 f e e t  x 2 fee t  (0.6 X 0.6 m )  
( 2  f o r  each t e s t  s i t e )  

- -. - . . - . - . . . .. ._ ., . . - . . . . . . 
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Wood platforms f o r  moisture c o l l e c t i o n  system (A1 1 wood p l a t -  
forms can use standard wooden b u i l d i n g  ma te r ia l s )  

0 Environmental measuring equipment (temperature, r a d i a t i o n )  

0 Borescope 

0 Camera ( f o r  obta in ing photographs o f  hole i n t e r i o r s  and t e s t  
setup 1 

5.6 DEVELOPMENT TESTING 

As i s  t he  case i n  many experiments which are t o  be conducted i n  a h o s t i l e  envi- 
ronmlent, there are components which should be tested i n d i v i d u a l l y  p r i o r  t o  use 

t o  ensure they w i l l  f unc t i on  as required fo r  the du ra t i on  o f  the experiment. 

Test hardware f o r  t he  b r i n e  migrat ion experiment w i l l  be subject  t o  a tempera- 
t u r e  of up t o  350"C, 1 i t h o s t a t i c  pressure o f  up t o  25 MPa (3800 p s i  ), a radia- 

8 8 t i o n  dose o f  6x10 rads (12x10 i n s i d e  the sleeve), and a s a l t - b r i n e  atmo- 
sphere fo r  a per iod of two years. Simultaneous imposi t ion o f  these condi t ions 
i s severe, and i t  i s  concluded t h a t  a developmental t e s t  progrdni i s  requi red 
fo r  t he  seal components surrounding the upper sleeve and the porous media sur-  
rounding the lower sleeve t o  conf i rm mater ia l  choices and design confiyurd- 

t ionis. Other t e s t s  w i l l  be conducted t o  assure adequate assembly and operat ion 
of t lest components. 

5 . 6 . l  O-ring Seal Testing 

The two-part seal i s  described i n  Section 5.2.2.2. One p a r t  w i l l  be an O-ring 

conf igurat ion of ethylene propylene diene monomer mater ia l .  The O-rings, f o u r  
i n  niumber and i n  series, are t o  provide an e f f e c t i v e  seal against  the b r i n e  atid 
gas environment a t  up t o  2 MPa (300 p s i )  and 130°C (270°F) and w i t h  a r a d i a t i o n  
exposure o f  4x10 rads. The purpose o f  the t e s t  i s  twofold; t o  detertnine the 5 

optirnum seal geometry and seal mater ia l  c h a r a c t e r i s t i c s  t o  provide a good 
i n i t i a l  seal , and t o  ensure t h a t  t h e  seal w i l l  continue t o  perform wel l  a f t e r  a 
pe r iod  of exposure t o  the expected environmental condi t ions (except r a d i a t i o n ) .  

The t e s t  equipment w i l l  c o n s i s t  of a heated and pressur ized t e s t  vessel which 

@ w i l l  contain br ine.  A mockup of the seal geometry w i l l  be includeo i n  t h i s  

81 



vessel w i t h  p rov i s ion  t o  a d j u s t  t he  seal tolerances and t o  measure seal leak- 

age. O-rings are a squeeze-type packing, and the amount o f  clearance between 

the closure housing and the  O-ring determines whether an e f f e c t i v e  sed1 car1 be 
achieved. I n i t i a l  screening t e s t s  w i l l  be conducted w i t h  n i t rogen gas pressure 
and demineral ized water a t  design pressure and temperature condi t ions t o  estab- 
l i s h  optimum O-ring mater ia l  hardness and clearances. The selected O-ring con- 
f i g u r a t i o n  w i l l  then be endurance tested w i t h  p ro to typ i c  b r i n e  s o l u t i o n  a t  e le-  

vated temperature and pressure. Monitor ing o f  the leakage w i l l  be by observing 
pressure increases i n  a sampling c y l i n d e r  external  t o  the pressure vessel. 
Post t e s t i n g  observations w i l l  be made o f  mater ia l  e l a s t i c i t y  and compression 
set  and moisture absorption. 

5.6.2 Castable Seal Testing 

The other  component of the seal system i s  the castable seal which i s  emplaced 
between the sa1.t borehole wal l  and the caisson. Several phases o f  t e s t i n g  w i l l  
be conducted w i t h  t h i s  mater ia l .  F i r s t ,  several d i f f e r e n t  mater ia l  formula- 
t i o n s  w i l l  be evaluated t o  determine the best combination o f  i n i t i a l  v i s c o s i t y  
( s o  t he  mater ia l  can be emplaced), shrinkage (so  the seal w i l l  n o t  p u l l  away 

from the wal l  1, and adhesion t o  s a l t  and Inconel. The second phase w i l l  t e s t  
the a b i l i t y  t o  a c t u a l l y  i n j e c t  the mater ia l  i n t o  the mockup o f  the seal geome- 

t ry and achieve an i n i t i a l  h igh q u a l i t y  seal. 
h o l e  wal l  f o r  t h i s  t e s t .  F i n a l l y ,  an endurance t e s t  w i l l  be conducted simi- 
l a r l y  t o  t h a t  f o r  the O-ring seals described above, exposing the seal t o  tem- 
perature, b r i n e  and shear s t ress  condi t ions.  

S a l t  w i l l  n o t  be used as a bore- 

5.6.3 Porous Medium Testing 

The porous medium i s  described i n  Section 5.2.2.6. 
the prime candidate f o r  t h i s  app l i ca t i on  w i t h  carbon and graphi te  as backups. 

Th is  se lec t i on  i s  based on a l i t e r a t u r e  survey o f  mater ia l  c h a r a c t e r i s t i c s  
which do n o t  inc lude the f u l l  range of t he  experimental coi,dit ions. To assure 
t h a t  the mater ia ls  w i l l  perform as required, several t e s t s  a re  being performed. 

Alumina has been selected as 

n 

I . - .. -. .. _ _  .... 
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The beads w i l l  be requi red t o  support the s a l t  under a compressive l oad  o f  up 
t o  2!i MPa (3800 p s i ) .  Since the  beads are made o f  a b r i t t l e  ceramic ma te r ia l  
and w i l l  be i n  a random p o i n t  contact  conf igurat ion,  i t  i s  n o t  poss ib le  t o  use 

standard data t o  assure s u f f i c i e n t  s t rength t o  support t h i s  load. Therefore, a 
se r ies  o f  compressive s t rength t e s t s  w i l l  be conducted w i t h  samples o f  candi- 
date ma te r ia l s  i n  trie des i red conf igurat ion t o  determine t h e  breaking s t rength 

i n  pract ice.  These t e s t s  w i l l  inc lude bead-to-bead bear ing t e s t s  and t e s t s  on 
c o l l e c t i o n s  o f  beads. I n i t i a l  screening t e s t s  have been promising. 

A sec:ond requi red c h a r a c t e r i s t i c  o f  the porous media i s  t h a t  i t  n o t  r e a c t  w i t h  
water t o  a s i g n i f i c a n t  extent.  For  instance, the s tab le  phase o f  alumina 
(A1203) i n  the  presence of water i s  Gibbsi te (A1203 3H20) o r  

Boehmite (A1203 H20). Formation of these products would t i e  up water 
s o  t h a t  i t  would n o t  be c o l l e c t e d  by t h e  moisture c o l l e c t i o n  system, although 

i t  ccu ld  be quan t i f i ed  i n  pos t - tes t  evaluation. It i s  expected t h a t  the r a t e  
o f  t he  hydrat ion reac t i on  w i l l  be slow enough as n o t  t o  present d i f f i c u l t i e s  

f o r  t es t i ng .  To assure t h a t  t h i s  i s  so, t e s t i n g  w i l l  be conducted by exposing 
candidate ma te r ia l s  t o  a synthet ic  b r i n e  s o l u t i o n  and t o  water vapor a t  eleva- 
t e d  temperature and pressure t o  observe the amount o f  water which reacts  w i t h  
o r  i s '  absorbed by t h e  beads. Fol lowing these studies, s t rength t e s t s  w i l l  be 
repeated t o  assure t h a t  there w i l l  n o t  be s i g n i f i c a n t  loss o f  strength.  

A third test i s  concerned with the geometry o f  the borehole gap and the abi l i ty  

t o  pour the beads i n t o  t h i s  region. A t ransparent mockup of t h i s  gap w i l l  be 
constructed and var ious f i l l i n g  techniques such as v ib ra t i on ,  tamping, and 

f l u i d i z a t i o n  w i l l  be used t o  f i n d  the bes t  method o f  f i l l i n g  the  gap area w i t h  
beads. A1 so, t h i s  t e s t  may d isc lose a necessi ty t o  modify the  equipment geo- 
metry somewhat t o  e l im ina te  volumes t h a t  cannot be f i l l e d .  

5.6.4 In strumen t a  t i on Test i ng 

Tests w i l l  be conducted concerning instrumentat ion.  One t e s t  w i l l  be t o  v e r i f y  
the method of i n s t a l l i n g  thermocouples against  t he  s a l t  borehole wal l .  

the media pour ing t e s t s  described above. 

This  
@ t e s t  w i l l  be conducted us ing the  same transparent borehole mockup as used f o r  
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6 
A t e s t  has been conducted t o  v e r i f y  t h a t  s ta te-of - the-ar t  data a c q u i s i t i o n  sys- 
tems can adequately r e j e c t  e l e c t r i c a l  noise. The p o t e n t i a l  problem i s  t h a t  a 

l a r g e  amount o f  e l e c t r i c a l  noise w i l l  be generated by the  SCK c o n t r o l l e d  power 
suppl ies f o r  the e l e c t r i c a l  heaters used i n  the tes t .  Much o f  t h i s  noise w i l l  
coupled t o  the low l e v e l  instrumentat ion l i n e s  and t h i s  noise must be r e j e c t e d  
by the data a c q u i s i t i o n  system. To conduct t h i s  tes t ,  ava i l ab le  equipment was 
assembled t o  simulate the e l e c t r i c a l  noise environment, i nc lud ing  an SCK power 
supply, heater, and t y p i c a l  instrumentat ion inputs. A representat ive data 
a c q u i s i t i o n  system having good noise r e j e c t i o n  spec i f i ca t i ons  was l e n t  by a 
vendor fo r  t h i s  tes t .  The r e s u l t  was t h a t  no detectable degradation o f  t he  

accuracy o f  measured parameters was noted. This  i nd i ca tes  t h a t  the approach i s  
feas ib le .  The f i n a l  equipment w i l l  be confirmed f o r  noise r e j e c t i o n  adequacy 
before shipping t o  Germany. 

A t e s t  w i l l  be conducted t o  assure t h a t  the method o f  p ro tec t i ng  the  s t r a i n  

gauges on the l o w e r  sleeve from loca l  damage from the beads w i l l  not  a f f e c t  the 
s t r a i n  gauge output. This w i l l  invo lve a mockup o f  a sect ion o f  sleeve w i t h  
s t r a i n  gauge and cover being placed i n  a mater ia ls  t e s t i n g  machine t o  develop 
surface loads. Influence o f  these loads on the gauge output w i l l  be recorded. 

5.7 TEST ASSEMBLY CHECKOUT 

P r i o r  t o  shipping t o  the  t e s t  s i t e ,  a number o f  operat ional  ana funct ional  
t e s t s  w i l l  be performed on each t e s t  assembly. These t e s t s  include: 

0 Sleeve leak t e s t  

0 O-ring leak t e s t  

0 System funct ional  t e s t  

The sleeve leak t e s t  w i l l  v e r i f y  t h a t  t h e  experiment sleeve and i t s  penetrat ion 
seals proper ly f i t  up and w i l l  l i m i t  leakage t o  the sleeve region. 
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With the  sleeve inse r ted  i n  the caisson, the lower two O-ring seals w i l l  be 
checked by i n j e c t i n g  gas i n t o  the pressure balancing p o r t  between the lower two 
0 - r i  ngs. 

63 

A f i n i i l  system func t i ona l  t e s t  w i l l  a l s o  be performed on the t e s t  assembly 
( i n c l  i id i  ng guard h rd te rs )  . The power contro l  1 e r s  w i  1 1 be i n teg ra ted  w i  t h  the 

assembly tubu la r  heaters and checked out. The data a c q u i s i t i o n  and moisture 
c o l l e c t i o n  systems w i l l  a l s o  be i n teg ra ted  with the t e s t  assembly, and a 
funct- ional t e s t  o f  these systems performed. 

85 



.. . _ _  .. . .., . .  . 



6.0 EXPERIMENT ANALYSIS MODEL DESCRIPTION AND RESULTS 

Section 6 presents the descr ipt ion of the calculat ions being performed which 
a r e  heing used a s  a bas i s  f o r  brine migration tes t  development ana a sumnary of 
the r e s u l t s  avai lable  a t  this time. 
br ine  migration ana lys i s  by 1 iquid inclusion and by vapor miyration, rauiat ion 
shielding ca lcu la t ions ,  and a s a l t  stress analysis.  Also presented a r e  some o f  
the results and conclusions drawn from these results. 

These models include thermal ana lys i s ,  

6.1 THERMAL ANALYSIS MODELING 

Thermal ana lys i s  models a r e  provided on two l eve l s :  

0 An analyt ical  model t o  describe basic trends and re la t ionships  

0 A f i n i t e  difference calculat ion t o  obtain a c lose r  estimate o f  
the expected temperature d is t r ibu t ion .  

6.1.1 Thermal Properties 

Conductivity 

The thermal conductivity of h a l i t e  i s  higher than most other  rocks. T h u s ,  
impure h a l i t e  i s  found t o  have a lower conductivity than pure ha l i t e .  The con- 
duc t iv i ty  of pure h a l i t e  i s  usually used f o r  analysis  because tes ts  and reposi- 
tories a r e  l i ke ly  t o  be located i n  r e l a t ive ly  pure material .  The thermal con- 
duc t iv i ty  of h a l i t e  i s temperature dependent,  decreasing a t  h i g h e r  tempera- 

tures. I t  approximately follows the law t h a t ,  f o r  d i e l e c t r i c s ,  the conductiv- 
i t y  i s  proportional t o  the inverse of the absolute temperature (above very low 
temperatures). The most widely used conductivity values in  the U.S. a r e  those 
of Birch and Clark f o r  h a l i t e  (1940). 

- 

BGR* has measured the conductivity of Asse s a l t .  and f i n d s  t h a t  i t  matches the 
Birch and Clark values above 100°C and i s  about 5 percent lower a t  ambient 
temperature (Schmidt, 1971 ) . 

*Bundesanstal t f u r  Geowi ssenschaften und Rohstoffe ( B t i R )  

Table 6-1 presents these values. 

@- 
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TABLE 6-1 
HALITE CONDUCTIVITY VALUES 

Temperature - "C Conduct iv i ty - W/m-"C 

I f T  B i r ch  and Clark - 
0 6.10 5.73 

50 5.01 4.88 
100 4.20 4.1 7 

150 3.60 3.57 
200 3.1 1 3.08 

2 50 2.77 2.69 

I f T  and KFK* have a l so  measured volumetric heat capaci ty o f  Asse h a l i t e  and 
developed t h e  r e l a t i o n  (Kop ie tz  and Jung, 1978) , 

PC = 1.87049 X l o 6  + 1.9386 X 10' T 
P 

where, 

PC i s  volumetric heat capaci ty i n  J/m3 -'C 
T i s  temperature i n  "C 

P 

6.1.2 A n a l y t i c a l  Temperature Ca lcu la t i ons  

An a n a l y t i c a l  expression has been developed t o  describe the steady-state tent- 
perature f i e l d  around a f i n i t e  l eng th  l i n e  heat source i n  a uni form i n f i n i t e  
medium. The expression was developed by i n t e g r a t i n g  the steady s t a t e  s o l u t i o n  
f o r  a p o i n t  source along a l i n e .  

The constant conduc t i v i t y  assumption i s  n o t  v a l i d  f o r  s a l t ,  b u t  by se lec t i ng  an 

appropr iate average conduct iv i ty ,  useful r e s u l t s  can be obtained. Another sim- 
p l i f i c a t i o n  i s  neglect ing t h a t  t he  experimental source has a f i n i t e  diameter, 

SKernforshungszentrun Kar l  sruhe (KFK) 
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@ ablout one - f i f t h  of t he  length. Th is  w i l l  only a f f e c t  t he  s o l u t i o n  near the 
endS O f  the source. The d i s t r i b u t i o n  of heat from the rad ioac t i ve  Source has 

beten neglected. The e f f e c t  o f  the mine d r i f t  has n o t  been incluaed. The 
expression i s : 

( Z O - 1  ) - 4 z o - 1  I Z  + xo 
(Zo+l) - \/Zo+l I2 + Xo 

where, 

T = Temperature a t  (Xo, Zo)  - "C 
T, = I n i t i a l  o r  background temperature - "C 
Q = Tota l  source heat output - wat ts  
k = Conduct iv i ty o f  medium - W/m-"C 
II = H a l f  l eng th  o f  source - m 
Zo = Reduced a x i a l  d istance from a x i a l  source cen te r l  i n e  

Xo = Reduced r a d i a l  distance from source cen te r l  1 ne, r a t  

k n  = Natural l o g  

distance t o  11 - dimensionless 

tance t o  A - dimensionless 

For Zo = 0, t h i s  reduces t o :  

The gradient  o f  temperature w i t h  respect t o  Xo a t  Zo = 0 i s :  

dT - -Q 1 
dXo 4.rrkII -2 
L - -  

From these equations, t he  fo l l ow ing  curves have been prepared: 

r a t  

0 of 

6.1-1 

o o f  actua l  

actual  d i s -  

6.1-2 

6.1-3 

F igure 6-1. 
F igu re  6-2. 

This graph shows dimensionless isotherms around the  source. 
This graph shows dimensionless temperature p r o f i l e s  along the  Xo 

a x i s  f o r  d i f f e r e n t  values of Zo. 
F i  !jure 6-3. Thi s graph shows the  dimensionless gradient  o f  temperature w i t h  

respect t o  Xo a t  Zo = 0. %$ 
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Figure  6-1. Un iversa l  Temperature P r o f i l e  Around a 
F i n i t e  Length L ine  Source 
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Figure 6-2. Dimensionless Temperature Profiles Parallel 
to X-Axis Around a Finite Length Line Source 
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@ It iis recomnended t h a t  f o r  temperature l e v e l  ca lcu lat ions,  a conduc t i v i t y  value 
represent ing the average o f  the ambient and l o c a l  temperature be used f o r  t h i s  
forrnula. For temperature gradient  ca lcu lat ions,  use o f  the conduc t i v i t y  a t  t he  
l o c a l  temperature i s  more rea l  i s t i c .  

6. 
6.1.3 F i n i t e  Di f ference Temperature Calculat ions 

To develop a more accurate analys is  o f  the temperature f i e l d  around the exper i -  
ment, i nc lud ing  the  actual  s i t e  o f  t he  experimental apparatus, the e f f e c t  o f  
the mine opening above the tes t ,  the va r iab le  thermal conduct iv i ty ,  and t o  
ob t i i i n  t r a n s i e n t  response data, a f i n i t e  d i f f e rence  temperature model o f  the 

t e s t  was developed. The Westinghouse computer program, TAP-A (Ig70), 
was used f o r  these ca lcu lat ions.  This  model was developed t o  provide a calcu- 
l a t i o n  of the temperature d i s t r i b u t i o n  i n  the s a l t  around the experiment and 
a l s o  t o  provide an estimate of the maximum temperature a t  t h e  seal. The i n t e r -  
i o r  of the sleeve was n o t  modeled e x p l i c i t l y .  The guard heaters were modeled 
as 21 r i n g  a t  t he  appropr iate radius. The boundaries were each f i xed  a t  the 
ambient temperature and were located a t  a s u f f i c i e n t  distance (50 meters) so as 
n o t  t o  inf luence the  s o l u t i o n  except f o r  t he  upper boundary, which represents 
the mine opening. Figures 6-4 and 6-5 show the ca l cu la t i ona l  mesh used f o r  
thi! ;  analysis.  The va r iab le  s a l t  conduc t i v i t y  o f  B i r c h  and Clark, Table 6-1 , 
i s  used i n  t h i s  ca l cu la t i on .  

6.2 THERMAL RESULTS AND CONCLUSIONS 

6.2.1 Experiment Heated Length 

Des-ign considerat ions (Sect ion 5.2) have establ ished an experiment borehole 
diameter of 43.5 cm. The heated l eng th  o f  the experiment i s  determined by the 
desiire t o  have a r e l a t i v e l y  uniform temperature p r o f i l e  over most o f  the heated 

length. From Figure 6-1, i t  can be seen t h a t  t h i s  cond i t i on  i s  s a t i s f i e d  f o r  a 
rad-ius up t o  about Xo = 0.2. 

2.17’ meters. Hardware design considerations requ i re  a s l i g h t l y  shor ter  l eng th  
than t h i s ,  b u t  a x i a l  conduc t i v i t y  o f  t he  sleeve a c t s  t o  h e l p  f l a t t e n  the 

temperature d i s t r i b u t i o n .  The d i s t r i b u t i o n  shown i n  Section 6.2.4 i s  judged t o  
be i icceptabl e. 

Th is  corresponds t o  an o v e r a l l  heated l eng th  o f  
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6.2.2 

Power Level s 

It i s  desired t o  have a borehole wal l  temperature o f  210'C and temperature gra- 
d ien t  o f  approximately 3"C/cm. From Figure 6-3, the heat required o f  the 
centra l  heater t o  produce the desi red temperature gradient i s determined. The 
borehole radius i s  21.75 cm and the heater h a l f  length i s  88 cm so Xo = 0.25. 

Using t h i s  valve, J, i s  found t o  be 0.308. Using the conduct iv i ty o f  s a l t  a t  
210°C o f  3.0 W/m-'C from Table 6-1 , the required central  heater power i s  found 
t o  be: 

Approximate Central and Guard Heater Power Requirements 

I 
I 

aT k 8 300'C x 3.0W x 0.88 m 

0.308 
n r =  iii W T  

= 2571 Watts - central  heater Qc h 
Then using Figure 6-2 t o  f i n d  the borehole wal l  temperature due t o  the cen- 

t r a l  heater w i th  Xo = 0.25, Zo = 0, Q i s  found t o  be 0.167. The temperature i s  
then, using an average k = 4.5 W/m-"C, 

2571 Watts 0.167 %h" 
k 0.88 m 4.5 W/m-'C 

T = T, + - 4 = 27°C + 

T = 135'C 

Since the desired temperature i s  210°C, the guard heaters must contr ibute an 
addi t ional  210 - 135 = 75'C temperature r ise.  
(U, = 1.75 m )  and they are located a t  a radius of 1.5 m ,  so Xo = 1.5 m/l.75 m = 
0.85. From Figure 6-2, 4 = 0.0796. Then f o r  the guard heaters, 

The guard heaters are 3.5 m long 
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These values of 2571 wat ts  f o r  t h e  cen t ra l  heater and 7415 wat ts  f o r  t he  guard 
hel i ters provide pre l iminary estimates o f  the power requirements o f  the heat- 
ers.  The r e s u l t s  demonstrate t h a t  the power requirements a re  reasonable and 
were used f o r  i n i t i a l  design o f  t he  experiment. Fur ther  analys is  using a more 
d e t a i l e d  f i n i t e  d i f f e rence  model w i l l  provide more accurate estimates of  power 
l e v e l s  and temperatures. These are described i n  Section 6.4. 

6 . 2 . 3  Number o f  Guard Heaters 

A continuous guard heater r i n g  w i l l  produce a uniform temperature i n s i d e  the 

r i n g  except near the ends o f  the r i ng .  When the continuous r i n g  i s  broken i n t o  
d i  screte heaters, t he  temperature i n s i d e  the r i n g  becomes nonuniform, w i t h  

smiil1 v a r i a t i o n s  a t  the center o f  the r i n g  and l a r g e r  va r ia t i ons  near the 
helaters. For t h i s  experiment, i t  i s  desired t o  have a uniform temperature 

f i e l d  produced by the guard heaters from the 0.2175 m borehole rad ius  t o  a t  
l e a s t  t he  greatest  rad ius where s i g n i f i c a n t  b r i n e  migrat ion e f f e c t s  are 

expected, a t  about a 1.0 m radius. To prowide a margin beyond t h i s  radius, t he  
guard heaters a r e  establ ished a t  a 1.5 meter radius. Since the  t o t a l  guard 
hedter power i s  high, a number o f  heaters i s  requi red t o  reduce the l o c a l  
teimperature e leva t i on  around each guard heater. Usi ny the equations o f  Section 
6.l.2 and the  power l e v e l s  of Section 6.2.2# i t  was found t h a t  e i g h t  heaters 
would be requi red t o  l i m i t  t he  l o c a l  s a l t  temperature e leva t i on  around each 
gutird heater t o  about 45OC. 

heaters i n  the  r i n g  was ca l cu la ted  by using the  a n a l y t i c a l  equations o f  Section 
6.1.2 and superimposing the e f f e c t s  a t  each point .  Figure 6.6 shows the amount 
o f  temperature v a r i a t i o n  t h a t  would r e s u l t  w i t h  on l y  guard heaters operating. 
The guard heaters g ive a very low negative gradient  (-0.05'C/cm) around the  
borehole and l i t t l e  asymmetry ( <  0.5"C) within the one meter radius where 
ef fects  o f  b r i n e  m ig ra t i on  a re  expected t o  occur. Therefore, the t e s t  w i l l  
i nicorporate 0 guard heaters 

The temperature d i s t r i b u t i o n  r e s u l t i n g  f rom 8 
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6.2.4 Detai led Temperature D is t r i bu t i ons  

Temperature d i s t r i b u t i o n s  around the experiment were ca lcu lated using the 
d e t a i l e d  f i n i t e  dif ference model. The model was used f i r s t  t o  produce the 
desi red steady-state temperatures around the t e s t  s i t e .  The heater power 
l e v e l s  were adjusted t o  ob ta in  the desired borehole w a l l  condi t ions o f  210°C 
maximum and approximately 3"C/cm gradient. The r e s u l t i n g  power l e v e l s  are 2.42 
kdJ f o r  the cen t ra l  heater and 7.86 kW t o t a l  heat output o f  the guard heaters. 

These power l e v e l s  were then used t o  develop a temperature t r a n s i e n t  f o r  the 
two years t e s t  durat ion dur ing which t ime the temperature e s s e n t i a l l y  reached 

steady s ta te  . 
F i  gure 6-7 shows the temperature p r o f i l e  t h a t  resu l ted  from the analys is  a t  t h e  

erid o f  the two year t rans ient .  The power l e v e l  i s  s l i g h t l y  h igh so the peak 
s a l t  temperature ca lcu lated i s  214°C and the peak temperature gradient  i n  the 
s a l t  i s  3.2"C/cm. Figure 6-8 shows the temperature d i s t r i b u t i o n  r a d i a l l y  
outward from the heater m id l i ne  a t  var ious times showing t h a t  the heatup 

t r a n s i e n t  i s  near ly  complete a f t e r  6 months. The temperature gradient  a t  t h e  
same l o c a t i o n  i s  shown i n  Figure 6-9 which i l l u s t r a t e s  the r a p i d  f a l l - o f f  o f  

gradient  w i t h  distance i n t o  the s a l t .  This f a l l - o f f 3  combined w i t h  the temper- 
a tu re  decrease, resul  t s  i n  the r a p i d  decrease i n  1 i qui d i nc l  u s i  on migrat ion 
vel loci ty shown i n  Section 6.4. 

Thie a x i a l  d i s t r i b u t i o n  o f  s a l t  temperature along the s a l t  borehole wal l  i s  
shown i n  F igure  6-10. 

o f  the i r r a d i a t e d  length.  Note t h a t  the temperature a t  the seal reg ion i s  
reduced t o  about 9O'C which s i g n i f i c a n t l y  reduces the thermal damage t o  the 
organic seal components. The bottom o f  the borehole w i l l  have a minimum t e w  
pelrature o f  about 11 5°C. The a x i a l  d i s t r i b u t i o n  o f  r a d i a l  temperature gradient  
i !i shown as F igure 6-1 1 and shows t h a t  a substant ia l  gradient  i s  provided over 

much of the heated length. F i n a l l y ,  the a x i a l  d i s t r i b u t i o n  o f  temperature 
aliong the  metal sleeve o f  t he  t e s t  assembly i s  shown i n  F igure 6-12. 
sleeve temperature peaks a t  350°C (670°F) b u t  decreases r a p i d l y  beyond the 

This i s  a reasonably f l a t  d i s t r i b u t i o n  over the  cen te r  

The 
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heated region. Other ca l cu la t i ons  have estimated t h a t  the heater rods w i l l  
operate between 540 and 600°C (1000 and 11OO"F), b u t  o ther  components wi th in  

the  sleeve w i l l  remain w i t h i n  a few degrees o f  the sleeve temperature. 

6.2.5 REQUIRED TEST S I T E  SEPARATION (THERMALLY) 

The spacing between t e s t  s i t e s  must be g rea t  enough t o  e l im ina te  i n t e r d c t i v e  
e f f e c t s  o f  the temperature f i e l d s .  Of  i n t e r e s t  are the increase o f  temperature 
a t  one s i t e  due t o  heat produced a t  another and any asymmetric temperature 
gradient. The spacing o f  15 meters has been determined t o  reduce these two 
e f f e c t s  t o  reasonable l eve l s .  

The f i n i t e  dif ference model i s  used t o  estimate the temperature r i s e  a t  one 
s i t e  due t o  heat produced a t  another s i t e .  The heat used i s  the t o t a l  o f  t he  
c e n t r a l  heater and guard heaters, t h i s  i s  about 10 kW per t e s t  s i t e .  A t  a 

distance of 15 meters, the temperature r i s e  ca lcu lated by the f i n i t e  d i f f e r e n c e  
model i s  3°C a f t e r  two years o f  operation. 
steady s t a t e  temperature r i s e  a t  15 meters, b u t  i s  acceptable f o r  t h i s  
operation. 
The temperature gradient  ca lcu lated by equation 6.1-3 would be 0.0065"C/cm 
which i s  very low. Thus, i t  i s  judged t h a t  a spacing between t e s t  s i t e s  o f  15  
meters, center-to-center, i s acceptable. 

(This  i s  somewhat l e s s  than the 

It i s  judged t h a t  t h i s  much temperature increase i s  acceptdble. 

6.3 LIQUID BRINE INCLUSION MIGRATION MODELING 

One of  the forms i n  which water e x i s t s  i n  s a l t  i s  l i q u i d  b r i n e  inc lus ions.  
These inc lus ions  are small pockets o f  water conta in ing NaCl and other  s a l t s  i n  

s o l u t i o n  e i t h e r  w i t h i n  the s a l t  c r y s t a l s  o r  on the g r a i n  boundaries. I t  has 
been observed by many investigators 
of-the-art review of brine migration 
will move toward a heat source ( u p  a 
liquid has been estimated t o  release 
around a waste container over a b o u t  

Jenks, 1979; and RE/SPEC's draf t  s t a t e -  
studies i n  s a l t )  t h a t  the inclu4ions 
thermal gradient) .  T h i s  migration of 
a b o u t  10 l i t e r s  of water ( R R C - I W G ,  1983) 
00 years a f t e r  emplacement. 

A1 though there have been several studies o f  i n c l u s i o n  motion w i t h i n  c r y s t a l s  o f  
s a l t ,  l i t t l e  i s  known about what happens when an i n c l u s i o n  reaches a g r a i n  
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boundary. The water could be trapped a t  the boundary, i t  could enter  the nex t  

c r y s t a l  and continue t o  migrate, i t  could t rave l  along the boundary fo l low ing  
the  same general mechanism as w i t h i n  the c rys ta l ,  o r  i t  could evaporate and 
traivel as water vapor through small spaces between c rys ta ls .  
i t  w i l l  be assumed t h a t  inc lus ion  motion i s  n o t  af fected by g ra in  boundaries, 
and re la t ionsh ips  developed f o r  motion i n  ind iv idua l  c rys ta l s  w i l l  be appl ied 
t o  bu lk  sa l t .  Th is  i s  the  best  avai lab le information and should be sat is fac-  
t o r y  t o  provide a basis f o r  experiment design. 

I n  the fo l lowing, 

Several theor ies have been devel oped t o  describe 1 i quid i ncl  us i  on moti on i n 
sa l t ,  and several t e s t s  have been conducted measuring t h i s  motion. 

ca!;es, t he  v e l o c i t y  o f  mot1 on i s concluded t o  be proport ional  t o  the 1 oca1 tem- 
perature gradient. The ve loc i t y  i s  a lso  increased a t  higher temperatures. 
Since the  data have exh ib i ted  a l a rge  degree o f  v a r i a b i l i t y  (even d i f ferences 
of a factor  of 4 i n  ve loc i t y  o f  a s ing le  inc lus ion  a t  d i f f e r e n t  po in ts  along 

it:# path), a commonly used correlation by Jenks (1979) will be used for 
this study. This correlation gives an estimate o f  inclusion velocity which 
inc:ludes the l a r g e r  o f  the ava i lab le  data po in ts  and, thus, provides a h igh 

estimate of the amount o f  water co l lec ted  i n  the experiment. Jenk's re la t i on -  
shiip i s :  

I n  most 

l o g  V/G = 0.00656T - 0.6036 6.3-1 

where: 

V/G = ve loc i t y  per  u n i t  temperature gradient  
T 
V 

G 

= temperature o f  sa l t ,  'C 
= v e l o c i t y  o f  i nc lus ion  - d y r  

= temperature gradient  - 'C/m 

I n  add i t ion  t o  the  assumption o f  neg l i g ib le  g ra in  boundary e f fec t ,  the above 
equation a1 so neglects the  k i n e t i c  po ten t ia l  associated w i t h  transferring ions 
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between the l i q u i d  and s o l i d  phases and the e f f e c t  o f  l i q u i d  droplet  size. I n  
other words, the s a l t  i s  assumed t o  contain br ine inclusions having size i n  @ 
range of 2-10 mm, and only b r ine  migrat ion through s a l t  c rys ta ls  are considered. 

The cont inu i ty  equation applied t o  the density migration i s :  

where 

3 P = water content per u n i t  volume o f  the s a l t  - g/cm 
V = inc lus ion ve loc i ty  - m/yr 

6.3-2 

The thermal analysis from the previous section i s  used t o  define the tempera- 

tures and temperature gradients f o r  the solut ion, since f o r  the very low water 
contents i n  s a l t  (<0.001 weight f ract ion) ,  the water motion and temperature 
solut ions are uncoupled. 

The l i q u i d  inc lus ion motion equations are solved using the MIGRAIN computer 

code developed by Sc ien t i f i c  Applications, Inc. (SA11 under a separate ONWI 
contract (Rickertsen, 1980). Westinghouse has independently ve r i f i ed  t h e  appl ica- 
b i l i t y  of the computer program i n  solv ing these equations. There i s  one i t e m  
o f  appl icat ion o f  t h i s  program t h a t  requires at tent ion.  The temperature grad- 
i e n t  i s  determined from input  temperature d is t r ibu t ions  by numerical d i f ferenc-  
i n g  o f  adjacent temperature nodes. A t  the borehole boundary, i t  i s  important 
t o  define a s a l t  node po in t  j u s t  on the borehole s ide o f  the boundary t o  avoid 
a spurious temperature gradient ca lcu lat ion a t  the boundary which could r e s u l t  

i n  an erroneous br ine a r r i v a l  ra te  from the adjacent node t o  the borehole 
boundary. Thi s problem was evident i n  ear ly  unpubl i shed br ine  concentration 
p r o f i l e s  devel oped by SA1 . 
As applied a t  Westinghouse, temperature d is t r ibu t ions  were calculated using 

models described i n  Section 6.2. These were then used as input  f o r  MIGRAIN 
which then calculated 1 i q u i d  inc lus ion migration resul ts .  

the 
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6.4 LIQUID INCLUSION BRINE MIGRATION RESULTS 

Thie expected l i q u i d  i n c l u s i o n  migrat ion behavior f o r  the t e s t  a t  Asse was ca l -  

cu la ted using the methods described i n  Section 6.3. The temperature d i s t r i b u -  
t i o n  used was f o r  the design case o f  210°C borehole w a l l  temperature and a 
3"C/cm maximum thermal gradient  as described i n  Section 6.2. 
t h a t  the s a l t  a t  Asse i n i t i a l l y  contains 0.05% by weight o f  water as l i q u i d  
inc lus ions.  ( I t  i s  noted t h a t  cu r ren t  information i nd i ca tes  t h a t  there i s  very 
l i t t l e  l i q u i d  water i n  the Asse s a l t .  Th is  c a l c u l a t i o n  i s  intended t o  evaluate 
the behavior assumming l i q u i d  water i s  present i n  order t o  judge the adequacy 
o f  the experiment design.) Figure 6-13 shows the ca l cu la ted  water a r r i v a l  r a t e  
a t  t he  borehole. This i s  t he  t o t a l  water a r r i v i n g  over the e n t i r e  t e s t  annulus 
and includes the end e f f e c t  and the t r a n s i e n t  temperature d i s t r i b u t i o n  dur ing 

experiment heat-up. This curve has two s i g n i f i c a n t  features. F i r s t ,  t h e  
t o t a l  amount o f  water a r r i v i n g  a t  the t e s t  volume i s  on l y  about 0.38 l i t e r s  i n  

the two-year t e s t  period. This i s  l a r g e l y  due t o  assuming only  0.05 w t  % water 
i n  the  s a l t ,  a very low value. The water a r r i v a l  would be d i r e c t l y  propor- 
t i lonal t o  water content of the s a l t .  This volume of water i s  about the amount 
ca l cu la ted  t o  r a i s e  t h e  vapor pressure i n  the borehole volume t o  the sa tu ra t i on  
pressure of pure water i f  reta ined i n  the hole, so l i q u i d  water may n o t  e x i s t .  
The second fea tu re  i s  t h a t  the r a t e  o f  in f low does n o t  decrease s t rongly  over 
the t e s t  period. 

@ 

It was assumed 

Filgure 6-14 shows the  ca lcu lated b r i n e  i n c l u s i o n  v e l o c i t y  as a func t i on  o f  
rad ius a t  the hor izonta l  c e n t e r l i n e  o f  the t e s t  sect ion two years i n t o  the t e s t  

when the temperature p r o f i l e  i s  f u l l y  developed. The combined e f fec ts  o f  the 
decreasing temperature and temperature gradient cause the v e l o c i t y  t o  decrease 
r a p i d l y  w i t h  rad ius  from 0.20 m/yr a t  t he  borehole w a l l  t o  0.045 m/yr 0.20 
meters beyond the wal l .  

F i yu re  6-15 shows the moisture content o f  t h e  s a l t  along the ho r i zon ta l  center- 

l i n e  o f  the t e s t  sect ion a t  several t imes i n  the t e s t .  The moisture i s  pro- 
grc!'ssively depleted near the  borehole w a l l  over the  du ra t i on  o f  t he  tes t .  The 
deplet ion a t  the borehole wa l l  leads d i r e c t l y  t o  the change i n  i n f l o w  r a t e  
a f t e r  t h e  f i r s t  few months when t h e  temperature f i e l d  i s  establ ished. 
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The total  water collected indicates t h a t ,  on the average over the t e s t  section, 
water was collected from u p  t o  7 cm (2.8 i n . )  in to  the borehole wall over the 
two-year t e s t  interval .  A t  the highest temperature region, the water would 
a r r ive  from 12 t o  15 cm in to  the s a l t .  T h i s  i s  more than the assumed 5 cm 
(2 i n . )  thick disturbed region around the borehole and should provide represen- 
t a t i v e  resu l t s .  
s ignif icant  amounts of water a t  Asse due t o  the extremely low content of l i q u i d  
water which could par t ic ipate  i n  l iquid inclusion miyration, b u t  i s  intended t o  
describe the resu l t s  for other potential t e s t  s i t e s .  The total  amount of water 
expected would be proportional t o  the water content of  the s a l t ,  b u t  the col- 
lect ion radius would be unchanged. I t  should a l so  be noted tha t  these calcu- 
1 ations a re  not representative of repository conditions because both the tem- 
plerature d i s t r i b u t i o n s  and the times a re  different  from the conditions eval ua- 
ted here, t h u s  the t e s t  resu l t s  must be used t o  qualify models which t h e n  could 
estimate repository performance. 

@ 

It i s  noted tha t  this mechanism i s  not expected t o  proauce 

6.5 VAPOR MIGRATION MODEL 

A second model t o  describe motion of water in s a l t  i s  the vapor miyration model. 
Tlnis model assumes t h a t  motion of water i n  the s a l t  takes place by motion of 
water vapor through pore spaces i n  the s a l t .  The water vapor i s  formed by 
elvaporation of water from brine or  from hydrated minerals i n  the sal t .  
p o r t  of  water vapor i s  due t o  e i the r  pressure differences (Darcy or  Knudsen 
f'low) or  by water vapor concentration differences a t  constant total  pressure 
(diffusion flow). 

Trans- 

T l i i s  model i s  developed f o r  c y l i n d r i c a l  c o o r d i n a t e s  i n  which o n l y  Darcy f l o w  i s  
ciirrently being modeled. In the future,  other flow mechanisms will be studied. 

The vapor source term can be ra ther  complicated i n  s a l t .  I f  the water i n  the 
S i i l t  e x i s t s  as a concentrated brine solution, the vapor pressure of the water 
w i l l  be reduced compared t o  t h a t  of pure water due t o  the e f f ec t s  of the d i s -  

solved sol ids .  
pressure a s  a function of temperature. 

Water present as hydrated minerals w i  11 a1 so have a vapor 
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For the purpose of this s tudy ,  the water i s  assumed t o  be present a s  concen- 
t ra ted  brine solutions and the e f f e c t  of reduced vapor pressure i s  considered 
When the water begins  t o  evaporate from the brine, the s a l t s  will become more 
concentrated, fur ther  lowering the vapor pressure of the water. The dominant 
consti tuents of brine inclusions a re  l i ke ly  t o  be sodium chloride,  which i s  
always a t  saturation due t o  being i n  contact w i t h  sol id  sodium chloride, and 
magnesium chloride. The magnesium chloride i s  l ike ly  present a t  levels  well 
below saturation, b u t  as  the water evaporates, the magnesium chloride will  
become more saturated and, t h u s ,  fur ther  lower the vapor pressure. According 
t o  information from Jenks (1980), which i s  reproduced here as Figure 6-16 and 
6-17, the vapor pressure of concentrated solutions of sodium and magnesium 
chloride can be below atmospheric pressure, even a t  temperatures of 200°C. 
Figure 6-18 i s  developed from these previous figures and presents the vapor 
pressure of brine which i n i t i a l l y  was saturated w i t h  sodium chloride and 
contained 2 molal magnesium chloride versus the fractional amount of water 

remaining in the brine a f t e r  evaporation of some of the water. 
presented for several different  temperatures and  demonstrate the severe vapor 
pressure depression o f  concentrated brines. These d a t a  also indicate t h a t  n o t  
a l l  of  the water would be evaporated i f  the pressure i n  the borehole i s  
atmospheric pressure. 
f ron t  will n o t  occur i n  s a l t  as  would happen w i t h  drying o f  a material 
containing pure water. 

The d a t a  are  

The d a t a  a lso indicate t h a t  a d iscrete  evaporation 

Based upon the preceding discussion, i t  i s  c l ea r  t h a t  the remaining brine 
solution i n  the s a l t  must be i n  local vapor pressure equilibrium w i t h  the water 
vapor flowing past  the brine. A t  constant temperature, the vapor pressure can 
only be reduced local ly  i f  the brine a t  t ha t  location i s  fur ther  evaporated t o  
reduce i t s  vapor pressure. T h i s  i s expressed as:  

6.5-1 

where : 
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P =  
V 

T =  

pw - 
f =  

- 

t 

vapor pressure o f  water - atm 
temperature - "C 
l o c a l  densi ty o f  water i n  the s a l t  - g/cm 
a func t i on  r e l a t i n g  water concentrat ion i n  b r i n e  and temperature to 
the f l u i d  vapor pressure 

3 

The motion o f  t he  water vapor i s  assumed f o r  the present study t o  be d r i ven  
only  by va r ia t i ons  i n  t o t a l  gas pressure, and t h a t  the f l o w  i s  proport ional  to 
t h e  pressure gradient  by Darcy's law (although other  re la t i onsh ips  may be con- 
s idered i n  the fu tu re ) .  

-k 
, v =y Pv 6.5-2 

where 

V = v e l o c i t y  o f  the water vapor - c d s e c  
2 k = pemeabi l  i ty  o f  the s a l t  - cm 

p = v i s c o s i t y  o f  t he  water - poise 

= water vapor pressure - dynedcrn 2 
p V  

The equation f o r  t h e  conservation o f  mass s tates t h a t  a change i n  l o c a l  water 
densi ty i n  the s a l t  i s  accompanied by spacial va r ia t i ons  i n  the water vapor 
f low. 

6.5-3 

F i n a l l y ,  t he  p e r f e c t  gas law i s  used t o  r e l a t e  water vapor pressure, tempera- 
ture,  and density: 

6.5-4 

where 

R = the gas constant 
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6.6 VAPOR MIGRATION RESULTS 

These equations have been solved numerical ly using d i sc re te  space ana d i sc re te  
t ime f o r  a axisymmetric c y l i n d r i c a l  coordinates. 
borehole pressure i s  maintained a t  one atmosphere pressure.  
w i l l  consider the sel f -pressur iz ing borehole concept. ) A t  the s t a r t  of the 

so lut ion,  an i n i t i a l  water concentrat ion o f  0.05% w t  ( o r  0.0011 g/cm 
imposed. The temperature d i s t r i b u t i o n  used i n  these ca l cu la t i ons  i s  as 
described i n  Section 6.2. 

s a l t  temperature i s  below 110" C. ( A t  t h i s  temperature, the 2 molal b r i n e  
s o l u t i o n  w i l l  generate water vapor pressure o f  1 atm.) Soon, water vapor 
s t a r t e d  t o  f l ow  i n t o  the  canister.  No outward water vapor f l o w  was al lowed 
because the s a l t  pore spaces were assumed t o  be f i l l e d  w i t h  f l u i d .  A t  the 
f i r s t  ca l cu la t i ona l  node i n t o  the s a l t  from the borehole, the h i g h  pressure 
gradient  toward the borehole causes a vapor f low which reduces the water con- 
c e n t r a t i o n  and, therefore,  t he  water vapor pressure i n  t h a t  node. 

I n  t h i s  so lut ion,  the 
( F u t u r e  analyses 

3 was 

I n i t i a l l y ,  there i s  no water vapor f low because the  

When the vapor pressure i n  the f i r s t  node i s  reduced below t h a t  i n  the second 
node, vapor begins t o  f l ow  from the second t o  the f i r s t  then t o  the  borehole. 

This process continues u n t i l ,  eventual ly, f low i s  produced from nodes d i s t a n t  
from the borehole, as l ong  as the l o c a l  saturat ion pressure i s  above the bore- 
ho le pressure. 

The s o l u t i o n  was developed f o r  two s a l t  p e r m e a b i l i t y  l e v e l s  b e l i e v e d  on t h e  

bas is  o f  a v a i l a b l e  data (Suther land and Cave, 1979) t o  be r e p r e s e n t a t i v e  o f  t h e  

p e r m e a b i l i t y  i n  s a l t  i n  t h e  f i e l d ,  1 .0 and 0.1 1-1 Darcy. These r e s u l t s  a r e  
shown i n  F i g u r e  6-19 as t o t a l  water  a r r i v i n g  a t  t h e  boreho le  over  two years  

o f  t e s t i n g .  F igures  6-20 t o  6-21 show t h e  changes i n  l o c a l  vapor p ressure  

$arid water  c o n c e n t r a t i o n  i n  t h e  s a l t  over  t h i s  t r a n s i e n t  t i m e  and F i g u r e s  6-22 

and 6-23 show t h e  water  c o n c e n t r a t i o n  remain ing i n  t h e  s a l t  a t  v a r i o u s  t imes.  

Two conclusions are evident. The f i r s t  i s  t h a t  a considerable amount o f  water 
i s  produced (4.7 and 1.9 l i t e r s  f o r  1.0 and 0.1 ~.r Darcy permeabi l i ty ,  respec- 
t i v e l y ) ,  even from t h i s  q u i t e  d ry  s a l t .  The second i s  t h a t  water i s  c o l l e c t e d  
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@ from a large distance (80 t o  110 cm from tes t  center l ine)  in to  the s a l t .  The 
1im.it on t o t a l  water product ion f o r  this  test f o r  the higher s a l t  permeability, 
is determined largely by the t o t a l  amount o f  water i n  the  s a l t  heated t o  above 
a sdturat ion pressure of 1 atmosphere. 
1.5 meters and sho:ild be su f f i c i en t ly  beyond the zone o f  water col lect ion so as 
not t o  influence the tes t  results. 

The guard heaters are a t  a radius of 

6.7 RADIATION ANALYSIS: ASSUMPTIONS AND METHODS 

Radiation analyses were done t o  predict  doses o r  dose r a t e s  i n  three areas of 
i n t e r e s t :  the walls of the borehole, the seal region, and the  top surface of 
the in s t a l l a t ion .  This section describes the assumptions and methods used i n  
the analyses. 

6.7.1 Assumptions 

The assumptions given below were used i n  the  analyses: 

The i r r ad ia t ion  period i s  two years. 

The dose delivered i n  twogyears t o  the s a l t  a t  the  wall of the 
borehole should be 6 x 10 rads. 

The two col inear  Co60 sources have the following charac te r i s -  
t i c s :  

- a c t i v i t y  of the  Co60 is  uniform along the act ive regions o f  
the  sources, 

length of radioactive region i s  818 mm (32.2 i n ) ,  - 
- diameter of cobalt i s  9.5 mm (0.37 i n ) ,  

- combined wall thickness of s t e e l  jackets  i s  1.6 mm (0.063 
i n )  9 

The dis tance between adjacent ends of the act ive regions of 
the two sources i s  178 mm (7.00 in) .  

The porous medium i n  the annulus between the sleeve and t9e 
wall f the borehol 
kg m-' (248 lbs-ft-5). A1203 f i l l s  65% of the volume of 
the annulus. 

i s  Al2O3, whose densi ty  is 3.97 x 10 
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0 The thicknesses of the attenuating mater ia ls  between the 
source rods and the wall of the borehole are: 8 
- s tee l  wall of source s u p p o r t  tube, 4.0 m (0.156 i n ) ;  

- s t ee l  wall of can is te r ,  3.2 mm (0.125 i n ) ;  

- s t ee l  wall of heater s u p p o r t  t u b e ,  2.8 mm (0.109 i n ) ;  

- s t ee l  wall of sleeve,  19.1 mm (0.75 i n ) ;  

- 
The thickness of each end cap on the s t ee l  i s  25.4 mm (1.00 
in ) .  

AI203 f i l l e d  annulus, 50.8 mm (2.00 i n ) .  

0 

o The radius of the borehole in  the s a l t  i s  217 mm (8.56 i n ) .  
0 kg  m-3 (137 l b ~ - f t - ~ ) .  
0 

3 The density of the s a l t  i s  2.2 x 10 
The density of the s teel  i s  7.86 x lo3 kg (491 l b ~ - f t - ~ ) .  

6.7.2 Methods 

Radiation Dose t o  S a l t  

The dose r a t e  a t  the wall of the borehole was calculated by representing each 
of the two Co60 source rods as a s t r i n g  of t en ,  equally-spaced, point sources. 

The  incremental dose rates from each of the point sources was calculated a t  a 
f i e l d  point along the wall. 
radiat ion by intervening layers of mater ia ls ;  the attenuation calculat ions 
included the conventional buildup f ac to r  caused by photon  sca t te r ing .  The end  
caps on the can i s t e r s  were ignored. The incremental dose r a t e s  from the point 
sources were then summed t o  obtain the dose ra te  a t  the f i e l d  point.  

The  calculat ion allowed for attenuation of the 

The integrated dose delivered over the two year radiation period was then cal-  
culated f o r  a f i e l d  point opposite the center of the upper Co60 rod. This ca l -  
culat ion allowed f o r  the 5.27 year h a l f - l i f e  of the Co60. 
was used t o  adjust  the strength of the  Co60 sources so t h a t  the integrated dose 
would be 6 x lo8 rads. 

t i on  a t  the wall was calculated as  a function of the ver t ica l  distance from the  
midpoint between the sources. 

The resul t ing dose 

Using the  adjusted source s t rength,  the dose d is t r ibu-  
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- Rad i a t i o n  Dose t o  Seal Regions 

The d i r e c t  dose t o  the  seal reg ions  was ca l cu la ted  us ing  t h e  s t r i n g  of p o i n t  

souirces as descr ibed above. 

The i n d i r e c t  dose das ca l cu la ted  us ing  t h e  dose r a t e  d i s t r i b u t i o n  i n  t h e  s a l t  

a t  the l e v e l  of t h e  t o p  o f  the  upper source as t h e  i n d i r e c t  r a d i a t i o n  source. 
Allowance was made f o r  a t tenua t ion  by t h e  m a t e r i a l s  between t h i s  source and the  
seal  regions. 

- Radia t i on  Dose Rate a t  t he  Surface of t h e  I n s t a l l a t i o n  

The d i r e c t  dose r a t e  a t  t h e  l e v e l  o f  t he  t o p  o f  t he  s h i e l d  p l u g  was c a l c u l a t e d  
us ing  t h e  s t r i n g  o f  p o i n t  sources as descr ibed p rev ious l y .  

made f o r  a t t e n u a t i o n  o f  t h e  dose r a t e  by t h e  s t e e l  end caps on the  can is te rs ,  
by the  minim’um th ickness  o f  s tee l  i n  the  i n t e r n a l  s h i e l d  (184 mm (7.25 i n ) ) ,  
and by the  th ickness  o f  s t e e l  i n  the  s h i e l d  p l u g  (254 mm (10 i n ) ) .  No a l low-  

ance was made f o r  a t tenua t ion  by t h e  i n s u l a t i n g  m a t e r i a l  i n  the  i n t e r n a l  sh ie ld .  

Allowances were 

The i n d i r e c t  dose r a t e  was ca l cu la ted  us ing  the  same method as the  one used fo r  
the seal  regions. 

Dos8e r a t e s  caused by r a d i a t i o n  streaming through 
were a l s o  ca l cu la ted .  The source f o r  t h e  stream 
rad l i a t i on  emerging from t h e  m a t e r i a l  t h a t  can be 

penet ra t ions  i n  the  t o p  p lug  
ng rad  a t i o n  was assumed t o  be 
viewed through t h e  penet ra t ion .  

6.0 RADIATION ANALYSIS: RESULTS 

The f o l l o w i n g  r e s u l t s  were obta ined f rom t h e  analyses descr ibed i n  the preced- 

i ng sect ion.  

- Radia t i on  Dose t o  S a l t  
The a c t i v i t y  requ i red  i n  each of t he  two Co60 sources a t  the  t ime of i n s e r t i o n  

i n t o  the  borehole was est imated t o  be 9040 cur ies .  Th is  a c t i v i t y  w i l l  d e l i v e r  
a maximum dose of  6 x l o8  rads  i n  two years t o  t h e  s a l t  a t  t he  w a l l  of t h e  

borehole.  The source a c t i v i t y  i s  l e s s  than t h e  9430 c u r i e s  g iven i n  Sec t ion  
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5.4.1. The l a t t e r  a c t i v i t y  al lows f o r  decay o f  t he  source f o r  f ou r  months 
p r i o r  t o  i n s e r t i o n  i n t o  the borehole and approximately represents the a c t i v i t y  
t h a t  woul d be ordered. 

Using 9040 cu r ies  as the strength o f  each o f  the Co60 sources, c a l c u l a t i o n s  
showed the d i s t r i b u t i o n  o f  the r a d i a t i o n  dose t o  the s a l t  a t  the w a l l  o f  t he  
borehole t o  be as shown i n  Figure 6-24. 
d i s t r i b u t i o n  curve i s  bel ieved t o  be r e l i a b l e  ( 2  20%). The broken l i n e  por- 
t i o n s  o f  t he  curve are n o t  r e l i a b l e  because the dose i n  these regions w i l l  be 
reduced below the values shown by at tenuat ion caused by the end caps on the 
canis ter .  No allowance was made f o r  the end caps i n  the d e r i v a t i o n  o f  F igure 

The s o l i d  p o r t i o n  o f  the dose 

6-24. 

Small changes i n  the dimensions and spacing o f  the sources w i l l  n o t  cause l a r g e  
changes i n  the dose d i s t r i b u t i o n  from the d i s t r i b u t i o n  shown i n  Figure 6-24. 

Radiat ion Dose t o  the Seal Regions 

The maximum two-year doses t o  the O-ring seal region from d i r e c t  and i n d i r e c t  
r a d i a t i o n  were estimated t o  be: 

5 d i r e c t  dose 3.4 x l o 4  rads 
i ndi rec t dose 4.5 x 10, rads 
t o t a l  dose 3.9 x 70" rads 

The d i r e c t  dose i s  an overestimate o f  what w i l l  be encountered because no 
allowances were made f o r  a t tenuat ion by the end caps on the can is te rs  o r  by the 
i nternal  shield.  
bu t  would n o t  a f f e c t  the i n d i r e c t  dose. 

Such a1 1 owances would reduce the d i r e c t  dose subs tan t i a l l y  , 

The maximum two-year doses t o  the castable seal reg ion were estimated t o  be: 

4 d i r e c t  dose 2.7 x l o 4  rads 
i ndi rec t dose 3.9 x 10, rads 
t o t a l  dose 6.6 x 1 0 '  rads 
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The d i r e c t  dose i s  again an overest imate f o r  t he  same reasons as were g iven f 

the  O-r ing reg ion.  

Dose Rates a t  the  Surface o f  the  I n s t a l l a t i o n  

Dose r a t e s  were ca l cu la ted  a t  the  l e v e l  o f  t he  top  o f  the  s h i e l d  p lug.  The 

maximum dose r a t e s  were est imated f o r  t h ree  con f igu ra t i ons  r e l a t e d  t o  the  

placement o f  t he  i n t e r n a l  s h i e l d  and the  s h i e l d  plug. 

Con f igu ra t i on  Dose Rate (mrem h r - l )  

1. Both i n t e r n a l  s h i e l d  
and s h i e l d  p lug  i n  p lace 

1 

2 .  I n t e r n a l  s h i e l d  i n  place, 3 lo3  

3.' Bo th  I n t e r n a l  s h i e l d  and 1 x 106 

s h i e l d  p lug  absent 

s h i e l d  p lug  absent 

The dose r a t e  shown f o r  Conf igura t ion  #1 i nc ludes  the  maximum dose r a t e  caused 

by r a d i a t i o n  streaming through a penet ra t ion .  

and occurred above an open p e n e t r a t i o n  f o r  a heater  conductor. 

Th i s  dose r a t e  i s  0.8 mrem h r - '  

The dose r a t e s  shown f o r  t h e  th ree  con f igu ra t i ons  are a t t r i b u t a b l e  t o  d i r e c t  
60 r a d i a t i o n  f rom the  Co . 

t o  the  dose ra te .  

I n d i r e c t  r a d i a t i o n  does no t  c o n t r i b u t e  s i g n i f i c a n t l y  

6.9 SALT THERMAL MECHANICAL ANALYSIS 

6.9.1 I n t r o d u c t i o n  

An i n t e g r a l  p a r t  of t he  t e s t  des ign development i s  t he  thermal mechanical 

i n t e r a c t i o n  ana lys i s  of t h e  s a l t  and t e s t  assembly t o  p rov ide  des ign i n p u t s  and 

des ign phi losophy and t o  v e r i f y  the  des ign assumptions. The main o b j e c t i v e s  o f  
t he  ana lys i s  are t a  prov ide  i n fo rma t ion  p e r t a i n i n g  t o :  
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Hardware performance requirements - Such as the  pressure con- 
d i t i o n s  on t h e  t e s t  equipment. 

Understanding o f  impact o f  heatup and cooldown, p a r t i c u l a r l y  
w i t h  regard t o  p o t e n t i a l  f o r  f r a c t u r e  o r  d i s c o n t i n u i t y  devel -  
opment i n  the  s a l t  s ince f r a c t u r i n g  may have d i r e c t  impact on 
b r i n e  m i g r a t i o n  and may make i t  impossib le  t o  seal the  t e s t  
zone. 

Placement c o n f i g u r a t i o n  - S p e c i f i c a l l y  w i t h  regard t o  the  
depth o f  the  t e s t  zone below t h e  f l o o r  o f  the  t e s t  room and 
the  minimum d is tance between t e s t  s i t e s .  

St resses and deformat ions i n  the  sea l i ng  zone t o  e s t a b l i s h  
heater  ho le  cas ing and sea l i ng  requirements.  

The p o s s i b i l i t y  o f  gas pressure i n  the t e s t  zone causing f r a c -  
t u r i n g  o f  the  host s a l t .  

Th i s  sec t i on  prov ides  a summary of the above ana lys is .  
inc luded i n  an upcoming techn ica l  repo r t .  

Fu r the r  d e t a i l s  w i l l  be 

6,,9.2 I n p u t  and Assumptions 

6.9.2.1 Test Setup and Environment 

The bas ic  t e s t  setup descr ibed i n  Sec t ion  5 has been analyzed. 

1:; 10 meters wide and 6 meters high. 

meters below the  room f l o o r .  

carbon s t e e l  s leeve and seal. 

meters and extend from a depth o f  3.0 t o  6.5 meters below t h e  mine f l o o r  

rad ius  o f  t he  c e n t r a l  heater ho le i s  0.217 meter. 

The t e s t  

The heater  depth i s  f rom 3.8 t o  5. 

Between t h e  heater  and t h e  mine room f l o o r  

Guard heaters  are loca ted  a t  a r a d i u s  o f  

room 

i s  a 

.5 
The 

To model t h e  t e s t  setup f o r  t he  thermomechanical ana lys is ,  i t  was necessary t o  

consider  the  f o l l o w i n g  two aspects o f  t he  l o c a t i o n  and c o n f i g u r a t i o n  of the  

t e s t  area: 
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e P o t e n t i a l  e f f e c t s  o f  p r e v i o u s l y  mined rooms a t  h i g h e r  l e v e l s ,  
which are  e i t h e r  b a c k f i l l e d ,  p a r t i a l l y  b a c k f i l l e d ,  o r  open, on 
t h e  i n i t i a l  s t a t e  o f  i n  s i t u  s t r e s s  p r i o r  t o  s t a r t i n g  t h e  
exper iments,  and 

@ 

e The degree of c o u p l i n g  which may e x i s t  between t e s t s  because 
o f  t h e  spacing o f  t h e  h e a t e r  h o l e s  and l a y o u t  o f  t h e  t e s t  
rooms. 

The t e s t  room i s  a t  800-meter l e v e l .  It i s  known t h a t  a t  t h e  775-meter l e v e l  

i n  t h e  v i c i n i t y  o f  t h e  t e s t  area, o l d  rooms have been excavated and b a c k f i l l e d  

more than 50 years  ago. A n a l y s i s  and exper ience w i t h  s i m i l a r  s a l t  mines i n d i -  

c a t e  t h a t  50 years  i s  a s u f f i c i e n t  t i m e  f o r  these rooms ( a t  775-meter l e v e l )  t o  
c l o s e  due t o  creep so t h a t  t h e y  w i l l  n o t  impact t h e  behav io r  o f  t e s t  rooms a t  

800-meter l e v e l .  Also, t h e  impact o f  t h e  open o r  p a r t i a l l y  b a c k f i l l e d  rooms a t  

h i g h e r  l e v e l s  (750-meter l e v e l ,  i n  p a r t i c u l a r )  i s  i n s i g n i f i c a n t .  Consequently, 

e x i s t i n g  rooms w i l l  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  e x i s t i n g  s t a t e  o f  s t r e s s  a t  

t h e  s t a r t  o f  t h e  exper iment .  I t  i s  a n t i c i p a t e d  t h a t  a h y d r o s t a t i c  s t a t e  o f  
s t r e s s  w i l l  e x i s t  a t  s u f f i c i e n t  d i s t a n c e  ( 1 5  meters )  from t h e  t e s t  room. 

Boundary c o n d i t i o n s  a t  t h e  o u t e r  boundar ies o f  t h e  model were t h u s  assumed t o  

correspond t o  a h y d r o s t a t i c  s t r e s s  cor respond ing  t o  a depth o f  800 meters.  

I n  genera l ,  Spacing of t h e  t e s t  rooms as w e l l  as heater  h o l e s  w i t h i n  a s i n g l e  

room can lead t o  c o u p l i n g  e f f e c t s  which may a f f e c t  t h e  s t a t e  o f  s t r e s s  around 
t h e  exper iments.  To i n v e s t i g a t e  t h e  e f f e c t s  of room spacing, an a n a l y s i s  was 

performed as descr ibed i n  S e c t i o n  6.9.3. T h i s  a n a l y s i s  i n d i c a t e d  t h a t  t h e  min-  

imum spacing between exper iments i n  p a r a l l e l  g a l l e r i e s  t o  p r e c l u d e  c o u p l i n g  

e f f e c t s  i s  30 meters w i t h  20 meter  p i l l a r s .  Also,  t h e  c u r r e n t  spac ing o f  15 
meters between t e s t  ho les  i n  a s i n g l e  g a l l e r y  i s  s u f f i c i e n t  t o  p rec lude s i g n i -  

f i c a n t  i n t e r a c t i o n .  The model used f o r  t h e  themomechanica l  a n a l y s i s  of s t r e s -  

ses induced by t h e  exper iment was based on t h e  assumption o f  no i n t e r a c t i o n  
between rooms o r  o t h e r  exper imenta l  setups. 
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@ 6.9.2.2 Time Sequence f o r  Various Stages i n  the Test  

Based on the  c u r r e n t l y  a n t i c i p a t e d  approximate schedules o f  the  t e s t  procedure, 

t h e  fo l l ow ing  t ime sequence has been assumed f o r  the  var ious  t e s t  stages: 

Day 0' - E x i s t i n g  i n  s i t u  h y d r o s t a t i c  
s t a t e  of s t ress  

Day 0' 

Day 365 

- Test room i s  created 

- Heater ho le  i s  d r i l l e d  

Day 421 - Heater assembly i s  p laced i n t o  
t h e  heater ho le  w i thout  having 
e i t h e r  any gaps o r  s i g n i f i c a n t  
s t resses against  the  wa l l  

Day 421 - The main and guard heaters  are 
turned on t o  f u l l  power 

Day 1151 t o  1179 - The power o f  the  main and guard 
heaters i s  reduced t o  zero i n  
e i g h t  equal steps 

Day 1179 t o  1186 - The power remains o f f  

I 
The impact o f  d r i l l i n g  o f  t he  guard heater  ho les i s  a n t i c i p a t e d  t o  be minimal 
and was no t  analyzed i n  d e t a i l .  

6.9.2.3 Thermal Proper t ies  and the  Behavior 

The heat t r a n s f e r  analys is ,  t he  associated assumptions, thermal p roper t i es ,  

etc., have been discussed i n  Sect ions 6.1 and 6.2 and the  r e s u l t s  are shown i n  

those sect ions.  To inc lude a cooldown phase, t h e  o r i g i n a l  heat t r a n s f e r  analy-  
ses were repeated us ing  t h e  mesh f o r  the  s t ress  analys is ,  F igu re  6-28. 

The temperature dependent thermal c o n d u c t i v i t y  and s p e c i f i c  heat o f  s a l t  as 

descr ibed i n  Sec t ion  6.1 were used. The equ iva len t  thermal c o n d u c t i v i t y  used 

f o r  t h e  heater  and t h e  sleeve i s  1.58 W / m - O C ,  and the  corresponding s p e c i f i c  
heat capac i t y  i s  8.0 x l o 5  J/rn3'C. The equ iva len t  thermal p r o p e r t i e s  account 

f o r  t he  p r o p e r t i e s  of var ious  m a t e r i a l s  ( Incone l ,  s tee l ,  alumina beads) and th2  0 
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presence o f  voids. The thermal c o e f f i c i e n t  o f  expansion f o r  t h e  s a l t ,  heater  

segment i n c l u d i n g  alumina beads, and t h e  sleeve are r e s p e c t i v e l y  4.0 x 

1.35 x and 1.35 x 10'5/0C and are n o t  considered temperature dependent. 

6.9.2.4 MECHANICAL PROPERTIES 

The equ iva len t  Young's modulus f o r  t h e  heater  segment and t h e  sleeve i s  7,758 
MPa (1.1 x 10 p s i )  w i t h  a Poisson 's  r a t i o  o f  0.30 based on t h e  c ross  s e c t i o n  

o f  the  heater  assembly. 

6 

6 The Young's modulus used f o r  t h e  s a l t  i s  6,896 MPa ( 1  x 10 p s i ) .  Th i s  value i s  

d i f f i c u l t  t o  de f i ne  s ince i t  v a r i e s  w i th  s t r e s s  c o n d i t i o n  and r a t e  o f  load-  
ing.  p s i )  t o  34,480 MPa 

( 5  x 10 6 p s i ) .  The h igher  values g e n e r a l l y  correspond t o  seismic ( r a p i d )  load-  

i n g  cond i t i ons  w i t h  small s t r a i n s .  Wal lner (1979) repo r t s  a reduc t i on  
i n  modulus f rom 13,920 t o  6,600 MPa f o r  German s a l t  as the  temperature 
increases f rom 27 t o  210 degrees Centigrade. Because t h e  temperature near the  
heater  w i l l  be near 200 degrees Centigrade, a modulus near 7,000 MPa i s  more 
appropr ia te.  Consider ing a l l  of t h e  above, a constant  modulus o f  6,896 MPq has 

been se lec ted  f o r  s a l t  w i t h  a Poisson 's  r a t i o  o f  0.4. However, t h e  s e n s i V i v i t y  

of maximum r a d i a l  s t ress  on t h e  heater  assembly t o  modulus value was evaluated 
f o r  a modulus o f  13,792 MPa ( 2  x l o 6  p s i ) .  

5 Values i n  the  l i t e r a t u r e  range f rom 1,379 MPa ( 2  x 10 

.* 

Based on l a b o r a t o r y  tes ts ,  t h e  creep behavior o f  s a l t  i s  descr ibed i n  tvJo d i s -  

t i n c t  p a r t s :  

0 Pr imary creep which i s  t r a n s i e n t  i n  na ture  and governs f o r  a 
sho r t  t ime fo l l ow ing  a p p l i c a t i o n  of load, and 

0 Secondary creep which i s  steady s t a t e  i n  nature f o l l o w i n g  the  
decay o f  t h e  t r a n s i e n t  p r imary  creep. 

Laboratory  experiments f o r  t he  de terminat ion  of creep behavior are o f t e n  con- 

s t a n t  s t ress  t e s t s  i n  which a constant  load i s  app l ied  and creep al lowed t o  
occur as a f u n c t i o n  of t ime. Th is  constant  s t r e s s  s t a t e  i s  no t  app l i cab le  t o  

t h e  i n  s i t u  behavior of s a l t  subjected t o  temperature gradients .  Thermal ly 
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@ 
induced stresses a re  a r e s u l t  o f  compatabi l i ty  requirements which change as 
temperatures change and are n o t  the same as constant mechanical stresses 
imposed i n  the laboratory.  
creep were neglected as 1 eadi ng t o  negl i g i  b l  e er rors .  

I n  view o f  these condi t ions,  t he  e f f e c t s  o f  primary 

The steady s t a t e  (secondary) creep behavior o f  s a l t  was modeled using the f o l -  
1 owi ng re1 a t i  onship: 

E, = A exp ( -Q/RT) S” 

where: 

= secondary creep r a t e  (day” , 
A = mater ia l  parameter (MPa-n day-’ 1, 
Q = a c t i v a t i o n  energy (KJ mol-’) , 
R = universal  gas constant (8.314 x l o w 3  KJ mol-’ K - l )  , 
T = absolute temperature (K), 
s = dev iator  s t ress (MPa), and 
n = mater ia l  parameter. 

Fo r  h a l i t e  from the Asse s a l t  mine, the fo l l ow ing  parameters were used: 

Q = 54.21 (KJ mol”), 
A = 0.18 (MPam5 day-’ 1 ,  and 
n = 5.0. 

The above r e l a t i o n s h i p  was developed f o r  Asse s a l t  based on the laboratory  
experiments (Hunsche, 1979). 
sh ip  by comparing p red ic t i ons  from the  above creep law against  some actual  
observations i s  c u r r e n t l y  underway. 

A pre l iminary e f f o r t  t o  v e r i f y  the above r e l a t i o n -  

6.9.3 Model and Analysis Results 

Two models were used f o r  t he  analyses. F i r s t ,  a large-scale v e r t i c a l  plane 

s t r a i n  model was developed t o  evaluate the impact o f  the surrounding rooms and 6li3 
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the boundary s t resses  fo r  the smaller scale model near the heater. Secondly, 
small-scale axisymmetric model (Figures 6-27 and 6-28) around the t e s t  heater 
was used t o  evaluate the detailed behavior around the t e s t  heater. In addi- 
t ion,  several one-layer axisymmetric models were analyzed t o  check the impact 
of the boundary condition assumptions and finite-element g r i d  refinement and t o  
provide an overall check of the resul ts .  

The plane s t ra in  model indicated that  the s t r e s s  a t  the boundary of the smaller 
axisymmetric model i s  not  affected s ignif icant ly  by e i ther  the creation of the 
t e s t  room or by creep around the t e s t  room. Based on this analysis and consid- 
ering normal l i t hos t a t i c  s t r e s s ,  a constant normal boundary s t r e s s  near 17.9 
MPa (2,600 ps i )  has been used fo r  both the vertical  and hor i zon ta l  boundaries 
of the axisymmetric model (Figure 6-28). 

The heat t ransfer  analysis for the axisymmetric model was performed using the 
parameters discussed previously and  u s i n g  the f i n i t e  element computer code 
GEOFLOW. 
the same as those reported i n  Section 6.2 from independent analyses. 

The resu l t s  are shown i n  Figures 6-25 and 6-26 and are essent ia l ly  

The axisymmetric model was then used t o  perform the thermomechanical analysis 
based on the temperatures determined from the heat t ransfer  analysis and the 
i n i t i a l  s t r e s s  conditions described above. D'Appolonia's finite-element, rock 
mechanics computer code, DAPROK, was used t o  perform the calculations. 
The model s t a r t s  w i t h  an  axisymmetric block of s a l t  preloaded with the boundary 
s t resses .  Creation of the t e s t  room opening i s  then simulated by the removal 
of those elements corresponding t o  the room. 
over a 365-day period pr ior  t o  d r i l l i ng  the heater hole. 
heater borehole i s  then simulated by removal of the corresponding elements from 
the model. 
ent e l a s t i c  elements on Day 421 (following creep around the open borehole for a 
period of 56 days) .  
assembly and the s a l t  borehole wall. 

Creep i s  then allowed t o  occur 
Drilling of main 

The placement of the t e s t  assembly i s  simulated by adding equival- 

A no-slip condition was assumed t o  ex is t  between the t e s t  

. .  1.. . . . - .  , .. -. _ _  ?" . - .  - . 
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Figure 6-26. Temperature Along S a l t  Borehole Wall a t  Various 
Times f o r  S a l t  S t r e s s  Calculat ions 
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Figure 6-27. AxisymetEic Model Used for Stress 
Analysis o f  Brine Migration Test 
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F i g u r e  6-28. C a l c u l a t i o n a l  Mesh f o r  Ax isymmetr ic  Model 
f o r  S t r e s s  A n a l y s i s  o f  B r i n e  M i g r a t i o n  T e s t  
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Thernial e f f e c t s  are simulated by i n p u t t i n g  the temperatures computed from heat 

contiinues f o r  the two-year t e s t  durat ion t o  Day 1151. From t h a t  t ime t o  Day 
1179, a gradual power shutof f  i s  imposed dur ing cooldown. During the analysis,  
DAPROK ca lcu lates the thermal, e l a s t i c ,  and creep s t ra ins .  

@ transfer  analys is  f o r  each element o f  the model e The analysis w i t h  heatup 

I n  add i t i on  t o  the above base case analysis, other cases were run, one assuming 
no creep and another wi th  twice the s a l t  modulus. 

The s t ress r e s u l t s  are o f  most i n t e r e s t  near the t e s t  assembly, i n  the s a l t  of 
t h e  borehole wal l .  The s t ress i n  the r a d i a l ,  v e r t i c a l ,  and hoop d i r e c t i o n s  as 
a f unc t i on  o f  depth below the t e s t  room i s  presented i n  Figures 6-29, 6-30, and 
6-31 a t  var ious times o f  i n t e r e s t .  S im i la r l y ,  the shear s t ress  T~~ i s  pre- 
sented i n  Figure 6-32. Va r ia t i on  o f  r a d i a l  s t ress a t  the heater midplane w i t h  
r a d i a l  distande from the main heater i s  shown i n  Figure 6-33. The small ten- 
s i l e  o r  compressive v e r t i c a l  stresses shown immediately below the room f l o o r  
may r iot  be meaningful because they probably represent round-of f  e r r o r s  i n  the 
ca l cu la t i ona l  rout ines.  Also, s t ress gradients are usual ly  h igh i n  the neigh- 
borhood o f  a f r e e  boundary so t h a t  a f i n e r  f i n i t e  element mesh may be required 
which i s  impract ica l  f o r  the present analyses. The actual  stresses are near 
zero 

F igure 6-34 shows the maximum shear and the mobi l ized f r i c t i o n  angle, 
(def*ined as the arctangent o f  maximum shear s t ress d i v i d e d  by the average nor- 
mal s t ress )  as a funct ion o f  depth near the main heater. 
f r i c t i o n  angle was developed so t h a t  t he  p o t e n t i a l  f o r  s l i d i n g  along any d i s -  
cont i inu i t ies which may e x i s t  i n  the host  rock s a l t  can be evaluated. A l a r g e r  
value i nd i ca tes  a higher tendency t o  s l i p .  Th is  i s  considered t o  be necessary 
because o f  c h a r a c t e r i s t i c  uncer ta in ty  i n  the homogeneity o f  the s a l t  and the 
p o t e n t i a l  f o r  the c rea t i on  o f  cracks dur ing heat up and t e s t  operations. The 
resul l ts are presented f o r  the t ime when the r a d i a l  s t ress  i s  maximum on Day 
431 .!i. 

The p l o t  o f  mobi l ized 
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Figure 6-29. Radial Stress i n  Salt Near Borehole 
Wall a t  Various Times 
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Figure 6-30. Vertical Stress i n  S a l t  Near Borehole Wall a t  Various Times 

I 



I 

-I 

P 
P 

1 1 1 1 1 1 1 1 1 1 1 1  
TENSILE - 

LEGEND: 
A -  
B 0 421 DAYS - HEATER TURNED ON 
C - 
D - 490 DAYS - HEATER ON 
E - 1161 DAYS - INITIATE COOL DOWN 
F - 1179 DAYS - HEATER OFF 

365 DAYS - BOREHOLE DRILLED 

e 1 . 5  DAYS - HEATER ON 

NOTE: MAX. THERMOELASTIC 
HOOP STRESS = 96 MPa 
(CmPRESSIVE) 

I l l 1  1 1 1 1 1 1 1 1 1 1 1 1 1  
-COMPR ESSlV E 

HEATER 

I 1  I 1  1 . 1  1 I 1 1  1 1  I 1  1 I I 
2 4 1 0  16 12 B 4 0 4  -8 -12 -16 -20 -24 -20 -32 -36 

HOOP STRESS, 0 0  (MPI) IN SALT NEAR HEATER 

Figure 6-31. Hoop Stress i n  S a l t  Near Borehole Wall a t  Various Times 
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Figure 6-32. Shear Stress in Salt Near Borehole Wall a t  Various Times 
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Figure 6-35 presents the zone of less  than 0.7 MPa (100 ps 
below the t e s t  room f loor .  T h i s  zone encompasses a l l  time 

) compressive s t r e s s  
points d u r i n g  the 3 

f i r s t  1,151 days ( tha t  i s ,  before cooldown). 
the three principal s t resses  i s  less  than 0.7 MPa, that  element i s  included in 
the zone of small compression i n  Figure 6-35. 

I f ,  f o r  any element, any one of 

Figure 6-36 shows the zone below the t e s t  room f loor  where t ens i l e  s t resses  
occur d u r i n g  the cooldown period. 
direct  resul t  of assuming the s a l t  t o  be a homogeneous isotropic material. 

These t ens i l e  s t resses  are f i c t i t i o u s  and a 

Because the s a l t  cannot carry s ignif icant  amounts of tension, the t ens i l e  
s t r e s s  will be relieved by fracturing. The actual fractured zone will extend 
beyond t h a t  shown i n  Figure 6-36. 

Figure 6-37 i l l u s t r a t e s  t h a t  the maximum radial  stress would increase by 40% 
due t o  a twofold increase i n  the e las t i c  modulus o f  sa l t .  

6.9.4 Discussion o f  Results and Recommendations 

Radial Stress  on the Main Heater 

From Figure 6-29, the maximum radial  s t r e s s  on the heater i s  27 MPa (3,900 
ps i ) .  
Simultaneously, s a l t  creeps t o  relax the s t ress .  The increasing s a l t  tempera- 
ture  increases the relaxation rate .  If  the heatup ra te  is  s ignif icant ly  rapid 
such t h a t  suff ic ient  time i s  not available f o r  creep relaxation, the s t resses  
will b u i l d  up t o  a h i g h  level. However, a f te r  about 10 days of heating, the 
creep relaxation overtakes the thermoelastic s t r e s s  buildup such t h a t  beyond 
t h a t  period the radial s t r e s s  a t  the heater borehole wall decreases. The 
maximum estimated radial  s t r e s s  i s  27 MPa whereas i t  would be 51 MPa (7400 psi ) 
if only e l a s t i c  behavior of the s a l t  i s  considered; indicating tha t  the creep 
provides significant re l ie f  from compressive s t ress .  

As the heater i s  turned on, the compressive stress increases rapidly. 

The radial  s t r e s s  continues t o  drop over the two-year heating period t o  a level 
of 1 2  MPa (1740 ps i )  (compared t o  18 MPa (2600 ps i )  l i t hos t a t i c  s t r e s s  a t  the 
model boundary). @ 
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Figure 6-35. Zone o f  Potential Salt Cracking 
During Heating Phase 
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Figure 6-36. Zone o f  Potential Salt Cracking Below 
the  Room Floor During Cooldown Phase 
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Possi b i  1 i ty of Fracture Devel opment 

Fractures may develop and propagate i n  areas where tensile stresses exist or 
where maximum shear stresses are very h i g h  relative t o  corresponding normal 
stresses. A minimum compressive stress of 0.7 MPa (100 psi)  i s  selected as a 
cutoff f o r  the tension zone because numerical errors in modeling may predict 
small compressive stress when i n  f a c t  tensile stress should be predicted. 
Also, gas pressure i n  the heater zone could be as  h i g h  as 0.5 MPa (70 psi)  
gage, which  could result i n  opening fractures i f  the compressive stress across 
the j o i n t  were less t h a n  the gas pressure. 

During the heatup phase, the principal stresses are mostly compressive i n  the 
entire body of the salt.  The zone below the room floor w i t h  m i m i m u m  compres- 
sive principal stress of 0.7 MPa i s  shown i n  Figures 6-35. 
immediately below the tes t  room f loor .  I t  does no t  extend t o  the depth of the 
seal b u t  i s  within approximately one meter of i t .  Hence, although the current 
t e s t  zone i s  o u t  o f  t e n s i l e  stress zone, i t  may be des i reab le  t o  move it  t o  an 
even deeper 1 ocation. 

T h i s  zone i s  mainly 

The possibility of joint movement due t o  high shear stress i s  evaluated in 
Figure 6-34. S a l t  a t  150 degrees Centigrade i s  known t o  have about  11 MPa 
(1600 p s i )  cohesion w i t h  a small angle of f r i c t i o n  (Wallner, 1979). A t  room 
temperature, sa l t  exhibits an angle of friction of 45 degrees ( w i t h  small 
cohesion) up  t o  a normal stress near 25 Wa (3600 psi) and a cohesion of 25 MPa 
w i t h  a small angle of friction beyond t h a t .  
maximum Q loading  ( t h a t  i s ,  arctangent of maximum shear stress divided by the 
normal stress on the maximum shear surface) i n  the heater zone being near 17 
degrees and the maximum shear stress i s  about 6 MPa (870 psi). 
maximum shear load ing  drop rapidly as  one moves away from the heater borehole 
wall. Thus, the likelihood of shear-induced fracture propagation i n  the 
borehole wall and  i n  the heater zone (depth greater t h a n  3.0 meters) i s  n o t  
significant. 

Figure 6-34 shows t h a t  the 

The loading and 

The loading  i n  s a l t  near the room floor rises t o  near 50 degrees, t h u s  sug- 
gesting the possibility of shear induced fracture development ( i n  a d d i t i o n  t o  

c3 
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tenision induced f ractures discussed e a r l i e r )  imnediately below the t e s t  room 
f l oo r .  

The shear s t ress between the  heater sleeve and borehole wal l  i s  s i g n i f i c a n t  
(Figure 6-32) and some s l  i p  may occur between seal and sal t i f  the seal i s not  
s u f f i c i e n t l y  adhesive (see fo l lowing discussion on Impact on Sealing Design). 

Axilal - Loads on Test Assembly 

There i s  a tendency f o r  s a l t  t o  move toward the f ree  surface o f  the mine f l o o r  
due t o  the in f luence o f  l i t h o s t a t i c  s t ress and thermal expansion and creep. 
The s a l t  adjacent t o  the top o f  the t e s t  assembly creeps i n t o  the room more 
than the s a l t  a t  the bottom o f  the assembly by 4 cm (1.6 i n )  over the two year 
t e s t  duration, Figure 6-38. Since, f o r  t h i s  analysis, the t e s t  assembly i s  
assiumed t o  move w i t h  the s a l t  wal l ,  the t e s t  assembly i s  stretched by t h i  s 
amount over i t s  5 meter length. This  t rans lates i n t o  an ax ia l  s t r a i n  i n  the 
t e s t  assembly sleeve o f  about 1 percent, a c l e a r l y  unacceptable s t r a i n  l eve l .  
Th is  h igh s t ress i s  ca lcu lated because the cross sect ional  area of the t e s t  
assembly i s  very much less  than t h a t  o f  the sa l t ,  even though i t s  Young's 
Modulus i s  30 times higher, so the s a l t  "drags" the t e s t  assembly along w i t h  
i t s e l  f. 

The 1 percent s t r a i n  i s  much greater than the 0.1 percent e l a s t i c  l i m i t  o f  the  
t e s t  assembly materials. The assembly does have the capaci ty t o  undergo t h i s  
p l a s t i c  s t ra in ,  bu t  i t  i s  no t  normally desirable t o  design equipment t o  operate 
i n  the plastic range. 
simultaneous imposi t ion o f  compressive rad ia l  s t ress on the assembly which 
would tend t o  crush the assembly. 

The assumption o f  no s l i p  on the assembly wa l ls  should be examined. As shown 
on Figure 6-34, the @ loading along the assembly i s  r e l a t i v e l y  low, i nd i ca t -  
i n g  l i t t l e  tendency t o  s l i p .  Along the  region w i t h  alumina beads where the 
f r i c t i o n  may be least ,  the @ loading i s  p a r t i c u l a r l y  low ( l i k e l y  due t o  the  
increased creep r a t e  from the  higher temperatures here). Thus, the  assumption 
o f  no s l i p  may no t  be u n r e a l i s t i c a l l y  conservative. 

I t  i s  less desirable in this instance due t o  the 
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Two items may be beneficial. The f i r s t  i s  t h a t  there i s  an i n i t i a l  gap of 
aboiut 1 cm (3/8 i n . )  between the upper casing and the borehole wall above the 
seal .  T h i s  gap may not close f o r  a considerable time since the temperatures 
a re  considerably reduced i n  this region and so the creep ra te  i s  slower. The  
second i s  tha t  examination of the history of @ loading may reveal times when 
slip may occur more easi ly  along the assembly. In addition, a change t o  the 
heating sequence could provide some re l i e f .  These items may reduce the amount 
of axial stretching of the assembly t o  manageable proportions. If  these a re  
not suf f ic ien t ,  changes t o  the design of the assembly will be required t o  
accommodate axial elongation, such as  a lubricated telescoping outer sleeve, 
f o r  i nstance . 
In any event, the axial stretching of the assembly will require fur ther  exami- 
nation, both analyt ical ly  and design-wise. I t  i s  further no ted  t h a t ,  a l t h o u g h  
the brine migration test design i s  somewhat different  from potential waste d i s -  
posal packages, there i s  suf f ic ien t  similari ty t o  indicate tha t  similar evalua- 
tions should be conducted on these designs. 

Impact of Cooldown 

As indicated i n  Figure 6-36, and also i n  Figures 6-29, 6-30, and 6-31, s ign i f i -  
cant tension zones will develop during the cooldown phase. 
w h e n  the power has been gradually reduced over a four-week period. As shown i n  
Figure 6-36, the tension zone i s  extensive and extends beyond the guard heater. 
This negates the need fo r  fur ther  refinement i n  analysis by us ing  f racture  
elements since the analysis w i t h  these elements which separate i n  tension will  
show a fractured zone equal t o  or greater than tha t  shown i n  Figure 6-36. The 
case w i t h  sudden power shutdown a t  the end of the heating tes t ing  period has 
not, been analyzed since the sudden shutdown will lead t o  even more extensive 
fracturing than tha t  for  the four-week cooldown. 

This occurs even 

The postexperiment diagnostic program and philosophy will be s ignif icant ly  
affected by fracturing dur ing  cooldown. The s a l t  mechanical charac te r i s t ics  
will  be changed a f t e r  the experiment. T h u s ,  a l l  s ignif icant  mechanical test  
data must be collected before o r  dur ing  the experiment. 
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Although no t  conc lus i ve l y  demonstrated, t h e  development o f  f r a c t u r i n g  d u r i n g  

cooldown may be a fundamental phenomenon f o r  heater  t e s t s  i n  s a l t .  Extended 
t s  per iods  o f  heat r e l a x  t h e  s t ress  i n  v i c i n i t y  of t h e  heater  t o  much below 

maximum value and s i g n i f i c a n t l y  below the  maximum e l a s t i c  s t ress .  Fo r  

instance, i n  t h e  present  analys is ,  t h e  maximum e l a s t i c  r a d i a l  s t r e s s  i s  5 
(7400 p s i ) ,  t h e  ac tua l  maximum r a d i a l  s t r e s s  cons ider ing  creep i s  27 MPa 

(3900 p s i ) ,  and t h e  r a d i a l  s t ress  re laxes  t o  a value o f  12 MPa (1740 p s i )  

MPa 

a t  

the  end o f  a two-year heat ing  per iod.  

s a l t  i s  n e a r l y  e l a s t i c  s ince t h e  creep does n o t  have s i g n i f i c a n t  t ime t o  r e l a x  

the  s t ress.  The s t ress  reduc t i on  du r ing  cooldown cou ld  thus  be more than  the  

s t ress  a t  t he  beginning of t h e  cooldown, r e s u l t i n g  i n  a n e t  t e n s i l e  s t ress .  

The magnitude o f  s t ress  reduc t i on  i s  p r i m a r i l y  due t o  temperature changes 

(independent of t he  i n  s i t u  s t resses) ,  and the re fo re  i t  may n o t  be p o s s i b l e  t o  

avoid a tens ion  zone by l o c a t i n g  t h e  t e s t  deeper below t h e  t e s t  room f l o o r ,  
p a r t i c u l a r l y  i f  t h e  l i t h o s t a t i c  s t r e s s  a t  t he  t e s t  l e v e l  i s  l e s s  than the  

e l a s t i c  s t ress  reduct ion.  

Dur ing t h e  cooldown, the  behavior  o f  

Impact o f  Test Depth Below t h e  Test Room 

It appears t h a t  a g rea te r  t e s t  depth below t h e  mine f l o o r  would r e s u l t  i n  a 

s l i g h t l y  h igher  maximum r a d i a l  s t r e s s  on t h e  heater.  

o f  t e n s i l e  f r a c t u r e s  du r ing  cooldown would n o t  be s i g n i f i c a n t l y  reduced by 

l o c a t i n g  the  t e s t  a t  a g rea te r  depth. Since t h e  l i t h o s t a t i c  s t r e s s  a t  t he  
800-meter t e s t  l e v e l  i s  o n l y  17.9 MPa (2600 p s i )  and t h e  s t ress  reduc t i on  
du r ing  the  cooldown phase i s  s i g n i f i c a n t l y  g rea te r  (F igures  6-29, 6-30, and 

6-31), t he  t e n s i l e  f r a c t u r i n g  du r ing  cooldown may occur a t  any f e a s i b l e  t e s t  

depth. 

However, t h e  p o s s i b i l i t y  

Requirements f o r  Power C o n t i n u i t y  

The preceding ana lys i s  showed t h a t  an approximate th ree  days o f  p a r t i a l  power 

reduc t i on  w i l l  i n i t i a t e  t e n s i l e  f r a c t u r i n g  i n  the  host  s a l t .  

o f  power l o s s  and rega in  i s  dependent on t h e  t ime sequence and on the  t ime  i n  

t h e  t e s t  a t  which the  l o s s  takes place. Ana lys is  of var ious  poss ib le  scenar ios 

combining the  above events i s  beyond the  scope o f  t h i s  work. However, us ing  a 
c r i t e r i o n  t h a t  the temperature drop should be l ess  than f i v e  degrees Cent igrade 

The exact  impact 
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during any power outage, power should not be out f o r  a period of more than two 
t o  four hours. 

- Impact o f  S a l t  M o d u x  

Figure 6-37 ind ica tes  the impact of Young's modulus of s a l t  on rad ia l  stresses 
on the heater.  As discussed i n  Section 6.9.2.4, a modulus value of 6,896 MPa 
(1 .O x 10 psi)  i s  considered reasonable and the  corresponding maximum radial  
s t r e s s  i s  27 MPa (3900 psi) .  However, an increase of 100 percent i n  the  
modulus value y i e l d s  an increase of 40 percent i n  the maximum radial  s t r e s s  t o  
a value of 39 MPa (5,650 p s i ) .  

6 

- Impact of Gas Pressure 

The gas pressure i n  the t e s t  zone wil l  be maintained below 0.5 MPa (70 p s i g ) ,  
as es tabl ished by the test plan. As shown i n  Figures 6-29, 6-30, and 6-31, the 
stress i n  borehole wall s a l t  below the seal  i s  grea te r  than 8 MPa (1200 psi)  
cclmpressi ve and, hence, the gas pressure w i  1 
of the s a l t .  

- Inpact on Sealing Requirements 

The seal  should be able t o  withstand the max 

not i n i t i a t e  tensi le  f r a c t u r i n g  

mum compressive and shear s t e s s e s  
of' 6.0 (870 p s i )  and 3.0 MPa (430 ps i ) ,  respect ively,  w i t h  adequate margin of 
safety.  
lilkely s ince the  r a t i o  of radial  compressive s t r e s s  t o  shear s t r e s s  a t  the seal  
i s ;  r e l a t i v e l y  low. 

S l i p  o r  deformation of the s e a l s  against  the borehole wall i s  not 

The v e r t i c a l  s t r a i n s  and displacements i n  borehole wall s a l t  a re  i l l u s t r a t e d  i n  
F.igure 6-39. 
assembly design.  

These s t r a i n s  provide i n p u t  t o  seal  design as  well as  the heater 

- Impact on Room Closure 

The estimated maximum f l o o r  heave and horizontal  and v e r t i c a l  room closures  
from the  axisymmetric model a re  shown i n  Figure 6-36. The maximum room closure 
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s about 25 cent imeters (10 inches). 
i k e l y  t o  be h igher  than p red ic ted  i n  F igure  6-40. 

The ac tua l  c losure i n  the  t e s t  room i s  

The a x i s m e t r i c  model simulates the  presence o f  p i l l a r s  on a l l  s ides of t h e  
t e s t  zone whereas, i n  the  ac tua l  t e s t  room, t h e  p i l l a r  support i s  o n l y  a v a i l -  
able on two s ides o f  t h e  t e s t  area. I n  another se t  o f  runs made t o  check t h e  
boundary cond i t ions ,  i t  was observed tha t ,  w i thout  t he  heater, t he  v e r t i c a l  
roam c losure  over a one-year pe r iod  was 2.6 t imes as much i n  t h e  plane s t r a i n  
model as i n  the  a x i s y m e t r i c  model. I f  t h i s  r a t i o  i s  a l so  v a l i d  du r ing  t h e  
heet ing  phase, unacceptable room c losures  may occur. 
be f u r t h e r  evaluated as a p a r t  of t he  t e s t  room design. 
i s  t h a t  t he  creep model p r e d i c t s  t o o  h igh  o f  a s t r a i n  r a t e  and thus  the  room 
clcisures might  be over predic ted. )  

Thus, t h i s  problem should 
(Another p o s s i b i l i t y  

&)act o f  Para1 l e 1  Test Gal l e r y  

To evaluate the  impact o f  a p a r a l l e l  t e s t  g a l l a r y ,  v e r t i c a l  plane s t r a i n  creep 
models were developed with two d i f f e r e n t  p i l l a r  widths o f  12 and 20 meters. 
These analyses d i d  n o t  inc lude t h e  presence o f  heaters i n  the  t e s t  zone. 
r e s u l t s  from t h e  analyses are summarized i n  F igure  6-41. 

The 

I f  t h e  t e s t  rooms are f a r  enough apart,  t h e  presence o f  one room does not  
a f f e c t  t h e  symmetry of s t ress  cond i t i ons  around the  o the r  room. It i s  ev ident  
from F igu re  6-37 t h a t  t h i s  symmetry i s  e s s e n t i a l l y  maintained when the  p i l l a r  
between t h e  t e s t  rooms i s  20 meters wide but  no t  when t h e  p i l l a r  w id th  i s  o n l y  
12 meters wide. 

Since t h e  w id ths  o f  S and u s a l t s  a v a i l a b l e  i n  t h e  t e s t  area are no t  s u f f i c i e n t  

t o  a l l ow  a 20-meter p i l l a r  between the  two t e s t  d r i f t s ,  i t  i s  s t r o n g l y  sug- 
gested t o  use a Z-shaped t e s t  room c o n f i g u r a t i o n  so t h a t  t h e  two t e s t  d r i f t s  
are no t  next  t o  each other. 
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Impact of Modeling Assumptions 

The basic modeling assumptions requiring evaluation are ( a )  s ize  of the model, 
( b )  fineness of the mesh, and ( c )  time step increments. Evaluation of these 
assumptions indicates that  they are appropriate. 

Study of one-layer axisymmetric models considering thermal and creep e f f ec t s  
indicates t h a t  ( a )  extending the model from a 15- t o  a 25-meter radius does not 
s ignif icant ly  change ( l e s s  than 10 percent) the s t r e s s  conditions near the 
heater borehole and ( b )  h a v i n g  twice as f ine  a mesh i n  the radial direction 
does n o t  affect  the s t resses  by more than 10 percent. 

A run of the f u l l  axisymmetric model throught the heatup phase w i t h  time step 
increments half as small as i n  the original r u n  d i d  not affect  the s t resses  
near the borehole by more t h a n  10 percent. 

6.9.5 Concluding Remarks 

The resu l t s  presented here are quite revealing and s ignif icant  t o  the design of 
t e s t  hardware, philosophy, and procedure. However, these resu l t s  must be used 
w i t h  engineering caution and conservatism due t o  several potential uncertain- 
t i e s .  
sented are ( a )  the current s t a t e  of knowledge of e l a s t i c ,  thermal, and creep 
properties of s a l t  and ( b )  poss ib i l i ty  of different  interface conditions a t  the 
heater borehole t h a n  those analyzed; i.e.,  s l i p  or gaps. 

Two factors  w i t h  potentially s ignif icant  e f f ec t s  on the resu l t s  pre- 

The i n  s i tu  e l a s t i c  modulus, the creep behavior, and the creep behavior of nat- 
ural sa l t  have much higher var iab i l i ty  than man-made materials such as s t ee l .  
Further, the phenomenon of creep is  not well understood under complex loading 
conditions. The creep of sa l t  during the unloading phase such as d u r i n g  the 
cooldown phase has not been fu l ly  evaluated and may possibly be different  than 
the creep d u r i n g  the loading phase. 

The i n i t i a l  conditions such as a presence of gap (or  prestress)  between heater 
and the borehole, manner of packing alumina beads, etc. ,  may s ignif icant ly  
affect  the maximum loads i n  the s a l t .  
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7.0 EXPECTED RESULTS AND UTILIZATION OF DATA 

The c o l l e c t e d  da ta  f rom both  the  Generic Test Design and from the Asse Test 

Design w i l l  be used t o  he lp conf i rm t h a t  l abo ra to ry  der ived t h e o r i e s  o f  b r i n e  

m i g r a t i o n  are app l i cab le  i n  t h e  f i e l d .  

and r a t e  o f  water c o l l e c t i o n .  Also, t h e  change o f  amount and d i s t r i b u t i o n  o f  
water i n  the  s a l t  a t  the end o f  the  t e s t  w i l l  be compared t o  t h e  s t a r t  o f  t h e  
t e s t .  These da ta  w i l l  be compared against  t h e  p r e d i c t i o n s  o f  t he  b r i n e  migra-  
t i o n  theor ies ,  such as those publ ished i n  Sect ion 6. 

The impor tant  da ta  are the  t o t a l  amount 

In fo rma t ion  on t h e  mechanism o f  b r i n e  m i g r a t i o n  can be determined from the  

re lsu l ts  o f  a s i n g l e  t e s t  by observing the  shape o f  t he  water c o l l e c t i o n  r a t e  
curve. The l i q u i d  i n c l u s i o n  m i g r a t i o n  model p r e d i c t s  much less  f a l l o f f  i n  

w z k e r  c o l l e c t i o n  r a t e  than does the vapor m i g r a t i o n  model. Also, t he  r a d i a l  

d i l s t r i b u t i o n  o f  t h e  remaining water i n  t h e  s a l t  can be r e l a t e d  t o  the  mechanism 

of’ m igra t ion .  As shown i n  F igures  6-15, 6-22, and 6-23, t he  r e s i d u a l  water i n  
t h e  s a l t  i s  much l e s s  near the  borehole f o r  t h e  vapor m i g r a t i o n  mechanism than 

f o r  t h e  l i q u i d  i n c l u s i o n  movement model. 

I n fo rma t ion  on t h e  impact o f  r a d i a t i o n  on b r i n e  m i g r a t i o n  w i l l  be obta ined by 

comparison between t e s t s  w i t h  and w i thou t  r a d i a t i o n .  
occur are d i f f e r e n c e s  i n  the  r a t e  o f  water product ion,  d i f f e rences  i n  the  t o t a l  
amount o f  p roduc t ion  o f  water (as a f r a c t i o n  o f  t h a t  ava i l ab le ) ,  o r  d i f f e r e n c e s  

i n  t r a n s p o r t  mechanisms ev ident  i n  p o s t - t e s t  microscopic  s a l t  examinations. 

V i i r i a t i ons  i n  i n i t i a l  water content  between t e s t  s i t e s  w i l l  be compensated by 

pi-e- and p o s t - t e s t  eva lua t ions  of t he  s a l t .  

The e f f e c t s  t h a t  may 

The t e s t s  w i t h  and w i thout  p ressur ized  boreholes w i l l  p rov ide  an e x c e l l e n t  

oppor tun i t y  t o  d i f f e r e n t i a t e  between t h e  l i q u i d  i n c l u s i o n  and vapor m i g r a t i o n  

mechanisms. I f  vapor m i g r a t i o n  i s  dominant, then t h e  t o t a l  water p roduc t i on  

f rom t h e  pressur ized  t e s t s  should,be very  much reduced because the  vapor f low 

r a t e  will be reduced by t he  h igher  borehole pressure.  On t h e  cont ra ry ,  l i q u i d  
@ 
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Thus, theCii i n c l u s i o n  m i g r a t i o n  should no t  be a f f e c t e d  by t h e  borehole pressure. 

c o l l e c t e d  water a t  t h e  end o f  t h e  t e s t  should be very much l a r g e r  f o r  t h e  

unpressur ized t e s t  i f  vapor m i g r a t i o n  i s  t he  dominant mechanism w h i l e  t h e  

amount o f  water c o l l e c t e d  should be near l y  unchanged i f  l i q u i d  i n c l u s i o n  migra-  

t i o n  i s  dominant. These data a re  no t  so l i k e l y  t o  be use fu l  i n  the  Asse t e s t  

design because t h e  two types of t e s t  are conducted i n  two d i f f e r e n t  types  o f  

s a l t  which ( a t  l e a s t )  d i f f e r  s i g n i f i c a n t l y  i n  t o t a l  water content.  

The se r ies  o f  t e s t s  i n  t h e  gener ic  t e s t  design, which vary the  borehole w a l l  

temperature and temperature grad ien t ,  a re  designed t o  both f u r t h e r  d i f f e r e n -  

t i a t e  between the  l i q u i d  i n c l u s i o n  and vapor m i g r a t i o n  mechanisms, and a l s o  t o  

a l l ow  determinat ion  o f  the  parameters a f fec t i ng  t h e  r a t e  o f  movement. Th i s  i s  

done by exposing t h e  s a l t  t o  a v a r i e t y  of cond i t i ons  and observing t h e  r a t e  o f  

water product ion.  

r a t e  parameters can be estimated. S u f f i c i e n t  redundancy i s  incorpora ted  i n t o  
the t e s t i n g  t o  confirm the r a t e  parameters t h a t  have been determined. 

By comparing these r a t e s  w i t h  computer ca l cu la t i ons ,  t h e  

The data obta ined f rom the  t e s t s  should be used t o  v e r i f y  computer models o f  

b r i  ne migra t ion .  Then , i ncorporat  i ng parameters appropr i  a te  t o  reposi  t o r y  con- 

d i t i o n s ,  these models can be used t o  c a l c u l a t e  t h e  amount of water l i k e l y  t o  be 

re leased from the  s a l t  around a waste package. These data can then be used t o  

a s s i s t  r e p o s i t o r y  and waste package design. I n  p a r t i c u l a r ,  i f  i t  can be demon- 
s t r a t e d  t h a t  t he  amount of water re leased i n  a r e p o s i t o r y  i s  s u f f i c i e n t l y  low, 

l ess  conserva t ive  assumptions of waste package environment can be u t i l i z e d ,  

p o t e n t i a l l y  y i e l d i n g  s i g n i f i c a n t  reduc t ions  i n  waste d isposal  costs.  

A d d i t i o n a l  in fo rmat ion  w i l l  be obta ined from t h i s  t e s t  by examining the  t e s t  
hardware and s a l t  from around t h e  t e s t .  Unexpected evidence o f  co r ros ion  o f  
t h e  t e s t  m a t e r i a l s  o r  changes t o  t h e  s a l t  phys i ca l  p r o p e r t i e s  may p rov ide  

i n fo rma t ion  t h a t  can be u t i l i z e d  i n  t h e  r e p o s i t o r y  design. 
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8.0 ASSE S I T E  DESCRIPTION AND CHARACTERIZATION 

8.1 GENERAL DATA 

8.-1.1 Regional and Mine Geology 

The beginning o f  e x p l o i t a t i o n  o f  t h e  Asse reg ion  dates back t o  l a t e  19 th  Cent- 

ury .  
ous pub1 i shed and unpublished repor ts .  

Since then, a weal th  of data has been gathered which appears i n  numer- 

The l o c a t i o n  o f  t he  Asse S a l t  Mine i s  shown on F igure  8-1. 

a ted 1.5 k i l omete rs  no r th  o f  t he  v i l l a g e  o f  Remlingen, 10 k i l omete rs  southeast 

o f  the  county town o f  Wol fenbut te l  and about 18 k i l omete rs  southeast from 
Brdunschweig. 

w i t h i n  the  Federal  S ta te  o f  Lower Saxony. The Asse Mine can be reached by road 

o r  by a r a i  lway spur. 

The mine i s  s i t u -  

The Wolfenbuttel  County i s  p a r t  o f  t he  D i s t r i c t  o f  Braunschweig 

The Asse i s  a cha in  o f  h i l l s  about e i g h t  k i l omete rs  long w i t h  a maximum w id th  

o f  f o u r  k i lometers .  

which has been d i a p i r i c a l l y  i n t ruded  i n t o  t h e  "Buntsandstein" and "Muschel k a l k "  

fo,rmat ions (F igure  8-2). 

formed by evaporat ion of the  ocean 250 t o  220 m i l l i o n  years ago i n  the  Permian 
(Zechste in  Ser ies) .  The i n i t i a l l y  h o r i z o n t a l  s t r a t a  were fo lded  d i a p i r i c a l l y  

t o  fo rm the  present  Asse a n t i c l i n e  about 110 m i l l i o n  years ago, i n  t h e  
Cretaceous per iod.  

The h i l l s  are t h e  topographic expression of a s a l t  dome 

The s a l t  rocks i n  t h e  core of t he  a n t i c l i n e  were 

Thi? southern f l a n k  i s  p a r t i a l l y  overturned, whereas the  s t r a t a  a t  t he  no r the rn  

f l a n k  a t  f i r s t  d i p  40 degrees and then f l a t t e n  ou t  t o  t h e  nor th .  The no r the rn  
f l a n k  has been l i f t e d  up 400 t o  500 m more than t h e  southern f lank .  

outcropping s t ra tum t o  the  south i s  t h e  Lower Muschelkalk (mu) and t o  the  

nor th ,  t he  even o l d e r  Lower Buntsandstein (su) .  

The o ldes t  
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The so-called collapsed rocks between these two strata t o  a d e p t h  of 240 m 
consist of seven b i g  t i l t ed - fau l t  blocks of Lower Buntsandstein (su). The cap-@ 
rocks mantling the dome a t  a d e p t h  of 270 m consist mainly of c lay/s i l ts tone 
and anhydrite. 

The major s a l t  deposits i n  the ant ic l ine can be divided into a brown and white 
Younger Halite (Na 3) (see Table 8-1) formation underlain by a red Stassfur t  
Carnall i te (K2[C] )  zone and separated from the white Older Halite (Na 2)  form- 
ations forming the core o f  the dome. On both flanks of the ant ic l ine,  there 
exist s t r a t a  of the youngest Aller-Series ( T 4 ,  A4, Na4, A4r, and 203). 

The s a l t  ant ic l ine i s  covered with s t r a t a  which seal i t  from groundwater. 
existence in i t s  present form over a period of more than 100 million years 
proves tha t  solution of s a l t  has occurred only on an extremely small scale.  In 
order t o  get more data on the groundwater conditions, an extensive hydrogeolog- 
ical  investigative program i s  presently being performed around the en t i r e  range 
of Asse h i l l s .  Some of the boreholes encountered isolated appearances of satu- 
rated brines or gas or b o t h ;  mostly i n  s t r a t a  containing clay layers. 

I t s  

Because of the chemistry of the s a l t  deposits, the presence of hydrated miner- 
a l s  and the background natural mine temperature of 36 degrees Centigrade, there 
i s  a small occurrence of MgC12 saturated brine i n  the mine. 
zone contains 52 percent carna l l i t e ,  30 percent ha l i te ,  and 14 percent kieser- 
i t e .  A t  temperatures above 110 degrees Centigrade, water of hydration i s  
released and above 65 degrees Centigrade, gaseous hydrochloric acid i s  pro- 
duced. Therefore, zones containing significant quant i t ies  of carna l l i t e  should 
be avoided i n  the t e s t  f i e ld .  

The ca rna l l i t e  
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8.1.2 Mining H is to ry  

The1 f i r s t  shaft,  Asse 1*, was sunk t o  a depth o f  375 m i n  1899 and 1900. P o t -  

ashi s a l t  was mined i n  the Asse I mine on three l eve l s  j u s t  beneath the surface 
i n  t h i s  uppermost reg ion where the seal ing s t r a t a  were missing, and by igno- 
rarice o f  the hydrological  menace i n  doing so, an i n f l ow  o f  water occurred i n  
1906 causing f l ood ing  o f  the underground workings and abandonment o f  the f i r s t  

mine. Therefore, a new shaft, Asse 2, was sunk a t  a distance o f  about 1,400 m 

southeast from Asse 1 t o  a depth of 765 m from 1906 t o  1908. 

I n  order t o  provide the Asse S a l t  Mine w i t h  two separate shafts, s ink ing of the 
sha f t  Asse 3 s ta r ted  i n  1911 a t  a distance o f  about 3,400 m southeast of shaft 
Asse 2. This 725 m deep shaf t  was not completed u n t i l  1921, because o f  unex- 
pected d i f f i c u l t i e s  dur ing the s ink ing and delays caused by World War I. How- 
ever, the ex t rac t i on  i n  the Asse I11  mine never s tar ted and the mine was shut 
dorm i n  1925. 
lack of maintenance) and today stands about 42 m below the shaft cap. 

Afterwards, surface water accumulated i n  the shaft (due t o  a 

The p r i n c i p a l  mining a c t i v i t i e s  i n  Asse dome were undertaken i n  the Asse I 1  
mine served by shaf t  Asse 2. A t  f i r s t  ( s t a r t i n g  i n  1908), on l y  potash s a l t  was 
mined i n  the Stassfur t  bed K Z ( C )  very deep i n  the core o f  the a n t i c l i n e .  Thus, 
any hydro log ica l  menace was avoided. 
a lso started. This e x t r a c t i o n  was always done w i t h  the necessary safety  t o  
prevent any water inf low. The mining o f  potash s a l t  was abandoned a t  the end 
o f  1925 due t o  a major c r i s i s  o f  the German potash indust ry  a f t e r  World War I .  
A t o t a l  of 26 rooms were created i n  the northern f l a n k  o f  the Asse a n t i c l i n e .  

I n  1916, the ex t rac t i on  of rock s a l t  was 

Al l1 of these rooms were back f i l l ed ,  however, and so they cannot be entered 
today . 
- 
*Arabic numerals r e f e r  t o  shaf t  i d e n t i f i c a t i o n  whi le  Roman numerals r e f e r  t o  

m.ines. For example, shafts Asse 2 and Asse 4 provide access t o  the Asse I 1  
m*i ne. 
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Later ,  o n l y  rock s a l t  was mined u n t i l  March 31, 1964, when min ing te rmina ted  
because o f  economical reasons. Since then, no commercial m in ing  has been done 

i n  t h e  Asse reg ion.  

A t o t a l  o f  131 rooms (3.6 m i l l i o n  m3) on 13 d i f f e r e n t  l e v e l s  were mined i n  the  
Younger H a l i t e  (Na 3 )  between the  750 m and 490 m l eve l s ,  by improper min ing 
s p i r a l  roadways progress ing upwards a long the  s a l t  a n t i c l i n e .  A normal room 

was 40 t o  60 m long, 20 t o  40 m wide, and 10 t o  15 m high. 

on one l e v e l ,  p i l l a r s  were l e f t  w i th  a w i d t h  o f  12.5 m. Between rooms s i t u a t e d  
one above t h e  other,  safety  roo fs  were l e f t  w i t h  a th ickness  of a t  l e a s t  6 m. 

Between rooms 

S a l t  was a l so  mined i n  t h e  Older H a l i t e  (Na 2)  f rom 1927 u n t i l  1963 where 19 
3 rooms (0.5 m i l l i o n  m ) were created on the  775, 750, and 725 m-levels.  

50 percent  o f  t h i s  volume was b a c k f i l l e d .  

About 

Besides the  main shaf t ,  Asse 2, t he re  are f o u r  l o c a l  access sha f t s  w i t h i n  t h e  
mine. 

The Asse I1 mine was acqui red by GSF i n  1965 f o r  t h e  research and development 
program f o r  d isposal  o f  r a d i o a c t i v e  waste. A r a i l r o a d  spur was b u i l t ,  surface 
f a c i l i t i e s  (see Photo Nos. 8-1, 8-2 and 8-3) as w e l l  as t h e  underground po r -  
t i o n s  o f  t h e  mine s i g n i f i c a n t  t o  the  new u t i l i z a t i o n  (see Photo No. 8-4) were 
reconst ructed;  t he  Asse 2 shaf t  was extended t o  the  750-meter l e v e l ,  i n  pa r -  
t i c u l a r .  

a shape of p r o l a t e  e l l i p s o i d  (37 m high, 24 m maximum diameter)  w i t h  i t s  t op  
s i t u a t e d  185 m below t h e  lowest e x i s t i n g  mine workings a t  t h e  775-meter l e v e l .  

3 A new shaf t ,  Asse 4, was sunk reaching a l a r g e  c a v i t y  (10,000 m ) i n  

8.1.3 

The area se lec ted  as t h e  b r i n e  m i g r a t i o n  t e s t  f i e l d  i s  loca ted  a t  t h e  800-meter 

l e v e l  southeast of the s a f e t y  p i l l a r s  around s h a f t  Nos. 2 and 4. 

B r ine  M ig ra t i on  Tes t  S i t e  Geology 

The geo log ica l  cond i t i ons  a t  t h e  t e s t  s i t e ,  as shown i n  F igures  8-3 and 8-4, 
have been i n t e r p r e t e d  from t h e  e x i s t i n g  headings and bor ings  a t  800, 775, and 
750 m l e v e l s .  Fo r  a more d e t a i l e d  discussion, see Appendix A. 

Q 
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Figure 8-3. Cross Section Mine Geology - 800 Meter Level 
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Photo 8-1: A e r i a l  View o f  t h e  Asse I 1  Mine F a c i l i t y  w i t h  a Shaf t  
and Road/Rai 1 road Access 

Photo 8-2: Rece iv ing  H a l l  w i t h  S h a f t  No. 2 
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Photo 8-3: Receiving Facility at the Ground Level 

Photo 8-4: Ten-Ton Hoist Next to the Shaft at the 750-Meter Le 
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8.1 .:3.1 L i  thost rat igraphy 

The s t r a t i g r a p h i c  sequence o f  the encountered s t r a t a  i s  presented i n  Table 8-1. 

TABLE 8-1 
STRATIGRAPHY OF ASSE MINE 

ZONE -- 
Hanging Layered H a l i t e  Na3 

Wall : (L in iensalze)  ( Younger 
Hal i t e )  

Potash-Seam Sassfurt /Carnal l  i t e  K2 
(Kal i f  l o t  Stassfur t )  
K i e s e r i t i c  T rans i t i on  S a l t  K 
(K ieser i  t isches ubergangsalt) 
Hal i . te w i t h  C1 ay Layers 
(Ton1 i niensal  z )  
Hal i t e  w i t h  Polyhal i t e  Beds 
(Polyhal itbankchensalz) 

Pure H a l i t e  
(Spei sesal t )  

Trans i t  i o n  S a l t  
(ubergangsal z )  

Foot S tass fu r t  - Main H a l i t e  
Wall: (S tass fu r t  Hauptsalz) 

T 

P 

S 

U 

Na2 beta 
(Older H a l i t e )  

THICKNESS 

De ve 1 oped on 1 y 
random 1 y 
i n  south 
30 2 20 m 

Maximum 5 m 

I n  outermost 
no r th  on ly  
Maximum 16 m 

About 8 - 10 m 

0.5 - 50 m 

Not i d e n t i f i e d  a t  
the 800 m l e v e l  
(occurs deeper) 

- Descr ip t ion o f  t he  S t ra t i q rap  h i c a l  Sequence 

- Main H a l i t e  (Na2 beta):  
t i c  features but  ra the r  f a l l s  i n t o  a special  f ac ies  described below. 

It does n o t  reach the 800 m l e v e l  w i t h  i t s  character is-  

- T r a n s i t i o n  S a l t  ( u ) :  
i t  shows strong v a r i a t i o n  i n  composition (see Photo Nos. 8-5 and 8-6) and i n  bed 
thickness ( a  few decimeters t o ' 5 0  meters). It i s  a lso af fected a t  va r iab le  
distances by i n d i v i d u a l  s u l f a t e  seams, as w e l l  as by p o l y h a l i t e  content. Thin 
l aye rs  of s u l f a t e s  (po l yha l i t e -anhydr i t e )  i n  thicknesses between 1 cm (most 
o f ten )  t o  5 cm (seldom), which o f t e n  have gray s t r i p e s  and are heav i l y  folded, 
are c h a r a c t e r i s t i c  f o r  t h i s  fac ie .  The s u l f a t e  seams are normal ly composed of 

I t s  main component consis ts  o f  whi te rock s a l t ,  however, 
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Photo 8-5:  Northwest W a l l  of the  Curved Heading at,.the 800-Meter Level  Pure 
S a l t  ( S )  t o  t h e  L e f t ;  T r a n s i t i o n  S a l t  ( U )  a t  t h e  Center 
and R igh t  

9 
Photo 8-6:  Microfo lded Anhydr i te  Seam a t  t he  750-Meter Level  

. ~ . . . . . -- -- 
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anhydr i te ,  occas iona l l y  con ta in ing  p o l y h a l i t e .  

l aye rs  (see Photo Nos. 8-7 and 8-8). 

B r ine  seeps f rom some anhydr i te  

-- Pure S a l t  ( S ) :  
a l so  e x h i b i t s  s t rong v a r i a t i o n  i n  form; most ly  i t  i s  f i n e  t o  medium c r y s t a l -  

l i ne  and t ransparent  t o  wh i te  (see Photo No. 8-9). 

(aggregates) of c r y s t a l  s a l t  are t y p i c a l .  

rnetelrs and con ta in  an abundance o f  very smal l  b r i n e  i nc lus ions .  Occasional 1 
t o  :I cm scans w i t h  s l i g h t l y  ye l low-wh i te  l aye rs  c o n s i s t i n g  o f  h a l i t e  w i t h  

p o l y h a l i t e  and a l so  a n h y d r i t i c  i m p u r i t i e s  c l e a r l y  stand ou t  i n  t h i s  pure s a l t .  

Th is  8 t o  10 m t h i c k  l a y e r  over lays  the  T r a n s i t i o n  S a l t .  It 

Transparent i n c l u s i o n s  

Such zones can extend f o r  severa l  

- H a l i t e  w i t h  P o l y h a l i t e  Beds (P):  Th is  s t r a t a  l i e s  above t h e  Pure S a l t .  

a ma.ximum th ickness  o f  16 m and cons is t s  o f  f i n e  t o  medium s i z e  c r y s t a l l i n e  

rock s a l t  w i t h  ye l low ish ,  redd ish  and gray p o l y h a l i t e  seams o f  v a r i a b l e  t h i c k -  

ness ( reach ing  up t o  60 cm) and spacing (see Photo No. 8-10). The seams o f  

I t  has 

p o l y h a l i t e  developed f rom the  pr imary  anhydr i te  l aye rs  du r ing  the  d iap i r i sm.  

Clayey S a l t  ( T )  : I t s  occurrence a t  the  planned t e s t  s i t e  i s  u n l i k e l y .  

K i e s e r i t i c  T r a n s i t i o n  S a l t  ( K ) :  I t  normal ly  l i e s  above t h e  p o l y h a l i t i c  s a l t  as 

a 0.5 t o  5 m t h i c k  t r a n s i t i o n  t o  the  S t r a s s f u r t / C a r n a l l i t e  (K2). It cons is t s  

o f  most ly  l i g h t  gray, seldom y e l l o w i s h  t o  reddish,  f i n e  c r y s t a l l i n e  h a l i t e  w i t h  

s i n g l e  p o l y h a l i t e  l aye rs  and numerous wh i te  l a y e r s  of k i e s e r i t e .  The sur face  
o f  t he  hygroscopic k i e s e r i t e  l aye rs  t u r n s  t o  a wh i te  powdery "blooming" 

epsomite through increase o f  t h e  content  of t he  c r y s t a l l i n e  water by a d d i t i o n  

o f  water absorbed from t h e  mine a i r  humid i ty .  

- Potash-Seam S t rass fu r t /Carna l l  i t e  ) :  
"b recc ia ted  c a r n a l l i t e "  up t o  50 m t h i c k .  

s t r u c t u r e  i s  always recognizable as being t h e  base p a r t  of t h e  s t r a t a  by t h e  

presence c a r n a l l i t i c  k i e s e r i t i c  h a l i t e .  A t  t h e  south f l ank ,  below t h e  725 

meter l e v e l ,  i n  p a r t i c u l a r ,  t he  upper p a r t  o f  t he  c a r n a l l i t e  s t r a t a  i s  mos t l y  

w e l l  s t r a t i f i e d  and bedded. It c o n s i s t s  of i n t e r c a l a t e d  l a y e r s  of raspber ry  

red  c a r n a l l i t e ,  wh i te  k i e s e r i t e  and gray h a l i t e  which a l t e r n a t e  w i t h  severa l  

It i s  developed predominant ly  as 

Th is  s t r o n g l y  fo lded  and shat te red  
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Q 
Photo 8-8: Precipitate of Brine Overflow from a 30 + mm Boring Next to 

an Extensometer in a Wall in Temperature-Test Field 4 
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Photo 8-7: Precipitated Brine on the Northwest Wall o f  the East Heading 



Photo 8-9 :  Northwest Wall o f  the Curved Heading a t  800 rn Level Pure 
S a l t  ( S )  t o  the Left ( V i c i n i t y  of P o i n t  1 5 ) ;  T r a n s i t i o n  
S a l t  (i) a t  the Center and R i g h t  

Photo 8-10: P o l y h a l i t e  Layer i n  Cross-Cut South o f  the P o t e n t i a l  Test Area 
63 
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@ I  

halite beds of thickness greater than 10 cm (see Photo No. 8-11). 
structure has tectonically shattered zones and indicates transition to 
brecciated development only locally. 

The layered 

Younqer Halite (Na3): Generally, it lies above the carnallite. 
halite with anhydrite seams, but it has no effect on the establishment of the 
planned test field, because this halite is not present i n  the core of the anti- 
cline. 

It consists of 

Data on NaCl Content o f  the Above-Mentioned Strata 

PERCENT OF WEIGHT OF NaCl 
STRATA SYMBOL 

AVERAGE MAXIMUM MINIMUM 

Transition Salt (W 
Pure Halite (SI 
Hal i te with Polyhal i te ( P I  

Kieseritic Transition (K) 
Beds 

Salt 

89.6 97.8 82.4 
98.4 99.4 97.7 
94.0 97.8 88.6 

78.3 86.4 68.2 

8.1.3.2 Internal Salt Structures and Spatial Distribution 

The main Asse anticline is encountered throughout the 800-meter level as shown 
in Figure 8-2. However, the more detailed Figure 8-3 shows the development of 
secondary folds in the vicinity of the proposed test area. This i s  specifi- 
cally evident in the case where a sharp change in direction of the strike of 
the potash seam occurs. 
heading are predominantly plunging to the east, while those west o f  the shafts 
2 and 4 plunge to the west. 
the transition salt forms an upfold (arch), the roof of which is intensively 
folded by synclines of pure salt. 

The individual folds in the area of the east cross 

In the center of the core o f  the main anticline, 

The area o f  the brine migration test site is situated at the border of the ten- 
tral part o f  the Asse main anticline to the east of the gallery to Blind shaft @ 

. .  , . .. . .. . . . .... . :~ - -. - 
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Photo 8-11: C a r n a l l i t e  i n  a Cross-Cut South o f  t h e  P o t e n t i a l  Test  Area 
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Q 4.  I n  t h i s  reg ion,  both Pure H a l i t e  ( S )  and T r a n s i t i o n  S a l t  ( U )  l a y e r s  are 

encountered. The southern w a l l  o f  the  t e s t  s i t e  may l i e  a t  t he  border  between 

Pure H a l i t e  ( S )  and the  so -ca l l ed  H a l i t e  w i t h  P o l y h a l i t e  Beds (P) .  The two 

t e s t  l o c a t i o n s  w i t h i n  t h e  T r a n s i t i o n  S a l t  w i l l  be s i t u a t e d  near the  cen te r  of a 
l o c a l  a n t i c l i n e  so t h a t  t hey  w i l l  s tay  complete ly  w i t h i n  t h e  T r a n s i t i o n  S a l t .  

Both t e s t  l o c a t i o n s  w i t h i n  the  Pure H a l i t e  should be s i t u a t e d  near t h e  cen te r  

o f  t h e  Pure H a l i t e  l a y e r  because t h e  d i p  o f  t h i s  l a y e r  i s  almost v e r t i c a l .  The 

f i n a l  i n f o r m a t i o n  about t h e  t r u e  d i p  w i l l  be obta ined by t h e  planned core d r i l -  

l i n g s  and excavat ions i n t o  t h e  t e s t  area. 

8.1.3.3 Expected Mois tu re  Condi t ions 

The water conten t  o f  about 200 samples of Older  and Younger H a l i t e  w i t h  d i f -  

f e r e n t  m ine ra log i ca l  composi t ions have been determined du r ing  the  pas t  s tud ies  

a t  Asse (Jockwer, 1979). 
r o c k - s a l t  e x i s t s  i n  f o u r  d i f f e r e n t  forms: 

Th is  i n v e s t i g a t i o n  showed t h a t  t h e  water w i t h i n  t h e  

Hydrat ion-water  o f  va r ious  m ine ra l s  - I t s  amount i s  p ropor -  
t i o n a l  t o  t h e  minera l  components. The re lease temperature of 
t h i s  water form depends on t h e  minera l  c o n s t i t u e n t s  (e.g., 
p o l y h a l  i t e  and k i e s e r i t e  whose re lease temperatures are 
between 180 and 240 degrees Cent igrade) .  

C r y s t a l  boundary surface water - Th is  water form i s  absorbed 
a t  the  c r y s t a l  boundary sur face,  i t s  amount depends i n  p a r t  on 
t h e  c r y s t a l  s i ze .  The re lease  temperature i s  l ess  than 200 
degrees Cent igrade. 

B r i n e  i n c l u s i o n  d r o p l e t s  w i t h i n  negat ive  c r y s t a l s  - These 
i n c l u s i o n s  are between 0.01 t o  0.1 mm. Some, up t o  5 mm i n  
diameter,  e x i s t  ma in l y  i n  fo rmat ions  where s o l u t i o n  metamor- 
phism took p lace  (secondary h a l i t e ) .  
i n c l u s i o n s  are very  smal l  and developed along d i s t i n g u i s h a b l e  
planes. 

I n  p r imary  h a l i t e ,  these 

Water molecules t rapped ( f i x e d )  w i t h i n  the  c r y s t a l  l a t t i c e  - 
The d i f f u s i o n  v e l o c i t y  o f  t h i s  water i s  very  low and the  tem- 
pe ra tu re  of re lease  i s  compara t ive ly  h igh ;  hence, t h i s  type  o f  
water i s  beyond cons ide ra t i on .  

A l l  these water forms may be l i b e r a t e d  and subsequent ly m ig ra te  by temperature,  

vapor pressure,  o r  concen t ra t i on  g r a d i e n t s  t o  t h e  heat source. G 
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Thle d i s t r ibu t ion  frequency of the studied samples (not  limited t o  samples from 
the test  area) shows var ia t ion of water content from about 0.01 t o  0.7 percent 
by weight ,  mostly a t t r i b u t e d  t o  the differences between various s t r a t a  
(depend ing  on mineral cons t i tuents ) .  F i f ty- f ive  percent of the tes ted  samples 
hali water content l e s s  than 0.1 percent w i t h  a maximum a t  0.04 percent (peaking 
between 0.02 and 0.05 percent) which appears t o  be typical  f o r  h a l i t e  w i t h  
l i t t l e  impurit ies such as i n  Pure S a l t  ( S )  and Transit ion S a l t  (U) .  The higher 
values (about 0.1 percent) have t o  be a t t r i b u t e d  t o  s t r a t a  containing higher 
percentage o f  ,mineral impurities, such as polyhal i t e ,  k i e s e r i t e ,  anhydrite,  
s y l v i t e ,  or c a r n a l l i t e .  

Table 8-2 presents a summary of water content data  on 14 samples from the  
inves t iga t ive  boring i n t o  the brine migration t e s t  f i e l d  determined by three 
independent methods: 

0 Karl-Fischer Ti t ra t ion  

0 Du Pont Water Measurement Instrument (Water s p e c i f i c )  

0 Thermogravimet ry 

Extreme values f o r  two samples of r e l a t i v e l y  pure h a l i t e  i n  the Transi t ion S a l t  
S t r a t a  were n o t  included i n  the  summary. The measurement r e s u l t s  indicate  very 
golDd cor re la t ion  between the individual methods f o r  p a r t i c u l a r  samples. 
ferences between samples were considerably grea te r .  Water content of Pure 
Hal i te  ( S )  ranges from about 0.01 t o  0.06% and of Transit ion S a l t  ( U )  from 
ab'out 0.14 t o  0.60%. 
be1.n expected. Further samples wil l  provide more data as  the t e s t  areas are  
excavated. 

Dif-  

These values a r e  respect ively l e s s  and g r e a t e r  than had 

8.1.3.4 Other Rock Properties 

During the course of research work a t  Asse, a great  volume of rock property 
data  has been gathered. They are  contained i n  many unpublished and published 
reports and papers. The existing d a t a  most pertinent t o  the brine migration 
testing i n  the "S" and "ul' layers  have been summarized i n  th is  sect ion.  
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TABLE 8-2 

WATER CONTENT OF SAMPLES FROM INVESTIGATIVE 
BORING FOR BRINE MIGRATION TEST FIELD 

Water Content % ( o f  Weight) 
In Salt Type 

1. Karl-Fischer 
Titration 

2. DuPont 
Water 
Measurement 
Instrument 

3. The rmograv i me try 

Pure Halite 
Na2S 

Range 0.006- 0.063 
Average 0.026 

Range 0.01 1-0.064 
Average 0.032 

Range 0.01 1-0.054 
Average 0.031 

Transition Salt 
Na2U 

(0.052 1’ 0.138-0.572 
0.331 

(0.012) 0.147-0.598 
0.322 

(0.070) 0.156-0.590 
0.357 

1 )  Minimum values in ( ) belong to the two samples o f  
relatively pure ha1 ite which were eliminated from calculations 
o f  the average values. 
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Tab'le 8-3 presents data on the mineralogical composition of these salts and 
Tab'le 8-4 on the chemical composition. 
from the investigative boring into the brine migration t e s t  f ield.  
and 8-6 present data on the physical and thermal properties of the s a l t s .  

@ 
Both tables  also contain values 

Tables 8-5 

8.2 S ITE CHARACTER I ZATI ON STUD I ES 

The t e s t  s i t e  characteri zat ion studies w i  11 be performed d u r i n g  various 
of the t e s t  indifferent forms and a t  different  levels o f  de ta i l ,  as fol  

0 Si t e  Selection Phase: 

- Preliminary s i t e  characterization based on available data 
and 1 imi ted d r i  11 i ng program 

0 Preparation Phase : 

Detailed s i t e  characterization based on: 

- Testing d u r i n g  the excavation o f  the access entry and both 
t e s t  gal l e r ies .  

- Investigation w i t h i n  the experiment zone us ing  core borings 

These will be dr i l led  away from the 
dr i l led  from the test  ga l le r ies  into the experiment zone 
below the mine floor.  
individual t e s t  s i tes .  

Pretest  characterization based on samples obtained from coring 
the t e s t  holes. 

0 Operation Phase: 

Characterization d u r i n g  the test consisting mainly of obser- 
vations and special testing of samples of gases, moisture, e tc .  

0 Post -Test Eva1 uat ion Phase : 

Post-test characterization based principally on studies of 
samples recovered by overcoring. 

phases 
ows: 

Individual phases are discussed i n  the subsequent sections. 
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Mineral 

Hal i t e  

Polyhal i t e  

Kieser i te  

Anhydrite 

Carnal 1 i t e  

Sylv i te  

TABLE 8-3 

MINERALOGICAL COMPOSITION (1 

Content i n  % ( o f  Weight) 
In S a l t  Type 

NaZS(*) ~ ~ 2 i i ( ~ )  

98.91-99.87 81.90-98.75 
(99.0-99.9) (85.0-95.7) 

0.17-0.77 
(0.5-0.9) 

0 
(0-0.1 ) 

0-0.30 
(0)  

0.06-0.11 
(2.4-8.2) 

0 
(0.09) 

1.14-18.00 
( 0- 1 2.5)  

1)  Values i n  ( 

2 )  Values outs ide of the indicated range have been detected a t  one sample 

) were determined on samples from the inves t iga t ive  core boring 
in to  the brine migration tes t  f i e l d .  

containing higher content of impurit ies (Hal i t e  = 96.50%; Polyhal i t e  = 2.93%, 
Anhydrite = 0.33%). 

indicat ing the range i n  ( ). 
3)  Values f o r  two samples of r e l a t i v e l y  pure h a l i t e  were disregarded in  
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TABLE 8-4 

CHEMICAL  COMPOSITION(^ 

C hem i ca 1 
Substance: 

Cations : 

Na+ 

K+ 

CA2' 

Mg2' 

Anions : 

c1- 

so4'- 

Content i n  % (Vol.) 
(SeDarately for Cat ions and Anions) 

In S a l t  TvDe 

b&) Na2U(3) 

98.56-99.74 
(98.78-99.82) 

0.04-0.16 
(0.06-0.19) 

0.07-0.56 
(0-0.28) 

0.14-0.73 
(0-0.76) 

85.00-97.97 
(86.66-96.28) 

0.02-0.10 
(0.42-1.62) 

1.01-14.93 
(1.98-11.90) 

0.06-1.05 
(0.98-2.34) 

99.14-99.87 84.38-98.99 

0.13-0.86 1.12-15.62 

1 )  Values i n  ( ) were determined on samples from the i n v e s t i g a t i v e  core  
boring i n t o  the brine migrat ion tes t  f i e l d .  

2)  Values o u t s i d e  of the ind ica t ed  range have been de tec t ed  a t  one 
sample conta ing  g r e a t e r  content o f  impurities (Na = 96.00%; C1 = 97.30%). 

3 )  Values for two samples o f  r e l a t i v e l y  pure h a l i t e  were d is regarded  in  
i n d i c a t i n g  the range i n  ( ) .  
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TABLE 8-5 

PHYSICAL PROPERTIES 

Property (unit1 

Salt Density P (kg/m3) 

Poisson's Ratio 6 ( - )  
Young's Modulus E (N/m ) 
Bulk Modulus K (N/m2) 

2 

Modulus of Rigidity cc (N/m 2 )  
Lame's Constant x (N/m 2 ) 

Compressive Strength (MPa) 
a t  four different 
confining pressures (MPa) 

0 
5 . 0  

10.0 
20.0 

Tensile Strength u t  (MPa) 

Older Hal i te Na2 beta 
(coarse grained) 

2190 2 14 
0.26 - 0.28  
3 . 4  - 3 . 5  x 10 10 
2 . 3  - 2 . 6  x 10 10 

10 

10 
1 . 3  - 1 . 4  x 10 
1 . 4  - 1 . 7  x 10 

24.6 + 1 . 5  
54.7 + 1 . 1  
69.1 2 0 . 6  
82.1 + 3.1 

- 
- 

- 

1.66 0.15 

Older Halite Na2U 
(medium grained) 

2204 5 26 
0 .26  - 0.27 
3 . 5  - 3 . 6  x 10 
2 . 5  - 2 . 7  x 10 
1 . 4  - 1 . 5  x 10 
1 . 5  - 1 . 7  x 10 

10 
10 
10 
10 

22.3 - + 1 . 4  
58 .4  - + 2 . 4  
71 .3  t 2 .1  
82 .7  - + 1 . 0  

1 .55  2 0.11 



TABLE 8-6 

- THERMAL PROPERTIES 

1.  Thermal Conductivity X [Wm-' x "C"] 
2 3 

X ( T )  = a. + a,T + a 2 T + a 3 T 

T = Temperature ("C)  
= 5.734 (wm-' x " c - 9  

aO 

a l  = -1.838 x lo-' (Wm-' x "C-') 

a 2  = 2.86 (~m- l  O C - ~ )  

a3 = -1.51 x loe8 (Wm-' xoCm4) 

Specif ic  Heat Capacity c p  (Joule x m-3 x "C") 2. 

C P  = a. + alT 

P 

c 

3 
= density of rock s a l t  (kg/m ) 

= spec i f i c  h-at (Joule x kg-l  x "C- ' )  

= 1.87049 x 10 

2 
= 1.9386 x 10 

6 (Joule x m-3 x " C - l )  
a O  

al  (Joule x m-3 x "C-') 

3.  Cubic Coefficient of Thermal Expansion 

B = 1.2 (1 0c-l)  
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8 8.2.1 Preliminary S i te  Characterization 

D u r i n g  the t e s t  s i t e  selection phase, the locations of a l l  openings, d r i l l  
holes, dr i f ts ,  shafts, and other man-made discontinuities re la t ive t o  the t e s t  
s i t e  have been identified.  Also, zones which may affect  the s t r e s s  and 
moisture dis t r ibut ions around the t e s t  s i t e  and hence affect  experiment r e su l t s  
(such as wet zones, f au l t s ,  shear zones, contact zones) have been mapped. 

The characterization of the t e s t  s i t e  prior t o  chamber excavation requiring 
additional cori ng t o  determi ne various specific rock parameters and sui tabi 1 i t y  
of the s i t e  for  the planned t e s t  has been essent ia l ly  completed. Laboratory 
s u p p o r t  required t o  perform mineralogical and chemical analyses on rocks and 
f lu ids  encountered i n  the t e s t  s i t e  area, as well as t o  determine or confirm 
some of the basic rock material properties discussed i n  Section 8.1 i s  i n  i t s  
f i n a l  stage i n  the FRG and i n  i t s  i n i t i a l  stages i n  the U.S. 

8.2.1.1 F i e l d  I n v e s t i g a t i o n  

D u r i n g  the second j o i n t  US/FRG meeting in September 1980, i t  was agreed tha t  
subhorizontal core borings wi l l  be a i r  dr i l l ed  i n t o  the potential area of the 
t e s t  f i e ld .  

Subsequently, a subhorizontal core boring has been a i r  d r i l l ed  from an alcove 
next t o  the crosscut leading t o  Blind S h a f t  4. A core diameter of 47 mm ( 2  i n )  
provided suff ic ient  core, which was environmentally protected immediately a f t e r  
recovery. Because the single boring would not intercept a l l  t e s t  zones w i t h i n  
the t e s t  area, i t  was targeted fo r  t e s t  zone interception w i t h i n  the "S" layer, 
as being more c r i t i c a l .  Dur ing  a macroscopic core logging, samples f o r  labora- 
tory tes t ing  were selected and dis t r ibuted for  tes t ing i n  FRG and the USA. Due 
to  the small diameter and use of a i r  as a d r i l l i ng  f l u i d ,  the core was s igni f i -  
cantly fractured which may reduce the accuracy o f  water content determinations 
by releasing l i q u i d s  from the specimen. 

I - . . . . - .  . -. -. - - -  
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8.2.1.2 Laboratory Investigation 

Laboratory investigation is concentrating on selected core samples from the 
vicinity of the test zones. The following examinations are being performed: 

41 Petrographic/mineralogic confirmation of the rock type, 

o Identification of impurities and determination of their quan- 
tity, 

o Determination of quantity and type of moisture and its release 
characteristics, 

Determination o f  other physical properties, such as density, thermal conduc- 
tivity, specific heat capacity, coefficient of thermal expansion, Young's 
modulus, and elastic Poisson's ratio is not necessary, because of confidence 
that they would fall within a range of previous tests. 

8.2. ' I .  3 Work Plan Guide1 ines 

Although the activities associated with the preliminary site characterization 
are prerequisite to the actual brine migration test, the quality controls to 
a s w r e  that this work results in the quality of information required need only 
provide for the aspects discussed in the following Sections, assuming that the 
full -scale qual i ty assurance program wi 1 1  be i nst i tuted in a1 1 subsequent 
phasles. This leniency is justifiable considering that the information and data 
obtained during this phase will not be used for the test evaluation because new 
data from the exact test locations will be provided later. 

I The aspects of the work plan guidelines presented 
below: 

0 Preparation of work schedule 

0 Identification o f  activity tasks 

0 Calibration of equipment 

0 Qualification of personnel 

n Appendix B are outlined 
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e V e r i f i c a t i o n  o f  c a l c u l a t i o n s  

e Documentation o f  a c t i v i t i e s  

8.2.2 De ta i l ed  S i t e  Charac ter iza t ion  

This  phase 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  w i l l  be performed du r ing  and a f t e r  

excavat ion of t he  access e n t r y  and t e s t  g a l l e r i e s .  

openings w i  11 be determined a f t e r  e v a l u a t i o n  o f  t h e  prev ious i n v e s t i g a t i v e  
phases cons ider ing  t h e  s t r a t a  geometry i n  o rder  t o  s a t i s f y  the  t e s t  geolog ic  

and s p a t i a l  requirements discussed i n  Sec t ion  5. 

The exact l o c a t i o n  o f  these 

8.2.2.1 I n v e s t i g a t i o n  Dur ing Excavat ion 

The p r i n c i p a l  a c t i v i t y  i n  t h i s  phase w i l l  be l ogg ing  and mapping o f  t h e  excava- 

t i o n  w a l l s  w i th  s e l e c t i v e  sample removal f o r  con f i rma t i ve  l abo ra to ry  t e s t i n g  o f  

rock and i m p u r i t i e s  type and mois tu re  content  and type. 

The geology o f  t he  t e s t  area has t o  be reevaluated a f t e r  t he  excavat ion and I 

ad jus t  the  d i r e c t i o n  o f  l ogg ing  o f  the  access e n t r y  i s  completed i n  o rder  t o  

t e s t  g a l l e r y  excavat ions t o  fo l l ow  t h e  s t r i k e  o f  the  

8.2.2.2 

I n  t h i s  phase, , v e r t i c a l  o r  d iagonal  core bor ings  w i l  

I n v e s t i g a t i o n  o f  the Test Zone 

og ic  s t r u c t u r e .  

d r i l l e d  f rom the  t e s t  

g a l l e r i e s  i n t o  t h e  t e s t  zone below t h e  mine f l o o r .  

t o  be se lec ted  w i t h  regard t o  the  geo log ic  s t r u c t u r e  and away f rom p o t e n t i a l  

t e s t  l o c a t i o n s  t o  p revent  i n te r fe rence  w i t h  f u t u r e  t e s t  holes. 

Locat ion  of these holes has 

Again, these bor ings should be a i r  d r i l l e d  p r e f e r a b l y  us ing  75 mm o r  l a r g e r  

diameters. 

l e a s t  3 meters below the  bottom of the  t e s t  zone. Selected samples w i l l  be 
t e s t e d  and analyzed i n  the  l a b o r a t o r y  t o  con f i rm  the  rock p roper t i es .  

Expected maximum depth i s  about 10 m because they  should reach a t  

Permeab i l i t y  t e s t i n g  us ing  packers (p re fe rab ly  pneumatic) and d r y  n i t r o g e n  o r  

an i n e r t  l i q u i d  may be performed i n  these bor ings.  
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The borings could be used as instrument holes (such as extensometers, borehole 

c losure  measurements, e tc . )  depending on t h e i r  c o n d i t i o n  and loca t i on .  
Eventual ly ,  these bor ings  could be closed w i t h  removable p lugs f o r  p e r i o d i c  
pe rmeab i l i t y  t e s t i n g  dur ing  t h e  course o f  t he  experiment. 

8.2.3 P re tes t  Charac ter iza t ion  

The p r e t e s t  c h a r a c t e r i z a t i o n  w i l l  be performed n two per iods:  

0 Confirmatory - cons is t i ng  of core bor ings i n  a l l  f o u r  t e s t  
s i t e  l oca t i ons  and r e l a t e d  l abo ra to ry  t e s t i n g  discussed i n  
Sec t ion  8.2.3.1 

0 P r e - i n s t a l l a t i o n  - dur ing  which a l l  bor ings f o r  equipment and 
instrument i n s t a l l a t i o n  w i l l  be examined, as discussed i n  Sec- 
t i o n  8.2.3.2. 

The r e s u l t s  o f  the  pos t - tes t  eva lua t i on  program w i l l  be d i r e c t l y  compared w i t h  
t h e  p r e - t e s t  cha rac te r i za t i on .  This  in f luences  t h e  needed p r e c i s i o n  i n  l o c a t -  
i n g  the  samples. A recommended procedure i s  discussed i n  Sect ion 8.2.3.3. 
Because t h i s  stage w i l l  be a d i r e c t  p a r t  o f  t h e  e n t i r e  t e s t ,  a l l  a c t i v i t i e s  
have t o  comply w i t h  the  q u a l i t y  assurance requirements. 

8.2.3.1 Confirmatory Pre tes t  Charac ter iza t ion  

I n  t h i s  period, core bor ings w i l l  be d r i l l e d  a t  a l l  f o u r  t e s t  s i t es ,  as f o l l o w s :  

0 along the  axes of t he  c e n t r a l  heater  ho les f o r  con f i rma t ion  of 
t he  compliance of the  s i t e  w i t h  t h e  geo log ica l  requirements 
discussed i n  Sect ion 4.6. 

0 a t  se lected a u x i l i a r y  heater  l o c a t i o n s  t o  supplement t h e  
i n fo rma t ion  obta ined f rom t h e  c e n t r a l  heater  holes, if deemed 
necessary. 

F i e l d  and labo ra to ry  i n v e s t i g a t i o n  procedures are discussed below. 

8.2.3.1.1 F i e l d  Inves t i ga t i on .  The t e s t  holes w i l l  be cored us ing  a i r .  The 
minimal requ i red  core diameter i s  about 100 mm ( 4  inches), a l l ow ing  completion 
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of the hole by reaming o r  overcoring t o  the desired diameter. 
f u l l  diameter i s  preferred in order t o  o b t a i n  exact l o g  o f  the bore wal l s .  
The depth of the t e s t  holes i s  abou t  6.5 rn ( 2 1  f t . ) .  
the core and photodocumentation i s  required. 
be surveyed. 

Coring of the 

f i  detailed l o g g i n g  of 
The alignment o f  the hole must 

The t e s t  hole may be permeability tested.  

I n  order t o  f a c i l i t a t e  interpretat ion of t e s t  data,  measurement of the zone 
affected by a s t ress  redistribution, f loor  heave i n  par t icular ,  i s  desired. 
Geophysical techniques, such as r e s i s t i v i t y  or seismic velocity, may be used t o  
evaluate changes in rock properties. 

Pre-test measurement of f racture  dis t r ibut ions i n  holes and on cores will be 
needed to  interpret  brine migra t ion  resu l t s  
selected cores or may be characterized in s 
borehole televiewer-type tool. 

Fractures can be logged from 
tu using geophysical methods or a 

8.2.3.1.2 Laboratory Investigation. The  rock properties t o  be determined 
have been grouped i n t o  f o u r  major categories: 

0 Mineralogical and chemical composition 

0 Physical properties 

0 Thermal properties 

0 Time-dependent properties 

These property categories are discussed separately i n  the f o l l o w i n g  sections, 
realizing that  the properties of rock s a l t  are generally highly variable 
depending on sample pur 
numerous other factors.  

Obviously, some of the 

ty ,  mineralogical s t ructure ,  tes t ing procedure, and 

tems on the l i s t  and the number of individual samples 

G cannot be specified pr ior  t o  assignment of a specif ic  t e s t  area, and others 
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cannot be de f in i t i ve  u n t i l  work commences on the experiment (e.g., when samples 
a re  avai lable) .  Many of these tests will  be repeated in  the post-test phase. 

- Nineraloqical and Chemical Analyses 

Analysis of s a l t  layers  a t  each test  s i t e  i s  important. Such information as  
types of minerals, chemical composition, degree of hydration, and percentage 
and type of impurities i n  both the s a l t  and i t s  inclusions will  be used t o  
in te rpre t  brine migration r e su l t s  and thermal and radiation e f f ec t s .  

Con,tinuous samples f o r  chemical and water content analysis s h o u l d  be evaluated 
throughout the  heated length a t  each test  s i te .  

B f s i c a l  Properties 

The  fo l  lowing propert ies  w i  11 be determined : 

0 Density usually affected by impurit ies such as anhydrite which 
may account for  the upper bound, while h i g h e r  porosity samples 
most l i ke ly  will result i n  the lovier bound. 

0 Moisture content and type must be determined a t  each test s i t e  
and, i f  possible,  along the heated zone a t  smaller in te rva ls .  
H i g h  moisture zones should be ident i f ied .  

0 Thermal Conductivity - In spi te  of the f a c t  t ha t  thermal prop-  
er t ies  have been previously determined, i t  may be necessary t o  
repeat these measurements w i t h  more e x p l i c i t  qua l i ty  control .  

8.2.3.2 Pre- Instal  l a t i  on Characterization 

After completion o f  the  central  heater holes and d r i l l i n g  the remaining guard 
heater and instrumentation holes, a l l  holes will  be subject of additional 
observation, measurement and examination, including as:  

0 Bore scope examination of the hole walls t o  detect  any f r ac -  
tu res ,  grooves, seeps o r  other  fea tures  which may af fec t  the 
brine migrat ion t e s t  o r  the equipment in s t a l l a t ion .  
examination should be supplemented by photographing the center  
hole walls. 

T h i s  

e Note conditions a t  the bottom of each hole 

195 



0 Obtain w a l l  sample scrapings from observed unusual l o c a t i o n s  
i n s i d e  the  c e n t r a l  holes f o r  a d d i t i o n a l  l abo ra to ry  t e s t i n g .  

0 Measurements i n  both t h e  c e n t r a l  and a u x i l i a r y  heater  holes, 
such as: 

- ho le  diameter a t  severa l  

- depth de terminat ion  

- Low qas pressure t e s t s  i n  

eve ls  

c e n t r a l  and guard heater  ho les t o  
de tec t  gross leakage through the  s a l t  

cost .  

accomp 

Samp 1 e 

8.2.3.3 I d e n t i f i c a t i o n  and Se lec t i on  o f  Core and Test Sample Locat ions 

Core, sample, and o ther  data c o l l e c t i o n  l o c a t i o n s  must be c l e a r l y  i d e n t i f i e d  i n  

o rde r  t o  assure data comparab i l i t y  between t h e  pre-  and pos t - tes t  phases o f  
c h a r a c t e r i z a t i o n  and t o  a s s i s t  i n  s e l e c t i o n  o f  sample l o c a t i o n s  which w i l l  p ro -  

duce maximum bene f i t  t o  t h e  o v e r a l l  t e s t  o b j e c t i v e  wi th  minimum e f f o r t  and 
a b l e  t o  The f o l l o w i n g  sect ion presents an i d e n t i f i c a t i o n  system which i s  

i s h  the  above ob jec t i ves .  

l o c a t i o n s  w i l l  be se lec ted  i n  bo th  the v e r t i c a l  and h o r i z o n t a l  p 
The area of p r imary  i n t e r e s t  i s  around the  heated l eng th  o f  t h e  c e n t r a l  
A f o l l o w i n g  v e r t i c a l  zone d i s t r i b u t i o n  i s  recommended: 

anes 
hole.  

1. UZ - Upper Zone, about 3.7 m (12 f t )  long zone below t h e  mine f l o o r  
w i t h  l i m i t e d  sampling requirements 

2. UTZ - Upper T r a n s i t i o n  Zone, about 1 m (3.1 f t )  long  around the  upper 
p a r t  of t he  heater  assembly, about 0.6 m ( 2  f t )  long zone 

3 .  PZ - Prime Zone, about 0.6 m ( 2  f t )  long zone along t h e  center  of heater  

4. LTZ - Lower T r a n s i t i o n  Zone, about 0.6 m ( 2  f t )  
p a r t  of t he  heater  assembly 

long around t h e  bottom 

5. HBZ - Heater Hole Bottom Zone, about 0.6 m ( 2  f ) long reaching about 

0.3 m ( 1  f t )  below the  bottom o f  t h e  c e n t r a l  ho le  



The depth of individual zones is to be determined according to the final dimen- 
sions o f  the test assembly and results of the pretest characterization. 
sample locations will be identified using radial coordinates with the origin at 
the intersection of the heater hole axis with a reference plane, such as floor 
valve the top of the (Example: 
from north/distance from the borehole axis). 

All 

2.50 m/N45E/15 cm indicating depth/direction 

8.2,4 Characterization During the Test 

This phase of characterization will consist mainly of: 

0 Observations of the test gallery wal 
behavior 

0 Monitoring the instrumentftjon not d 
the brine migration tests such as 
vergence gages, strain gages, etc. 

s, floor, and ceiling 

rectly associated with 
extensometers, room con- 

0 Special testing of samples of gas, moisture, and precipi- 
tates. A need for this type of testing will be determined 
according to the events and progress of the brine migration 
experiment 

8.2.5 Post-Test Characterization 

Post-test characterization is one o f  the essential activities of the brine 
migration test. 
The geology-related characterization will consist of: 

The nongeologic characterization is discussed in Section 13. 

0 Central heater holes examination, measurements and wall scrap- 
i ngs 

0 Drilling core holes 

0 Other field investigations 

0 Laboratory investigation 

( 1 )  Data collection and monitoring of instruments related to the brine migration 
tests are discussed in Section 13. 
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8.2.5.1 Central Heater Hole Examination 

After the hardware and backfill removal, a borescope examination and photo- 
graphing will be made t o  compare the wall conditions w i t h  those pr ior  t o  
ins ta l la t ion  of the heaters. This examination should look f o r  evidence of 
cracking, s p a l l i n g ,  mineral growth, and any other observable changes t o  the 
walls. 
imize access of moisture t o  the hole. A written log of observations and loca- 
t ions should be kept and photographs of s ignif icant  features obtained, i f  pos- 
s i  ble. 

Care should be exercised t o  minimize damage t o  the wal ls(2)  and to  m i n -  

Collected brine i n  the central o r  guard heater hole may co l lec t  by gravity a t  
the bottom of the hole. An e f fo r t  should be made t o  determine the conditions 
there because i t  i s  unknown whether f r e e  standing brine, wet s a l t ,  or dry s a l t  
wil l  ex is t  a t  the  bottom. Later, an intact  s a l t  sampling of the bottom of the 
hole by a core of about 30 cm length i s  recommended. 

Because samples of f l u i d s ,  s a l t ,  and other materials from the walls of the cen- 
t r a l  heater hole could represent del icate  de t a i l s  which may n o t  be preserved 
w i t h  exposure and which may be altered by overcoring and subsequent h a n d l i n g ,  
wall sampling i s  recommended. I n  par t icular ,  evidence of the actual brine 
migration mechanism could l i e  i n  the t h i n  veneer of the hole circumference. 
A l s o ,  the moisture content and concentration of consti tuents other t h a n  NaCl 
could re la te  t o  brine migration. 

8 .2 .5.2 D r i l l i n g  Core Holes 

Two se t s  of core holes will  be d r i l l ed :  

0 S l i g h t l y  inclined directional d r i l l i n g  into the central heater 
zone t o  recover core i n  which the original heater hole wall 
w i  11 be preserved. 

0 Vertical coring into the s a l t  around the central heater hole. 

( 2 )  Depends on the success of the backfil l  removal. 
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Pend i ng equipment avai 1 abi 1 i ty, 1 arge diameter overcori ng could be a1 so used at 
selected 1 ocat ions. 

Coring should be done with air and with a 100 percent core recovery goal. 
original holes should be kept plugged (e.g., using plastic caps) before and 
during the overcoring operations. 
after removal is discussed in Section 8.2.3.3. Its distribution and storage 
should be planned so that minimum delays between drilling and testing are 
encountered. 

The 

Handling, labeling, and logging of the core 

The overcoring specifications (location, depths, sizes, etc.) will be deter- 
mined according to the availability of the dri 

8.2.5.3 Other Field Investigations 

Other field investigations will consist primar 
permeability testing of other holes, auxiliary 

1 i ng equipment . 

ly of examination and possibly 
heater holes, and investigative 

holes from the detail site characterization, as discussed in Section 8.2.2.2. 
Also, the test gallery faces will be observed, during and after the cooldown 
period. 

Monitoring of the auxiliary instrumentation will continue with increasing time 
i nte rva 1 s bet ween i nd i vi du a 1 mea sur i ng per i ods 

8.2.5.4 Laboratory Investigation 

Brine migration mechanisms may lead to changes in the structure, shape, size, 
or orientation of salt crystals and fluid inclusions. Therefore, comparative 
evaluation of characteristics of the pre- and post-heated salts may indicate 
brine migration of brine migration. 
Section 8.2.3.2. 

The pretest examinations are discussed in 

Comparative petrographic evaluations of pre- and post-heated salts can be used 
to examine crystal microstructures and fluid inclusions. Fluid inclusions can 
be studied on polished samples using a microscope focused below the polished 
surf ace. 
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shou I d  

0 

0 

0 

0 

0 

B r i n e  movement by l i q u i d  i n c l u s i o n  m i g r a t i o n  through 

t e d  t o  produce changes i n  r e l a t i v e  concen t ra t i on  and 
Methods used t o  i n d i c a t e  b r i n e  m i g r a t i o n  by examinat 

inc lude:  

Q the  s a l t  g r a i n s  i s  expec- 
s i z e  o f  b r i n e  i n c l u s i o n s .  
on o f  f l u i d  i n c l u s i o n s  

Determine d e n s i t y  o f  i n c l u s i o n s  a t  va ry ing  d is tances  away from 
t h e  heater  wa l l .  

Determine the  d i s t r i b u t i o n  o f  i n c l u s i o n  s i zes  w i t h i n  c r y s t a l s  
a t  vary ing  d is tances f rom the  heater  wa l l .  

Determine comparative d i f f e r e n c e s  i n  i n c l u s i o n  o r i e n t a t i o n  
w i t h  respect  t o  both c r y s t a l  o r i e n t a t i o n  and thermal g rad ien t  
i n  the  pre-  and postheated s a l t s .  

Determine mois tu re  content  of samples t o  d e f i n e  t h e  r a d i a l  
d i s t r i b u t i o n  o f  b r i n e  around t h e  heater  hole.  

Note t h e  presence and c h a r a c t e r i s t i c s  (number, s ize,  shape, 
o r i e n t a t i o n )  o f  i n c l u s i o n s  which c o n t a i n  vapor bubbles. 

S a l t  samples should be sect ioned from t h e  cores a t  vary ing  d is tances  f rom t h e  
heater  ho le  w a l l .  
n a t i o n  of p re -  and post-heated s a l t  as discussed above. 
p re -  and post-heated s a l t  samples should be photographed and descr ibed. 

These samples should then be used f o r  t h e  comparative exami- 

D i f f e rences  i n  t h e  

Based upon t h e  r e s u l t s  of t h e  pe t rograph ic  examination, phys i ca l  cha rac te r i za -  
t i o n  on a smal le r  sca le  a t  h igher  m a g n i f i c a t i o n  us ing  t r a n s m i t t i n g  e l e c t r o n  
microscopy (TEM) o r  scanning e l e c t r o n  microscopy (SEM) may a l so  be warranted, 
e s p e c i a l l y  f o r  scrapings of t he  heater  ho le  wa l l s .  
(EDAX) cou ld  be used t o  map t h e  d i s t r i b u t i o n  of c e r t a i n  elements. 

Energy d i s p e r s i v e  ana lys i s  
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9.0 SAFETY EVALUATION 

Safety of this  t e s t  includes protection of workers operating the t e s t  against 
radiation hazards and the usual f i r e ,  e lec t r ica l  shock, etc. ,  concerns. Also, 
when working w i t h  radioactive materials, concerns fo r  the general public are 
s ignif icant .  
approaches t o  be taken t o  minimize the hazards involved. 

T h i s  section ident i f ies  these concerns and discusses the 

9.1 RADIATION HAZARDS 

9.1.1 Production and Transportation 

The cobalt 60 radiation source will  be produced by a commercial firm w h i c h  pro- 
duces these sources as standard items. As such, i t  has established procedures 
and obtained l icenses for  source production, h a n d l i n g ,  and transportation which 
wil l  be ut i l ized i n  the production and delivery of the source t o  Asse and also 
far  return of the source t o  the manufacturer a t  the end of the t e s t .  

9 .1 .2  Insertion o f  the Source into the Test Si tes  and Removal 

Upon receipt of the radioactive source a t  Asse i n  the shielded cask, the source 
wil l  be removed from this  cask into the hot ce l l  a t  Asse. Subsequently’, the 
source wi l l  be reinserted into t h i s  cask f o r  transport t o  the t e s t  s i t e ,  where 
the source will be instal led into the t e s t  assembly. When both source can- 
isters are inserted into the test assembly, the shield p l u g  will be instal led,  
the s l i d i n g  shield closed, and the cask removed. Source removal will  be the 
reverse of these ac t iv i t i e s .  Dur ing  these operations, normal precautions for 
handling radioactive materials will  be taken, such as t r i a l  f i t s  and radiation 
mcmi t o r i  ng . The responsi b i  1 i t y  for  descri b i  ng these procedures, obtai n i  ng 
required licensing approvals, and carrying out the actions r e s t s  w i t h  GSF-IfT. 
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9.1.3 Operation 

Dur ing  operation of the t e s t  w i t h  radioactive sources instal led,  the a c t i v i t i e s  
required will include radiation monitoring, control of personnel access, and 
observation of t e s t  parameters. 

9.2 SITE PREPARATION 

S i t e  preparation includes excavat 
t i e s  i n  the t e s t  s i t e .  T h i s  will 

hese procedures will be developed by GSF-IfT. 

on of the dr i f ts  and ins ta l la t ion  of u t i l i -  
be prepared f o r  and conducted by GSF-IfT. 

They will use standard practice which includes review and approval by the local 
mining authori t ies .  

9.3 TEST EQUIPMENT INSTALLATION AND REMOVAL 

Instal  lat ion of t e s t  equipment wi 11 involve manipulating heavy objects. Normal 
precautions wi l l  be taken fo r  these operations, such as confirming l i f t i n g  
equipment adequacy, e tc .  These operations will be described by detailed pro- 
cedures prepared by GSF-IfT from more general procedures provided by Westing- 
house. The procedures w i  11 receive normal safety reviews. 

9.4 TEST EQUIPMENT OPERATION 

Potential safety hazards d u r i n g  t e s t  operation include the following: 

0 Radi a t  ion Exposure 

Radiation shielding will be instal led and surveyed t o  maintain 
a low level of radiation in  the t e s t  operation area. Access 
t o  the t e s t  area will be controlled so tha t  a radiation 
trained worker i s  present whenever access t o  the equipment i s  
allowed. These are normal procedures and will be documented 
and reviewed pr ior  t o  tes t ing and compliance will be monitored 
d u r i n g  operation. 

0 Fire - 
Fire hazards d u r i n g  operation of the t e s t  are associated w i t h  
e lec t r ica l  equipment, the emergency diesel generator and i t s  
fuel supply, and t ransient  operations such as welding or 
c igaret te  smoking. Fire i s  a major hazard i n  any mine due t o  
the rest r ic ted access and escape routes and res t r ic ted  venti- 
la t ion which can lead t o  generation of carbon monoxide gas. 
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The poss ib i l i ty  of f i r e  will be minimized by using equipment 
and materials t h a t  minimize the risk o f  f i r e ,  by design o f  the 
t e s t  area, by the ava i lab i l i ty  of emergency equipment, and by 
appropriate training of personnel. Electrical  equipment and 
cabling will s a t i s fy  national standards ( a t  place of manufac- 
t u re )  f o r  f i r e  safety and will  be applied w i t h i n  i t s  design 
l imitations.  The emergency diesel generator will be o f  spec- 
i a l  design and qualified fo r  operation i n  a mine environment. 
Other operations will be controlled by t e s t  operators trained 
i n  and aware of the importance of f i r e  prevention. Periodic 
safety audits will be conducted t o  assure compliance w i t h  safe 
procedures. 

0 Electrical  Shock 

Electrical  shock hazards will be minimized by us ing  only qual- 
i f ied equipment w i t h i n  i t s  design l imitations,  by safe design 
of terminal areas, by u s i n g  qualified personnel, and by per- 
iodic audits. 

0 Thermal Burns 

The only objects w i t h  a potential  f o r  h i g h  temperatures are 
the moisture collection system t e s t  assembly gas out le t  l ine ,  
the emergency diesel generator, and perhaps, some e lec t r ica l  
Components such as the heater power control lers .  Hot objects 
will be c lear ly  labeled and provided with guards against acci- 
dental contact, i f  necessary. 

0 Pressure Explosions 

Some components of the t e s t  may become pressurized, such as 
the moisture collection system. These components will  be 
designed t o  appropriate codes and provided w i t h  safety re l ie f  
valves, as appropriate, t o  prevent overpressurization. Pres- 
surized gas f lasks  w i l l  be provided w i t h  appropriate 
r e s t r a in t s  and w i  11 be operated only by qualified personnel. 
A major item of concern is  the moisture collection system con- 
denser, separator, and col lector  which may be made of glass. 
The apparatus w i l l  be tested a t  higher-than-design pressure 
pr ior  t o  operation and will be protected by p l a s t i c  or metal 
screening d u r i n g  operation. 

Mechanical Hazards 

Mechanical hazards include such items as cuts on sharp edges, 
dropped objects, e tc .  These hazards will be minimized by con- 
ducting a safety review of the design and o f  the  constructed 
equipment. Qualified operations personnel will be reminded 
and audited for  safe operating practices.  
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10.0 QUALITY ASSURANCE PROVISIONS 

The Br ine  M i g r a t i o n  Test P lan addresses one task  i n  t h e  U.S. program t o  develop 
t h e  s p e c i f i c  and techno log ica l  bases ahd t o  i n v e s t i g a t e  t h e  engineer ing feas i -  
b i l i t y  o f  des ign ing and cons t ruc t i ng  l i censed r e p o s i t o r i e s  i n  several geo log i -  
c a l  formations. 
t e s t i n g  must be conducted t o  develop the  technology bases requ i red  t o  meet the  
program ob jec t i ves .  

Associated processes and equipment must be developed and f i e l d  

The U.S. Code o f  Federal Regulat ions prov ides  t h e  l e g a l  requirements which must 
be complied w i t h  t o  l i cense  nuc lear  f a c i l i t i e s ,  and de f ines  design bas i s  as 
" t h a t  i n fo rma t ion  which i d e n t i f i e s  the  s p e c i f i c  f unc t i ons  t o  be performed by a 
s t ruc tu re ,  system o r  component o f  a f a c i l i t y ,  and t h e  s p e c i f i c  values or ranges 
of values chosen f o r  c o n t r o l l i n g  parameters as reference bounds f o r  design. 
These values may be ( 1 )  r e s t r a i n t s  der ived  from genera l l y  accepted ' s t a t e  of 
t he  a r t '  p rac t i ces  f o r  achiev ing f u n c t i o n a l  goals; o r  ( 2 )  requirements der ived  
from ana lys i s  (based on c a l c u l a t i o n s  and/or experiments) o f  t h e  e f f e c t s  o f  a 
pos tu la ted  acc ident  f o r  which a s t ruc tu re ,  system o r  component must meet i t s  
f u n c t i o n a l  goals  .'I 

Design bases f o r  some l i censed h igh  l e v e l  r a d i o a c t i v e  waste r e p o s i t o r i e s  w i l l  
be der ived  i n  p a r t  f rom analyses o f  data obta ined dur ing  the  B r ine  M i g r a t i o n  
Test. 

The Code o f  Federal Regulat ions f u r t h e r  ' s t i p u l a t e s  t h a t  because nuc lear  f a c i l i -  

t i e s  i nc lude  s t ruc tu res ,  systems and components t h a t  prevent  o r  m i t i g a t e  t h e  
consequences o f  pos tu la ted  acc idents  t h a t  c o u l d  cause undue r i s k  t o  t h e  h e a l t h  
and s a f e t y  o f  t h e  pub l i c ,  every a p p l i c a t i o n  f o r  a cons t ruc t i on  l i c e n s e  must 
i nc lude  i n  i t s  p r e l i m i n a r y  s a f e t y  ana lys i s  r e p o r t  (PSAR) a d e s c r i p t i o n  o f  t h e  
q u a l i t y  assurance program app l ied  i n  compliance w i t h  t h e  e ighteen requirements 
o f  1 OCFR50-Appendi x B. 
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Therefore, the Brine Migration Test will be conducted in a manner that will 
provide valid, traceable data which will fully support repository design bases 
and the licensing laws and regulations, and the validity and traceability of 
that data will be maintained by the implementation of a documented quality 
assurance program which judiciously complies with the eighteen requirements of 
10CFRSO-Appendix B. 

The Field Test Program Quality Assurance Plan issued by Westinghouse defines 
the applicable requirements of 10CFR50 as they apply to the Brine Migration 
Test. 
comply with the provisions o f  the total quality assurance program which apply 
to their respective work scopes for those tasks which directly relate to the 
collection of data to be used for future repository design. 

All participant organizations, and their lower tier subcontractors, will 

The B r i n e  M i g r a t i o n  Test  Q u a l i t y  Assurance P l a n  r e q u i r e s ,  as a minimum, t h e  

fol lowi ng. 

10.1 PROGRAM ORGAN I ZATION 

The qualified individuals responsible for quality assurance planning, inspec- 
tion, testing, verifying and auditing of the Brine Migration Test planning and 
implementation shall be designated in writing and shall be sufficiently inde- 
pendent from those who have direct responsibility for performing the technical 
operations required by this Test Plan. 

The documented program shall provide for the planning and accomplishment of 
activities affecting quality under suitably controlled conditions by qualified 
personnel. Controlled conditions include the use of appropriate equipment, 
suitable environmental conditions for accomplishing the activity, and assurance 
that prerequisites for the given activity have been satisfied. 
program shall provide for any special controls, processes, test equipment, 
tools and skills to attain the required quality and for necessary verification 
of quality. 

The documented 

_ _  . .- . .... .- ..... . . - -- 
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10.2 DESIGN CONTROLS 

The design of safety-related t e s t  a r t i c l e s  and equipment shall be defined, con- 
t ro l led  and verified. 
f ied on a timely basis, and correctly translated into design documents. Design 
changes, including field changes, shall  be governed by control measures commen- 
suriite w i t h  those applied t o  the original design. 

Applicable design i n p u t s  shall be appropriately speci- 

10.3 INSTRUCTIONS AND PROCEDURES 

Work, t e s t  and inspection instructions and procedures shall  be established and 
documented. 

10.4 DOCUMENT CONTROLS 

Measwes shall  ensure t h a t  c r i t i c a l  records documents such as t e s t  plans, draw- 
ing!;, instructions,  procedures, e tc .  , including changes, are reviewed, approved 
and released fo r  use by authorized personnel and distributed and used a t  the 
lociitions where the prescribed a c t i v i t i e s  are performed. 

10. !j PROCUREMENT CONTROL 

Applicable design and t e s t  bases and other requirements necessary t o  assure 
adequate qual i ty  shall be included or referenced i n  documents fo r  procurement 
of equipment and services. To the extent necessary, procurement documents 
shaill require contractors and t h e i r  subt iers  t o  have a q u a l i t y  assurance pro- 
grani consistent w i t h  the applicable requirements o f  t h i s  Test P lan .  

10.6 TEST CONTROLS 

Testing shal l  be performed and comprehensively documented by qualified person- 
nel, ,  Test reports shall  identify the ac t iv i ty  t o  which i t  applies, the proce- 
dures or instructions followed i n  performing tasks,  s ignif icant  dates and 
times, t e s t  resu l t s ,  unusual conditions encountered, signatures of applicable 
primary and verifyinglcertifying personnel, and a1 1 other pertinent data. 
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10.7 

Controls sha l l  be establ ished and documented i n  approved procedures f o r  the 
i d e n t i f i c a t i o n ,  handling, storage and shipment of test  samples. A l l  tes t  
samples sha l l  be uniquely and pos i t ive ly  i d e n t i f i e d  and marked u s i n g  approved 
formats throughout the test  program. Packaging sha l l  be based on the protec- 
t i o n  a sample wil l  require d u r i n g  handling, s torage and s h i p p i n g .  

SAMPLE IDENTIFICATION, HANDLING, STORAGE AND SHIPPING 

t 

Samples wil l  
of moisture, 
de te r iora te .  
t o  be determ 

be packaged for protect ion against  physical damage, gain o r  l o s s  
o r  any e f f e c t  which would lower the qua l i ty  o r  cause a sample t o  

Packaging sha l l  be adequate t o  preserve i n  s i  t u  character i  s t i  cs  
ned through subsequent tes t ing.  

10.8 EQUIPMENT CALIBRATION 

All measuring and tes t  equipment used t o  obtain qual i ty-related data  sha l l  be 
ca l ibra ted  w i t h  standards t raceable  t o  the U. S. National Bureau of Standards 
(NBS) ( o r  t raceable  t o  internat ional  ly-recognized standards which a re  t raceable  
t o  NBS) by a formal ca l ibra t ion  program. T h i s  program will  assure t h a t  equip-  
ment i s  of the proper type, range, precis ion and accuracy t o  provide r e s u l t s  
compatible w i t h  the  applicable objectives of this  Test Plan. Documented proce- 
dures sha l l  be based on the type of equipment, the e f f e c t  of e r r o r  on the quan- 
t i t i e s  t o  be measured, s t a b i l i t y  c h a r a c t e r i s t i c s ,  required accuracy, and other 
conditions affect ing measurement control and test  data  va l id i ty .  

10.9 VERIFICATION OF DATA PROCESSING 

Data processing f o r  testing which a f f e c t s  the results of the Brine Migration 
Test Program shal l  be verified by individuals  other  than those who performed 
the or iginal  processing. Verif icat ions can be performed by independent review 
o f  the processing, or the preparation o f  a l t e r n a t e  calculat ions.  An indepen- 
dent review consists of an evaluation of the assumptions made and the process- 
i n g  method, numerical ver i f ica t ion  of the ca lcu la t ions ,  formal checking of a l l  
computer i n p u t ,  review o f  results, and the checking of drawings, graphs and 
t a b l e s  prepared from the results. For v e r i f i c a t i o n  of data processing by com- 
parison w i t h  a l t e r n a t e  methods of ca lcu la t ion ,  the  results of a l t e r n a t e  
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ca lc iJ la t ions  must be cons is ten t  w i t h  t h e  o r i g i n a l  data processing f o r  proper  
v e r i  *F i c a t  i on. 

10.10 NONCONFORMANCE AND CORRECTIVE ACTION 

D e v h t i o n s  f rom ins t ruc t i ons ,  drawings and procedures du r ing  conduct o f  t e s t s  
o r  t e s t  eva lua t ions  s h a l l  be i d e n t i f i e d  and documented, and d i s p o s i t i o n s  and 
c o r r e c t i v e  ac t ions  s h a l l  be prov ided by q u a l i f i e d  personnel. 

10.11 INSPECTION AND AUDIT 

To v e r i f y  t h a t  the  requirements o f  t he  B r ine  M i g r a t i o n  Test Program and 
apprlwed work i n s t r u c t i o n s  are implemented, each p a r t i c i p a t i n g  o rgan iza t i on  
s h a l l  develop and document procedures t o  mon i to r  work performance. The mon- 
i t o r i n g  procedures s h a l l  p rov ide  f o r  inspec t ions  and a u d i t s  as needed. Both 
t h e  i n t e r n a l  work o f  an o rgan iza t i on  and the  a c t i v i t i e s  o f  t h e i r  con t rac to rs  
s h a l l  be considered. Procedures s h a l l  i n d i c a t e  t h e  a c t i v i t i e s  t o  be monitored 
and the means f o r  r e p o r t i n g  the  r e s u l t s .  The procedures s h a l l  be prepared 
p r i o r  t o  t h e  performance o f  t he  mon i to r ing  a c t i v i t y  and prov ide  adequate d e t a i l  
so t h a t  t he  ob jec t ives ,  t he  method t o  be used f o r  moni tor ing,  r e p o r t i n g  
requirements and personnel q u a l i f i c a t i o n s  are described. Inspec t ions  and 

aud i t s  of the  t e s t  and t e s t  eva lua t ions  s h a l l  be performed by q u a l i f i e d  q u a l i t y  
assurance, q u a l i t y  c o n t r o l  and/or o ther  techn ica l  personnel, as appropr ia te  f o r  

t h e  respec t ive  o rgan iza t i on ' s  scope o f  work. 

10.1 2 RECORDS CONTROL 

Records c o n t r o l  procedures w i l l  be es tab l i shed  t o  insure  the  p o s i t i v e  t r a c e -  
a b i l i t y  and v a l i d a t i o n  o f  a l l  q u a l i t y - r e l a t e d  t e s t  operat ions and r e s u l t s .  
records requ i red  t o  be maintained inc lude  t h e  f o l l o w i n g  documents: 

The 
t e s t  plan, 

t e s t  eva lua t i on  t e s t  plan, q u a l i t y  assurance plan, drawings, p r o j e c t  proce- 
dures, measuring and t e s t  equipment c a l i b r a t i o n  records, work i n s t r u c t i o n s ,  
f i e l d  and labo ra to ry  logs  and t e s t  data, f i e l d  changes, d e v i a t i o n  o r  except 
records, photographs o f  samples and sample loca t ions ,  i nspec t i on  and a u d i t  
r e p o r t  records. Record copies s h a l l  be l e g i b l e ,  reproducib le ,  i d e n t i f i a b l e  
r e t r i e v a b l e ,  and s h a l l  be maintained and t r a n s m i t t e d  t o  designated a u t h o r i t  

on 

and 
es. 
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10.13 IMPLEMENTATION 

The preceding sect ions pr vided a summary 
f o r  the brine migration tes t  program. Th 
t ion .  

10.13.1 U.S. Quality Assurance Program 

f t h  
s sect 

l i t y  a surance requirements 
on discusses i t s  implementa- 

The qua l i ty  assurance program t o  be followed by Westinghouse and i t s  subcon- 
t r a c t o r s  i s  described i n  a QA Plan which  Westinghouse has issued. This plan 
bas ica l ly  provides  a framework under w h i c h  s tandard  Westinghouse QA procedures 
can be implemented. 
gram, Reference 10-1. 

This plan has been approved by ONWI f o r  use on this pro- 

10.13.2 FRG Quality Assurance Program 

GSF-IfT does not  operate a formal q u a l i t y  assurance program as i s  done i n  the 
U.S., b u t  they do include i n  t h e i r  work and appl icat ions the various p a r t s  of a 
QA program which r e s u l t  in  a qua l i ty  product. Since u t i l i z a t i o n  of data  pro- 
vided by this  t e s t  requires f u l l  documentation of qual i ty-related procedures, 
the ONWI resident  a t  GSF-IfT has been assigned t o  assist i n  co l lec t ion  of 
ex is t ing  procedures f o r  QA-related operations by GSF-IfT t o  provide t h e  
required QA documentation f o r  this program. This documentation wil l  follow the 
U.S. Nuclear Regulatory Commission Standard Review Plan format. 

.. ., . . . 
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11.0 U. S. - F R G  INTERFACE 

This section defines: 

e The proposed interface agreement between the involved par t ies  

e The areas i n  the experiment which require action by one party 
and approval by the other 

e Decision Matrix basis. 

These three items are discussed i n  the following paragraphs in the order men- 
tioned above. 

11.1 INTERFACE AGREEMENT 

This section provides the preliminary def ini t ion of interfaces which ex i s t  
between the Federal Republic of Germany (FRG) and the United States of America 
( U S A ) ,  or their  authorized agents, during the brine migration experiment. The 
l i s t  of interfaces is  considered complete a t  th is  time. However, circumstances 
or (events may occur or be identified by e i the r  o r  both par t ies  d u r i n g  the 
course of the experiment which will require the l i s t  t o  be increased, 
decreased, or otherwise modified. Such increase, decrease, or modification 
shal l  be by mutual agreement between the involved par t ies .  

The interfaces  existing are o f  a mechanical, e l ec t r i ca l ,  o r  administrative 
( in s t a l l a t ion  procedures, operating instructions,  e tc . )  nature. 
def ini t ion basis, Westinghouse will supply the following: 

On a gross 

1.  All mechanical equipment which forms a permanent part  of the t e s t  setup, 
exclusive of the radioactive sources. T h i s  includes b u t  i s  not limited t o ,  
sleeve assembly, canisters,  source support tubes, shield plugs, borehole 
l i ne r s  for source and guard heater locations, and g u a r d  heaters. 
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2. A l l  components o f  the  Data A c q u i s i t i o n  System (DAS) a t  t h e  mine s i t e  on t h e  

sur face and w i t h i n  the  mine except f o r  t h e  data l i n k  cable connect ing the  

s i t e  modem t o  the  sur face modem, and the  sur face alarm w i t h  i t s  w i r i n g  t o  

the  da ta  logger  and the  e l e c t r i c a l  power supply. 

3. A l l  comp0nent.s o f  the Mois ture C o l l e c t i o n  System (MCS), i n c l u d i n g  male and 

female halves f o r  every coup l ing  i n t e r f a c e  w i t h  the  pressure t u b i n g  b u t  

exc lud ing  the  pressure tub ing .  

4.  Procedures r e l a t i n g  t o  i n s t a l l a t i o n ,  operat ion,  and maintenance of t h e  

above. 

On the  same gross bas is ,  the  FRG s h a l l  supply  t h e  f o l l o w i n g :  

1. A l l  mechanical equipment r e l a t i n g  t o  and , i n c l u d i n g  any t r a n s p o r t a t i o n  
casks, i n s t a l l a t i o n  casks, t r a n s f e r  equipment, ho t  c e l l  equipment, l i f t i n g  

and hand l ing  equipment, rece iv ing ,  storage, inspect ion,  assembly, checkout, 

and i n s t a l l a t i o n  equipment, r a d i o a c t i v e  sources, and the  equipment o r  
system requ i red  t o  maneuver the assembled r a d i a t i o n  c a n i s t e r  from t h e  

sur face cask o r  ho t  c e l l  t o  the  t e s t  area and i n s e r t  each c a n i s t e r  i n t o  the  
t e s t  c a v i t y .  Th is  equipment w i l l  be capable of revers  

upon complet ion o f  the experiment o r  when any intermed 
requ i  red. 

2. A l l  components o f  the normal power and emergency power 

requ i red  t o  d e l i v e r  regu la ted  s i n g l e  phase power t o  t h  

ng the  procedure 

a te  r e t r i e v a l  i s  

supply system 

te rm ina ls  o f  ea h 
heater  c o n t r o l l e r ,  and i s o l a t e d  and f i l t e r e d  s i n g l e  phase power t o  connec- 

t o r  o u t l e t s  i n  the  v i c i n i t y  of the  data a c q u i s i t i o n  system. 

3. The data l i n k  cable connect ing t h e  s i t e  modem t o  the surface modem i n  the  

da ta  a c q u i s i t i o n  system and a surface alarm a c t i v a t e d  by the  da ta  
a c q u i s i t i o n  system. 
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4.  

5. 

6. 

7. 

8. 

The pressure tubing w h i c h  interconnects the t e s t  s i t e s  w i t h  the moisture 
collection system. 

A l l  operating and maintenance instructions fo r  the hot c e l l ,  mine, and FKG 
procured equipment, and other operations required t o  handle, t ransfer  and 
in s t a l l  t h a t  equipment. 

All aspects f o r  any and a l l  licenses required in F R G  f o r  storing, t rans-  
porting, operating, etc., for  any equipment (regardless of suppl ier)  or 
f a c i l i t y  re la t ing d i rec t ly  or indirect ly  t o  the experiment preparation, 
operation, or  dismantling. (The U.S. will provide information as required 
t o  support t h i s  ac t iv i ty . )  

Labor required t o  excavate and prepare the t e s t  s i t e ,  and to  i n s t a l l ,  
operate and d imant le  the test equipment. 

Geological and geochemical services t o  evaluate and characterize the s a l t  
i n  the proposed t e s t  s i t e .  

Specific items ex is t  i n  each of the categories above which must be resolved i n  
accordance w i t h  the detailed schedule. These items will be handled i n d i v i d -  
ually by separate correspondence, which must be responded t o  i n  a timely manner 
as stated i n  the interface agreement. A s ignif icant  number of these items are 
of the exchange-of-information nature, and the remainder are of the type which 
d i r ec t ly  influences the design of the experiment. 
uled ldates by involved personnel i s  of paramount importance i n  p r o v i d i n g  a 
t o t a l  ly  acceptable experiment. 

S t r i c t  adherence t o  sched- 

11.2 ACTIONS REQUIRING APPROVAL 

Throughout the conduct of the experiments, there will  be documents, drawings, 
calculations,  procedures, etc., developed by one party which will require 
approval or review by the other party. The degree of importance of the action 
re la t ive  t o  the other par ty 's  in te res t  i s  the determining fac tor  as t o  whether 
the action requires approval or merely review. Regardless of the requirement 
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f o r  approval or review, both par t ies  agree tha t  a response will be generated 
within two weeks of receipt of any correspondence relat ing t o  the above. 
Adherence to  timely responses will  ensure tha t  unnecessary delays t o  the exper- 
iment schedule are minimized. 

A preliminary l i s t i n g  o f  these actions i s  presented below with the understand- 
ing t h a t  there will be a d d i t i o n s ,  deletions,  or modifications as required and 
agreed t o  by both part ies .  

S i t e  Characteristic Requirements 
Selection of Potential Test S i tes  
S i t e  Selection Work Plan Guidelines 
S i te  Selection Work Plan 
E x c a v a t i o n  Methods 

Experiment Core Characterist ic Requirements 
Experiment Coring Methods 
Experiment Core Testing and QA Program 
Overall QA Program Requirements 
QA Procedures 
S i t e  Selection Test Results 
S i t e  Characterization Test Procedures 
Deviation Notice Disposition 
Overall Experiment Test P1 an 
Instal la t ion Procedures (U.S. Supplied Equipment) 
Instal la t ion o f  FRG Supplied Equipment 
Operating Procedures (Inc. Decision Matrix) 
Emergency Procedures (Inc.  Decision Matr ix)  
Post-Test Eva1 u a t  ion Plan 
Post-Test E v a l u a t i o n  Procedures 
Training Procedures 

Prepare 

W 
GSF 
W 
G SF 
GSF 

W 
GSF 
G SF 
W 

GSF 
GSF 
GSF 
GSF/W - 
W 
W 

GSF 
W 

G SF 
W 

GSF 
W 

- 

- 

- 

- 

- 
- 

- 

- 

- 

Approve 

W 
W 
- 
- 

W 
W 
W 

- W/GSF 
GSF 
GSF 

- 
- 
- 

GSF 
W 

GSF 
- 

GSF 

Review 

G SF 
W 

GSF 
W 
W 

GSF 

- 

- 
- 

GSF 

W - 
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Records Retention 
Pre-Test Geological GSF 

Pre-Test Equipment Assembly 41 Ins t a l l .  GSF 
I n i t i a l  Operation GSF 
Operat ion GSF 
Post-Test Evaluation GSF 
Daily Log o f  Mine Operations G SF 

W 

W 
- 
- 

11.3 DECISION MATRIX 

Dur ing  ins ta l la t ion ,  operation, shutdown, and post-test  evaluation, incidents 
or  conditions may occur which require a deviation from prepared procedures. 
Under these circumstances, i t  is  necessary t o  know i n  advance who will  make 
decisions and what corrective actions are  t o  be taken. This  has n o t  yet been 
completed, b u t  several principals are proposed fo r  fur ther  discusssion and 
def ini t ion.  

The f i r s t  consideration i s  given t o  immediate safety concerns. 
responsibi l i ty  of every individual worker t o  detect ,  prevent, or r ec t i fy  as 
required. 
supervisor or the t e s t  engineer f o r  resolution. 

These are the 

Less immediate safety problems should be reported t o  the shif t  

The second consideration i s  the in tegr i ty  of the t e s t .  
written t o  assure tha t  a l l  t e s t  operations are preplanned and tha t  the impact 
of these operations on the outcome of the t e s t  i s  as desired. When deviations 
from the t e s t  procedures are required, whether due t o  a deficiency o f  the pro- 
cedure or other operational problems, i t  i s  important tha t  corrective action be 
careful ly  considered. I n  par t icular ,  on-the-spot corrections by operating 
personnel should be minimized because they may not f u l l y  understand the basis 
f o r  the t e s t .  T h u s ,  actions which do not involve immediate safety should be 
referred t o  the Test Engineer a t  the s i t e .  

Test procedures are 

The Test Engineer, who is  f u l l y  aware of the basis f o r  the t e s t ,  will  determine 
whether or not the discrepancy will a f fec t  performance of the  t e s t  and i s  major 
or minor i n  nature. If the discrepancy will not affect  the t e s t  and i s  minor 
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i n  nature, he wi l l  determine the appropriate corrective action and provide 
expl ic i t  revised instructions t o  the operating personnel. All  such revisions 
should be thoroughly documented and quickly communicated t o  the ONWI represent- 
a t ive a t  GSF-IfT and, perhaps, the U.S.  participants.  

Guidelines fo r  making these dis t inct ions will be developed d u r i n g  preparation 
of ins ta l la t ion  and operat ng procedures and will  be incorporated i n t o  those 
procedures. 
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12.0 TEST PROGRAM SCHEDULE 

Figure 12-1 provides the basel ine schedule f o r  t h e  t e s t  program. 
o u t l i n e  of t he  major steps required t o  have the  t e s t  i n  operat ion by the end o f  
1982, w i t h  the f i r s t  heater s i t e s  becoming operat ional  i n  November, 1982. Each 
s i t e  should be i n  operat ion f o r  approximately two (2) years, but  t h i s  may vary 
depending on the data co l lected.  

I t  gives an 

Equiplment r e t r i e v a l  and post - test  s i t e  cha rac te r i za t i on  w i l l  occur when t h e  
t e s t  i s  complete--but have not been shown on the  schedule. These i tems w i l l  be 
added1 as they become b e t t e r  defined. 
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BRINE MIGRATION TEST SCHEDULE 

TEST PLAN 

SITE OPERATIONS 
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WESTINGHOUSE 
TEST ECIUIPMENT 

INSTALLATION/ 
OPERATING PRO 
CEDURES 

FRG SUPPORT 
EOUIPMENT 

E DEFINE ISSUE ISSUED I ISSUF US/FRG 
ICAL OBJEC PREL ONWl FRG REVISED ONVJllFRG F l N A l  TEST 

I 
I 
1 
D 
I 
i 

AGHEEMENT 
0-  
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Figure 12-1 .  Schedule 



13.0 INSTALLATION, OPERATION, POST-TEST EVALUATION 

The complete performance of the experiment includes operations and the gather- 
i n g  of data during the ins ta l la t ion ,  operation, and post-test  evaluation 
phases. 
t e s t  and heater ,holes and end a t  the beginning o f  the operation phase. 
operation phase i s  considered t o  begin w i t h  the t u r n i n g  on o f  power t o  the 
heaters and conclude w i t h  t u r n i n g  off power t o  the heaters. The post t e s t  
evaluation phase begins with the end of the operation phase and concludes when 
the experiment has been completely dismantled and the t e s t  s i t e s  abandoned. 

The ins ta l la t ion  phase i s  considered t o  begin w i t h  the d r i l l i ng  of the 
The 

The intent  of t h i s  section is  t o  define the actions t h a t  need t o  be accom- 
plished i n  each phase t o  permit the maximum benefit from the experiment t o  be 
derived. 
discussion can be used t o  identify some of the procedures which must be pre- 
pared. 
recorded i n  a logical and orderly fashion. To a large extent, information 
developed d u r i n g  the ins ta l la t ion  and post-test  evaluation phases wi 11 be of a 
comparative nature. 

No attempt i s  made here t o  develop procedures, however, the following 

A t e s t  p l a n  must be developed t o  ensure a l l  o f  the data i s  obtained and 

The following l i s t s  are divided into 
fur ther  breakdown into hardware exam 
appropriate. 

13.1 SITE SELECTION 

T h i s  experiment will be conducted i n  

the three phases of the experiment, w i t h  a 
nation and mine s i t e  examination where 

the Asse mine a t  the 800 meter level.  
This area of the mine was selected by the FRG because i t  was the only sui table  
area in which t o  conduct the tes t .  
cates t ha t  the s a l t  charac te r i s t ics  are acceptable, and the s i t e  i s  
suf f ic ien t ly  removed from forbidden areas of the mine t o  permit conducting the 
tes t .  

Present knowledge about the s i t e  i n d i -  
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A test core has been air drilled into the area. 
to confirm the validity of the site. 

This core is being evaluated 

13.2 SITE PREPARATION 

Preparation of the site will entail providing entry into the test gallery, 
excavation of the gallery, coring and drilling of the boreholes for the test 
sites, guard heaters and instrumentation wells, preparation of the floor and 
provision of services such as lighting, power and ventilation. 
sizes, methods of excavation, routing of power lines, and ventilation ducts 
will be determined by FRG designers in accordance with local specifications. 
Actual operations to accomplish the above will be done by FRG personnel 
following FRG mining and safety practices. 

Entry and room 

Access to the proposed test gallery will be done at the discretion of the FRG 
by either drilling and blasting or by use of 'a continuous miner. The most 
likely method for excavation of the test gallery is by a continuous miner. 
Sizes of the access entry and the test gallery will be determined by the FRG. 
Limitations on size will be fixed by FRG safety regulations and equipment han- 

ery with safety requirements having the top pri- dling requirements in the gal 
ority. 

Boreholes in the floor of the 
1 ocat ions , guard heaters, and 

gallery will be air drilled for the experiment 
instrumentation wells. Cores from these holes, 

in addition to samples taken during excavation, will be removed and analyzed to 
generate additional geological data. The tops of holes in the floor will be 
counterbored so that no experiment hardware will protrude above the floor sur- 
face. 
the potential for damage to test hardware or injury to personnel. 

This will allow for free vehicular passage through the area and minimize 

services from another level or 
be provided in accordance with 
supplied by the USA which requ 

Services required at the test site gallery include lighting, electric power, 
ventilation and shop air. These services are probably an extension o f  existing 

Equipment 
location within the mine. These services will 
existing FRG standards and practices. 

@ res power will be capable of operating on the 
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power supplied. Electr ical  o u t l e t s  f o r  the test  equipment will  be provided by 

the FRG a t  locations compatible with the location of the equipment. 
gency power diesel-generator system will be supplied and in s t a l l ed  by the FRG. 

An emer- 

The routing of power l i nes  and vent i la t ion ducts  t h r o u g h o u t  the  mine and t h e i r  
method of support  will  be governed by F R G  spec i f ica t ions  covering mine safe ty  
and operation. 
leve l ,  will  be t o  FRG standards. 

The vent i la t ion  requirements, such as a i r  flow and oxygen 

13.3 INSTALLATION 

Ins t a l l a t ion  of the tes t  equipment begins with receipt  of the equipment. 
equipment must be handled, stored, and inspected f o r  damage. The  caisson will  
then be emplaced in the test  boreholes, the seal cas t  around the caisson, and 
then the  seal must be leak tested. The  borehole wall thermocouples will  be 
assembled against  the wall. 
space below the tes t  assembly. Next, the t e s t  assembly will  be ins ta l led  in 
the borehole. The assembly may be shipped with i t s  i n t e rna l s  i n s t a l l ed  or 
separately.  I f  shipped separately,  the in te rna ls  would be ins ta l led  in the 
sleeve p r io r  t o  tes t  assembly inser t ion in to  the  borehole. The  completed t e s t  
assembly will  t h e n  have i t s  various gas, e l e c t r i c a l ,  and instrumentation con- 
nections made and checked out. The guard heaters and instrument probes would 
be in s t a l l ed  as would the mine level wiring, piping, and instrumentation equip- 
ment  and the s l id ing  shield.  Following equipment checkout, t r i a l  runs of the 
ra.dioactive source handling equipment using a dummy source container w i  11 be 
made. 
inls ta l la t ion t o  remove any excess moisture from the tes t  hole. 
sources and shields  wil l  be in s t a l l ed  and the equipment wil l  be ready f o r  
startup of the e l e c t r i c a l  heaters and operation of the test .  

The 

A layer of beads will  be l a id  in  place t o  f i l l  the 

The moisture col lect ion system will  be operated a f t e r  test  assembly 
F ina l ly ,  t he  

13.4 OPERATION 

W i t h  turn on of the e l e c t r i c a l  heaters, the tes t  begins the operational phase. 
Nol f u r the r  act ions are taken other than t o  monitor the equipment, c o l l e c t  data ,  
anld t o  react t o  unusual conditions. The tes t  s i t e  will  not be normally manned 

b u t  will  be v is i ted  on weekdays. The magnetic tape will  be changed 
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approximately weekly and periodic mai ntenance would be performed as required 
Some potential unusual occurrences which would require attention will be mon 
tored by the data acquisition equipment which will transmit an alarm t o  the 
surface guardhouse. 
s i tuat ion.  

The guard would not i fy  personnel who could react t o  the 

13.5 SHUTDOWN AND DISASSEMBLY 

This phase of operation involves heater shutdown, water recovery ,,*om the pres- 
surized t e s t  s i t e s ,  radiation source removal and test  equipment disassembly. 
Since i t  i s  l ikely that  heater shutdown will cause extensive s a l t  cracking and 
associated water release, the t e s t  s i t e s  which have not had continuous water 
collection wi 11 have the i r  water collected before heater shutdown. The central 
and guard heaters wi l l  be shut down completely rather t h a n  phased over a period 
of time, since analysis and experience indicates t h a t  the s a l t  will crack in 
any case. Water collection wi l l  continue d u r i n g  cooldown t o  measure the amount 
of water released and t o  prevent water accumulation in the test zone which 
could a l t e r  the borehole conditions. 

An unresolved question, as yet ,  i s  whether t o  remove the radioactive sources 
before or a f t e r  heater shutdown.  
d o i n g  t h i s  following s h u t d o w n ,  and d o i n g  this before shutdown would require 
opening the s i t e  while hot and retrieving the sources a t  about 3 5 O O C  (670°F) 
which may not  be desirable,  par t icular ly  f o r  the grapple. 

There does n o t  appear t o  be any objection to  

The cooldown period required prior t o  disassembly has not yet  been determined, 
nor has the c r i te r ion  necessary t o  determine an acceptable period; however, i t  
i s  estimated t h a t  about  one week would be acceptable. Moisture collection will 
be continued d u r i n g  cooldown. The cooldown i s  expected t o  reduce the compres- 
sive loads on the t e s t  assembly and t h u s  f a c i l i t a t e  removal. The t e s t  assembly 
will be removed by ins ta l l ing  jacking screws t o  push  down on the s a l t  surround- 
i n g  the t e s t  assembly. After breaking the assembly f r ee ,  i t  will be l i f t e d  
from the sa l t ,  e i ther  by a hoist instal led i n  the mine cei l ing,  or by a p o r t -  
able hoist .  The caisson will remain instal led in the borehole. The assembly 
shou ld  be inspected t o  determine whether i t  i s  encrusted with deposits which G 
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@ may contain s ignif icant  amounts of moisture. I f  so, the material s h o u l d  be 
collected quickly t o  avoid exchange of water w i t h  mine a i r .  Then,  the assembly 
should be protected by sealing the active region i n  p las t ic .  

The remaining equipment need not be disassembled t o  sa t i s fy  t e s t  requirements. 
I t  mliy be abandoned, scrapped, or recovered as decided a t  a l a t e r  date. 
Regairding the electronics,  experience indicates that  exposure t o  s a l t  dust will 
causle the components t o  become hopelessly corroded upon exposure t o  surface 
humildi t y  levels.  

13.6 POST-TEST EVALUATIONS 

Evaluation of the information generated by the t e s t  i s  s tar ted by observing the 
condition of. the contents of the borehole. The borehole should be observed and 
photographed. I f  the beads maintain the i r  annular configuration, attempts 
should be made t o  col lect  bead samples from various locations. I t  i s  more 
l ike ly  tha t  the beads will slump i n t o  a p i l e  i n  the hole. 
beads should be collected by a method yet t o  be determined; however, the use of 
suction i s  l ikely.  
loss, of moisture. 

In tha t  case, the 

The beads and the hole should be protected against gain or 

The borehole walls should be scraped t o  remove beads or other deposits. 
dence of s a l t  flowing around the beads, s a l t  cracking, dissolution, or other 
changes should be noted and photographed. 
the bore ho l  e bottom. 

E v i -  

Sa l t  samples should be obtained from 

With the caisson s t i l l  installed i n  the borehole, i t  would not be easy t o  over- 
core the t e s t  s i t e .  Instead, cores will be taken adjacent t o  the borehole, 
possibly a t  a s l i g h t  angle t o  intersect  the borehole wall i n  the test  zone. 
Details on the locations or  s izes  o f  cores cannot be completed pending d e t e n -  
ination of coring capabi l i t ies .  The objective i s  t o  obtain samples of s a l t  
froin distances up t o  a t  least  a meter from the t e s t  centerline which can be 
used fo r  petrographic, water content, and mineralogical characterization t o  
compare e f f ec t s  a t  different distances and axial locations and between t e s t  

223 



sites. 
ical characterization, Section 8.2.5. 

The evaluations to be performed are discussed in the section on geolog 

13.7 SITE ABANDONMENT 

Following collection of all data and samples from the test site, the site can 
be abandoned. This activity should follow normal mine procedures, which may 
include activities such as filling the holes in the floor, salvaging equipment, 
backfilling the rooms, or barricading the area. 
planned in advance. 

These activities should be 

c;3 
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APPENDIX A 

GEOLOGICAL DESCRIPTION OF THE 800 m LEVEL AT ASSE FOR THE PLANNING 

OF THE JOINT US/FRG TEST FIELD FOR BRINE MIGRATION UNDER HEATING 

A geological map o f  t he  800 m l e v e l  i n  scale 1:lOOO (1 cm = 10 m )  t o  serve 
planning has been prepared (Figure A-1). 
where determined by d r i f t s  o r  borings. The geology i n  o the r  areas was com- 

Exact data are shown on the map on ly  

pletled using "construct ive" i n t e r p r e t a t i o n  i n  order t o  present the e n t i  r e  p i  c- 
ture.  The data i n  these areas are only  approximate. 

STRATIGRAPHIC SEQUENCE AT THE 800 m LEVEL REGION 

ZONE SYMBOL -- 
Hanging : L i  niensal ze Na3 

(Younger 
H a l  i t e )  

K a l i f l o z  Sassfurte K2 
(Potash-Seam Stassfurt/  
Carnal 1 i t e  
K iese r i  ti sches Ubergangssal z K 
(K ieser i  t i c  T rans i t i on  S a l t )  
Ton1 i niensal z T 
(Halite with Clay Layers) 
Polyhal i tbankchensal z P 
(Hal i t e  w i t h  Polyhal i t e  Beds) 
Spei sesal z S 
Pure H a l i t e )  
Ubergangssal z U 
T rans i t i on  Sal t 

( Stassfurt-Mai n Hal i t e  
F1 o w :  S tass fu r t  Hauptsal L Na 2 beta 

(Older 
Na 2 beta)  H a l i t e  1 
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THICKNESS 
Devel oped On1 y 

Randomly i n  South 

30 + 20 m - 

Maximum 5 m 

I n  Outermost 
North Only 

Maximum 16 m 

About 8 - 10 m 

0.5 - 50 m 

Not I d e n t i f i e d  a t  
the 800 m l e v e l  
Occurs Deeper 



Figure A-1 .  Proposed Test S i t e  Location and Geology 
a t  800 Meter Level 
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- Descript ion o f  the Sequence o f  St rata 

The Stassfurt-Main H a l i t e  (Na 2 beta)  does n o t  reach the  800 m l e v e l  w i t h  i t s  
c h a r a c t e r i s t i c  features (expressions). It was encountered i n  Shaft  No. 4 and 

i n  the under ly ing cavern, as w e l l  as i n  few core borings. The Main H a l i t e  
consis ts  o f  co lo r l ess  transparent t o  opalescent coarse c r y s t a l  (grained) rock 
S a l t  w i t h  1 t o  3 mm t h i c k  gray anhydr i te l aye rs  which are repeated over an 
average distance o f  10 cm. The anhydr i te i s  continuously very f i n e  grained. 
Many anhydr i te  l a y e r s  are gent ly  microfolded o r  undulated and have been; a lso 
broken and rewelded dur ing the d iap i r i sm (ha lok ine t i c  u p l i f t  o f  s a l t ) .  This 
s a l t  contains many o f  l a r g e  c r y s t a l s  up t o  a l eng th  o f  one decimeter (10 cm) 
approaching rectangular ha1 i t e  c r y s t a l s  which are o r ien ted  w i t h  t h e i r  longer 
axes i n  the  bedding d i rec t i on .  Sometimes, the edges o f  the c r y s t a l s  are 

rounded and broken( chipped) 

A t  t he  800 m l e v e l ,  the Main H a l i t e  f a l l s  i n t o  a special f ac ies  o f  T rans i t i on  

-- S a l t  ( 0 ) .  This s a l t  was encountered i n  cross-cut and several core borings. 
The T rans i t i on  S a l t  whose main component i s  whi te rock s a l t  shows strong 
v a r i a t i o n  i n  composition, i n  the thickness (between few decimeters t o  50 
meters), and i s  a1 so character ized by va r iab le  distances between i n d i v i d u a l  
s u l f a t e  layers,  as we l l  as by the p o l y h a l i t e  content. 
th i is  facies,  besides i t s  s t r a t i g r a p h i c  p o s i t i o n  i n  the uppermost reg ion o f  the 

St i rssfur t  Main Ha l i t e ,  t o  contain o f t e n  white t o  beige, gray s t r i p e d  laye rs  o f  
s u l f a t e s  (po l yha l i t e -anhydr i t e )  i n  thickness between 1 cm (most o f ten )  t o  5 cm 
(seldom), which are o f t e n  heavi ly  fo lded "snake1 i k e "  and undulated. 

It i s  c h a r a c t e r i s t i c  f o r  

Br ine can be seen t o  d r i p  from i n d i v i d u a l  anhydr i te  layers,  as observed about 
30 m south from the B l i n d  Shaf t  No. 4. 

The s u l f a t e  seams a r e  normally composed o f  anhydrite. Only i n  the  south p a r t  

O f  the east  cross-cut, does the uppermost l a y e r  o f  t he  T rans i t i on  S a l t  c o n s i s t  
of po l yha l i t e ,  as determined by examination o f  t h i n  sections. 

The T rans i t i on  S a l t  i s  o v e r l a i d  by 8 t o  10 m t h i c k  Pure S a l t  (SI which a l so  
e x h i b i t s  strong v a r i a t i o n  i n  form. It i s  mostly f i ne  t o  medium c r y s t a l l i n e  and 
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t ransparent t o  white. Transparent i n c l u s i o n  o f  c r y s t a l  s a l t  are t y p i c a l .  This 

zone can extensd f o r  several meters and contains an abundance o f  very small 
b r i n e  inclusions. 
(one t o  three cm i n  thickness) cons is t i ng  o f  h a l i t e  w i t h  p o l y h a l i t e  and, i n  a 
l e s s  degree, a l s o  a n h y d r i t i c  impur i t i es .  

Bedding can be recognized by s l i g h t l y  yel low-white l aye rs  

I n  the hanging wal l ,  the H a l i t e  w i t h  Po lyha l i t e  Beds (P) l i e s  above. It has a 
maximum thickness o f  16 m and consis ts  o f  f i ne  t o  medium s i ze  c r y s t a l l i n e  rock 

s a l t  w i t h  ye l l ow ish  b u t  a lso reddish and gray p o l y h a l i t e  seams o f  f l u c t u a t i n g  

thickness, which can reach up t o  60 cm. The seams o f  p o l y h a l i t e  developed from 

the primary anhydr i te l aye rs  due t o  conversion dur ing the  diapir ism. They do 
n o t  continue l a t e r a l l y ,  b u t  are arranged i n  groups and pinch out, i.e., t he  
number, thickness, and distance of the p o l y h a l i t e  seams var ies very widely. 

Above the  polyhal i t i c  s a l t  normally 1 i e s  the K iese r i  t i c  T rans i t i on  S a l t  ( K ) .  

H a l i t e  w i t h  Clay Seams (TI occurs as a facies p e c u l i a r i t y  on ly  i n  the northwest 
f i e l d  o f  the Asse I 1  mine. An occurrence o f  t h i s  h a l i t e  (T)  i n  the area o f  the 

planned b r i n e  migrat ion t e s t s  does n o t  have t o  be assumed. That means that an 
0.5 t o  5 m t h i c k  K i e s e r i t i c  T rans i t i on  S a l t  ( K )  o v e r l i e s  the p o l y h a l i t i c  s a l t  

as a t r a n s i t i o n  t o  the Stassfur t /Carnal l i te  (K 2). 
gray, seldom ye l l ow ish  t o  reddish, f i n e  c r y s t a l l i n e  h a l i t e  w i t h  s i n g l e  

p o l y h a l i t e  l aye rs  and numerous whi te  l a y e r s  o f  k i e s e r i t e .  A f t e r  a time when 
the d r i f t s  are a t  s t a n d s t i l l ,  the surface o f  the hygroscopic k i e s e r i t e  l a y e r s  
turns stepwise t o  a whi te powdery "blooming" epsomite through increase o f  t he  
content o f  the c r y s t a l l i n e  water by a d d i t i o n  o f  water absorbed from the mine 
a i r  humidity. 

It consis ts  o f  mostly l i g h t  

The Potash-Seam Stassfurt/Carnal l i t e  (K 2 )  above are p r e v a i l i n g l y  developed as 

up t o  50 m t h i c k  "brecciated c a r n a l l i t e . "  This s t rongly  fo lded and shattered 
s t ruc tu re  i s  always recognizable as being the base p a r t  o f  the s t r a t a  according 
t o  the c a r n a l l i t i c  k i e s e r i t i c  h a l i t e  ( w i t h  the c a r n a l l i t e  being mostly l i g h t  

gray). A t  t he  n o r t h  f lank o f  the main a n t i c l i n e  a t  Asse, the upper p a r t  o f  the 
Stassfurt  beds occurs i n  a brecciated fac ies  as k i e s e r i  t ic-Hal  i t i c  carnal l i t e  
w i t h  raspberry red  c a r n a l l i t e ;  a t  the south f lank,  below t h e  725 meter l e v e l ,  
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i n  p a r t i c u l a r ,  t he  upper p a r t  o f  the c a r n a l l i t e  s t r a t a  (K 2) i s  mostly we1 1 

s t r a t i f i e d  and bedded. It consis ts  o f  i n te rca la ted  l aye rs  o f  raspberry red  
caranal 1 i te,  whi te k i e s e r i t e  and gray ha1 i t e  which a1 ternate w i  t h  several 
h a l i t e  beds o f  thickness greater  than 10 cm. The layered s t ruc tu re  i s  on ly  
Present a t  t ec ton i ca l  l y  1 i ttl e stressed zones and ind icates t r a n s i t i o n  t o  

brecc iated development. 

Both1 recessive members o f  t he  s t ra ta,  t he  Roof H a l i t e  (Na 2 r )  and - Roof 
Anhydrite (A2r) are normally t e c t o n i c a l l y  absent a t  Asse, i n  p a r t i c u l a r ,  i n  the 
heav i l y  t e c t o n i c a l l y  exposed zone, such; the immediate hanging w a l l  o f  the 

mobile c a r n a l l i t e  layers. Also, the base members o f  Zechstein 3 Gray H a l i t i c  
-. Clay ( T  3 )  and Main Anhydrite ( A  3) are normally missing f o r  t he  same reason. 

Consequently, the Younger H a l i t e  (Na 3)  of Zechstein 3 general ly l i e s  above the 
C a r n a l l i t e  ( K  2 ) .  

n e g l i g i b l e  the establishment o f  the planned t e s t  f i e l d ,  because t h i s  h a l i t e  i s  
n o t  present i n  the core o f  t he  a n t i c l i n e .  

It consis ts  o f  h a l i t e  w i t h  anhydr i te  layers,  b u t  i t  has 

Data on NaCl content o f  the above mentioned s t r a t a  are as follows: 

STRATA 

Trarisi t i o n  S a l t  
Puret S a l t  
Hal i t e  w i t h  Polyhal i t e  Beds 
K iese r j  t i c  T rans i t i on  S a l t  

I n t e r n a l  S a l t  Structures 

PERCENT OF WEIGHT 
SYMBOL 

AVERAGE MAXIMUM MINIMUM 
( U )  89.64 97.8 82.4 

(SI 98.38 99.4 97.7 

(P I  94.02 97.8 88.6 
( K  1 78.33 86.4 68.2 

The main Asse a n t i c l i n e  was encountered throughout the 800 meter l e v e l .  How- 
ever', the main a n t i c l i n e  i s  f u r the r  d i v ided  i n t o  several i n d i v i d u a l  fo lds.  
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This  i s  s p e c i f i c a l l y  ev ident  i n  the  case where a sharp change i n  d i r e c t i o n  o f  

the s t r i k e  of t he  potash seam occurs. Here, t he  i n d i v i d u a l  f o l d  a x i s  plunges 
t o  the east. The i n d i v i d u a l  f o l d s  i n  the  area o f  the eas t  cross heading a r e  
predominantly plunging t o  the east, wh i l e  those west o f  the shaf ts  2 and 4, i n  
the v i c i n i t y  o f  bor ings 2/61 and 5/1961, plunge t o  the west. 

I n  the center o f  the core of the main a n t i c l i n e  the t r a n s i t i o n  s a l t  forms an 
upfold (arch), the roof  of which i s  i n t e n s i v e l y  folded by syncl ines o f  pure 
s a l t .  

The area of the Br ine Migrat ion Test S i t e  i s  s i t ua ted  a t  t he  border o f  the 

cen t ra l  p a r t  of the Asse main a n t i c l i n e  t o  the east  o f  the g a l l e r y  t o  B l i n d  
Shaft 4 ( F i  gure A-1 1. 
( U )  layers are encouptered. 
t i o n s  w i l l  l i e  w i t h i n  t h e  so-cal led T r a n s i t i o n  S a l t ,  wheras t h e  two o t h e r  t e s t  

l oca t i ons  w i l l  be w i t h i n  the so-cal led Pure Ha l i t e .  The southern wal l  of the 
t e s t  s i t e  may l i e  a t  t he  border between Pure H a l i t e  ( S )  and the  so -ca l l l ed  

H a l i t e  w i t h  Po lyha l i t e  Beds (PI, The two t e s t  l oca t i ons  w i t h i n  the T rans i t i on  
S a l t  w i l l  be s i t u a t e d  near t h e  center  o f  a special  T r a n s i t i o n  Sa l t .  Both t e s t  
l oca t i ons  w i t h i n  the Pure H a l i t e  should be s i t ua ted  near the center o f  the Pure 

H a l i t e  l a y e r  because the d i p  o f  t h i s  l a y e r  i s  almost v e r t i c a l .  The f i n a l  
in format ion about the t r u e  d i p  w i l l  be obtained by the planned core d r i l l i n g s  
and excavations i n t o  the  t e s t  area. 

I n  t h i s  region, both Pure Hal i t e  (s) and T rans i t i on  S a l t  

That means one t e s t  g a l l e r y  w i t h  two t e s t  loca-  

._ . ~. . .. 
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APPENDIX B 

WORK PLAN GUIDELINE 
FOR PRELIMINARY TEST SITE CHARACTERIZATION 

As p a r t  o f  the preparat ion f o r  the b r ine  migrat ion t e s t ,  a pre l iminary s i t e  

cha rac te r i za t i on  w i l l  be conducted t o  determine the s u i t a b i l i t y  o f  the selectea 
s i t e  of the mine t o  become the experiment zone. Appropriate s i t e  character is-  
t i c s  w i l l  be determined t o  substant iate the survey resu l t s .  
a c t i v i t i e s  are p re requ is i t e  t o  t h e  actual  b r i n e  migrat ion t e s t ,  the survey con- 
t r o l s  t o  assure t h a t  t h i s  work r e s u l t s  i n  the in format ion requi red need only 
provide f o r  t he  fo l lowing:  

Because these 

Preparat ion o f  Work Schedule 

A work schedule def in ing pro jected operations t o  be performed fo r  the p r e l i m i -  
nayy s i t e  character izat ion should be prepared. The schedule can include, as 
appropr iate : 

0 Review of in format ion previously obtained fo r  t h e  s i t e  area 

0 Planning 

0 

0 Presentation o f  r e s u l t s  

A c t i v i t y  performance ( f i e 1  d and 1 aboratory) 

The work schedule should be compatible w i t h  the  t ime ,:ame o f  
t i o n  test .  

I d e n t i f i c a t i o n  o f  A c t i v i t y  Tasks 

he b r i  ne m i  gra- 

The i n d i v i d u a l  tasks associated w i th  conducting the  p re l im ina ry  s i  t e  character-  
i z a t i o n  and de f i n ing  appropr iate s i t e  cha rac te r i s t i cs ,  along w i t h  the approved 
methods ava i l ab le  t o  perform these tasks, should be i d e n t i f i e d  p r i o r  t o  begin- 

n i n g  the work. Methods ava i l ab le  t o  perform the tasks should be n a t i o n a l l y  o r  
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i nternat ional  l y  recognized standards whenever possible (e. g. , American Society 
f o r  Test ing and Mater ia ls,  American National Standards I n s t i t u t e ,  American 
Petroleum I n s t i t u t e ,  I n te rna t i ona l  Atomic Energy Agency, DIN,  e tc .  As appro- 
p r i a t e ,  they should contain q u a n t i t a t i v e  (e.g., dimensions, frequencies, and 
equipment s e t t i n g s )  and q u a l i t a t i v e  (e.g., sample data formats and performance 

standards c r i t e r i a ,  equipment and mater ia l  requirements, and documentation and 
repo r t i ng  procedures. 

Methods should be i d e n t i f i e d  f o r :  

0 D r i l l i n g  and logging o f  holes. 

0 Sampling and i d e n t i f i c a t i o n  o f  samples. 

0 Packaging, handling, storage, and shipping of samples ( a l l  
samples must r e t a i n  the i n  s i t u  c h a r a c t e r i s t i c s  t o  be deter-  
mined through t e s t i n g ) .  

0 F i e l d  and laboratory  t e s t i n g :  

- S a l t  type - Density - Grain s i z e  - Moisture content, l o c a t i o n  - Young's modulus and Poisson's r a t i o  - Thermal conduc ti v i  ty  
- C o e f f i c i e n t  o f  thermal expansion 
- Spec i f i c  heat capaci ty 
- Creep 
- Impur i ty  type, content 

0 Experiment zone excavation. 

Methods selected t o  perform the  a c t i v i t y  tasks should be made known t o  a l l  

appropr iate personnel and be ava i l ab le  f o r  reference a t  the work s i t e .  

C a l i b r a t i o n  o f  Equipment 

A l l  measuring and t e s t  equipment used t o  ob ta in  q u a l i t y - r e l a t e d  data should be 

con t ro l  1 ed by a ca l  i b r a t i  on program. 
ment i s :  

The program should 'assure t h a t  the equip- 

9 
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Uni que1 y i dent i  f i ed. 

Tagged t o  i n d i c a t e  the  c a l i b r a t i o n  due date. 

Cal ibrated a t  prescr ibed i n t e r v a l s  and/or p r i o r  t o  and a f t e r  
t e s  ti ng . 
I s o l a t e d  and c l e a r l y  i d e n t i f i e d  as nonconforming should i t  
f a i  1 ca l  i b r a t i  on. 

__. Q u a l i f i c a t i o n  o f  Personnel 

Personnel p a r t i c i p a t i n g  i n  the pre l iminary s i t e  cha rac te r i za t i on  should be 
q u a l i f i e d  t o  perform the respect ive tasks by education, experience, and t r a i n -  
i ng. 

- V e r i f i c a t i o n  o f  Calculat ions 

Calculat ions performed as p a r t  o f  design analyses o r  data processing should be 
revfewed and v e r i f i e d  f o r  accuracy by i n d i v i d u a l s  other  than those who o r i g i -  
nated the  ca lcu lat ions.  V e r i f i c a t i o n ,  which i s  the process o f  formal ly con- 
f i r n i i ng  o r  substant ia t ing ca lcu lat ions,  can be accomplished, as appropriate, by 
any o f  the f o l l o w i n g  methods: 

0 Review of r e s u l t s  and spot checking o f  the ca lcu lat ions.  

0 Thorough review of assumptions, i n p u t  parameters and theory, 
analys is  method o r  model, and resu l t s ;  i n  a d d i t i o n  t o  complete 
checking of a l l  ca l cu la t i ons  and computer input. 

0 Preparation o f  a1 ternate ca l cu la t i ons  us ing methods o f  proven 
v a l i d i t y  and comparison wi th  the ca l cu la t i ons  being v e r i f i e d .  

I n d i v i d u a l s  performing the  v e r i f i c a t i o n  should have technica l  exper t i se  i n  the 

c a l c u l a t i o n  subject  equivalent t o  o r  greater  than the o r i g i n a t o r .  

Documentation o f  A c t i v i t i e s  

To !provide the necessary evidence o f  s a t i s f a c t o r y  work performance and the  
bas is  f o r  decisions made, documentation o f  pre l iminary s i t e  cha rac te r i za t i on  

- 
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a c t i v i t i e s  should be supplied and retained. Documentation should, a s  appropri- 
a t e ,  i ncl tide. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Work schedule. 

Ident i f icat ion of procedures used t o  conduct the s i te  survey 
and define s i t e  character is t ics .  

Equipment cal i bration records and ce r t i f i ca t e s .  

Personnel qualifications.  

Records of applicable information previously obtained f o r  the 
s i te  area. 

F i e l d  testing and sampling records and d r i l l  hole logs. 

Laboratory tes t ing records. 

Design analyses and data processing, along w i t h  associated 
ver i f icat ion.  

Photographs. 

Variances t o  procedures used. 

Results obtained (e.g. , maps, drawings, and data summaries) 
and decisions made. 

The documentation should be control led and retained by establ i shed records 
administrations systems. Record control should provide fo r  the ident i f ica t ion  
and dis t r ibut ion of records, the removal of obsolete records, and the t ransfer  
of records t o  a storage center. Record retention should provide fo r  receiving 
records a t  the storage center ,  indexing  and f i l i n g ,  storage and maintenance, 
and retr ieval  f o r  reference or  use outside the storage center. 

.... , . . .. - . . .. . .. 
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